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ARTICLE INFO ABSTRACT

Keywords: In the Strait of Gibraltar, the Blackspot Seabream (Pagellus bogaraveo, Briinnich 1768) is an economic resource of
Sparidae great commercial importance for the Spanish and Moroccan artisanal and Moroccan longline fleets. Given the
Demersal great interest of the species for the fleets, it is of vital importance to know the dynamics of landings and how this
ilfl:itze can be influenced by environmental variability. From this arises the hypothesis of the present study: environ-

mental mechanisms cause forcings in the dynamics of landings. To this end, we analysed the average annual
dynamics of the time series of commercial landings of the Blackspot Seabream from 1983 to 2015 from a
multivariate perspective. We applied trend, principal component (PCA) and time series clustering analyses to
determine patterns and relationships between the fishery series and different oceanographic variables and cli-
matic indices. In addition, we determined the influence of this set of variables on landings from a linear approach
based on multiple linear regressions (MLRs) and generalized linear models (GLMs) and non-linear determined by
generalized additive models (GAMs). The results obtained indicated the presence of common temporal patterns
and the existence of significant influence between landings and ocean temperature with the current velocity
modulus in specific layers and heat flux, causing lower fishing yields as we get colder waters with less intense
currents. Such studies are of vital importance for the application of an ecosystem approach to the management of
this resource by understanding the effect and influence of the environment on the dynamics of landings from the
fishery.

Time series

1. Introduction general downward trend in landings in the main Spanish ports
(Gutiérrez-Estrada et al., 2017; Sanz-Fernandez et al., 2019; Sanz-
Fernandez and Gutiérrez-Estrada, 2021; Gil-Herrera et al., 2021), which

has been associated with a variation in climatic and oceanographic

Blackspot Seabream (Pagellus bogaraveo, Briinnich 1768) is a widely
fished benthopelagic marine sparid species that can be found from along

the coast of Norway to the Canary Islands and Senegal, as well as in the
Mediterranean basin (Carpenter and Russell, 2014). One of the most
important Blackspot Seabream stocks from an ecological, social and
economic point of view is located in the Strait of Gibraltar (Cabrera,
2014; CopeMed, 2019; Gil-Herrera et al., 2021).

In this region, the Blackspot Seabream is the target species of the
Spanish and Moroccan artisanal “voracera” fleets and the Moroccan
longline fleet. Although both fleets use a longline system as a catching
gear, there are important operational and catch differences as a conse-
quence of the legislative structures of each country (Belcaid et al., 2012;
CopeMed, 2018, 2019).

Changes in landings have been observed in recent years, with a
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conditions (Baez et al., 2014).

In the area of the Strait of Gibraltar, several studies have analysed the
effect of environmental variability on the commercial landings of the
Spanish fleet’s Blackspot Seabream. Castilla Espino et al. (2010) studied
the relationship with sea surface temperature (SST) and Baez et al.
(2014), analysed the influence of climatic indices (NAO and AO) and
oceanographic variables (temperature and salinity). Continuing in the
same line of work, but also including information on the commercial
landings of the Moroccan fleet’s Blackspot Seabream, Sanz-Fernandez
and Gutiérrez-Estrada (2021) analyse the effect of two environmental
variables using a simple correlation analysis. All previous studies sug-
gest, the existence of relationships between environmental factors and
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the evolution of Blackspot Seabream exploited fish stock indicate that
negative trends and relationships could reduce fishery yields, but none
of them are fully conclusive.

For the analysis and quantification of the effect of environmental
variability on fishery production (commercial landings) data a wide
variety of statistical techniques can be applied, from traditional
regression statistical modelling based on a linear and non-linear
approach to advanced time series modelling (Nicola et al., 2018). Mul-
tiple linear regression models (MLRs), generalized linear models (GLMs)
and generalized additive models (GAMs) are presented as tools to detect
and elucidate the relationships between fishery and environmental
variables, being able to quantify the effects of environmental variability
on the fishery and ecological dynamics of the resource (Borja et al.,
1998; Damalas et al., 2007; Silva et al., 2015; Castro-Gutiérrez et al.,
2022).

The application of multivariate statistical techniques focused on the
classification and reducing the dimensionality of the dataset, such as
principal component analysis (PCA) and time series clustering, can be
very useful as they can detect common patterns among variables along
with their clustering. For this reason, the combined use of traditional
regression models and clustering and dimensionality reduction tech-
niques can be presented as an analytical approach to assess common
patterns and relationships between the historical series of landings and
environmental parameters, trying to identify which of them and what
extent influence landings.

Additionally, as for other fish species (Lloret et al., 2001; Erzini,
2005), apart from the effects of environmental-oceanographic vari-
ability on fisheries data (commercial landings), we should take into
account those of climatic and oceanic variations, which are involved in
changes in the status of fish populations. Gutiérrez-Estrada et al. (2017),
Sanz-Fernandez et al. (2019) and Gutiérrez-Estrada et al. (2020) ob-
tained simulated biomasses of the P. bogaraveo population in the Strait of
Gibraltar using simulation models that incorporate the biological as-
pects of the species and the dynamics of landings, concluding that any
modification in the environmental parameters of its surroundings is a
barrier that prevents its optimal development, with a devastating effect
on its population, especially when the population reaches low biomass
levels as a result of excess fishing pressure.

The aim of this study was to assess in depth and comprehensively the
relative impact of a range of environmental parameters on the
P. bogaraveo commercial landing of the Spanish and Moroccan fleets
operating in the Strait of Gibraltar. According to the European Union
(EU)’s Common Fisheries Policy (CFP), one of the objectives of which is
to safeguard the sustainably of fishing activity, the consideration of
environmental information is essential for proper management of
resource from an ecosystem-based approach (Europe, 2022). Hence, our
primary objective was to increase our knowledge of the potential re-
lationships between commercial landings of P. bogaraveo and a wide set
of environmental variables and two climatic indices. Our initial hy-
pothesis was that these variables do influence annual variability in
commercial landings, which could explain part of the variability of
landings. To explore this hypothesis, a literature review is carried out
and an analysis is applied to the historical series of commercial landings
of P. bogaraveo in the Strait of Gibraltar from 1983 to 2015, grouping
and modelling the landings according to a broad framework of envi-
ronmental parameters and climatic indices, in order to detect and clarify
their patterns and relationships, as well as to identify which of them
influence the landings and quantify their effects. For this reason, the
combined use of MLR, GLM and GAM models together with PCA and
time series clustering are applied.

2. Material and methods
2.1. Study area and fishing data

The area of the Strait of Gibraltar is a particular oceanographic
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environment. It is located to the south of the Iberian Peninsula and north
of Morocco and creates an approximately 60-km long natural border
between geographical Europe and Africa (Bruno et al., 2013). From a
fluid dynamics perspective, it is a two-layer system of inverse exchange
flow between water masses of the Atlantic Ocean and the Mediterranean
Sea. The lower salinity of Atlantic water and therefore lower density,
flows at the surface towards the Mediterranean, while Mediterranean
water flows at depth towards the Atlantic, as it is more saline and has a
higher density (Echevarria et al., 2002; Vazquez Lopez-Escobar, 2006).
This pattern of water currents is strongly influenced by the prevailing
winds, topography of the Strait, tidal currents from ocean mixing pro-
cesses, upwelling and the generation and propagation of internal waves
(Echevarria et al., 2002; Bruno et al., 2013). These characteristics pro-
vide the key conditions for the Strait’s high marine productivity and
broad range of fisheries (Echevarria et al., 2002; Garcia Horcajuelo,
2018; Cort and Abaunza, 2019; Gil-Herrera et al., 2021).

We used the historical series of commercial fish landings of
P. bogaraveo made by the Spanish artisanal fleets in the ports of Alge-
ciras, Ceuta, Conil and Tarifa and the Moroccan fleet in the port of
Tangier between 1983 and 2015. These data were provided by the
Spanish Oceanographic Institute and the National Institute of Fisheries
Research in Tangier. Specifically, we used annual average landings in
tonnes. These data are derived from the estimation of the average per
year of the total series corresponding to the sum of the monthly landings
of the Spanish ports of Algeciras (1995-2015), Ceuta (1987-2001),
Conil (2001-2015) and Tarifa (1983-2015) and the Moroccan port of
Tangier (2001-2015). The area of the study was limited to the fishing
areas of the fleets corresponding to the far southeast of International
Council for the Exploration of the Sea (ICES) Division IXa from 6°25'W
to 5°15'W and 35°45'N to 36°15'N (Burgos et al., 2013) (Fig. 1 upper
panel).

2.2. Oceanic data and climatological indices

We used the historical annual average data from 1983 to 2015 of the
following oceanic variables: surface ocean heat flux coming through
coupler and mass transfer (W m~2), salinity flux (kg m2s™, salinity
(PSU), ocean water temperature (°C) and zonal and meridional com-
ponents of the current velocity (m s~ 1) (current velocity modulus).
These data were retrieved from the Simple Ocean Data Assimilation
(SODA) ocean reanalysis data set, version 3.3.1 (SODA3.3.1 files htt
p://www.atmos.umd.edu/~ocean). Version 3 of this dataset uses
version 5 of the Modular Ocean Model developed by the Geophysical
Fluid Dynamics Laboratory of the US National Oceanic and Atmospheric
Administration (NOAA). The variables are mapped in 3D onto a hori-
zontal 1/2° x 1/2° Mercator mesh at 50 vertical levels (z, detph) (Carton
et al., 2018). The transformation of the data from positional to temporal
scale was carried out by area averaging. The database was filtered to
obtain the first 24 layers, corresponding to depths from 5 to 525in 10 to
80 m intervals. The choice of this depth range is due to the demersal
nature of the species, with the vast majority of fishing operations taking
place within this depth range (Gil, 2006; CopeMed, 2019).

The climatic indices used were the North Atlantic Oscillation (NAO)
and the Arctic Oscillation (AO). The time series of these indices between
1983 and 2015 were downloaded in a monthly format and annual means
were calculated. The NAO index was downloaded from the US National
Center for Atmospheric Research Climate Analysis Section (Hurrell and
National Center for Atmospheric Research Staff, 2020) and the AO index
from NOAA’s Climate Prediction Center, (http://www.cpc.ncep.noaa.go
v/products/precip/CWlink/daily_ao_index/monthly.ao.index.b50.curre
nt.ascii).

2.3. Identification of common patterns in landings climatic indices and
oceanic variables

Two multivariate statistical techniques focused on classification and
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Fig. 1. Operational ground in the Strait of Gibaltar of the
Spanish (blue) and Moroccan (pink) “voracera” fleet (up)
with the annual average landings time series (1983-2015)
(below). The points represent the different ports involved
in the fishery, blue-Spanish and red-Moroccan. This figure
is a modification of maps 9 to 17 included in “Empresa
Piblica para el Desarrollo Agrario y Pesquero de Anda-
lucia, S.A. 2010. Analisis de la pesqueria de voraz y
especies asociadas en el Estrecho de Gibraltar”. (For
interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this
article.)
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dimension reduction were used: time series clustering and principal
component analysis. The combined use of these two techniques was used
with the aim of detecting common patterns between the time serie of
landings and the time series of climatic indices and oceanographic
variables. Based on these two techniques, 1- We corroborate that the
landings follow common patterns with the same variables if the two
techniques coincide and 2- We identify if the grouping of the landings is

the same. To avoid some variables dominating over others due to dif-
ferences in their units of measurement and orders of magnitude, data
were standardised by subtracting their mean and dividing by their
standard deviation, making the variables comparable.

2.3.1. Time series clustering
We used time series clustering to group the study variables based on
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their attributes to obtain a set of groups or clusters with the greatest
possible homogeneity within them and the greatest possible heteroge-
neity between them (Supplementary material; Fig. S1). It is considered
that the group in which the landings are found indicate that they have
similar attributes or maximum homogeneity with the rest of the climatic
indices and oceanographic variables found within the same it. For the
salinity, temperature and current velocity variables, we performed hi-
erarchical clustering using dynamic time warping with a shape extrac-
tion centroid and hierarchical control using an average method (Sarda-
Espinosa, 2019). The tsclust() function (Sarda-Espinosa, 2019) was used
for this purpose. These new variables were obtained as the mean of
values in each cluster. The use of this analysis for the variables salinity,
temperature and modulus of current velocity is mainly due to its phi-
losophy of not reassigning individuals once they have been merged, and
not separating them at later stages. Given the low variability that occurs
between these variables by depth, the use of the hierarchical method
allows them to be grouped into 3 ranges by depth: shallow, intermediate
and deep.

The clustering of salinity, temperature and modulus of current ve-
locity, once grouped by depth, together with the others (landing, cli-
matic indices and the rest of oceanographic variables) was performed by
applying the partitional clustering algorithm with random seed for
reproducibility of 200, and Dynamic Time Warping (DTW) distance,
with a window size of 10% of the length of the series, function tsclust().
The choice of DTW as the distance is due to its ability to obtain similarity
between time series and establish their optimal alignment using a non-
linear approach (Gonzales Castellanos and Soto Valero, 2013).

The optimal number of clusters was identified by an iterative pro-
cedure (Sarda-Espinosa, 2019) based on optimising the following pa-
rameters: maximising the Silhouette index (Rousseeuw, 1987), Dunn
index (Arbelaitz et al., 2013), Calinski-Harabasz index (Arbelaitz et al.,
2013) and Score Function (Saitta et al., 2007) and minimising the COP
(Arbelaitz et al., 2013), modified Davies-Bouldin (Kim and Ram-
akrishna, 2005) and Davies-Bouldin (Arbelaitz et al., 2013) indices.
During this procedure, the prototypes or centroids Partition Around
Medoids (PAM) (a medoid is a time series whose average distance to the
other components of the same cluster is minimal) and DTW Barycenter
Averaging (DBA) were used (Petitjean et al., 2011; Sarda-Espinosa,
2019). The variation in the initial number of clusters ranged from 2 to 8
cluster, given that we were considering 13 study variables. Further
consideration of clustering would give a much disaggregated result,
favouring the creation of individual clusters per variable.

Having identified the optimal number of clusters, the best time series
centroid adjusted to the optimal number of clusters with 1 repetition
was also determined by internal validation, using the above indices,
taking into account only the two previous centroids.

Finally, having identified the optimal number of clusters and
centroid, the final clusters were obtained. They are obtained using the
tsclust() function specifying in their arguments the number of optimal
clusters and the centroid detected in the previous steps. Subsequently,
stability of the final clusters was evaluated using the dissimilarity
function (Hornik, 2021) (Supplementary material; Fig. S1). Dissimilar-
ities using minimal Euclidean membership distance. The cluster stability
study was carried out to quantify the degree of agreement of different
replicates, which in this case were 20. The results presented are those in
which the pairs of replicates had dissimilarity equal to 0.

2.3.2. Principal component analysis (PCA)

PCA was used to explore interannual variability, observe and identify
similar patterns and the variables that explain the most variance in the
data, reduce the dimensionality of the dataset and construct biplots
showing the joint two-dimensional distribution of the variables (Kas-
sambara, 2017). PCA biplot graph allows us to visualise the two-
dimensional distribution of the variables that fall within the principal
components, observing the common direction of the variables. In this
way, it detect common patterns between landings and the rest of the
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variables, taking years as observations. If two variables point in the same
direction, it means that they will have high values in those years. The
length of the arrow refers to the correlation of the variables with respect
to the dimensions, so the longer the arrow, the higher the correlation
between the variables and the dimensions. Variables with positive cor-
relations between them are grouped together while variables with
negative correlations are placed on opposite sides of the graph. For
selecting the number of principal components, the threshold for mini-
mum total variance explained was set at 70%. The FactoMineR package
was used for performing the PCA and plotting the results (Le et al.,
2008).

2.4. Modelling the relationship between commercial landings and
environmental variables

The relationship between commercial landings and environmental
variables was assessed by using linear and nonlinear analysis, basing the
linear approach on two types of models, multiple linear regression
(MLR) and generalized linear models (GLMs), and the nonlinear
approach on generalized additive models (GAMs). In both approaches,
the response variable was commercial landings while the explanatory
variables were climatic indices and oceanic variables. The joint use of
these techniques allows us to compare results from a linear and non-
linear perspective, knowing that linear models will only explain the
linear variability of landings and the GAMs models will explain the
variability of landings that is due to the non-linear pattern.

The MLR and GLM models were built using the Im() and glm()
functions of the stats package (R Core Team, 2020), respectively. Prior to
running the GLMs and GAMs, it was assessed whether the response
variable was best described by normal or gamma distributions. The best
distribution was selected graphically and by considering the lowest
Second-order Akaike Information Criterion for small samples (AICc).
AlICc should be used when the ratio between the number of observations
and the number of estimated parameters is than 40 (Burnham and
Anderson, 2004). In our case the number of observations per variable is
33. The mlnorm(), mlgamma() and AICc()functions were used for this
purpose. (Moss, 2019; Barton et al., 2020). In this case, the gamma
distribution was selected (gamma distribution AICc = 279.44, normal
distribution AICc = 284.69 and Supplementary material; Fig. S13).
Subsequently, link functions (identity, inverse and log) were assessed by
building block models (one for each link function) using all the variables
resulting from the exploratory analysis and the best function was
selected based on the lowest AICc for the GLMs.

The implementation of the GAM models was performed with the gam
0 (Wood, 2017). To avoid over-fitting in the non-parametric part, the
maximum number of degrees of freedom allowed was 3 (k = 4) and we
used the thin plate regression spline (“tp”) basis. The method of esti-
mating the number of degrees of freedom of the smoothing parameter
was generalized cross validation for unknown scale parameter (GCV.Cp)
coupled with a double penalty incorporated by the arguments select (=
true) and gamma (Marra and Wood, 2011). The value of gamma was set
to 1.4 to avoid the known overfitting tendency in GCV. Using this value
corrects for this to a large extent without compromising model fit and
without greatly degrading prediction error performance (Kim and Gu,
2004; Wood, 2017). The link function was selected on a case-by-case
basis. Once the best model per function was obtained, the selection of
the best of the 3 models was made on the basis of the validation of its
residuals.Only the model that met all the conditions for validation of the
residuals is presented. In our case 2 of the best GAM models presented
temporal correlation in the residuals.

For selecting the explanatory variables in each of the types of models
(MLRs, GLMs and GAMs), an algorithm was developed with the main
goals of obtaining a model that was significant (all its components being
significant, p < 0.05) and parsimonious but explained as much vari-
ability as possible in the response variable (R? in MLRs and pseudo R? in
GLMs and GAMs). In this way, an attempt is made to cover all possible
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possibilities in order to find the model with the least loss of information,
the greatest significance in its variables and the greatest variability
explained.

The model selection algorithm is based on the forward direction
approximation using the AICc as the selection criterion. The algorithm
will advance in each of its iterations, selecting as best those models with
the lowest AICc at the beginning of the iteration. The algorithm will
terminate when the AICc is not improved. In each iteration, new
branches are opened with each of the selected models, and the branch
will end when the AICc is not improved. Once at the end, if the final
model with the lowest AICc has all its variables significant and a higher
explained variability, the algorithm stops, otherwise it goes backwards
checking the significance of the variables of the previous models until it
finds the model with the highest significance in its variables and the
highest explained variability. It is possible to converge to the same
model from different branches.

The models selected were validated by calculating the residuals and
a set of external errors obtained by comparing observed values and those
predicted by the models. The residuals were assessed for homogeneity,
normality (except in the case of GLMs and GAMs using a gamma dis-
tribution), independence (due to model misspecification or inherent in
the time correlation) and most influential variables (Zuur et al., 2009;
Zuur and Ieno, 2016). In the MLRs, GLMs and GAMs, the ordinary re-
siduals (observed value minus model fitted value) obtained through the
resid() function were used (R Core Team, 2020). The collinearity of the
predictors was assessed by calculating the Variance Inflation Factor
(VIF) (vif() function) in the case of MLRs and GLMs (Fox and Weisberg,
2019) and concurvity (the GAM equivalent of collinearity) (Lee et al.,
2021) (concurvity() function) in the case of GAMs (Wood, 2017). The
output of the latter function presents 3 indices of concurvity, worst,
observed and estimate, all bounded between 0 and 1, where 0 indicates
no concurvity and 1 indicates total lack of identifiability (Wood, 2017).
Although there is no universal criterion for concurvity, estimated
concurrence values of <0.5 and at worst <0.8 are generally considered
acceptable (Barton et al., 2020; Goldshtein et al., 2021; Ross, 2023).

In the VIF, the reference value was taken to be equal or close to 5 to
indicate that each explanatory variable is independent of the others
(Zuur et al., 2009), for the estimated concurvity it was <0.5 and in the
worst case 0.8. The likelihood ratio test of nested models was used to
assess the significance of each model (Irtest() function) (Zeileis and
Hothorn, 2002). For the GLM and GAMs, the pseudo R? is calculated
(Zuur et al., 2009).

Finally, we perform an external validation of the model results ob-
tained. For this we use the model-adjusted landings values and the
actual landings values. The type error measures were calculated: the
determination coefficient (Rz), the root-mean-square deviation (RMSE),
mean absolute error (MAE), standard error of prediction, as a percentage
(%SEP) (Ventura et al., 1995), coefficient of efficiency (Ez) (Nash and
Sutcliffe, 1970; Kitanidis and Bras, 1980), average relative variance
(ARV) (Grino, 1992), the persistence index (PI) with a 1-year lag
(Kitanidis and Bras, 1980) and modified Kling-Gupta Efficiency (KGE')
(Kling et al., 2012). To be considered the best model, a model was
required to explain a high level of variance (ARV and E;) and show good
agreement between observed and predicted values (KGE'), with no time
lag (PI) and a low level of absolute (RMSE, MAE) and relative (%SEP)
errors. All analyses in this study were carried out in R (R Core Team,
2020).

3. Results

The application of the hierarchical cluster analysis with DTW dis-
tance with centroid shape extraction and hierarchical control according
to the average method on the oceanographic variables salinity, tem-
perature and current velocity modulus generated the following variables
as a function of depth: surface salinity (5-75 m) or S5-75, intermediate
salinity (85-125 m) or S85-125, deep salinity (135-525 m) or
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$135-525, surface temperature (5-85 m) or T5-85, intermediate tem-
perature (95-225 m) or T95-225, deep temperature (255-525 m)
T255-525, modulus of surface current velocity (5 m) or UV5, modulus of
intermediate current velocity (15-335 m) or UV15-335, modulus of
deep current velocity (385-525 m) or UV385-525. All of them obtained
as the average of the depth-identified cluster. Thus, the dataset on which
the analyses were made was the following: fishery variable: commercial
landings, climatic indices: NAO and AO and oceanographic variables:
heat flux, salinity flux and the rest of the variables mentioned at the
beginning of the paragraph. This makes a total of 14 initial variables.

The supplementary material shows the results obtained after the
application of the exploratory analysis and the trend analysis (Supple-
mentary material; Fig. S2; Fig. S3; Fig. S4; Fig. S5; Fig. S6; Fig. S7;
Fig. S8; Table S1, Table S2; Table S3). By way of summary, the variable
S5-75 was eliminated from the initial set of variables for the time series
clustering, PCA, linear and non-linear models because its vif value was
higher than 5 (Supplementary material; Table S1). A total of 13 variables
were used for the latter analyses. Finally, NAO, salinity flux, $85.125,
S135.525 and UV385.525 had no significant trends. The landings
showed a significant trend of order 3 in all terms (p <0.001) which is
upward from 1991 to 1993 and downward from 2003 to 2013 (Sup-
plementary material; Fig. S8; Table S3).

3.1. Time series clustering

Fig. 1 (lower panel) and Fig. 2 show the time series of the different
variables analysed. Time series clustering analysis indicated that the
optimal numbers of clusters for both centroids (PAM and DBA) were 3, 7
and 8 because in most cases they presented a higher number of optimal
results per index (Supplementary material; Table S4; Table S5; Table S6:
Table S7: Table S8; Table S9; Table S10; Table S11). For each of the
clusters selected, the best centroid was obtained with PAM, except for 3
where a draw (3/3) was achieved between DBA and PAM. (Supple-
mentary material; Table S12). The stability analysis of the 3-cluster with
DBA centroid solution indicated a convergence of landings with flux
salinity, T5-85, T95-225, UV5 (|UV| (5 m)), UV15-335 and
UV385-525. For the 3-cluster with PAM centroid solution indicanted a
convergence of landings with T5.85, T95.225, |UV|5, |UV|15.335 and |
UV|385.525. In the case of the 7-cluster solution, a link was observed
with T5-85 and T95-225. Finally, in the 8-cluster solution, landings
were grouped with T95-225 and UV15-335. In the results established
by the optimal numbers of clusters, we observed a common pattern
characterised by the grouping of landings by water temperature and
current speed (Fig. 3). In the results established by the optimal number
of clusters in which the landings were located, a common pattern was
clear, namely, with higher values between 1990 and 1999 and
2003-2013, showing the existence of a non-linear pattern among the
variables (Fig. 4).

3.2. Annual PCA

All the assumptions for PCA were met (Supplementary material;
section anual PCA). The first component explained 23.94% of the
observed variance, while the second, third, fourth and fifth components
explained 16.99%, 13.59%, 10.52% and 9.26%, respectively. The
overall variance explained was 74.28%. The variables contributing the
most to the two first components were (in descending order): T95-225,
UV15-335, landings, T5-85 and salinity flux (PC1) and AO, NAO,
UV385-525 and UV15-335 (PC2). The first and fourth components had
the highest contribution of landings, 14.18% and 10.43% respectively
(Supplementary material; Fig. S10).

The biplots of PC1 had the same pattern as that detected for the
landings and their relationships with oceanic and climatic variables
(Fig. 5). The landings were associated with UV15-335, T95-225 and
T5-85, having in common the same direction and location. Climatic
indices showed the opposite pattern to landings in all cases (Fig. 6). The
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Fig. 2. Anual time series of the different variables from 1983 to 2015. The intervals in metres (m) refer to the clustering by depth obtained after the application of the
hierarchical cluster analysis with Dynamic Time Warping (DTW) distance with shape extraction centroid and hierarchical control according to the average method.
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PCA biplots clarified the existence of similar patterns between landings
and the 3 explanatory variables: UV15-335, T95-225 and T5-85 for the
rest of the components (Supplementary material; Fig. S11; Fig. S12). In
general terms, the trajectories of the scores of principal components 1, 2,
3, 4 and 5 showed a non-linear pattern with higher values between 1990
and 2000 and 2004-2011, although components 2, 3 and 4 had mini-
mum behaviours during 2009 and 2010 (Fig. 6).

3.3. Modelling the relationship between commercial landings and
environmental variables

3.3.1. Multiple linear regression models (MLRs)

The final model obtained included T95-225, UV15-335 and heat
flux as explanatory variables. These variables explained 38% of the
variance in the landings. They were all significant (p < 0.05) and in-
dependent of each other (VIF values of around 1) (Supplementary
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material; Table S13). The model was highly significant (likelihood ratio
test p = 0.0012). The residuals of this model were homogeneous and
normally distributed, showing no strong patterns. The variables T5-85
and UV385-525 had a weak nonlinear effect. Additionally, we did not
find any influential values, although we observed a slight time depen-
dence (Supplementary material; Fig. S14; Fig. S15). The direction of the
effect of the variables was negative between 14.10 and 14.45 °C, 0.025
and 0.033 m s~! and 0 and 20 W m~2 (Fig. 7).

3.3.2. Generalized linear models (GLMs)

The explanatory variables T95-225, UV15-335 and heat flux were
included in the final model which explained 43.12% of the variance in
landings. This model used the identity link function and gamma distri-
bution with dispersion and shape parameters of 0.15 and 6.66, respec-
tively. It was highly significant (p < 0.001) and all the variables were
highly significant (p < 0.001) and clearly independent (VIF values of
around 1) (Supplementary material; Table S14). The residuals of this
model were homogeneous and there were no influential values. In
general, they did not show marked patterns, although we detected
nonlinear effects in T5-85 and UV385-525 (Supplementary material;
Fig. S16; Fig. S17). As with the MLR, the negative effects on landings
appeared around 14.10 and 14.45 °C, 0.025 and 0.033 m s ! and 0 and
21 W m 2 (Fig. 8).

3.3.3. Generalized additive models (GAMs)

The final GAM used a gamma distribution together with the identity
link function and included the explanatory variables T5-85, UV15-335
and heat flux. The dispersion and shape parameters of the gamma dis-
tribution were 0.13 and 7.69, respectively. The model was highly sig-
nificant (p < 0.001) and all the explanatory variables were significant (p
< 0.01) and independent of each other (Supplementary material;
Table S15; Table S16). This model explained 51.50% of the variance in
the landings. The residuals of this model were homogeneous, with no
influential values, and randomly distributed, with no time dependence,

although showing slight patterns in AO, T5-85, S85-125 and
UV385-525 (Supplementary material; Fig. S18; Fig. S19). Finally, both
UV15-335 and heat flux had linear effects, while T5-85 had a slightly
oscillating behaviour. This indicated the presence of negative effects on
the landings between approximately 16.70 and 17.10 °C while for
UV15-335 and heat flux, negative effects were observed between 0.025
and 0.033 m s~! and between 0 and 20 W m 2, respectively (Fig. 9).

3.3.4. Goodness of fit of the best models constructed

Table 1 lists the error terms of the different models selected. The
mean variance in landings explained by the models was 41%, the GAM
yielding the best result (49%), followed by the MLR and GLM (which
explained 38% and 37% of the variance, respectively). This high level of
explained variance was reflected in strong agreement between observed
values and those predicted by the models (KGE’), with an average of
51%, the best models being the GAM followed by the GLM and MLR.
Given these results, there was agreement with lower percentages of
prediction standard errors, with an average of 37%, the highest being
found for GLM (38.44%) and the lowest for GAM (34.40%). Overall, we
observed that, in terms of absolute and mean quadratic errors, the best
model was the GAM and the worst the GLM. Finally, in terms of temporal
persistence, there were significant lags in all three models, with an
average of —0.70.

4. Discussion

In this study, we applied a wide range of statistical techniques based
on trend analysis, classification and dimensionality reduction tech-
niques together with several linear and nonlinear models, to detect and
analyse patterns and relationships of the time series of commercial
landings of P. bogaraveo and various climate indices and oceanic vari-
ables recorded from its fishing area, Strait of Gibraltar. PCA and time
series clustering have enabled us to identify common patterns while
MLRs, GLMs and GAMs have allowed us to examine and quantify the
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effect of the environmental variability on the landings.

The landings or catches together with their associated parameters
related to fishing effort (LPUE-landings and CPUE-catches per unit
effort) have been used as indicators of the status of the population, this
information being used as a proxy for the abundance (Mugo et al.,
2010). In small pelagic fisheries, such as anchovies or sardines, could be
considered as true since localisation methods based on electronic sys-
tems and ultrasonic waves allow (Aoki and Inagaki, 1993; Massé, 1996;
Gerlotto et al., 2004) accurate estimation of the real abundance.
Nonetheless, for the fishery of Blackspot Seabream, no clear association
has been found between LPUE or CPUE and real abundance. Although
this species tends to assemble in shoals (Gil, 2006), it is very difficult for
fishing gear to reach and catch this fish species given the depths at which
it is commonly found (up to 525 m). A lack of catches, and therefore
landings at port, may be attributable to various factors, including the
captain of a vessel lacking sufficient skills to deploy the fishing gear
effectively, the random movement of the shoals or non-ideal climatic
and oceanic conditions. For this reason, we do not consider landings to
be a proxy for abundance although we do understand that greater
landings may be favoured by better climatic and oceanic conditions
which could increase the probability of finding and catching the fish
with the fishing gear.

We used commercial landings to provide data on fishing activity.
This type of information has been recognised by various authors to be of

great value for understanding the dynamics of resources (Teixeira et al.,
2014). Commercial landings at port relate to the amount of the popu-
lation that meets the criteria to be caught legally and is sold in ports
always within the framework for legal sale and distribution. In this
Spanish fishery, one of the management and control measures consists of
the introduction of a minimum conservation reference size. From 12 cm
(total length) to 35 cm (total length), up to the current 33 cm (total
length) (Council Regulation [EEC] No 3782 85; Council Regulation
[EEC] No 3094/86; Council Regulation [EC] No 1359/2008; Council
Regulation [EC] No 1225/2010; and Council Regulation [EC] No 2017/
787).

In the case of Morocco, the regulation sets the minimum size at 25 cm
fork length (about 28 cm total length) (Gil-Herrera et al., 2021). In
relation to this, taking both countries together, the mean fish size landed
between 2005 and 2015 was close to or >36 cm (CopeMed, 2019). The
changes in legislation have undoubtedly had a strong impact on the
population, which may be reflected in the third-order trend observed in
this study. This trend indicates a cyclical pattern in mean annual land-
ings, with a first cycle between 1991 and 1993 and a second one be-
tween 2003 and 2013. This trend seems to indicate that the effects of
fishing activity on the population were stronger in the first cycle than in
the second due to the less restrictive legislation that allowed the capture
of young and immature fish, reducing population recruitment success
the following year. These results are consistent with those of Sanz-
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Fernandez and Gutiérrez-Estrada (2021), who indicated that changes in
legislation on landings play a crucial role in understanding the evolution
of the fishery over time.

The results of time series clustering and PCA pointed in the same
direction. Both types of analysis indicated that the landings had a similar
pattern and grouping to those seen for T5-85, T95-225, salinity flux,
UV15-335 and UV385-525. Similarly, the centroids from the time series
clustering and the PCA scores both indicated two cyclical components
with higher values between 1990 and 2000 and 2003-2013. These pe-
riods match those described by Sanz-Fernandez et al. (2019), Gutiérrez-
Estrada et al. (2020) and Gil-Herrera et al. (2021) who identify them as
blocks of time with the largest temperature and salinity anomalies.
These authors also established that during the years with the greatest
variability in temperatures and salinity (1990 to 1998), the abundance
of Blackspot Seabream tended to be lowest, it growing again during the
first decade of the 20st century. This finding partially differs from that of
our study, in the fact that the trend in landings was upward during the
first period while in the second period it was downward and then
recovered, which may be due to a slight mismatch between landings and
abundances between 2001 and 2015. Previous authors, using different
approaches to assess the abundance of the Blackspot Seabream in the
Strait of Gibraltar, indicate that at the start of the fishery in 1983 the
biomass was at or above the 1983 landings, which resulted in a

10

progressive increase in landings. At the same time as the biomass
decreased, landings increased to their historical maximum coinciding
with the historical minimums of biomass. It is during the second period
that this relationship appears to be uncoupled or out of phase as an in-
crease in biomass resulted in a second historical maximum in landings
years after the biomass maximum. This could indicate a response effect
of landings coupled with abundance from 1983 to 1999-2000 and
slightly decoupled from 2001 to 2015. Abundance-biomass data corre-
spond to simulated abundances obtained through simulation models
that incorporate the biological aspects of the species and the dynamics of
landings.

The periods identified in the present study characterised by signifi-
cant variations in landings dynamics (1990-2000 and 2003-2013,
approximately) have also been detected in fisheries in other parts of the
world (Almodovar et al., 2019; Piroddi et al., 2017; Zhang et al., 2004).
During these periods, changes in the dynamics of fish production and
ecosystems were detected, helping to support the hypothesis that
changes in the environmental conditions affected the dynamics of the
marine ecosystem and the fish resources in the area (Zhang et al., 2000;
Zhang et al., 2004). In the ecosystem of the Gulf of Cadiz, an area
adjacent and connected to the Strait of Gibraltar, Torres et al. (2013)
analysed the food-web structure and impacts of fisheries on the Gulf of
Cadiz ecosystem, indicating that the ecosystem is highly stressed, with a
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Table 1
Goodness-of-fit measures of the best models obtained.
Model Formula in R* Distribution Link R? RMSE MAE %SEP E, ARV PI KGE’
response variable function (tonnes) (tonnes)
MLR T95.225+ UV15.335+ Flux.Heat Gaussian Identity 0.38 13.30 10.62 37.78 0.38 0.62 —-0.76 0.46
GLM T95.225+ UV15.335+ Flux.Heat Gamma Identity 0.37 13.54 10.95 38.44 0.36 0.64 —0.84 0.51
s(T5.85,k = 4, bs = “tp”) + s(UV15.335, k
GAM =4, bs = “tp™) + s(Flux.Heat, k = 4, bs = Gamma Identity 0.49 12.11 10.18 34.40 0.49 0.51 —0.47 0.55

“tp™)

" Formulas shown in the R programming language.

high impact of fisheries from 1993 to 2009 causing variations on trophic
levels and that therefore to ensure the sustainability of marine resources,
management based on ecosystem approaches is necessary. de Carvalho-
Souza et al. (2021) carried out the first holistic assessment of the Gulf of
Cadiz ecosystem from 1993 to 2015, identifying two main periods of
change before 2005 and after 2006. They established that during the
first stage the ecosystem was characterised by a progressive degradation
caused by permissive fisheries regulation, climate sensitivity and
collateral effects of international policy, while in the second stage the
imposition of appropriate and integrative regulation was able to reverse
the situation, bringing the ecosystem to a more stable configuration.
Therefore, our results are in line with the pattern observed for other
fisheries, which may be indicating global connectivity of the impact on
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fisheries through variations in the catch and landing trends caused by
changes in the environmental conditions as well as human stressors.
Furthermore, the conclusions obtained in neighbouring areas are along
the same lines as for this fishery, where greater lateral efforts in inter-
national policies would undoubtedly help to improve the resource, as
occurred in the Gulf of Cadiz.

The use of models with linear and nonlinear approaches has enabled
us to detect significant associations of landings with oceanic variables
and climate indices, as well as determine the types of effect and quan-
tifying them. The three techniques used in this study mainly pointed
towards the same variables. Multiple linear regression and the GLM
indicated that the T95-225, UV15-335 and heat flux were clearly sig-
nificant, explaining as much as 38% and 43.12% of the total variance in
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landings. On the other hand, while the GAM also identified UV15-335
and heat flux as significant, unlike the other two models, T5-85 was
included instead of T95-225. This latter model explained >50% of the
variance in landings. Similar results have been obtained by other au-
thors for P. bogaraveo in the Strait of Gibraltar. Baez et al. (2014)
detected negative associations between ocean temperature and landings
between 1986 and 2006. Similarly, Sanz-Fernandez and Gutiérrez-
Estrada (2021) reported significant correlations between temperature
anomalies and landings with varying time lags of up to 3 years. We have
observed that both variables had a direct positive increasing effect on
landings, in certain ranges. Water temperature is a key variable in un-
derstanding fish population dynamics because of its impact on recruit-
ment and mortality of the stock and consequently on abundance. It is
therefore a key factor in understanding the variability of fish stocks
(Hare and Mantua, 2000; Frank et al., 2005; Morrongiello et al., 2014;
Perretti et al., 2017; Le Bris et al., 2018; Free et al., 2019; Pershing et al.,
2015). Several studies have highlighted the influence of temperature
and heat flux on P. bogaraveo biomass in the Strait of Gibraltar from
1983 to 2015, concluding that both variables play an important role in
the dynamics of population abundance and that unusually low tem-
peratures with low heat flux values could favour recruitment in
following years and thus explain the increase in landings (Gutiérrez-
Estrada et al., 2017; Sanz-Fernandez et al., 2019). Additionally and
taking into account a short-medium term effect, temperature is of great
importance in keeping fish habitats healthy, which in any case will
favour good fishery performance (Damalas et al., 2007; Mugo et al.,
2010; Giannoulaki et al., 2011). Through otolith analyses of P. bogaraveo
populations in the Azores, Neves et al. (2021) established that water
temperature is a factor affecting the growth of individuals. Warmer deep
waters are associated with slower growth, probably reflecting physio-
logical conditions and food availability, which could consequently affect
the production of the fishery. We can hypothesize that an inverse effect
of temperature on the growth of P. bogaraveo in the Strait of Gibraltar
will affect the long-term fishing yield, causing maximum landings to
take longer to occur as a consequence of slower growth, thus explaining
the lower landings when temperature rises in a certain range, as indi-
cated by the models.

Regarding the movements of adult fish in the areas of the Strait of
Gibraltar, these are mainly associated with feeding and breeding (Gil,
2006). The diet of Blackspot Seabream is mostly composed of fish and
invertebrates. In the Strait of Gibraltar, the main prey is Sergia robusta
(mesopelagic crustacean), although it also feeds on fishes mainly Myc-
tophidae and Stomiiformes (Polonio et al., 2008). In the Strait of
Gibraltar, this crustacean and these fish are preyed upon by other spe-
cies such as the Atlantic Bluefin Tuna (Thunnus thynnus) (Sorell et al.,
2017; Varela et al., 2020) that could interact with the Blackspot Seab-
ream for the same resources. Mesopelagic myctophids are targets of
Blackspot Seabream. Although the mesopelagic zone is strictly defined
at depths of 200 to 1000 m (Sutton, 2013), myctophids are characterised
by carrying out vertical migrations (Giménez et al., 2018) which would
favour the availability of them in the water column for Blackspot
Seabream. In this way, landings would be favoured by high availability
of food for Blackspot Seabream.It is suggested that the largest landings
are occurring in areas where there is a higher concentration of food for
the P. bogaraveo, where oceanographic factors combine favourably
within an environmental window of optimal range, favouring a greater
predator-prey encounter.

All the models included ocean current speed as a significant variable.
Previous studies, based on the use of hydrodynamic models coupled
with Lagrangian particle tracking, have indicated that Atlantic Jet
exiting the Strait of Gibraltar influences in the dispersion process and
semidiurnal tidal currents and spring-neap tidal cycle are the main
factor determining the horizontal dispersion and the course and
pathway of eggs and larvae (Nadal-Arizo, 2019; Sammartino et al.,
2019; Nadal et al., 2022). As described by Gil (2006), currents have an
impact on fish from birth, given that the larval phase of Blackspot
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Seabream is pelagic, and the areas of growth are the coastal waters of the
Gulf of Cadiz and the Alboran Sea. Therefore, whether fish reach the
coast from hatcheries strongly depends on current speed.

In summary, landings could be favoured by hydrodynamic condi-
tions that would facilitate the development of the first stages of the life
cycle (eggs and larvae) thanks to their movement towards areas of
protection and the predator-prey encounter, resulting in the incorpo-
ration of new individuals into the fishery biomass.

Therefore, we could hypothesize that the effect of water tempera-
ture, heat flux and current velocity modulus on the landings creates
favourable habitat conditions for the continuance of the species, which
would lead to a greater probability of encounters between the resource
and the fishing gear. This together with the knowledge of fishermen
would be translated into a greater landing success. Furthermore, the fact
that these variables may have a direct impact on population dynamics
may indicate a better status of the food web and larger number of re-
cruits, and consequently, greater landings in the subsequent years.

Finally, although our best model explained approximately 50% of
the variability of landings, which is statistically satisfactory, the incor-
poration of other variables such as wind speed and direction, chloro-
phyll and the tidal cycle could substantially improve the results
obtained. In this sense, wind speed and direction affect water exchange
in the Strait of Gibraltar. Wind-induced upwelling on the north coast of
the Strait of Gibraltar is the phenomenon responsible for the higher
biological production as the nutrient-rich Mediterranean water is shal-
lower, increasing the availability of energy resources for the early life
stages of P. bogaraveo which, coupled with temporary fishing windows
during their reproductive period, would result in strong recruitment and
higher landings in subsequent years.

On the other hand, the inference of the results obtained in the present
study on the existence of relationships between fisheries production and
the environment in which they take place must be interpreted according
to the limitations given by the statistical techniques employed and the
quality of the data. In general, the models fit the data well and are
consistent with other statistical techniques in relation to the relation-
ships obtained and with other studies. However, the statistical model-
ling techniques employed are based on correlations and therefore
causality inference is not possible. Furthermore, a very important fact
that must be taken into account is that the final model obtained is
conditioned by ecological, statistical and data processing assumptions,
and these are responsible for steering the final model in one direction or
another (Austin, 2002; Gordo-Vilaseca et al., 2021).

To conclude, a comprehensive understanding of how environmental
variability influences the historical dynamics of commercial landings of
P. bogaraveo in the area of the Strait of Gibraltar has been carried out.
For this purpose, a wide range of statistical tools have been used, in
addition to a substantial oceanographic-climatic database. The Black-
spot Seabream being a shared transboundary resource, the incorpora-
tion of this fact through the information on landings of the Spanish and
Moroccan fleets has allowed an objective analysis of the real situation of
landings of the resource in the area. The results of this study suggest that
the historical series of commercial landings of Blackspot Seabream in the
Strait of Gibraltar between 1983 and 2015 follow similar patterns to and
have significant relationships with temperature, heat flux and current
speed in specific layers. A decrease in their values, colder waters with
lower current intensity, would be related to lower fishing yields and vice
versa. Finally, the fishery of Blackspot Seabream is of great importance
for the local economy and relies on it being a renewable resource. This
implies that it is necessary to implement policies that favour manage-
ment of the resource based on legality, transparency and sustainability
considering the effects of both fishing and environmental processes.

Author contributions

The two authors contributed extensively to the research and devel-
opment of the concepts presented in this paper. V. Sanz-Fernandez:



V. Sanz-Fernandez and J.C. Gutiérrez-Estrada

Formal analysis, Data curation, Methodology, Investigation, Writing -
original draft, Writing - review & editing. J.C Gutiérrez-Estrada:
Conceptualization, Methodology, Formal analysis, Investigation,
Writing - original draft, Writing - review & editing, Supervision.

CRediT authorship contribution statement

V. Sanz-Fernandez: Formal analysis, Data curation, Methodology,
Investigation, Writing — original draft, Writing — review & editing. J.C.
Gutiérrez-Estrada: Conceptualization, Methodology, Formal analysis,
Investigation, Writing — original draft, Writing — review & editing,
Supervision.

Declaration of Competing Interest
There is no conflict of interests to declare.
Data availability

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgements

The authors wish to express their gratitude to Dr. Juan Gil-Herrera
(Oceanography Spanish Institute, Cadiz, Spain) and Dr. Said Bench-
oucha and Sana el Arraf (National Institute of Fisheries Research-INRH-
Tangier, Morocco) for providing the data set of Blackspot Seabream
landings in the Spanish and Moroccan ports. Victor Sanz-Fernandez is
financed by the Spanish Ministry of Science, Innovation and Universities
with a FPU fellowship (FPU17,/04298). Funding for open access charge:
Universidad de Huelva / CBUA.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jmarsys.2023.103883.

References

Almodévar, A., Ayllon, D., Nicola, G.G., Jonsson, B., Elvira, B., 2019. Climate-driven bio-
physical changes in feeding and breeding environments explain the decline of
southernmost European Atlantic salmon populations. Can. J. Fish. Aquat. Sci. 76,
1581-1595. https://doi.org/10.1139/cjfas-2018-0297.

Aoki, 1., Inagaki, T., 1993. Acoustic surveys of abundance and distribution of the
Japanese sardine Sardinops melanostictus in the SpawningGrounds off Southern
Kyushu, Japan. Nippon Suisan Gakaish 59, 1727-1735. https://doi.org/10.2331/
suisan.59.1727.

Arbelaitz, O., Gurrutxaga, I., Muguerza, J., Perez, J.M., Perona, 1., 2013. An extensive
comparative study of cluster validity indices. Pattern Recogn. 46, 243-256. https://
doi.org/10.1016/j.patcog.2012.07.021.

Austin, M.P., 2002. Spatial prediction of species distribution: an interface between
ecological theory and statistical modelling. Ecol. Model. 157, 101-118. https://doi.
0rg/10.1016/50304-3800(02)00205-3.

Béez, J.C., Macias, D., de Castro, M., Gomez-Gesteira, M., Gimeno, L., Real, R., 2014.
Assessing the response of exploited marine populations in a context of rapid climate
change: the case of blackspot seabream from the strait of Gibraltar. Anim. Biodivers.
Conserv. 37, 35-47. http://hdl.handle.net/10508/2571.

Barton, N.A., Farewell, T.S., Hallett, S.H., 2020. Using generalized additive models to
investigate the environmental effects on pipe failure in clean water networks. NPJ
Clean Water. 3, 31. https://doi.org/10.1038/541545-020-0077-3.

Belcaid, S., Benchoucha, S., Pérez Gil, J.L., Gil Herrera, J., Gonzalez Costas, F., Garcia
Prieto, F., Talbaoui, E.M., El Arraf, S., Hamdi, H., Abid, N., Malouli Idrissi, M.,
Lamtai, A., Bernardon, M., Caminas, J.A., Fernandez, L.L., 2012. Preliminary joint
assessment of Pagellus bogaraveo stock of the Strait of Gibraltar area between Spain
and Morocco (GSAs 01 and 03). Paper presented at the Working Group on Stock
Assessment of Demersal Species (SCSA-SAC, GFCM), (Split, Croatia, 5-9 November
2012).GCP/INT/028/SPA-GCP/INT/006/EC. CopeMed II Occasional Papers n° 15:
18 pp.

Borja, A., Uriarte, A.S., Egana, J., Motos, L., Valencia, V., 1998. Relationships between
anchovy (Engraulis encrasicolus) recruitment and environment in the Bay of Biscay
(1967-1996). Fish. Oceanogr. 7, 375-380. https://doi.org/10.1046/].1365-
2419.1998.00064.x.

13

Journal of Marine Systems 240 (2023) 103883

Bruno, M., Chioua, J., Romero, J., Vazquez, A., Macias, D., Dastis, C., Ramirez-
Romero, E., Echevarria, F., Reyes, J., Garcia, C.M., 2013. The importance of sub-
mesoscale processes for the exchange of properties through the strait of Gibraltar.
Prog. Oceanogr. 116, 66-79. https://doi.org/10.1016/j.pocean.2013.06.006.

Burgos, C., Gil, J., del Olmo, A., 2013. The Spanish blackspot seabream (Pagellus
bogaraveo) fishery in the strait of Gibraltar: spatial distribution and fishing effort
derived from a small-scale GPRS/GSM based fisheries vessel monitoring system.
Aquat. Living Resour. 26, 399-407. https://doi.org/10.1051/alr/2013068.

Burnham, K.P., Anderson, D.R., 2004. Multimodel inference: understanding AIC and BIC
in model selection. Sociol. Methods Res. 33, 261-304. https://doi.org/10.1177/
0049124104268644.

Cabrera, R., 2014. Selectividad de la voracera en el Estrecho de Gibraltar. Publicia. ISBN:
978-3-639-55882-1.

Carpenter, K.E., Russell, B., 2014. Pagellus bogaraveo. The IUCN (International Union for
the Conservation of Nature’s) Red List of Threatened Species: e.T170244A1300216.
https://doi.org/10.2305/IUCN.UK.2014-3.RLTS.T170244A1300216.en.

Carton, J.A., Chepurin, G.A., Chen, L., 2018. SODA3: a new ocean climate reanalysis.
J. Clim. 31, 6967-6983. https://doi.org/10.1175/JCLI-D-18-0149.1.

Castilla Espino, D., Bago Sotillo, E., Garcia del Hoyo, J.J., 2010. Microeconomic
influence of marine environment conditions on red seabream fishery of the strait of
Gibraltar. 10 pages. In: Proceedings of the Fifteenth Biennial Conference of the
International Institute of Fisheries Economics & Trade, July 13-16, 2010,
Montpellier, France: Economics of Fish Resources and Aquatic Ecosystems:
Balancing Uses, Balancing Costs. Compiled by Ann L. Shriver, 2010. International
Institute of Fisheries Economics & Trade, Corvallis, Oregon, USA. In: https://ir.
library.oregonstate.edu/concern/conference_proceedings_or_journals/s1784m54d.

Castro-Gutiérrez, J., Cabrera-Castro, R., Czerwinski, I.A., Bdez, J.C., 2022. Effect of
climatic oscillations on small pelagic fisheries and its economic profit in the Gulf of
Cadiz. Int. J. Biometeorol. 66, 613-626. https://doi.org/10.1007/500484-021-
02223-9.

CopeMed, 1.I., 2018. Report of the Joint COPEMED II — GFCM data preparation meeting
on Blackspot seabream (Pagellus bogaraveo) in the Strait of Gibraltar (pp. 19). Cadiz
(Spain), 19-21 March 2019. Documents N°51 (GCP/INT/028/SPA - GCP/INT/006/
EC).

CopeMed, LI., 2019. Report of the CopeMed II Working Group on stock assessment of
P. bogaraveo in the Strait of Gibraltar, Malaga, Spain, 28-29 October 2019. CopeMed
II Technical Documents N°55 (GCP/INT/028/SPA-GCP/INT/362/EC), p. 47.

Cort, J.L., Abaunza, P., 2019. The present state of traps and fisheries research in the strait
of Gibraltar. In: The Bluefin Tuna Fishery in the Bay of Biscay. Springer, Cham,
pp. 37-78 (ISBN 978-0-387-87457-9.).

Damalas, D., Megalofonou, P., Apostolopoulou, M., 2007. Environmental, spatial,
temporal and operational effects on swordfish (Xiphias gladius) catch rates of eastern
Mediterranean Sea longline fisheries. Fish. Res. 84, 233-246. https://doi.org/
10.1016/j.fishres.2006.11.001.

de Carvalho-Souza, G.F., Torres, M.A., Farias, C., Acosta, J.J., Tornero, J., Sobrino, I.,
Llope, M., 2021. International politics must be considered together with climate and
fisheries regulation as a driver of marine ecosystems. Glob. Environ. Chang. 69,
102288 https://doi.org/10.1016/j.gloenvcha.2021.102288.

Echevarria, F., Garcia-Lafuente, J., Bruno, M., Gorsky, G., Goutx, M., Gonzalez, N.,
Garcia, C.M., Gémez, F., Vargas, J.M., Picheral, M., Striby, L., Varela, M., Alonso, J.
J., Reul, A., Cézar, A., Prieto, L., Sarhan, T., Plaza, F., Jiménez-Gémez, F., 2002.
Physical-biological coupling in the strait of Gibraltar. Deep-Sea Res. II Top. Stud.
Oceanogr. 49, 4115-4130. https://doi.org/10.1016/50967-0645(02)00145-5.

Erzini, K., 2005. Trends in NE Atlantic landings (southern Portugal): identifying the
relative importance of fisheries and environmental variables. Fish. Oceanogr. 14,
195-209. https://doi.org/10.1111/j.1365-2419.2005.00332.x.

Europe, 2022. EU ‘The Common Fisheries Policy’. EUROPA, The Official EU Website.
https://oceans-and-fisheries.ec.europa.eu/policy/common-fisheries-policy-cfp_en,
2022, Accessed November 21, 2022.

Fox, J., Weisberg, S., 2019. Companion to Applied Regression, Third edition. Sage,
Thousand Oaks CA. https://socialsciences.memaster.ca/jfox/Books/Companion/.

Frank, K.T., Petrie, B., Choi, J.S., Leggett, W.C., 2005. Trophic cascades in a formerly
cod-dominated ecosystem. Science 308, 1621-1623. https://doi.org/10.1126/
science.1113075.

Free, C.M., Thorson, J.T., Pinsky, M.L., Oken, K.L., Wiedenmann, J., Jensen, O.P., 2019.
Impacts of historical warming on marine fisheries production. Science. 363,
979-983. https://doi.org/10.1126/science.aaul758.

Garcia Horcajuelo, M.A., 2018. Caracterizacion de la pesqueria histérica espanola de red
de enmalle a la deriva dirigida al pez espada en el estrecho de Gibraltar entre los
anos 1988 y 1992. Efectos y patrones temporales en las poblaciones de grandes
tiburones peldgicos. Master Thesis. University of Alicante, Spain.

Gerlotto, F., Castillo, J., Saavedra, A., Barbieri, M.A., Espejo, M., Cotel, P., 2004. Three-
dimensional structure and avoidance behaviour of anchovy and common sardine
schools in central southern Chile. ICES J. Mar. Sci. 61, 1120-1126. https://doi.org/
10.1016/j.icesjms.2004.07.017.

Giannoulaki, M., Pyrounaki, M.M., Liorzou, B., Leonori, I., Valavanis, V.D.,

Tsagarakis, K., Bigot, J.L., Roos, D., De Felice, A., Campanella, F., Somarakis, S.,
Arneri, E., Machias, A., 2011. Habitat suitability modelling for sardine (Sardina
pilchardus) juveniles in the Mediterranean Sea. Fish. Oceanogr. 20, 367-382. https://
doi.org/10.1111/§.1365-2419.2011.00590.x.

Gil, J., 2006. Biologia y pesca del voraz [Pagellus bogaraveo (Briinnich, 1768)] en el
Estrecho de Gibraltar. PhD Thesis,. University of Cadiz, Spain. http://hdl.handle.
net/10508/954.

Gil-Herrera, J., Gutiérrez-Estrada, J.C., Benchoucha, S., Pérez-Gil, J.L., Sanz-
Fernandez, V., el Arraf, S., Burgo, C., Malouli-Idrissi, M., Farias, C., 2021. The
BlackSpot seabream fishery in the strait of Gibraltar: Lessons and future perspectives


https://doi.org/10.1016/j.jmarsys.2023.103883
https://doi.org/10.1016/j.jmarsys.2023.103883
https://doi.org/10.1139/cjfas-2018-0297
https://doi.org/10.2331/suisan.59.1727
https://doi.org/10.2331/suisan.59.1727
https://doi.org/10.1016/j.patcog.2012.07.021
https://doi.org/10.1016/j.patcog.2012.07.021
https://doi.org/10.1016/S0304-3800(02)00205-3
https://doi.org/10.1016/S0304-3800(02)00205-3
http://hdl.handle.net/10508/2571
https://doi.org/10.1038/s41545-020-0077-3
http://refhub.elsevier.com/S0924-7963(23)00027-1/or0005
http://refhub.elsevier.com/S0924-7963(23)00027-1/or0005
http://refhub.elsevier.com/S0924-7963(23)00027-1/or0005
http://refhub.elsevier.com/S0924-7963(23)00027-1/or0005
http://refhub.elsevier.com/S0924-7963(23)00027-1/or0005
http://refhub.elsevier.com/S0924-7963(23)00027-1/or0005
http://refhub.elsevier.com/S0924-7963(23)00027-1/or0005
http://refhub.elsevier.com/S0924-7963(23)00027-1/or0005
https://doi.org/10.1046/j.1365-2419.1998.00064.x
https://doi.org/10.1046/j.1365-2419.1998.00064.x
https://doi.org/10.1016/j.pocean.2013.06.006
https://doi.org/10.1051/alr/2013068
https://doi.org/10.1177/0049124104268644
https://doi.org/10.1177/0049124104268644
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0055
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0055
https://doi.org/10.2305/IUCN.UK.2014-3.RLTS.T170244A1300216.en
https://doi.org/10.1175/JCLI-D-18-0149.1
https://ir.library.oregonstate.edu/concern/conference_proceedings_or_journals/s1784m54d
https://ir.library.oregonstate.edu/concern/conference_proceedings_or_journals/s1784m54d
https://doi.org/10.1007/s00484-021-02223-9
https://doi.org/10.1007/s00484-021-02223-9
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0080
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0080
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0080
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0080
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0085
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0085
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0085
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0090
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0090
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0090
https://doi.org/10.1016/j.fishres.2006.11.001
https://doi.org/10.1016/j.fishres.2006.11.001
https://doi.org/10.1016/j.gloenvcha.2021.102288
https://doi.org/10.1016/S0967-0645(02)00145-5
https://doi.org/10.1111/j.1365-2419.2005.00332.x
https://oceans-and-fisheries.ec.europa.eu/policy/common-fisheries-policy-cfp_en
https://socialsciences.mcmaster.ca/jfox/Books/Companion/
https://doi.org/10.1126/science.1113075
https://doi.org/10.1126/science.1113075
https://doi.org/10.1126/science.aau1758
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0140
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0140
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0140
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0140
https://doi.org/10.1016/j.icesjms.2004.07.017
https://doi.org/10.1016/j.icesjms.2004.07.017
https://doi.org/10.1111/j.1365-2419.2011.00590.x
https://doi.org/10.1111/j.1365-2419.2011.00590.x
http://hdl.handle.net/10508/954
http://hdl.handle.net/10508/954

V. Sanz-Fernandez and J.C. Gutiérrez-Estrada

of shared marine resource. In: Baez, J.C., Vazquez, J.T., Caminas, J.A.,
Malouli, Idrissi M. (Eds.), Alboran Sea - Ecosystems and Marine Resources. Springer,
Cham. https://doi.org/10.1007/978-3-030-65516-7_19.

Giménez, J., Marcalo, A., Garcia-Polo, M., Garcia-Barén, 1., Castillo, J.J., Fernandez-
Maldonado, C., Saavedra, C., Santos, M.B., De Stephanis, R., 2018. Feeding ecology
of Mediterranean common dolphins: the importande of mesopelagic fish in the diet
of an endangered subpopulation. Mar. Mamm. Sci. 34, 136-154. https://doi.org/
10.1111/mms.12442.

Goldshtein, E., Gazit, Y., Hetzroni, A., Timar, D., Rosenfeld, L., Grinshpon, Y., Cohen, Y.,
2021. Long-term automatic trap data reveal factors affecting diurnal flight patterns
of the Mediterranean fruit fly. J. Appl. Entomol. 145, 427-439. https://doi.org/
10.1111/jen.12867.

Gonzales Castellanos, M., Soto Valero, C., 2013. Mineria de datos para series temporales.
Universidad Central “Marta Abreu” de Las Villas, Cuba (ISBN: 978-959-250-924-5).

Gordé-Vilaseca, C., Pennino, M.G., Albo-Puigserver, M., Wolff, M., Coll, M., 2021.
Modelling the spatial distribution of Sardina pilchardus and Engraulis encrasicolus
spawning habitat in the NW Mediterranean Sea. Mar. Environ. Res. 169, 105381
https://doi.org/10.1016/j.marenvres.2021.105381.

Grind, R.C., 1992. Neural networks for univariate time series forecasting and their
application to water demand prediction. Neural Netw. World. 2, 437-450.

Gutiérrez-Estrada, J.C., Gil-Herrera, J., Pulido-Calvo, 1., Czerwinski, I.A., 2017. Is it
possible to differentiate between environmental and fishery effects on abundance-
biomass variation? A case study of blackspot seabream (Pagellus bogaraveo) in the
strait of Gibraltar. Fish. Oceanogr. 26, 455-475. https://doi.org/10.1111/
fog.12208.

Gutiérrez-Estrada, J.C., Sanz-Fernandez, V., Pulido-Calvo, I., Gil-Herrera, J., 2020.
Improving the interpretability of the effects of environmental factors on abundance
of fish stocks. Ecol. Indic. 117, 106533 https://doi.org/10.1016/j.
ecolind.2020.106533.

Hare, S.R., Mantua, N.J., 2000. Empirical evidence for North Pacific regime shifts in
1977 and 1989. Prog. Oceanogr. 47, 103-145. https://doi.org/10.1016/S0079-6611
(00)00033-1.

Hornik, K., 2021. Clue: Cluster Ensembles. R Package Version 0.3-59. https://CRAN.R-pr
oject.org/package=clue.

Hurrell, James, National Center for Atmospheric Research Staff, 24 Apr 2020. The
Climate Data Guide: Hurrell North Atlantic Oscillation (NAO) Index (station-based).
Retrieved from. https://climatedataguide.ucar.edu/climate-data/hurrell-n
orth-atlantic-oscillation-nao-index-station-based.

Kassambara, A., 2017. Practical Guide to Principal Component Methods in R: PCA, M
(CA), FAMD, MFA, HCPC, Factoextra (STHDA).

Kim, Y.J., Gu, C., 2004. Smoothing spline Gaussian regression: more scalable
computation via efficient approximation. J. R. Stat. Soc. Ser. B Stat Methodol. 66,
337-356. https://doi.org/10.1046/j.1369-7412.2003.05316.x.

Kim, M., Ramakrishna, R.S., 2005. New indices for cluster validity assessment. Pattern
Recogn. Lett. 26, 2353-2363. https://doi.org/10.1016/j.patrec.2005.04.007.

Kitanidis, P.K., Bras, R.L., 1980. Real time forecasting with a conceptual hydrological
model. 2. Applications and results. Water Resour. Res. 16, 1034-1044. https://doi.
org/10.1029/WR016i006p01034.

Kling, H., Fuchs, M., Paulin, M., 2012. Runoff conditions in the upper Danube basin
under an ensemble of climate change scenarios. J. Hydrol. 424-425, 264-277.
https://doi.org/10.1016/j.jhydrol.2012.01.011.

Le Bris, A., Mills, K.E., Wahle, R.A., Chen, Y., Alexander, M.A., Allyn, A.J., Pershing, A.J.,
2018. Climate vulnerability and resilience in the most valuable North American
fishery. Proc. Natl. Acad. Sci. U. S. A. 115, 1831-1836. https://doi.org/10.1073/
pnas.1711122115.

Lé, S., Josse, J., Husson, F., 2008. FactoMineR: an R package for multivariate analysis.
J. Stat. Softw. 25, 1-18. https://doi.org/10.18637/jss.v025.i01.

Lee, K.A., Butcher, P.A., Harcourt, R.G., Patterson, T.A., Peddemors, V.M., Roughan, M.,
Harasti, D., Smoothey, A.F., Bradford, R.W., 2021. Oceanographic conditions
associated with white shark (Carcharodon carcharias) habitat use along eastern
Australia. Mar. Ecol. Prog. Ser. 659, 143-159. https://doi.org/10.3354/meps13572.

Lloret, J., Lleonart, J., Solé, 1., Fromentin, J.M., 2001. Fluctuations of landings and
environmental conditions in the North-Western Mediterranean Sea. Fish. Oceanogr.
10, 33-50. https://doi.org/10.1046/j.1365-2419.2001.00151.x.

Marra, G., Wood, S.N., 2011. Practical variable selection for generalized additive models.
Comput. Stat. Data Anal. 55, 2372-2387. https://doi.org/10.1016/j.
csda.2011.02.004.

Massé, J., 1996. Acoustic observations in the Bay of Biscay: schooling, vertical
distribution, species assemblages and behaviour. Sci. Mar. 60 (Suppl. 2), 227-234.
https://archimer.ifremer.fr/doc/00191/30265/.

Morrongiello, J.R., Walsh, C.T., Gray, C.A., Stocks, J.R., Crook, D.A., 2014.
Environmental change drives long-term recruitment and growth variation in an
estuarine fish. Glob. Chang. Biol. 20, 1844-1860. https://doi.org/10.1111/
gcb.12545.

Moss, J., 2019. univariateML: an R package for maximum likelihood estimation of
univariate densities. J. Open Source Softw. 4, 1863. https://doi.org/10.21105/
j0ss.01863.

Mugo, R., Saitoh, S.I., Nihira, A., Kuroyama, T., 2010. Habitat characteristics of skipjack
tuna (Katsuwonus pelamis) in the western North Pacific: a remote sensing perspective.
Fish. Oceanogr. 19, 382-396. https://doi.org/10.1111/§.1365-2419.2010.00552.x.

Nadal, I., Sammartino, S., Garcia-Lafuente, J., Sanchez Garrido, J.C., Gil-Herrera, J.,
Hidalgo, M., Hernandez, P., 2022. Hydrodynamic connectivity and dispersal patterns
of a transboundary species (Pagellus bogaraveo) in the strait of Gibraltar and adjacent
basins. Fish. Oceanogr. 1-18 https://doi.org/10.1111/fog.12583.

14

Journal of Marine Systems 240 (2023) 103883

Nadal-Arizo, I., 2019. Tidal Dynamics Effect on the Connectivity Patterns of the
Blackspot Seabream (Pagellus bogaraveo) in the Alboran Sea. Master’s Thesis,.
Polytechnic University of Valencia, Spain. http://hdl.handle.net/10251/117736.

Nash, J.E., Sutcliffe, J.V., 1970. River flow forecasting through conceptual models part I -
a discussion of principles. J. Hydrol. 10, 282-290. https://doi.org/10.1016/0022-
1694(70)90255-6.

Neves, J., Giacomello, E., Menezes, G.M., Fontes, J., Tanner, S.E., 2021. Temperature-
driven growth variation in a Deep-Sea fish: the case of Pagellus bogaraveo (Briinnich,
1768) in the Azores archipelago. Front. Mar. Sci. 8, 703820 https://doi.org/
10.3389/fmars.2021.703820.

Nicola, G.G., Elvira, B., Jonsson, B., Ayllén, D., Almodévar, A., 2018. Local and global
climatic drivers of Atlantic salmon decline in southern Europe. Fish. Res. 198, 78-85.
https://doi.org/10.1016/j.fishres.2017.10.012.

Perretti, C.T., Fogarty, M.J., Friedland, K.D., Hare, J.A., Lucey, S.M., McBride, R.S.,
Wauenschel, M.J., 2017. Regime shifts in fish recruitment on the northeast US
continental shelf. Mar. Ecol.-Prog. Ser. 574, 1-11. https://doi.org/10.3354/
meps12183.

Pershing, A.J., Alexander, M.A., Hernandez, C.M., Kerr, L.A., Le Bris, A., Mills, K.E.,
Thomas, A.C., 2015. Slow adaptation in the face of rapid warming leads to collapse
of the Gulf of Maine cod fishery. Science. 350, 809-812. https://doi.org/10.1126/
science.aac9819.

Petitjean, F., Ketterlin, A., Gangarski, P., 2011. A global averaging method for dynamic
time warping, with applications to clustering. Pattern Recogn. 44, 678-693. https://
doi.org/10.1016/j.patcog.2010.09.013.

Piroddi, C., Coll, M., Liquete, C., Macias, D., Greer, K., Buszowski, J., Steenbeek, J.,
Danovaro, R., Christensen, V., 2017. Historical changes of the Mediterranean Sea
ecosystem: modelling the role and impact of primary productivity and fisheries
changes over time. Sci. Rep. 7, 44491. https://doi.org/10.1038/srep44491.

Polonio, V., Canoura, J., Gil, J., Farias, C., Burgos, C., Sorino, I., 2008. Habito alimenticio
de Pagellus bovaraveo en aguas del Estrecho de Gibraltar. In: Telo, A., et al. (Eds.),
Proc. XV Simpdsio Ibérico de Estudos de Biologia Marinha, Funchal, Madeira
(Portugal) (9-13 September).

R Core Team, 2020. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing, Vienna, Austria. https://www.R-project.org.

Ross, N., 2023. A Free, Interactive Course using MGCV. https://github.com/noamross
/gams-in-r-course.

Rousseeuw, P.J., 1987. Silhouettes: a graphical aid to the interpretation and validation of
cluster analysis. J. Comput. Appl. Math. 20, 53-65. https://doi.org/10.1016/0377-
0427(87)90125-7.

Saitta, S., Raphael, B., Smith, I.F., 2007. A bounded index for cluster validity. In:
International Workshop on Machine Learning and Data Mining in Pattern
Recognition MLDM 2007. Lecture Notes in Computer Science, vol 4571. Springer,
Berlin, Heidelberg. https://doi.org/10.1007/978-3-540-73499-4_14.

Sammartino, S., Sdnchez-Garrido, J.C., Garcia-Lafuente, J., Narnajo, C., Hidalgo, M., Gil-
Herrera, J., 2019. Blackspot seabream early life stages dispersal by hydrodynamic
modelling (strait of Gibraltar - Alboran Sea). Geophys. Res. Abstr. 21. EGU2019-
18082. https://hdl.handle.net/10630/17566.

Sanz-Fernandez, V., Gutiérrez-Estrada, J.C., 2021. Historical changes of blackspot
seabream (Pagellus bogaraveo) landing patterns in the strait of Gibraltar from 1983 to
2016: environmental and legislation effects. Fish. Oceanogr. 30, 111-126. https://
doi.org/10.1111/fog.12506.

Sanz-Fernandez, V., Gutiérrez-Estrada, J.C., Pulido-Calvo, 1., Gil-Herrera, J.,
Benchoucha, S., el Arraf, S., 2019. Environment or catches? Assessment of the
decline in blackspot seabream (Pagellus bogaraveo) abundance in the strait of
Gibraltar. J. Mar. Syst. 190, 15-24. https://doi.org/10.1016/j.jmarsys.2018.08.005.

Sardd-Espinosa, A., 2019. Time-Series Clustering in R Using the dtwclust Package. The R
Journal, 11, pp. 22-43. https://doi.org/10.32614/RJ-2019-023.

Silva, C., Yanez, E., Barbieri, M.A., Bernal, C., Aranis, A., 2015. Forecasts of swordfish
(Xiphias gladius) and common sardine (Strangomera bentincki) off Chile under the A2
IPCC climate change scenario. Prog. Oceanogr. 134, 343-355. https://doi.org/
10.1016/j.pocean.2015.03.004.

Sorell, J.M., Varela, J.L., Goni, N., Macias, D., Arrizabalaga, H., Medina, A., 2017. Diet
and consumption rate of Atlantic bluefin tuna (Thunnus thynnus) in the strait of
Gibraltar. Fish. Res. 188, 112-120. https://doi.org/10.1016/j.fishres.2016.12.012.

Sutton, T.T., 2013. Vertical ecology of the pelagic ocean: classical patterns and new
perspectives. J. Fish Biol. 83, 1508-1527. https://doi.org/10.1111/jfb.12263.

Teixeira, C.M., Gamito, R., Leitao, F., Cabral, H.N., 2014. Trends in landings of fish
species potentially affected by climate change in Portuguese fisheries. Reg. Environ.
Chang. 14, 657-669. https://doi.org/10.1007/s10113-013-0524-5.

Torres, M.A., Coll, M., Heymans, J.J., Christensen, V., Sobrino, 1., 2013. Food-web
structure of and fishing impacts on the Gulf of Cadiz ecosystem (South-Western
Spain). Ecol. Model. 265, 26-44. https://doi.org/10.1016/j.ecolmodel.2013.05.019.

Varela, J.L., Carrera, 1., Medina, A., 2020. Seasonal feeding patterns of Atlantic bluefin
tuna (Thunnus thynnus) in the strait of Gibraltar. Mar. Environ. Res. 153, 104811
https://doi.org/10.1016/j.marenvres.2019.104811.

Vézquez Lopez-Escobar, A., 2006. Ondas internas en el estrecho de Gibraltar y procesos
de mezcla inducidos. PhD Thesis,. University of Cadiz, Spain. http://hdl.handle.
net/10498/15671.

Ventura, S., Silva, M., Pérez-Bendito, D., Hervas, C., 1995. Artificial neural networks for
estimation of kinetic analytical parameters. Anal. Chem. 67, 1521-1525.

Wood, S.N., 2017. Generalized Additive Models: An Introduction with R (2nd Edition).
Chapman and Hall/CRC. ISBN 9781498728331.

Zeileis, A., Hothorn, T., 2002. Diagnostic checking in regression relationships. R News. 2
(3), 7-10. https://cran.r-project.org/doc/Rnews/Rnews_2002-3.pdf.


https://doi.org/10.1007/978-3-030-65516-7_19
https://doi.org/10.1111/mms.12442
https://doi.org/10.1111/mms.12442
https://doi.org/10.1111/jen.12867
https://doi.org/10.1111/jen.12867
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0180
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0180
https://doi.org/10.1016/j.marenvres.2021.105381
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0190
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0190
https://doi.org/10.1111/fog.12208
https://doi.org/10.1111/fog.12208
https://doi.org/10.1016/j.ecolind.2020.106533
https://doi.org/10.1016/j.ecolind.2020.106533
https://doi.org/10.1016/S0079-6611(00)00033-1
https://doi.org/10.1016/S0079-6611(00)00033-1
https://CRAN.R-project.org/package=clue
https://CRAN.R-project.org/package=clue
https://climatedataguide.ucar.edu/climate-data/hurrell-north-atlantic-oscillation-nao-index-station-based
https://climatedataguide.ucar.edu/climate-data/hurrell-north-atlantic-oscillation-nao-index-station-based
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0220
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0220
https://doi.org/10.1046/j.1369-7412.2003.05316.x
https://doi.org/10.1016/j.patrec.2005.04.007
https://doi.org/10.1029/WR016i006p01034
https://doi.org/10.1029/WR016i006p01034
https://doi.org/10.1016/j.jhydrol.2012.01.011
https://doi.org/10.1073/pnas.1711122115
https://doi.org/10.1073/pnas.1711122115
https://doi.org/10.18637/jss.v025.i01
https://doi.org/10.3354/meps13572
https://doi.org/10.1046/j.1365-2419.2001.00151.x
https://doi.org/10.1016/j.csda.2011.02.004
https://doi.org/10.1016/j.csda.2011.02.004
https://archimer.ifremer.fr/doc/00191/30265/
https://doi.org/10.1111/gcb.12545
https://doi.org/10.1111/gcb.12545
https://doi.org/10.21105/joss.01863
https://doi.org/10.21105/joss.01863
https://doi.org/10.1111/j.1365-2419.2010.00552.x
https://doi.org/10.1111/fog.12583
http://hdl.handle.net/10251/117736
https://doi.org/10.1016/0022-1694(70)90255-6
https://doi.org/10.1016/0022-1694(70)90255-6
https://doi.org/10.3389/fmars.2021.703820
https://doi.org/10.3389/fmars.2021.703820
https://doi.org/10.1016/j.fishres.2017.10.012
https://doi.org/10.3354/meps12183
https://doi.org/10.3354/meps12183
https://doi.org/10.1126/science.aac9819
https://doi.org/10.1126/science.aac9819
https://doi.org/10.1016/j.patcog.2010.09.013
https://doi.org/10.1016/j.patcog.2010.09.013
https://doi.org/10.1038/srep44491
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0335
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0335
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0335
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0335
https://www.R-project.org
https://github.com/noamross/gams-in-r-course
https://github.com/noamross/gams-in-r-course
https://doi.org/10.1016/0377-0427(87)90125-7
https://doi.org/10.1016/0377-0427(87)90125-7
https://doi.org/10.1007/978-3-540-73499-4_14
https://hdl.handle.net/10630/17566
https://doi.org/10.1111/fog.12506
https://doi.org/10.1111/fog.12506
https://doi.org/10.1016/j.jmarsys.2018.08.005
https://doi.org/10.32614/RJ-2019-023
https://doi.org/10.1016/j.pocean.2015.03.004
https://doi.org/10.1016/j.pocean.2015.03.004
https://doi.org/10.1016/j.fishres.2016.12.012
https://doi.org/10.1111/jfb.12263
https://doi.org/10.1007/s10113-013-0524-5
https://doi.org/10.1016/j.ecolmodel.2013.05.019
https://doi.org/10.1016/j.marenvres.2019.104811
http://hdl.handle.net/10498/15671
http://hdl.handle.net/10498/15671
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0415
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0415
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0420
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0420
https://cran.r-project.org/doc/Rnews/Rnews_2002-3.pdf

V. Sanz-Fernandez and J.C. Gutiérrez-Estrada

Zhang, C.1., Lee, J.B.,, Kim, S., Oh, J.H., 2000. Climatic regime shifts and their impacts on
marine ecosystem and fisheries resources in Korean waters. Prog. Oceanogr. 47,
171-190. https://doi.org/10.1016/50079-6611(00)00035-5.

Zhang, C.I., Lee, J.B., Seo, Y.L, Yoon, S.C., Kim, S., 2004. Variations in the abundance of
fisheries resources and ecosystem structure in the Japan/East Sea. Prog. Oceanogr.
61, 245-265. https://doi.org/10.1016/j.pocean.2004.06.009.

15

Journal of Marine Systems 240 (2023) 103883

Zuur, A.F., leno, E.N., 2016. A protocol for conducting and presenting results of
regression-type analyses. Methods Ecol. Evol. 7, 636-645. https://doi.org/10.1111/
2041-210X.12577.

Zuur, A.F., Ieno, E., Walker, N., Saveliev, A., Smith, G., 2009. Mixed effects modelling for
nested data. In: Zuur, A.F., et al. (Eds.), Mixed Effects Models and Extensions in
Ecology with R. Statistics for Biology and Health. Springer (ISBN 978-0-387-87457-
9.).


https://doi.org/10.1016/S0079-6611(00)00035-5
https://doi.org/10.1016/j.pocean.2004.06.009
https://doi.org/10.1111/2041-210X.12577
https://doi.org/10.1111/2041-210X.12577
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0445
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0445
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0445
http://refhub.elsevier.com/S0924-7963(23)00027-1/rf0445

	Effects of environmental factors on the historical time serie of blackspot seabream commercial landings (1983 to 2015) in t ...
	1 Introduction
	2 Material and methods
	2.1 Study area and fishing data
	2.2 Oceanic data and climatological indices
	2.3 Identification of common patterns in landings climatic indices and oceanic variables
	2.3.1 Time series clustering
	2.3.2 Principal component analysis (PCA)

	2.4 Modelling the relationship between commercial landings and environmental variables

	3 Results
	3.1 Time series clustering
	3.2 Annual PCA
	3.3 Modelling the relationship between commercial landings and environmental variables
	3.3.1 Multiple linear regression models (MLRs)
	3.3.2 Generalized linear models (GLMs)
	3.3.3 Generalized additive models (GAMs)
	3.3.4 Goodness of fit of the best models constructed


	4 Discussion
	Author contributions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


