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Abstract
Landings of small pelagic fish in Moroccan Mediterranean Sea show large fluctuations and trends, a fact that 

has a considerable socio-economic impact. These changes are often related to the impact of the environmental 
conditions on recruitment processes. We investigate fluctuations of the sardine’s abundance at one of the most 
important fishing areas of the Moroccan Mediterranean Sea (i.e., Al-Hoceima region) and try to assess the impact 
of environmental changes on the availability of pelagic fish in this area. In these regards, we analyzed Seasonal 
and Trends Loess’ (STL) decomposition of time series between 2008 and 2015 of catch-per-unit-effort (CPUE) 
data along with environmental parameters (i.e., sea surface temperature and chlorophyll-a) from remote sensing 
and we applied nonlinear models (GAM). Results show an inverse relationship between fluctuations of sardine 
CPUE and sea surface temperature. Nonlinear relationships confirm that the temperature is the most important 
parameter affecting abundance, whereas chlorophyll-a, is generally, weakly correlated to the CPUE data at monthly 
and seasonal level variations, except for annual trends. The analysis also shows positive trend of chlorophyll-a, 
from 2003 and a negative one starting from 2011, revealing an inter-annual variability that support fish landings 
fluctuations. Modeling based on the relationships between the CPUE and temperature/chlorophyll-a, allowed better 
prediction of the sardine abundance in the Al-Hoceima fishing area (South Alboran Sea)..
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Introduction 
Environmental conditions play an important role on marine 

species, especially small pelagic fishes. Temperature, salinity, biomass, 
and hydrodynamic conditions are the main parameters that affect 
development and spatial distribution of these species by controlling 
maturation, spawning conditions, and dispersal of eggs and larvae [1-9].

The impact of these environmental conditions is very pronounced at 
the planktonic stages (eggs and larvae) and it can potentially influence 
the local abundance of adult populations. Associated with changes 
in hydro-meteorological characteristics as drought and rainfall [10], 
the marine environmental conditions can cause large changes on fish 
distribution at very short time scales, with significant implications on 
fishing abundance [11-15].

In the Mediterranean Moroccan Sea, small pelagic fishes are 
exploited by 20% of the fleet vessels operating in this area. The most 
important landings ports are Nador, Al Hoceima, and M’diq [16,17]. The 
species caught are often sardine (Sardina pichardus), anchovy (engraulis 
encrasicolus), and mackerel (Scomber colias). Sardines and anchovies 
are the main targets of the vessels using purse seine two, up to three-
times overnight. The annual production of sardines, recorded between 
2000 and 2009, has decreased from 25,000 to 10,000 tons [17,18]. 
Data analysis of the long catch time series of these species highlights a 
significant fluctuation, which often linked to environmental conditions 
[19,20]. These fluctuations are probably a consequence of recruitment 
variability, particularly difficult for these species with a short life cycle (3 
to 5 years), which can influence the size of the population from one year 
to another. Small pelagic fishes (e.g. sardine) are known by an r-type 
life strategy (high-speed multiplication populations), characterized by 
high fecundity and fractional spawning (spawning batch) over a long 
period. The influence of environmental parameters is considerable on 
the behavior of these species and their reproductive strategies [7,21,22]. 

Berraho (2007) [23] shows that sardines seek the most favorable 
environmental conditions to limit losses during the main spawning 

period. However, at secondary period, eggs and larvae are randomly 
dispersed in space and time. The study of gonado- somatic index 
over several years of Moroccan Mediterranean sardines, show that 
the maximum emission period moves between January and March 
[18]. In fact, this plasticity in reproductive characteristics of the adults 
combined to the variability of marine environment conditions generates 
the inter-annual fluctuation of sardine stocks [24-26]. Two periods can 
be districted on Sardine life cycle: the first corresponds to the larval and 
juvenile stage and the second is mainly the adult phase. The requirements 
of environmental parameters seem to be more important at the main 
spawning period. A change in the water temperature, during that time, 
can have a negative impact on both spawning performance and chance 
of survival of eggs and larvae [27,28]. 

Recently, multidisciplinary studies are seeking to define diagnostic 
tools for linking the dots among catches, chloro-phytoplanktonic 
datasets, physical and bio-geochemical oceanographic measurements, 
and ocean modeling [9,29]. The main goal of these efforts was the 
understanding of the inter-annual variability of biomass in fish species, 
related to environmental condition. Many studies were realized on 
the Northern Alboran Sea [15,30-33], but very few of them have been 
carried out on the southern part. We here recognize and analyze 
fluctuations of sardine’s abundance at one of the most important fishing 
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establish the proportional relationship between CPUE and abundance:

CPUE = Ct / Et = q Nt                                                	                   [2]

In practice, q is usually considered as a constant. However, it may 
vary depending on many factors, such as the efficiency of the fleet, 
the marine environment, the dynamics of the fleet, and fishing [37]. 
Therefore, CPUE is calculated for a defined period (e.g., year or month) 
or a space (km2 fishing ground), so that conditions (i.e., q) can be 
assumed constant (Maunder and Punt, 2004).

In our case, the CPUE is used to describe the abundance of the 
sardine stock, or the yield of the fishery, assuming that fishing was 
operating under homogeneous conditions and the CPUE depends 
only on the effort (Et) witch was indicated in its conceptual form as 
the “number of days spent in the sea” (24-hour periods, reckoned from 
midnight to midnight) on which any fishing took place of a single boat.

CPUExt = Cxt / Ext.                                                        	               [3]

CPUExt = catch per unit of effort for vessel x at time t (month or 
year)

Cxt = catch of vessel n at time t (month or year)

Ext = effort calculated as number of fishing days at sea for vessel x at 
time t (month or year). 

Environmental data
Monthly sea surface temperature (SST) and chlorophyll-a (Chl) 

concentrations were derived from satellite data of MODIS (Moderate 
Resolution Imagine Spector-radiometer) / Aqua sensor of 4 km spatial 
resolution, during the same period in which catch and effort were 
obtained (January 2008 - December 2014). These data are available 
on the NASA Internet servers Ocean Color Web. MODIS images were 
then imported to ArcGIS and transformed from ASCI data to raster 
on which each pixel of 4 km2 has his own value. The monthly average 
value of data series considered was calculated by overlying pixels data 
on polygon corresponding to the fishing area of Al-Hoceima of these 
two variables.

Time series analysis and modeling approach
To recognize fluctuations and interactions with environmental 

area in the Moroccan Mediterranean Sea, i.e., the “Al-Hoceima” marine 
ecosystem, in order to understand and to assess the impact of marine 
environmental changes on the availability of pelagic fishes, especially 
sardines, in this area. 

Materials and Methods
Study area

Al-Hoceima is one of the most important fishing areas of the 
Moroccan Mediterranean Sea where sardines are concentrated in 
three main areas: M’diq, Nador and Al Hoceima. This area is located 
in the Alboran Sea, and affected by the Western Anticyclonic Gyre 
(WAG), which results from the exchange of water mass between the 
Mediterranean basin and the Atlantic Ocean through the strait of 
Gibraltar. Indeed, the Atlantic jet (AJ) feeds the WAG by means of a 
meandering structure of ~ 100-150 km of diameter and, occasionally, 
defines the Eastern Anticyclonic Gyre (EAG) as well (Figure 1). This 
dynamic and complex system is regulated by the interaction of local 
and regional processes [30,32]. 

Fisheries data and CPUE

The abundance of fish stock is an important part of information 
required for fisheries management. Catch-per-unit-effort (CPUE) 
data of fisheries have traditionally been used to measure changes in 
relative abundance and it is often the main source of information used 
in fisheries for stock assessment. CPUE is generally assumed to be 
proportional to abundance and it expresses the performance of each 
fishing unit and resource availability, based on the catch (biomass) and 
unit effort (fishing time / space / gear type, etc.) [34-36].

Time records (January 2008 - December 2014) of daily catch and 
effort at Al Hoceima port were obtained from the National Fisheries 
Officer (ONP) through the MAIA statistics information system. The 
CPUE was then calculated by using a fundamental relationship between 
the catch and fishing effort [37] :

Ct = q EtNt ,                                                		                [1]

Where Ct , Et , and Nt are the catch, the effort, and the abundance at a 
given time t; q is the part of stock that was captured per unit effort (often 
called the saturability coefficient). This equation can be rearranged to 

Figure 1:  Maritimes fishing areas with purse seine at the Moroccan  Mediterranean coast. The upper-right box indicates the main hydrographic features of the 
Alboran Sea.
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conditions, we applied a Seasonal and Trends Loess (STL) 
decomposition analysis, for the time series 2008-2014, to both CPUE 
data and environmental parameters (i.e., SST and Chl-a) derived from 
satellite images [38-42].

The principal series (Xt) is divided into different fundamental 
components: the trend or global trend (Zt) component, which represents 
the long-term evolution of the series, the seasonal component (St) 
regular and periodic at intervals of time, and the residual component 
which represents the noise (ἐt) with irregular fluctuations, generally 
having low intensity but random frequency: 

   Xt = Zt + St + ἐt           1 ≤ t ≤ n                                                                   [4]

The STL decomposition analysis was based on the smoothing 
values on periodic windows of 12 months for global trends (trend), and 
6 months for seasonal trends. The residual values are then extracted 
for each month based on the difference between values of global and 
seasonal trends [42-45].

Fishing abundance was correlated with SST and Chl-a. First, 
a simple linear relationship was applied to understand how these 
independent variables were related to abundance. Then a Generalized 
Additive Model (GAM) was tested to improve the correlation approach 
by means of smoothing functions fn(x) [46,47]. This analysis aims 
at investigating the nonlinear relationship between abundance and 
environmental conditions [48]. The P-values and the (AIC) [49] Akaiki 
Information Criterion values were used to evaluate and select the “best” 
models. 

( ) ( ) ( )0  1 2 ...  ,GAM b f x f x fn x= + + + +                            [5]

Where b0 is constant and fn are the smoothing functions related to 
the different variables.

Results
Trends analysis 

SST trends: The variation of SST monthly averages during 
2008-2014 indicated a seasonal biphasic cycle in study area, strongly 
influenced by atmospheric changes (Figure 2). Results show a cold 
season between November and April and a hot season between June 
and October. The inter-annual variability is relatively low and SST 
values almost have normal distribution.

The analysis shows a downward SST trend between 2008 and 2009, 
followed by a general upward trend between 2009 and 2012 (Figure 3). 

Chl-a trends: The analysis of monthly concentration Chl-a in the 
fishing zone of Al Hoceima shows a seasonal biphasic cycle. The winter-
spring period was characterized by high Chl-a concentrations, with a 
maximum in between March and April. On the other hand, summer-
autumn period showed low concentration, with a minimum in between 
June and August (Figure 4).

During the period 2008-2014, the monthly average of Chl-a 
concentration is 0.45 and 0.91 µg/l for winter-spring and summer-
autumn, respectively. The inter-annual variability appears to be 
very high with a maximum observed in winter-spring, where the 
concentration can vary from 0.19 to 2.88 μg/l.

The trend analysis shows the existence of two distinct periods: a 
period with relative high Chl-a concentration, whose values are greater 
than the annual average (0.55 µg/l), which goes from 2008 to 2011 and 
a period of low level concentration (<0.55 µg/l), which goes from 2012 
to 2014 (Figure 5).

CPUE trends: The life cycle of Sardine is essentially characterized 

Figure 2: The monthly average Sea surface temperature (SST) at Al Hoceima fishing zone between 2008 and 2012.
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Figure 3: Seasonal and global trend of monthly temperatures (SST) in the  fishing zone of Al Hoceima between 2008 and 2014.

Figure 4:  The monthly average chlorophyll-a concentration (µg/l) in Al-Hoceima fishing area between 2008 and 2014.
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by a rapid growth and short span between 3 and 5 year. In Alboran Sea, 
the spawning period is about six months mainly the tow or trees coldest 
months in winter [50,51].

According to the seasonal variability of CPUE (Figure 6) fishing 
of  sardine at Al Hoceima marine area is relatively low from January to 
May and abundant from June to December (for values> or <1000 kg/
boat/month). 

The inter-annual analysis of global trends (Figure 7) allowed 
the differentiation between two periods: the CPUE shows a gradual 
downward trend from 2008 to 2012, more pronounced between 2011 
and 2012; 123 kg/unit-effort represents a minimal monthly value, never 
reached before (crisis of March 2012). This decline is then followed by 
a period of recovery with a gradual increase in yields between 2013 and 
2014. 

Figure 5: Seasonal and global trend of monthly concentration chlorophyll-a in Al-Hoceima fishing area between 2008 and 2014.

Figure 6: The monthly average CPUE (kg/boat) of purse-seiners at Al Hoceima port between 2008 and 2014.
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Relationship analysis 
To highlight the relationship between environmental conditions 

(i.e., SST and Chl-a) and fluctuations of CPUE in Al Hoceima area, 
we used statistical tests. Relationships were studied at different time 
levels: Monthly; Seasonal (i.e., seasonal trends (Ts)); Annual (i.e., global 
trends (Tg)).

Different relationships (linear and nonlinear, obtained by applying 
additive models GLM and GAM) between CPUE, SST, and Chl-a are 
presented in Table 1. The linear models seem to explain only a part 
of the relationship between abundance and environmental conditions, 
independently or in an integrated manner (Figure 8). The correlation 
coefficient (r2) is generally low, ~0.29 for CPUE-temperature and 
0.12 for CPUE-Chl-a. This can be explained by the fact that these two 
parameters do not affect instantaneously (linear relation) the yields 

(CPUE) but later through their impact on the biomass of spawning, 
recruitment and the adults through the spatial distributions.

Correlations improve in the case of applying the non-linear 
relationships GAM (General Additive Model), using cubic smoothing 
functions and “basis dimension” was taken the best as it possible using 
p-value and k-index compared to the estimated degree of freedom 
parameter. CPUE-SST relationship show a correlation coefficient 
of ~0.65 at seasonal variations level, while r2 ~0.45 for CPUE-Chl 
relationship at inter-annual variations level (Table 1). The effect of 
chlorophyll (phytoplankton) seems to be minimal, explains only 30% 
of the variations while the temperature explains up to 67% for seasonal 
variations and 50% for the inter-annual variations.

The best functions are those of the model MD07 (Table 1), which 
connects seasonal variations of CPUE to monthly average SST, and 

Figure 7: Seasonal and global trends CPUE of purse-seiners at Al Hoceima port between 2008 and 2014.

Models Function Type r2 Dew P-Value AIC  
Md1 CPUE '4' T mean LM 0.29 - T mH 1.27e-07*** 1273
Md2 CPUE " CHL_mean LM 0.12 - CHL_mH0.00125** 1291
Md3 CPUE.H '4' T mH + CHL_mH GLM 0.29 29 T mH : 3.19e-05***/ CHL_mH : 0.908 1275
Md4 CPUE.H " s(T mH)) GAM 0.3 32 s(T mH) : 4.21e-07 *** 1271
Md5 CPUE.H '" s(CHL_mH) GAM 0.12 13 s(CHL_mH) : 0.00617** 1290
Md6 CPUE.H " s(T mH) + s(CHL_mH) GAM 0.3 32 s(T mH) : 9.09e-05***/ s(CHL mH) 0.983 1271

Md07 Seasonal CPUE" s(T mH) GAM 0.65 67 s(T mH) 2e-16*** 1178
Md08 Seasonal CPUE"s(CHL mH) GAM 0.29 34 s(CHL_mH) 2.62e-05*** 1240
Md09 Seasonal CPUE" s(T mH) + s(CHL mH) GAM 0.65 68 s(T mH)9.07e-14 ***/s(CHL_mH) 0.522 1179
Md10 Trend CPUE " s(Trend. T) GAM 0.45 49 s(Trend.T) 4.51e-09*** 1147
Md11 Trend CPUE " s(Trend Ch) GAM 0.24 29 s(trend.Ch) 0.000347*** 1173
Md12 Trend CPUE "s(Trend T) + s(trend.Ch) GAM 0.65 70 s(Trend.T) 3.25e-11** */ s(trend.Ch )3.78e-06 1115

Table 1: LM, GLM and GAM relationships (Md: model) and their statistical parameters between CPUE purse-seiners, temperature (T-mH) and chlorophyll a concentration.
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Figure 8: Nonlinear relationships (GAM) between the CPUE of purseseiners, temperature (T_mH) and chlorophyll-a concentration.

model MD12, which connects inter-annual variations of CPUE to 
global trends of  monthly SST and Chl-a averages. These models 
showed the best index values of Akaiki (AIC) in their categories: 1178 
and 1115 (Table 1).

Based only on the values of temperature  and the concentration of 
chlorophyll-a from satellite images a simple additive model based on 
time series components was established to predicts the catch per unit 

effort for Al Hoceima, induced either by changes of seasonal and global 
trends of environmental conditions:

PUE = Seasonal component CPUE  + Global component CPUE + ἐ       [6]
CPUE= Seasonal CPUE  + Global CPUE + ἐ                                             [7]

The seasonal component has been replaced by the MD07 model 
(Table 1), linking the seasonal variations of CPUE to monthly 
temperature, and the global component has been replaced by the 
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MD12 model (Table 1) with his two functions linking: the global 
variations of CPUE to the global variations of temperature (SST) and 
the global variations of CPUE to the global variation of concentration 
chlorophyll-a. The final equation is as follows:

        CPUE= Md07 + Md12 + ἐ         			               [8]

CPUE= fs1(SST) + fs2(Tg_SST) + fs3(Tg_chl) + ἐ                           [9]

Tg_SST and Tg_chl: are respectively the trends of temperature and 
chlorophyll-a for the study period calculated from monthly averages 
using the smoothing functions fs1, fs2 and fs3, based on the general 
additive model GAM.

Discussions 
Over the period 2008-2014, the abundance of sardine (CPUE) in 

Al-Hoceima (South western Alboran sea) experienced a large variation, 
illustrated by a gradual downward trend that became more pronounced 
between 2011 and 2012, followed by a recovery period with an increase 
in yields between 2013 and 2014 (Figure 7). This warm stat lasted for 
two years and it was characterized by a positive anomaly in both the 
cold (+0.56°C) and warm season. After 2012, the SST showed more 
steady values, with a small rate of changes around 19°C. These changes 
seem to be inversely proportional to the trend in global temperatures 
over the two periods, with a directed impact that manifests at a 
monthly, seasonal, and/or inter-annual level. SST has a major impact 
on pelagic fish species, affecting their whole life cycle on the short 
term (monthly) and/or on the medium term (annual). According to 
many authors, temperature has a positive effect on the growth rate of 
adults, but it has also a negative effect on the growth of larvae [22-25]. 
A strong relationship has been observed between abundance and SST, 
with a positive correlation for a range of 18.5 to 22°C and negative for 
lower values. Performance in abundance is depending on the seasonal 
component as the strongest signal detected in the time series due to the 
seasonal variability of temperature. The maximum yield is determined 
for average monthly temperatures which vary between 19 and 21°C, 
corresponding to autumn seawater temperatures. In this period, 
sardines tends to concentrate more in Betouya bay located in the 
western part of Al-Hoceima between Cap Tarf and Cap three Forkas for 
spawning which generally occurs between November and March [18].

It is known that primary production influences spawning and 
the survival rate of sardine early stages and hence recruitment. Larva 
survival depends on food availability at the surface, which, in turn, 

depends on the nutrient content of the surface waters. An increase 
of surface primary productivity in the waters enhances zooplankton 
production, the main food for sardine larvae. However, as a proxy 
of phytoplankton biomass, the study of the relationship between 
chlorophyll and sardine abundance could not demonstrate the true 
impact of primary productivity on CPUE, even at monthly or seasonal 
levels, except in a very limited way at the inter-annual level. The trends 
showed two distinct periods: from 2008 to 2011, which corresponds 
to relative high chlorophyll-a concentration, whose values are greater 
than the annual average (0.55 µg/l); from 2012 to 2014, where low 
level concentration (<0.55µg/l) was observed (Figure 5). In general, 
the relationship between abundance and chlorophyll shows a low 
correlation, but a limiting concentration of less than 0.46 µg/l was 
reported although the water temperature may be considered favorable 
around 19°C.  The high temperatures above normal (19°C), recorded in 
2010 and 2011, combined to low productivity  (0.46 µg/l),  may cause a 
gradual decline in yields of the sardine at Al-Hoceima, which has led to 
the crisis of May 2012 (Table 2) [18]. 

To stress and conform these findings we pursue a satellite trend 
analysis over the whole Alboran Sea, by applying the Mann-Kendall test 
and the Sens’s method for trend estimation to the Chl concentration de-
seasonalized monthly time series, as obtained from the X-11 technique 
[52]. The analysis confirmed the negative Chl-a trend from 2011 to 
2014, which follows a positive trend from 2003 to 2011(Figure 9). This 
is likely due to a large-scale meteorological change, occurred in 2011. 
Indeed, the period 2008-2010 corresponds to a negative North Atlantic 
Oscillation (NAO), i.e., drawing more continental weather to western 
Europe, (dryer weather with more extreme summers and winters) 
with wetter weather over the Mediterranean and North African region 
[53,54]. The resulting large amount of rainfall (more than 600mm/
year) allowed the development of a large primary production in coastal 
areas related to the abundance of fresh water runoff conducted from 
watershed. However, from 2011, the reduced rainfall (250mm/year) and 
runoff had in turn reduced the development of phytoplankton as well as 
chlorophyll, whose concentrations were very limited to low value less 
than 0.55 µg/l. Indeed, according to many authors, sea surface warming 
is always accompanied by decreasing of phytoplankton abundance 
[55,56]. This impact is reflected in the food web (bottom-up control) 
through copepod herbivores to zooplankton carnivores because of tight 
trophic coupling affecting ecosystem services and placing additional 
stress.

Figure 9: Spatio-temporal trends of chlorophyll between 2003 to 2011 and 2008 to 2014.
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Armee Pr SST (°C) Chl a (WI) CPUE (kg/bateau)
2007/2008 257,1 18,35 0,61 1247
2008/2009 643,5 18,35 0,86 1084
2009/2010 482,3 19,51 0,72 1331
2010/2011 995,4 19,40 0,61 1245
2011/2012 474,8 18,70 0,46  771
2012/2013 307,7 18,83 0,60  1176
2013/2014 206,5 19,06 0,52  1565

Table 2: Monthly average of CPUE purse-seiners, sea surface temperature (SST) and chlorophyll-a  concentration (µg/l) of Al Hoceima fishing maritime area.

 
Figure 10: AO And NAO indexes evolution from 2003 to 2014.

Figure 11: Modeling monthly CPUE of purse-seiners of Al-Hoceima between 2008 and 2014.

Figure 12: Modeling monthly CPUE of purse-seiners of Al-Hoceima between 2008 and 2014.
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It is largely recognized that both NAO and SST fluctuations are 
linked [53,57]. SST in the North Atlantic Ocean varies significantly 
with overlying atmosphere. In the Alboran Sea, these oscillations do 
not appear to explain, at least directly, the increase of water temperature 
in south Alboran Sea during wet and cold period. Over this region, air 
temperature varies between 10 and 12°C during the cold season and 
from 20 to 25°C during the hot season, and the average rainfall varies 
between 100 and 300 mm. 

However, from 2012, a significant and gradual increase of global 
air temperature and a decrease in rate of rainfall was observed 
(Table 2). It is, therefore, likely that the inter-annual variability of SST 
in the Alboran cannot be explained only by climate oscillations over the 
Atlantic. The effect is more important in winter, but other oscillations, 
including Arctic oscillations (AO), can have an effect on this variability. 
According to Beaz et al. [54], annual and seasonal average of SST  in 
winter are more correlated to the average of the index of (NAO) 
calculated for autumn of the previous year, while the seasonal average 
of SST in summer are correlated with the average of the AO, calculated 
for autumn of the previous year. In 2009 and 2010 a very humid period 
was recorded in North Africa, in parallel to the very coldest period that 
was also recorded in Europe (Figure 10) [58]. 

This has favored a very strong flow of fresh water towards the 
Sea in the spring, leading to a decrease of the salinity and the density, 
and reducing the importance of upwelling in the Spanish coast. On 
the Moroccan side, this has led to a gradual warming of the waters 
over the same period, particularly in the Al-Hoceima region, due 
to the lack of transfer of cold water from the north to the south by 
the Gyre [30,31]. The upwelling mechanisms of the Spanish coast 
and dynamic characteristics of the WAG, associated to changes in 
hydro-meteorological characteristics as drought and rainfall, seem to 
have great impact on the environmental conditions such as SST and 
phytoplankton biomasses in south of Alboran Sea (Figure 11). These 
changes may cause important fluctuations on sardine abundance in 
very short time scales with significant implications on fishing especially 
in Betouya bay at western of Al-Hoceima.

Results of the simulation, by using the above model, are shown 
in Figure 12, where the residual component due to combination of 
many factors that act instantly on the catch (such as wind bursts and 
mesoscale activity) has been removed. 

Conclusion
From the trend analysis, it appears that changes in environmental 

conditions, in terms of changes of water temperature and chlorophyll-a, 
have a major impact on the sardine abundance in Al-Hoceima fishing 
area. Global fluctuations in CPUE seem to be inversely proportional 
to the temperature trend. The analysis of relationships, provided by 
the GAM models, between environmental parameters (SST/Ch-a) and 
CPUE at different times scales (monthly, seasonal and interannual) 
shows that the temperature is a major factor to explain the fluctuations 
of sardine abundance in this area; is strongly related to the upwelling 
and Gyre Westerns Alboran gyre (WAG). However a chlorophyll 
biomass depends mainly on hydro-climatic conditions, especially 
precipitation. These changes cause important fluctuations in sardine 
abundance in very short time with significant fishing implications, 
especially in Betouya Bay western Al-Hoceima area. The increase in 
water temperature, recorded between 2009 and 2014 combined with 
a minimum of chlorophyll-a at spring 2011, probably were the cause 
of the gradual decline in yields of sardines in Al Hoceima that led to 
the crisis of May 2012 (123 kg/boat). Integrating these parameters in a 

simple time-series equation of decomposition, a simulation test, using 
monthly satellite data of temperature and chlorophyll, may provide a 
diagnostic tool for sardine abundance in the study area of Al-Hoceima 
marine ecosystem.
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