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INTRODUCTION  

 

Marine and estuarine fish and fisheries are and will continue to be influenced by 

greenhouse gases  (Roessig et al., 2004). Marine communities makes qualitative and 

quantitative projections of marine ecosystem responses to the environmental changes 

caused by the greenhouse gasses based on climate change projections from the 

Intergovernmental Panel on Climate Change (IPCC) (Bindoff et al., 2007; Hollowed et 

al., 2013). The  climate change manifests itself in the oceans by increasing inland ocean 

temperatures (Blunden et al., 2018; Cheng et al., 2019), raising sea levels (Nerem et al., 
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Climate change has a significant impact on regional and species levels, 

leading to a significant drop in biomass in the Southern Alboran Sea (SAS). 

Hence, research should be focused on determining the regional impact of 

environmental fluctuations on major marine species. The European sardine 

(Sardina Pilchardus) plays an important role in marine ecology and 

contributes significantly to the region's economy. The present study 

revealed the monthly fluctuations of  sardine fishery on the Moroccan coast 

of the Southern Alboran Sea during the period 2009-2021, its relationship 

with four oceanographic variables (SST, SLA, Phy, and Zoo), and future 

predictions using two representative concentration pathways (RCPs) 

scenarios (2.6 and 8.5) for the period 2022-2100. Generalized additive 

models (GAMs) were built to investigate the links between environmental 

factors and the species' landing per unit effort (LPUE) and relative effort, 

and hence analyze the possible consequences of climate change. The GAM 

model could account for 71.4%  and 61.2% of the variance in the LPUE and 

effort, respectively. Under the RCP 2.6 and RCP 8.5 scenarios, the expected 

LPUE and effort of the European sardine showed different patterns. In 

addition, the predicted future potential landing for the period 2022-2100 

shows a reduction. According to the study,  fishing pressure must be kept at 

a low and healthy level to maintain a long-term sustainable fishery and 

mitigate the impact of climate change on the European sardines. 
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2018), a dramatic shift in oceanic stratification, circulation, light availability in the 

surface ocean, dissolved oxygen, and salinity (Daw et al., 2009; Denman et al., 2011; 

Doney et al., 2012), all these factors caused the changes in primary production 

(Sarmiento et al., 2004), which influence the food web (Brander, 2003). 

Environmental variables(such as temperature, salinity and food variability) might 

have a substantial impact on the abundance and dispersion of small pelagic fish (SPF), 

SPF with rapid production rates is highly susceptible to the impact of climate change 

(Rijnsdorp et al., 2009; Muhling et al., 2017). Sund et al. (1981), and Fréon and 

Misund, (1999) revealed that pelagic species can sense temperature changes, which lead 

them to migrate to regions that are more suitable to their metabolism or locations where 

there is a larger availability of prey. The sardine diet has consisted of both zooplankton 

and phytoplankton (Costalago et al., 2012, 2014; Barroeta et al., 2017). Thus, changes 

in plankton primary and secondary productions might have an impact on larval survival 

and spawner's health (Brosset et al., 2015, 2016).  

According to FAO (2016, 2018), 40% of the total fish captured are represented by 

Small pelagic fish (SPF) stocks such as European sardine (Sardina pilchardus) with 

(186,100 tons/year), since the 1990s, the Mediterranean has seen a decrease in the 

biomass and landings of several species (Vasilakopoulos et al., 2014). The warming of 

the Mediterranean Sea is expected to keep increasing which causes its deterioration 

(Salat et al., 2019). This calls into doubt the distribution and abundance of SPF in this 

area in the future, a matter of ecological and economic concerns (Pennino et al., 2020; 

Gordó-Vilaseca et al., 2021). 

Thus, the process is frequently guided by ecological modelling approaches in 

general and species distribution models (SDM) in particular (Gordó-Vilaseca et al., 

2021). Generalized Additive Models (GAM) can provide the possibility to examine the 

interactions between the response and the independent variable. This study's main 

objective was to determine how the European Sardine Fishery responded to changes in 

the relevant environmental factors in the SAS, specifically Sea Surface Temperature 

(SST), Sea Level Anomaly (SLA), the concentration of phytoplankton (Phy) and 

Zooplankton (Zoo). In this paper, GAM was implemented to the weighted Landing Per 

Unit Effort (LPUE), relative Effort, and environmental datasets to study the impacts of 

environmental factors on the fisheries for European Sardine and to predict the fishery's 

potential pattern under RCP scenarios 2.6 and 8.5. 

 

MATERIALS AND METHODS  

 

1. Study area 

The study area comprised the Southern Alboran Sea (SAS) (Moroccan shores) (35-

36N and 2-5W), which is considered part of the South-Western Mediterranean (Fig. 1). 
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Sardina pilchardus is the most important small pelagic fish (SPF) targeted by the purse-

seiners in this area, according to logbook data from 2009 to 2022, with an average catch 

of 8400 tons per year and about 6,385,903 US dollars per year. 

 

Figure 1. Study area along the Southern Alboran Sea. 

2.  Oceanographic Data  

The data of oceanographic variables along the Southern Alboran Sea (SAS), were 

downloaded from Coopernicus Marine Service (CMEMS website), and 

Climate4Impact and monthly averaged. The data source, as well as the period, and 

resolution were shown in Table 1. 

Table 1. Environmental variables data source used in this paper. 

Variable Units Spatial Period Source 

SST °C 0.042° 1998 -2021 

Coopernicus Marine Service Phy mmol.m-3 0.042° 1999 -2021 

SLA m 0.125° 1998 -2021 

Zoo mmol. m-3 1° 1998 -2021 Climate4Impact 

The radiative forcing on Earth at the end of the twenty-first century would 

increase by 2.6 W.m-2 and 8.5 W.m-2, respectively, under different climate change 

scenarios, RCP 2.6 and RCP 8.5 (Meinshausen et al., 2011; Alexander et al., 2018; 

Maynou et al., 2020). These scenario data were gathered from the IS-ENES 

(Infrastructure for the European Network for Earth System Modelling) project's CMIP5 

climate model (https://climate4impact.eu/). 

https://resources.marine.copernicus.eu/?option=com_csw&task=results
https://climate4impact.eu/impactportal/data/esgfsearch.jsp
https://resources.marine.copernicus.eu/product-detail/MEDSEA_MULTIYEAR_PHY_006_004/INFORMATION
https://resources.marine.copernicus.eu/?option=com_csw&task=results
https://resources.marine.copernicus.eu/?option=com_csw&view=details&product_id=MEDSEA_ANALYSISFORECAST_BGC_006_014
https://resources.marine.copernicus.eu/product-detail/SEALEVEL_EUR_PHY_L4_MY_008_068/INFORMATION
https://climate4impact.eu/impactportal/data/esgfsearch.jsp#project=CMIP6&project=CMIP5&variable=zooc&time_frequency=mon&experiment=rcp45&experiment=rcp85&experiment=historical&model=GISS-E2-H-CC&
https://climate4impact.eu/impactportal/data/esgfsearch.jsp
https://climate4impact.eu/impactportal/general/index.jsp
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3. Catch and Effort data 

The fishing Effort associated with LPUE is a crucial factor in fish stock 

assessments to assess fish stock status for efficient management as it is highly correlated 

to fishing mortality (Hussain et al., 2021). Thus, the response variables in the current 

study were Effort and LPUE. For that, sardine catch and Effort data were collected from 

the fisheries laboratory of the Moroccan National Institute of Fisheries Research, which 

covered the landing of the Southern Alboran sea's (SAS) main ports (Fig. 1). The fishery 

data were daily available from 2009 to 2020, including daily SPF captures (in kg), 

landing ports, and daily fishing Effort by each fleet. The monthly Landings Per Unit 

Effort (LPUE) was calculated by dividing monthly landings by fishing Efforts. Monthly 

sardine landings, monthly fishing Effort, and monthly LPUE are all included in the scope 

of this research. 

 

4. Construction of GAM models 

The GAM is a semi-parametric extension of the GLM that accepts smooth 

components and additive functions. GAMs can manage relationships between response 

and predictor variables that are non-linear and non-monotonic (Guisan et al., 2002). The 

following is how the GAM equation was implemented: 

 

Where g is the link function, Y is the response variable (LPUE and Effort), Xi is 

the predictor variable (Months, SST, SLA, Phy, and Zoo), Si is a spline smoothing 

function for each model predictor Xi, a is model constants, and  is a random error 

(Wood, 2017). 

The "mgcv" package uses "R" to build GAM in this case (Wood, 2017). To 

predict the LPUE and Effort distribution of the Sardine, all models used environmental 

factors as predictor variables. The model was constructed step by step, with the lowest 

Akaike Information Criterion (AIC) score being used to select predictor variable sets. 

5. Model selection, validation and prediction 

In GAM, when various predictor variables are added, the deviance explained and 

Akaike's Information Criterion (AIC) both vary. The predictor variable's contribution, the 

significance of the p-value, the highest deviance explained values, the highest adjusted R-

square (R-sq) values, and the lowest AIC values were used to choose the adequate models 

(Johnson and Omland, 2004).  
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Yen et al. (2016) used GAM models to forecast the catch potential of Skipjack 

Tuna in the western and central Pacific Ocean under various RCP scenarios. Similarly, 

Aneesh Kumar et al. (2020) used GAM models to identify the effect of seawater salinity 

and temperature on the variety of Thunnini species' larval abundance in Indian waters. 

Thus, GAM models are effective tools for forecasting future processor performance. The 

current study used GAM models with methods from the R software's mgcv package to 

calculate LPUE, Effort and catch. 70% of the data was used to assess the variance 

between predicted and original values to evaluate the models' prediction performance. 

This was evaluated based on the root mean squared error (RMSE), the best prediction 

performance is correlated with a lower RMSE. 

6. Future Landing estimation 

The Landing potential of European sardines from 2022 to 2100 was calculated by 

the equation below:  

 

where EF(m) and LP(m) are respectively the predicted Effort and LPUE for 

relevant months of the period from 2022 to 2100. 

 

Figure 2. Fishery trend of European Sardine along the SAS during 2009–2021. 

 

RESULTS  

 

1. European sardine fishery changes 

Since 2009, there have been considerable fluctuations in the sardine fishery along 

the coast of Morocco in the SAS, as shown in Fig. 2. The highest landing of European 

sardine was in the year 2009 with 14168,7t. After 2009, the fishery had a drastic decline 
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and reached a low point in 2021. Then, there was a step increase in the fishery landing 

and Effort from 2012 to 2014. Finally, the later years witnessed a gradual decrease to 

reach a minimum value with 948t and 1529 haul respectively of the landing and Effort in 

2021. For the LPUE, there have been slight fluctuations with a maximum value of 14,38 

t/Haul in 2010 and a minimum value in 2021 with 7.2 t/Haul. 

 

Figure 3. Trend of environmental variables along the SAS; (a) Sea Surface Temperature (SST), 

(b) Sea Level Anomaly (SLA), (c) Phytoplankton concentration (Phy), and (d) Zooplankton 

concentration (Zoo) during 2009 to 2021. 

2. Environmental variability 
The trend of environmental factors represented in (Fig. 3) depicts a fluctuation 

along the SAS. The SST, SLA, Phy, and Zoo averages (Figs. 3a, 3b, 3c and 3d) show a 

gradual increase respectively between 2000 and 2021. The highest SST, SLA, Phy and 

Zoo average values were observed respectively in 2020, 2020, 2019, and 2006. While, 

the lowest values were witnessed respectively in 2005, 1999, 2002, and 1998. 

3. Future environmental projections 

The future temporal fluctuations of environmental factors in the SAS region under 

two scenarios (RCP 2.6 and RCP 8.5) are presented in Fig. 4. For RCP 2.6, the SST is 

expected to rise until 2070, then stabilize until 2100, and the SLA remains to rise, the Phy 

and Zoo are positively correlated, and predicted to decrease slightly until 2070, then 

increase slightly till the end of the 21st century. Whereas for RCP 8.5, the SST and the 

SLA are expected to rise until 2100, and the Phy and Zoo are predicted to gradually 

decrease till the end of the 21st century. 
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Figure 4. Evolution of the climate change scenarios (a) RCP 2.6 and (b) RCP 8.5 for the period 

2022 - 2100; (yellow) Sea Surface Temperature (SST), (bleu) Sea Level Anomaly (SLA), 

(green) Phytoplankton concentration (Phy), and (red) Zooplankton concentration (Zoo). 

Table 2. Assessment of p-value, df, DE, and the AIC of each variable for the LPUE and 

Effort model. 

 Variable P-value df DE % AIC 

L
P

U
E

 

m
o
d
el

 

S(Months) <2e-16 *** 5.267 47.1 9.3 

S(SST) 3.9e-06 *** 2.661 21.4 37.4 

S(SLA) <2e-16 *** 2.282 31.6 18.6 

S(Phy) 8.7e-07 *** 1 18.4 38.1 

S(Zoo) <2e-16 *** 2 25.8 27.5 

E
ff

o
rt

 

m
o

d
el

 

S(Months) 0.0009 *** 4.269 17.1 1950.3 

S(SST) 0.0008 *** 1.645 10.9 1953.4 

S(SLA) 0.032 * 3.674 10.3 1959.1 

S(Phy) 4.6e-06 *** 1.378 18.8 1940.4 

S(Zoo) 9.1e-05 *** 2.001 13.4 1949.5 

Table 3. DE, Adj-R², and AIC values of LPUE and Effort selected GAM models. 

Model DE (%) Adj-R² AIC 

LPUE ~ S(Months) + S(SLA) + S(Zoo) 48 0.446 7.21 

LPUE ~ S(Months) + S(SLA) + S(SST) 48.9 0.457 9.93 

LPUE ~ S(Months) + S(SLA) + S(SST) + S(Zoo) 49 0.459 6.99 

LPUE ~ S(Months) + S(SLA) + S(SST) + S(Zoo) + S(Phy) 50.8 0.461 6.51 

Effort ~ S(Phy) + S(Months) + S(Zoo) 24.6 0.206 1940.2 

Effort ~ S(Phy) + S(Months) + S(SST) 22.9 0.2 1939.5 

Effort ~ S(Phy) + S(Months) + S(Zoo) + S(SST) 23.7 0.204 1939.5 

Effort ~ S(Phy) + S(Months) + S(Zoo) + S(SST)+ S(SLA) 37.3 0.317 1924.2 
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4. The interactions with environmental factors 

The relationships between LPUE and the Effort of the European Sardine and 

environmental conditions in the SAS were investigated in this paper. The environmental 

factors included in models, their degree of freedom (df), Deviance explained (DE), p-

values, and AIC are shown in Table 2. Given the relevance of the predictor variables 

revealed in the LPUE and Effort models, all these factors must be included in the model 

(Table 3). The models with the highest DE and adj-R², and the lowest AIC were selected 

as the best. 

 

 

Figure 5. Relationships between environmental variables and Sardina pilchardus LPUE derived 

from the best GAM models between 2009 and 2020 showing the effect of Months (a), SST (b), 

SLA (c), Phy (d) and Zoo (e). The dashed line intervals represent 95 percent point-wise 

prognostic. 

The model evaluation results for the LPUE and Effort models are illustrated in 

Figs. 5 and  6. The correlation between predicted and actual values were significant, with 

71.4% for the LPUE model (Fig. 7a), and 61.2% for the Effort model (Fig. 7b). 
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Figure 6. Relationships between environmental variables and Sardina pilchardus Effort with 

95% ci derived from the best GAM models between 2009 and 2020 showing the effect of 

Months (a), SST (b), SLA (c), Phy (d) and Zoo (e). The dashed line intervals represent 95 

percent point-wise prognostic. 

The predicted GAM plots for all variables in the LPUE model are presented in 

Fig. 5. The LPUE increases when the SST is between 15 and 21° C (Fig. 5a). 

Furthermore, an increase in SST above 21°C reduces the LPUE significantly. A positive 

effect on European Sardine LPUE is observed at SLA below 0 m and above 0.1 m, yet at 

SLA between 0 m and 0.1 m, a progressive decline is noted (Fig. 5c). Also, a decrease in 

the LPUE was revealed with Phy between 1 and 2 mmol/m3 (Fig. 5d). In addition, the 

LPUE has a positive relationship with Zoo between 0 and 0.7 mmol/m3. 

According to Effort GAM plots of the SAS shown in (Fig. 6), fishing Effort is 

expected when the SST is above 17°C, the SLA value is below 0.06m, the Phy value is 

below 1.2 mmol/m3, and the Zoo value is observed below 0.7 mmol/ m3. 
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Figure 7. The model evaluation outputs for the LPUE (a) and Effort (b) GAM models for the 

SAS zone. 

 

Figure 8. Predicted LPUE (a) and Effort (b) of European Sardine (Sardina Pilchardus) for 

Scenarios RCP 2.6 (Red) and RCP 8.5 (Black). 

 

Figure 9. Predicted Landing potential of European Sardine (Sardina Pilchardus) for Scenarios 

RCP 2.6 (Red) and RCP 8.5 (Black) in the SAS Zone. 
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5. European sardine expected LPUE, Effort, and Landing potential.  

The landing potential of the European sardine along the SAS for the period 2022-

2100 was calculated using monthly LPUE and Effort values. The predicted LPUE 

obtained shows an increase for both scenarios, Furthermore, it’s higher between 2022 to 

2060 in RCP 2.6 when compared to RCP 8.5. Though the LPUE in RCP 8.5 shows an 

increasing trend compared to RCP 2.6 from 2060 towards 2100 (Fig. 8a). The predicted 

Effort drops significantly over time under both scenarios (Fig. 8b). Yet the RCP 8.5 

shows a drastic decrease compared to the RCP 2.6. The observation of the landing 

potential (Figs. 9 and 10) shows a decline in the trend under both scenarios, with a 

decrease of 19% for the RCP 2.6 and 75% for the RCP 8.5. 

 

 

Figure 10. Annual basis percentage change in the predicted European Sardine catch compared to 

the 2009–2021 average. 

DISCUSSION 

 

GAM models based on data have proved to be effective at describing interactions 

between a fish distribution and the environment, as well as predicting future distributions 

(Rutterford et al., 2015; Solanki et al., 2017; Aneesh Kumar et al., 2020; Hussain et 

al., 2021). Additionally, due to the expensive costs, purse seiners only take action when a 

large school of fish is observed. LPUE and Effort-based models are appropriate for 

evaluating fisheries abundance and distribution in relation to environmental factors (Yen 

et al., 2016). European Sardine is considered the most important SPF along the SA coast, 

either ecologically or economically. The current study results, which used LPUE and 

Effort-based GAM models, reveal that all selected environmental factors have an impact 

on the SAS Sardina pilchardus fishery. According to the analysis, the order of 

environmental factors' effect on the LPUE of the European Sardine is SLA > Zoo > SST 

> Phy, and for Effort, it is Phy > Zoo > SST > SLA (Table 2). Although the weak 
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impacts of the factors individually, the cumulative impact of all variables could explain 

50% and 37% respectively of the variance in LPUE and Effort. 

The findings of the GAM model show that the fish is particularly sensitive to 

SLA. thus, for the LPUE, the period that SLA is between 0 and 0.1 m corresponds to the 

period of the fishing ban (sardine breeding season) in the SAS which is between January 

and April, and for the SLA above 0.1 might correspond to the inner tide mixing from the 

Strait of Gibraltar or frontal regions, as well as the cyclonic circulation in the northern 

Alboran Sea, which is associated with a considerable primary production (Garcia‐Gorriz 

and Carr, 2001; Ruiz et al., 2001; Oguz et al., 2014; Jghab et al., 2019). And for the 

Effort, the period that SLA is between 0.05 m a significant drop in fishing Effort, which 

is linked to bad weather periods.  

The majority of research supports that the Sardina Pilchardus is planktivorous 

and eats a variety of species (phytoplankton and zooplankton) (Catalan et al., 2010; 

Nikolioudakis et al., 2011, 2012, 2014). The GAM's results indicate that Zoo and Phy 

have a negative correlation with LPUE and Effort, which strongly suggests that it has a 

direct impact on sardine abundance, this correlation can be explained by the fact that the 

maximum values of the Concentration of Phy and Zoo are between January and April 

correspond to the spawning season (ban of fishing), and the minimum values correspond 

to the fishing season. 

The GAM model's findings reveal that the European sardine is also sensitive to 

SST. As a result, the LPUE increase at a temperature between 15 and 21°C. Also, the 

Effort increase at a temperature above 17°C. Furthermore, the Sardina Pilchardus has a 

positive correlation with the SST, which shows a decrease in the landing from January to 

April (ban of fishing). The SST in this period is below 15°C and corresponds according 

to Palomera et al. (2007) and Schismenou et al. (2016) to the spawning period, which 

seems to be triggered in Autumn and attains its pick in Winter when waters are richer in 

Phytoplankton and Zooplankton and less demanding regarding metabolic cost. The rise in 

the landing from April to August was explained according to Giannoulaki et al. (2011) 

and Schismenou et al. (2016) by the growth rates increasing of juveniles and adults 

affected by the SST. 

Using GAM models, the predicted LPUE of RCP 2.6 and 8.5 during 2022-2100 

increases, which is more severe in RCP 8.5 (Fig. 8a). In contrast, the predicted Effort for 

Both RCP scenarios indicates a significant decline over time. The predicted potential 

landing of European Sardine under both RCP scenarios indicates a decrease through the 

end of the 21st century (Hussain et al., 2021).  

The increased fishing Effort at the beginning of the upcoming years might cause a 

drastic decline in the prey population of SPF like sardines and mackerel (Vivekanandan 

et al., 2005; Boyd et al., 2020; Hussain et al., 2021). This might eventually lead to a rise 

in SPF biomass, followed by a phase shift and stable or dropping landings (Pauly et al., 
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1998) which explains the decrease (Fig. 9) in the European Sardine landing under both 

scenarios. Similar findings were also reported for Indian oil sardine (Sajna et al., 2019a, 

b) and Indian mackerel (Hussain et al., 2021) which show a decrease in Effort, an 

increase in LPUE and a drop in landing potential under RCP scenarios (RCP 2.6 and 8.5). 

Furthermore, under RCP 2,6 a significant decrease (-19%) in catch potential 

towards 2100. Otherwise, under RCP 8.5, a drastic drop in landing potential (-75%) 

towards 2100. The catch variation within RCP projections shows how sensitive the fish 

are to various climatic variables, such as SST, SLA, Phy, and Zoo (Pörtner and Peck, 

2010; Pankhurst and Munday, 2011; Zacharia et al., 2020). Additionally, given the 

unfavorable habitat factors provided by RCP 8.5, the requirement for increasing plankton 

production to maintain the grazing population won't be satisfied after the pelagic 

population achieves maximum biomass. Additionally, compared to the same years of the 

RCP 8.5, the RCP 2.6 scenario shows lower SST (18 C), SLA below 20 cm, higher Phy 

(>1.40 mmol/m3), and higher Zoo (>0.8 mmol/m3), which could offer the Species a better 

condition of surviving. The disparity in landing potential also suggests the need for 

fishery management since RCP 2.6 is more controllable and sustainable than RCP 8.5 

(Hussain et al., 2021). 

Although LPUE has increased, it cannot be interpreted as an indication of the 

species' abundance since research has shown that LPUE alone is not a reliable indicator 

of fish abundance (Gillis and Peterman, 1998; Maunder et al., 2006; Beverton and 

Holt, 2012). One of the most prevalent forms of non-proportionality which imply 

increased LPUE values as abundance drops is known as "hyperstability", which can occur 

a biomass overestimation (Swain and Sinclair, 1994; Maunder et al., 2006; Hilborn 

and Walters, 2013). Fonteneau et al.( 1999) predict that areas with greater CPUE, lower 

Effort, and fewer catches will have lower fish biomass than those with lower CPUE, 

higher Effort, and lower catches. Additionally, it has been shown that the greatest 

indicator of low biomass is typically thought to be reduced Effort (Fonteneau et al., 

1999; Harley et al., 2001). According to relevant data (Fig. 2), the landing and Effort of 

the European sardine indicate an early rise followed by a strong decline, while the LPUE 

is stable. This suggests that the biomass of European Sardines is slowly disappearing in 

the study area, which may be due to climate change, increased resource exploitation, or a 

combination of both. Additionally, Lotze et al. (2018) and Boyce et al. (2020) suggest 

that 'trophic amplification' may lead fish and marine mammals to be more vulnerable to 

climate change by causing more severe decreases compared to phytoplankton. 

Being an SPF, the European Sardine plays an important role in food webs by 

transporting energy from plankton and other tiny animals to larger fish, seabirds, and 

marine mammals. Furthermore, because European sardine is considered a cheap delicacy 

that increases the protein intake of poor men (Shyam et al., 2015), it plays a vital role in 

fish food security in the SAS region. In addition to financial loss, the decline in European 
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sardine abundance also reduces fishing activity and employment days. As a result, it is 

predicted that the decreased sardine landing in both climate scenarios in the fishery would 

have an impact on the economy, the environment, and food security. This highlights the 

urgent need for sustainable fishing methods. 

 

CONCLUSION 

 

The paper describes the variations and trends in environmental variables along the 

SA coast. The European Sardine fisheries predictions indicate that in the absence of the 

acclimatization of that species, it could result in a decrease in the distribution and 

abundance throughout the Mediterranean coast, which would have an impact on the 

fishery. Since Sardine is an important fish stock resource and a species of fish that is 

principally consumed in Southern Alboran cities, its catch variations in connection to 

climate change are concerning and indicate the immediate need for sustainable 

exploitation of the resources. The present study also demonstrates that Data-driven GAM 

models have shown to be effective tools for examining connections between a fish 

distribution and the environment and are similarly significant in distribution prediction in 

the future. The GAM model projections may be improved to get more precise forecasts 

for fisheries management by adding more predictor variables and then refining the model. 
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