
 

 

 

 

Egyptian Journal of Aquatic Biology & Fisheries  

Zoology Department, Faculty of Science, 

Ain Shams University, Cairo, Egypt. 

ISSN 1110 – 6131 

Vol. 28(1): 301 – 322 (2024) 

www.ejabf.journals.ekb.eg 

  
Relationship Between Environmental Factors Changes and Anchovy Landing 

(Engraulis encrasicolus) in the South Alboran Sea  

 
 Ayman JGHAB

1, 2, 3
, B. El Moumni

2
, A. Reul

1
, M.  Vargas-Yáñez

4
, M. Carmen García-

Martínez
4
, J. Chioua

3
, F.Moya

4
, S. El Arraf

3
, M. Muñoz

1
 

1
Departamento de Ecología y Geología, Facultad de Ciencias, Universidad de Málaga, Campus 

Universitario de Teatinos, s/n, 29071 Málaga, Spain 
2
University of Abdelmalek Essaadi, Morocco  

3
National Fisheries Research Institute, Morocco  

4
Centro Oceanográfico de Málaga. Instituto Español de Oceanografía-Consejo Superior de Investigaciones 

Científicas (IEO-CSIC), Spain 

                                                                    *Corresponding Author: jghabayman@gmail.com 

 

ARTICLE INFO ABSTRACT 
Article History: 

Received: April 5, 2023 

Accepted: Dec. 27, 2023 

Online: Jan. 21, 2024 

 _______________ 
 

Keywords: 
Anchovy,  

Small pelagic, 

Environmental factors, 

Purse seine,  

GLM,   

South Alboran Sea  

In the Mediterranean, one of the most prized small pelagic species is the 

European anchovy (Engraulis encrasicolus). This species has long been 

targeted by fishermen in the southern Alboran Sea and the Mediterranean Sea. 

The objective of this research was to identify any linkages that may exist 

between environmental changes in the southern Alboran Sea and the reported 

drop in anchovy landings between 1983 and 2020. The method of forward 

stepwise regression was used, taking into account environmental indicators, 

such as sea surface salinity (SSS), sea surface temperature (SST), surface 

chlorophyll a (Chl-a), U and V wind components, NAO index, and Atlantic jet 

velocity. To select the best prediction models, generalized linear models 

(GLMs) were created and organized based on their corrected akaike 

information criteria (AICc) values. Trended time data were used to create six 

top models, which explained 60 to 79% of the variation in anchovy landings. 

Temperature, salinity, and the U wind component all displayed a negative 

association with anchovy landings. On the other hand, the Atlantic jets' 

velocity as they traveled through the Strait of Gibraltar was positively 

correlated with anchovy landings. When the trend component was taken out; 

however, none of the environmental variables could explain the variations in 

anchovy landings. This may imply that while environmental influences have an 

effect over the long term, they have little effect on the inter-annual time scale. 

Hence, the decline in landings of this species may be due to factors other than 

environmental change. Overfishing may have played a substantial role in the 

long-term decline in landings since this species was the most targeted of the 

small pelagic species in the study area. 
 

INTRODUCTION  

 

The Mediterranean is known for its heavily populated coastal regions, which result in 

high levels of human pressure, especially extractive fishing. The effects of various human 

pressures on the environment, ecosystems, and living resources of the Mediterranean Sea, 
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as well as their eventual effects on the fisheries sector, have been documented since the 

1980s and 1990s (FAO, 2020a). In fact, the Mediterranean, which has been named the 

most overexploited FAO fishery region in the world, has 78% of its stocks fully 

exploited. The Mediterranean is also more susceptible to stresses or environmental 

changes than other regions since it is a semi-enclosed sea (Sherman & Adams, 2010; 

FAO, 2018). 

 Environmental threats, such as plastic pollution, ghost fishing, and the various 

impacts of climate change, which include overall warming of the ocean, more frequent 

warming of the upper ocean by extreme heat or cold events, the dry period increases and 

the river inflow decreases (FAO, 2020a). Climate change and cascading effects along the 

trophic food web can affect the fishery, where small pelagic fish as an important link 

between planktonic and greater sized fishes occupies a key role (Shannon et al., 2004; 

Costalago et al., 2014; Garrido & Van der Lingen, 2014). Furthermore, small pelagic 

fishes contribute significantly to the amount of protein extracted to feed the world 

population. One of the main target species are anchovies, being the most commercialized 

species in the world. In the Mediterranean, anchovies represent 18% of the total catches, 

and the European anchovy (Engraulis encrasicolus) is the most fished species among 

them (FAO, 2020b). 

In the socio-economic framework, the fishing sector plays a very important role for the 

Moroccan Mediterranean, and purse seine fishing is one of the main fishing activities in 

this region, along with the Atlantic region (INRH, 2019; Darasi et al., 2020). This 

fishery mainly targets small pelagic species. This activity employs more than 3,000 

fishermen in about 110 active purse seiners and generates an annual turnover of about 86 

million dirhams (INRH, 2019). The anchovy fishery (Engraulis encrasicolus) was the 

flagship activity of this fishery, but has experienced a drastic decrease since 1983 to reach 

a critical level in 2020 in the Moroccan Mediterranean, despite the fact that the catch of 

this species has experienced a relative increase on the other side of the western 

Mediterranean (Spanish shore) (GFCM, 2018). 

While fishery activity may have most affected these species, environmental factors 

changes might also affect the abundance of these species. Especially for species with a 

seasonal reproduction triggered by environmental conditions. The development and 

maturation phases are synchronized with seasonal changes in climate (Sumpter, 1990). 

This coordination ensures that the offspring are produced when the environmental 

conditions are most suitable for larval survival. This annual rhythm is controlled by 

exogenous factors that are difficult to quantify. However, the main parameters are water 

temperature, photoperiod, and presence of spawning substrate, water height or depth, and 

interactions (Craig, 1987). 
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In the case of anchovy, temperature is the most important environmental factor 

triggering spawning. The thermal margin within which anchovy spawning takes place is 

at ranges from 15 to 24°C. It is wider than for the sardine, and the optimum is also 

narrower, between 18 and 23°C (Furnestin, 1959; Fernández-Corredor et al., 2021; 

Lima et al., 2022).  

With regard to salinity, numerous authors have discussed its impact on the 

reproduction and migration of the sardine and the anchovy. However, concerning 

anchovy, salinity has a minor impact since the anchovy frequents both strongly salted and 

more diluted waters. In fact, different species of anchovy tend to spawn in areas of river 

flow where salinity is low; for this purpose, more study should be conducted on the 

influence of this environmental factor (Furnestin, 1959; Sabatés, 1990). 

Marchesiello et al. (2004) postulated that upwelling areas are a highly dispersive 

environment where nutrients, phytoplankton, zooplankton, and meroplankton can be 

rapidly swept away from coastal areas. Therefore, small pelagic fish in general, and 

anchovy in particular tend to flee from upwelling areas during spawning. Roy (1992) and 

Kuyawa et al. (1997) estimated that larval survival is mainly related to high food 

concentration rather than to temperature in the spawning areas. 

Although the diet of anchovies varies (mostly consisting of crustaceans, 

phytoplankton, polychaetes, mollusks, fish eggs, and scales) (El Qendouci et al., 2018; 

El-Beltagy et al., 2022). Food supply exerts a significant impact on larval survival 

(Theilacker et al., 1986), and adult stock (Carrera & Porteiro, 2003). 

   

Thus, environmental changes such as increasing SST causing stronger thermal 

stratification, which might decrease primary production, could cause decreasing anchovy 

landings due to decreasing food availability (Calvo et al., 2011).  

With the aim to describe the most important environmental factors triggering anchovy 

landings in the southern Alboran Sea, we presented the relationship between 

environmental factors changes and caught anchovy (Engraulis encrasicolus), using 

anchovy landing data of Morocco, and environmental data retrieved from public 

databases and satellite server.  

 

MATERIALS AND METHODS  

 

Data and methods 

1- Study area 

This study was conducted in the South Alboran Sea, (south western Mediterranean 

Sea, longitude: 6,20 W ; 2. and latitude 35 N ; 36,5 N). This zone encompasses four main 

small pelagic fishery landing ports of the Mediterranean Moroccan coast: M’diq, Al 

Hoceima, Nador and Ras Kebdana) (Fig. 1).  
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Fig. 1. Bathymetry, main circulation pattern and most important small pelagic fishery 

landing ports along the Moroccan coast (south Alboran Sea)  

2- Catch data 

Anchovy historical landings from 1983 to 2020 data were obtained from the National 

Office of Fisheries, while landing per unit effort (LPUE) was calculated from 2009 to 

2020 using formula I: 

(I)  

Since daily landings data are only available starting in 2009, LPUE could only be 

estimated from that year. 

The principal small pelagic fishing ports of M’diq, Al hoceima, Nador, and Al Ras 

Kebdana were used in this study. This study considered both monthly and yearly anchovy 

landing time series. The yearly time series were calculated as the sum of the monthly 

average of each year.  

Several studies have demonstrated that catch landing data and LPUE are reliable 

indicators of the quantity of small pelagic fish in the fishing ground (Thiaw et al., 2017; 

Jghab et al., 2019; Vargas- Yáñez et al., 2020). Therefore, LUPE can be employed to 

estimate the abundance of the target species. 

Nevertheless, in this study area, the anchovy catches and effort statistics are accessible 

since 2009. This dramatically shortens the time series under analysis and makes it 

difficult to draw conclusions about the correlations between environmental factors. The 

available time series would be longer if landings were used instead of LPUE, however 

shifts in sardine landings might just be the result of shifting fishing effort and not actually 
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reflect shifts in stock abundance. If landing data are highly linked with LPUE data and no 

significant change in fishing activity is noted, landing data may be utilized as a proxy for 

abundance data to extend the time series (Hidalgo et al., 2011; Ruiz et al., 2017; Thiaw 

et al., 2017; Jghab et al., 2019). 

In order to get a longer time series, we conducted a regression analysis between 

landings and LPUE on the annual and monthly time series (Fig. 2). The results supported 

that LUPE can be estimated from landing data for annual data (R
2
= 0.61, P< 0.05), and 

monthly inter-annual variation (R
2
= 0.75, P< 0.05) (Fig. 2). Similar significant 

relationships have been previously described (Guisande et al., 2004; Vargas-Yáñez et 

al., 2017; Guisande et al., 2019; Jghab et al., 2019) in the study region, and in Vigo 

(Iberian Atlantic Coast), and Tarragona (NW Mediterranean) (Lloret et al., 2004).  

As a result, we estimated anchovy abundance and used anchovy landings as a proxy 

for LPUE data in this study. 

3- Environmental data 

The environmental factors taken into account in this work that may have an impact on 

anchovy occurrence, recruitment, and dispersion comes from a variety of sources. Sea 

surface temperature (SST), sea surface salinity (SSS), sea surface chlorophyll-a 

concentration (Chl-a), west-east (U), south-north (V) current component, and north 

Atlantic oscillation (NAO) are all taken into consideration as variables. From 5.5°W to 

2°W and from 35°N to 3°N, the SST, SSS, and Chl-a data were averaged over the 

southern Alborán Sea. 

The daily sea surface temperature data from NOAA's high-resolution SST data on the 

NOAA/OAR/ESRL PSD were downloaded from 1981 to 2020 (Reynolds et al., 2007). 

This dataset has a spatial resolution of 0.25° 0.25°. Data on salinity was obtained from 

the Copernicus Maritime Environmental Monitoring Service range from 1987 to 2020 

(Simoncelli et al., 2014). This dataset has a resolution of 0.063° 0.063°. Moreover, daily 

chlorophyll data were downloaded from the Copernicus website for the period of 1997 to 

2020 (Volpe et al., 2012). On the NOAA/OAR/ESRL PSD website in Boulder, Colorado, 

USA, daily wind data with a resolution of 2.5° 2.5° (u, west-east, and v, south-north 

components) were obtained from NCEP reanalysis (Kalnay et al., 1996). 

Using a regular grid, the monthly and yearly averages of SST, SSS, and surface Chl-a 

were calculated. Grid sites between 5.5°W and 2°W and south of 36°N were chosen, and 

annual averages were taken to depict changes in variables affecting the southern Alboran 

Sea. In this manner, the South Alboran Sea's annual time series for SST, SSS, and Chl-a 

were obtained. 
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There are no long-term time data for the Atlantic Jet Velocity (AJ). According to 

Garcia-Lafuente et al. (1998) and Vargas- Yáñez et al. (2002), it can be assumed that 

the sea level differential between AJ and both sides of the strait is in geostrophic 

equilibrium to get around this restriction, following formula (II):  

(II) u = gΔξ/fL 

 

Where, L is the cross-strait distance; u is the Atlantic current velocity component 

through the strait; g is the gravitational acceleration (9.8ms-2); f is the Coriolis parameter 

at 36°N latitude (8.510-5 s-1), and Δξ is the difference in sea level between Algeciras and 

Ceuta. According to this formula, the difference in sea level between Algeciras and Ceuta 

can be used as a reliable predictor of variations in flow velocity. The tide network of the 

Permanent Service for Mean Sea Level Difference (SLD) and the Spanish Institute of 

Oceanography is the source of the monthly sea level time series for Algeciras and Ceuta 

(www.psmsl.org). From 1981 to 2018, a monthly time series of strait sea level variations 

was created. 

Finally, the National Center for Atmospheric Research provided winter (December–

March) and yearly NAO indices for this purpose. 

4- Modeling 

4.1 Exploratory data analysis  

 

The majority of the aforementioned environmental data has an impact on the 

distribution, growth, and captures of this species. To maintain the degree of freedom in 

the analysis, generalized linear models (GLM) should not combine many predictive 

variables, and their number should be as small as possible (Burnham & Anderson, 

2002). The best potential significant predictors were chosen using scatterplots and cross 

correlation analysis. SST, SSS, CHL-A, SLD, U wind, and V wind components were all 

examined. Anchovy mean catches were regressed on these prospective factors, and 

variables that showed correlation significance at the 0.05 level were thought to be viable 

predictor variables for the GLM models. Other predictors with significance levels higher 

than 0.1 were eliminated from the study. 

 

4.2 Modeling time series 

The prospective predictors were subjected to a forward stepwise analysis in order to 

determine the best linear models; the anchovy landing were modeled according to 

formula (III): 

 

(III)  (1) 
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Where,  are predictors with no time lag and Pj are with a one-year lag; α and β are 

the coefficients; L is the landing of anchovies, and t is the time of years: here is missing 

something (SST, CHL-A, SLD, SSS, Uwind, Vwind, SLD, NAO). Random variables that 

reflect errors are (t). 

 

A P-value of 0.05 probability was used to add a new predictor to the model, while a P-

value of 0.1 was used to remove it from the model. The forward stepwise approach 

involves calculating the partial F for each predictor at each stage (Draper & Smith, 

1981). 

 

 

4.3.1 Modeling complete time series 

The whole time series (initial year-final year) were used for this initial model selection 

and analysis, and no trend was discarded (Vargas- Yáñez et al., 2009; Vargas- Yáñez et 

al., 2017, Jghab et al., 2019). The following technique was used to choose the best 

models: one year of the time series (including the response and predictors) was 

suppressed. The remaining n-1 data were subjected to a multiple linear regression. Partial 

F-values were obtained for each predictor at each step of a forward stepwise method. 

Predictors with a F< 0.05 were included, and predictors with a F > 0.1 were excluded 

from the model.   

 

The forward stepwise regression chooses a different model for each stage and is taken 

into consideration as a candidate model. Only the significant predictors had been chosen 

at the conclusion of the stepwise regression, and a collection of candidate models had 

been produced by using a multiple linear regression. According to Burnham and 

Anderson (2002), the AICc (Corrected Akaike Information Criteria) were calculated to 

determine the optimum model. The candidate model with the lowest AICc was chosen as 

the best model. Then, a cross-validation approach was used to validate the final model 

(Francis, 2006; Lavin et al., 2007; Vargas- Yáñez et al., 2009; Jghab et al., 2019). 

 

The remaining n-1 data were used to estimate the anchovy landings for each year in 

the time series using the chosen model. The default estimate, which was considered to be 

the average value of the time series, was compared to the prediction (using the n-1 data 

for the estimation). The percent variation explained (PVE) by the model (formula IV) can 

be used to evaluate the model's confidence: 

 

(IV)  

 

The mean squared error (MSE) indicates how much better the model performs than the 

baseline forecast. As the time series were not de-trended at this level, there are 

correlations between the anchovy landing and predictors on both an inter-annual and a 

long-term scale. 
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4.3.2 Modeling de-trended time series 

4.3.2.1 Linear trends 

 

Using the least squares fit method, a straight line was fitted to the times series of the 

environmental predictor and anchovy landings. The slope shows the average annual 

change rate. After ensuring that the residuals distributions were normal, a confidence 

interval at the 95% confidence level for the slope was calculated. This was done to 

determine the significance of the trend (Kolmogorov-Smirnov tests) (Zar, 1984). 

 

Using formula (V), the anchovy landing and the environmental potential predictors 

were de-trended: 

(V)         

 

Following this, the de-trended anchovy landing was modeled according to formula 

(VI):  

 

(VI)      

Where, Za is the de-trended anchovy and  and  are the slope and intercept.  

stands for the time series of de-trended predictors,  for the regression coefficient, and ϵ 

for the residual errors.  

The slope, R-square, and P-value for each predictor variable and anchovy landing are 

displayed in Table (1) at 95% confidence intervals. 

 

Table 1. Slope, linear trends intercept, explained variance (R
2
) and P-value for the 

variables with statistically significant linear trends. (ANCH is Anchovy landing, and 

ACHMEAN is the yearly average of anchovy landing) 

 

Value Intercept Slope R
2 

P-value 

SST -32.7838 0.02581 0.6217 <0.001 

SAL 23.5619 0.00638 0.4756 <0.001  

CHLA -11.7822 0.00601 0.4221 <0.001 

UWIND -39.1741 0.01970 0.1362 <0.05 

VWIND -31.2058 0.01519 0.4463 <0.001 

NAO 26.7379 -0.01294 0.0337 0.269 

ANCH 555729.525 -275.7737 0.6726 <0.001  

ANCHMEAN 41500.2455 -20.5691 0.62944 <0.001  

SLD 3668.4212 -1.8245 0.4799 <0.001  
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RESULTS  

 

1.Time series analysis 

   The estimation of LPUE from landing data was validated by the results of the linear 

regression between landing (tons) and LPUE. The regression was significantly 

correlated for yearly variation (R2= 0.61, P< 0.05), and highly correlated for monthly 

inter-annual variation (R2= 0.75, P< 0.05) (Fig. 2).  

 

Fig. 2. Relationship between LPUE and landing (Yearly landing (left), and monthly 

landing (right) of anchovy in tons versus landing per unit effort (LPUE) calculated in kg 

per fishing days 

1.1. Landing time series evolution 

1.1.1. Landing seasonal patterns 

Anchovy catches peak in the winter, peaking in March and April with mean monthly 

catches of 26.6 and 24 tones, respectively. This indicates that there may be some 

seasonality in the species' catch (Fig. 3). From March to July, the record for monthly 

anchovy landings is relatively high, which coincides with this species' spawning season 

in the South Alboran Sea, which is from April to September (INRH, 2019).  This can be 

explained by the fact that this species moves to the surface during the spawning season, 

making it more accessible to purse seiners (Albert & Tournier, 1971). 
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Fig. 3. Average monthly landings of anchovies in the South Alboran Sea (black dots 

represent mean values, black lines represent medians) (Data from 2009 to 2020) 

1.1.2. Environmental factors evolution 

Annual means were computed using environmental data collected on a daily and 

monthly basis. Fig. (4a- f) shows the yearly average environmental time series for the 

SSS, SST, Chl A, SLD, U, and V wind components in the South Alboran Sea. The 

majority of environmental elements displayed a significant long-term trend. 

The highest monthly mean was recorded in August 2010 (25.29°C), while 2017 was 

the warmest year with an average annual temperature of 19.53°C since 1983. At that 

time, there has been a noticeable increase in sea surface temperature of +0.025°C year-1 

(Fig. 4a). Similar results were seen for SSS, which saw a significant long-term increase of 

+0.0063PSU year-1 and a peak of 36.67PSU in 2010 (Fig. 4b). Moreover, the long-term 

rising trend for log chlorophyll a was +0.006mg m-3 year-1, peaking in 2018 at 0.43mg 

m-3 (Fig. 4e). The evolution of the south-nord V wind component shows a rise as well, 

with an average of +0.019year-1 and the highest peak being identified at -0.035 in the 

same year 2018 (Fig. 4f). However, the sea level difference (SLD) has had a long-term 

downward trend since 1983, with an average decline of 1.82 millimeters per year and a 

maximum of 114 millimeters recorded in 1990 (Fig. 4d). U wind, however, displayed a 

little positive trend of +0.0197 per year (P< 0.05) (Fig. 4c). 
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Fig. 4. Environmental factors evolution tendency in the study area showing: a: Sea 

surface temperature, b: Sea surface salinity, c: U wind component, d: SLD, e: 

Chlorophyll A, and f: V wind 
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2- Results of the modeling of the complete time series 

Three top models were chosen according to the AICc rankings (Table 2). In all models, 

the whole time series with no linear trend was eliminated, which is a 38 years of landing, 

and environmental factors data were used. No variance inflation was seen among the 

predictor variables because all the variables chosen in the best models have a VIF< 5. 

According to the forward stepwise multiple regression and resulting model, SST, SSS, U 

WIND, and SLD are the four environmental characteristics that were taken into account. 

A maximum of three parameters were permitted for each model. The next step was to 

rank the created models using the akaike information criterion modified for small 

samples data (AICc) (Figs. 5, 6 &Table 2) 

The model number 6 was one of the finest choices, it includes SST, SSS, and SLD. This 

model was chosen since it had the lowest AICc (533.6) and all of its predictive variables 

had P-values that were less than 0.05. This model can be expressed as: 

 

This model highlights the possible negative effect of the temperature, salinity with one-

year lag and the positive influence of SLD (proxy of Atlantic flow jets) on the 

abundance/landings. While, SLD shows a favorable link with the anchovy landing in the 

South Alboran Sea, two predictive metrics (SST and SS) do not.  

Models 1 and 2 are two further intriguing models. Both models include SST, SSS, and U 

wind, but model 3 additionally includes V wind with a one-year lag. These two models 

have the highest R2 among the top six models, but they have the second-lowest AICs at 

558.8 and 559.1, respectively (0.77, and 0.79). SST, SSS, and U wind have a negative 

connection with anchovies both models, thus an increase of these variables could have a 

detrimental impact on anchovy catches. The two models' respective formulas are as 

follows: 

 

 

 

 

 

 

 

 

 



313 
Relationship Between Environmental Factors Changes and Anchovy Landing (Engraulis 

encrasicolus) in the South Alboran Sea  
 

 

 

Table 2. Best models selected using forward stepwise regression (the six best models are 

ranked by their corrected respective AIC (AICc); (t-1 represents a retrospective term of 

one year, P Val is P-value, and PVE is percent variance explained) 

 

 

Fig. 5. The three best predictive models (6, 1, and 2) versus anchovy landing (black line) 

data from 1983 to 2020 

 

Models SST SSS SLD UWIND VWIND NAO CHL A SST

-1 

SSS

-1 

UWIND 

t-1 

VWIND 

t-1 

SLD 

t-1 

AICc R2 P Val 

6   X     X X    533.6 0.68 5.92E-07 

1 X X  X         558.9 0.77 1.30E-09 

2 X X  X       X  559.1 0.79 2.59E-09 

5    X    X X    560.9 0.74 9.20E-09 

4        X X X   564.1 0.71 3.73E-08 

3 X X           571.0 0.65 1.39E-07 
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Fig. 6. The last three predictive models (3, 4, and 5) versus anchovy landing (black line) 

data from 1983 to 2020 

3- Results of the modeling of the de-trended time series 

The same stepwise technique was used to de-trended time series; however, no 

predictive factor was significant since every variable had a P-value greater than 0.5.  

This could be explained by the fact that the inter-annual variability of the capture of 

this species in our study area could not be explained by environmental factors. 

 

 

DISCUSSION 

 

According to the study's findings, environmental factors were explained between 60 

and 79% of the overall variance in the anchovy landing using trended time series, and the 

majority of the models created were statistically significant.  

The sea surface temperature was selected in almost all the significant models, and it 

displays a negative relationship. This finding is coherent with Huret et al. (2019), who 

expounded that temperature along with food is the main trigger of the timing of growth 

and reproduction of anchovy. In fact, SST has a considerable impact on the number and 

dispersion of anchovies, according to earlier research (Guzman-Mora & Mullin, 1997; 

Chavez et al., 2003). Additionally, it has been demonstrated that anchovy’s vertical 



315 
Relationship Between Environmental Factors Changes and Anchovy Landing (Engraulis 

encrasicolus) in the South Alboran Sea  
 

 

distribution and migration are significantly influenced by sea surface salinity (SSS) 

(Lluch-Belda et al., 1986). 

The second important predictor, sea surface salinity, had a negative correlation with 

anchovy landing, as already described in previous studies (Quattrocchi et al., 2016; 

Pennino et al., 2020; Fernández-Corredor et al., 2021). This environmental variable 

appears to impact the spawning success of this species (Zorica et al., 2013; Quattrocchi 

et al., 2016). 

A positive and strong U wind exhibited a negative link with anchovy landing, which 

may be explained by how it affects the distribution of primary production and, in turn, 

indirectly the recruitment of this species. The westward wind component predominated in 

the majority of the models. It has been demonstrated that small pelagics in the Portuguese 

waters increases in response to favorable and powerful westward winds (Teixeira et al., 

2015). Moreover, the wind's direction is crucial since the eastern breezes cause upwelling 

in the South of Alboran, which may increase the amount of anchovies.  

The species of anchovy known to inhabit nutrient-rich waters supplied by coastal river 

waters or wind-driven upwelling (Checkley et al., 2017). It is accurate since the Alboran 

Sea's westerlies in the North and easterlies in the South drive Ekman transport and 

upwelling, respectively (Sanchez-Garrido & Nadal, 2022). Additionally, it has been 

described that high wind speed during the spawning time is linked to a high rate of larval 

mortality (Peterman & Bradford, 1987). 

Ruiz et al. (2013) and Jghab et al. (2019) revealed that the velocity and Atlantic jet 

entrance of the Alboran Sea is one of the environmental factors with the greatest 

influence on sardine abundance and other pelagic species in this area. Furthermore, this 

study identified the AJ as an important environmental variable that affect small pelagic 

fish. The association between increased AJ velocity and anchovy is favorable. Ruiz et al. 

(2013) first brought attention to the relationship between small pelagic abundance and AJ 

flows. They argued that the high kinetic energy flowing from the Atlantic increases 

primary production in the northern part of the Alboran Sea, while decreasing the anchovy 

larval dispersion, whereas this is not the case in the southern part. As a result, the AJ 

kinetic energy may become weaker with a  little effect on the dispersion of larvae but still 

increases primary production in the South of Alboran (Garcia & Carr, 2001; Oguz et 

al., 2014). 

Since the majority of environmental factors and anchovy landing in the Mediterranean 

Sea showed a distinct trend, an emphasis was recorded on the correlation observed in our 

models. Using the de-trended time series, no relation between the anchovy abundance 

and environmental variable were found. Thus, while SST, SSS, U and V can be used to 

predict anchovy abundance along a seasonal cycle, long term trends cannot be predicted. 
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This might be due to two factors: (i) The environmental data have no significative trend 

during the analyzed time period (38 years), and (ii) there are other, more important 

factors affecting the decline of anchovy abundance in the southern Alboran Sea, for 

example elevate fishing pressure since it is the most targeted species of the small pelagic 

species in the research area. On the other hand, Baez et al. (2022) suggested that 

combined effect of multiple regional and global climatic oscillations provides the best 

explanation of variability in anchovy and sardine abundance in GSA6.  

CONCLUSION 

 

We analyzed 38 years' worth of anchovy landing data to assess whether environmental 

factors had an impact on the catch of anchovies and, consequently, the abundance of this 

species in the South Alboran Sea. 

Six models that predicted between 60 and 79% of the variation in anchovy landing 

were found to be highly significant when trended temporal data were modelled. SST, 

SSS, and U wind were the main environmental factors influencing anchovy abundance. 

The environmental factors, however, were unable to account for fluctuations in 

anchovy landings when the trend component was removed. This may suggest that, 

although having an impact over the long term, environmental factors have little impact on 

the inter-annual time scale. Hence, factors other than environmental change may be to 

blame for the decrease in landings of this species. Since this species was the most 

targeted of the small pelagic species in the research area, overfishing of this species is 

one probable factor that may have significantly contributed to the long-term reduction in 

landings. 
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