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Abstract 
Ichthyoplankton represent the first life stages of fish. The study of ichthyoplankton is crucial to understanding marine ecosys-

tems and plays an important role in the management and durability of fisheries resources. During March and October of 2019, 

two oceanographic ichthyoplankton surveys were conducted in the Mediterranean Sea of Morocco from Tanger to Saadia by 

studying the horizontal structure of the ichthyoplankton species assemblage and its relation to environmental parameters. The 

average surface water temperature was (15.8°C in spring and 16.4°C in autumn). The fish eggs and larvae were more abun-

dant in March than in October (21268 eggs/10m² and 14084 larvae/10m² in spring and 10094 eggs/10m² and 13796 lar-

vae/10m²). In both seasons, fish eggs from the families Sternoptychidae and Sparidae were dominant (10101 eggs/10m² and 

7527 eggs/10m² in spring and 4422 eggs/10m² and 3928 eggs/10m² in fall, respectively). However, Myctophidae larvae were 

the most abundant in the study area, reaching 7601 larvae/10m² in spring and 11021 larvae/10m² in autumn. The environmental 

parameters: temperature, salinity and chlorophyll-a (surface) seem to directly influence the spatial distribution of ichtyoplancton. 

On the other hand, it seems that predation by jellyfish (Pelagia noctiluca)was a very important factor that added to the factors 

that influenced the distribution of the species of fish eggs and larvae. This work represents the first survey conducted in the 

southwestern Alboran Sea, which studies the horizontal structure of the ichthyoplankton species assemblage and its relation to 

environmental factors in the spring and autumn of 2019. 
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INTRODUCTION 

The Moroccan Mediterranean coast is part of the Al-

boran Sea located in the southwestern basin of the 

Mediterranean Sea (Diouri et al., 2020). This region is 

characterized by primary productivity that increases 

seasonally (Idmoussi et al., 2021). These relatively the 

most productive areas provide suitable conditions for 

marine fish reproduction and habitat for the life cycle of 

small pelagic fish (Diouri et al., 2020; Idmoussi et al., 

2021; Papaconstantinou et al., 2000; Agostini et al., 

2002; Coombs et al., 2003 ; Lloretet al., 2004). Its hy-

drology is mainly conditioned by the Atlantic jet (AJ), 

which enters through the Gibraltar strait (Idmoussi et 

al., 2021, Bormans et al., 1989 and Lafuente et al., 

1998). This jet contributes to the maintenance of two 

anticyclone gyres: the Western Alboran Gyre and the 

Eastern Alboran Gyre, conferring specific properties to 

this part of the Mediterranean Sea (Idmoussi et al., 

2021, Arnone et al., 1990 and Vargas et al., 2002). 

Most fish pass through the pelagic stage, which lasts 

from weeks to months (Blabolilet al., 2023, Brothers et 

al., 1983 and Victoret al., 1986). Since the 20th century, 

understanding the population dynamics of marine fish's 

early life stages and the processes that influence their 

survival has been the interest of the fisheries oceanog-

raphy. The new theoretical work identified that biodiver-

sity, ecosystem functioning, and abiotic factors are in-

terrelated (Gonzalez et al., 2020). Indeed, many scien-

tists highlighted the influence of the spatial and tem-

poral variations of the environmental parameters on the 

ichthyoplankton distribution (Lima et al., 2022; Badú et 

al., 2022; Randall et al.; 2019, Berraho et al.; 

2005;Zarrad et al., 2003). 

Identifying and comprehending the primary factors that 

impact the spatial distribution of marine fish are essen-

tial for evaluating the present distribution patterns of 

marine organisms (Diouri et al., 2021 ; Lasram et al., 

2010). Seasonal variations of early life stages may 

drive changes in species distribution. During the early 

development of small pelagic species, environmental 

changes, such as temperature variations, ecosystem 

productivity and climatic forcing, impact survival rates 

and, thus, recruitment (Vargas et al., 2003; Santojanni 

et al., 2006; Palomera et al., 2007; Houde et al., 2008; 

Engelhard et al., 2014; Abdelouahab et al., 2016; Alda-

nondo et al., 2016). As per Cushing (1974), the main 

factor that affects the recruitment of fish is predation in 

their early life stages (Bailey et al., 1989), Jellyfish are 

often viewed as a threat to the survival of fish popula-

tions because they compete for food and directly prey 

on fish eggs and larvae (Brodeur et al., 2008, Mölleret 

al., 1980 and Purcell et al., 2001), especially Two spe-

cies of fish are being referred to: the European anchovy 

(Engraulis encrasicolus) and the sardine (Sardina pil-

chardus)(Sabatés et al., 2000; Morote et al., 2010; Cos-

talago et al., 2012; Tilves et al., 2016).This work repre-

sents the first study along the Moroccan Mediterranean 

coast related to the study of the composition of the ich-

thyoplankton assemblage to investigate the horizontal 

structure of the ichthyoplankton assemblage and its 

relationship with environmental factors in early spring 

and autumn. This objective is motivated by the particu-

lar hydrological status of this particular Mediterranean 

region as an Atlantic dynamic transition zone. 

MATERIALS AND METHODS  

Collection and analysis of ichthyoplankton samples   

Two oceanographic surveys were conducted in 2019, 

along the Moroccan Mediterranean coast from Tanger 

to Saadia, during the early spring and autumn seasons 

(March and October, respectively) on board the R/V Al 

Amir Moulay Abdellah. A total of 48 stations were sam-

pled. The samples were collected between the coast 

and 500m isobaths (Fig.1). To collect plankton, and 

oblique hauls were conducted using a 147μm net with a 

20 cm diameter. The hauls were carried out from a 

depth of 0 to 100 m and to the bottom in shallower wa-

ters. The volume of filtered water was measured using 

a flowmeter fixed in the net opening. 

The ichthyoplankton samples were immediately treated 

with a 5% borax-buffered formalin solution for preserva-

tion. Later, all fish eggs/larvae were counted and identi-

fied to the lowest possible taxonomic level in the labor-

atory under a binocular loupe. 

To normalize the number of egg and larval catches to a 

specific area of 10 square meters, the filtered depth 

and water volumewere taken into account. At each sta-

tion, Sea Surface Temperature and Salinity were meas-

ured using a Neil Brown CTD (Conductivity-

Temperature-Density) multisonde, the concentration of 

surface chlorophyll-a was measured by obtaining water 

samples through 1L-Niskin bottles, which were then 

analyzed using a 10-AU fluorometer (Idmoussi et al., 

2021). 

 

Data processing 

A standardized principal component analysis (PCA) 

was employed as the statistical treatment. To account 

for the differing nature and units of measurement of the 

hydrological parameters. Subsequently, an analysis of 

variance (ANOVA) was performed to test whether sig-

nificant differences in abundance could be observed 

between different groups of stations. The density of 

ichthyoplankton was expressed per unit area according 

to the formula: 

 D = (N/Vf) * H                                                         Eq. 1 

Where N is the number of eggs or larvae counted, Vf is 

the volume filtered in m3 and H is the depth in meters 

reached by the net.  

The existence of spatial and temporal variation in den-
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sity was also tested by analysis of variance. The rela-

tionship between the characteristics of the environment 

and the presence of eggs and larvae of the different 

species was studied using a canonical correspondence 

analysis (CCA), the objective of which was to simulta-

neously process two tables of data (environmental va-

riables and fauna variables) relating to the same sur-

veys. The significance of the Canonical Correspon-

dence Analysis (CCA) was assessed by performing a 

Monte-Carlo test. This test helps determine the stability 

and significance of the decomposition of the total inertia 

of the cross-tabulation by permuting only the rows of 

the environmental parameters table (Kazi et al., 1995). 

This test showed a sign of the projected inertia at the 

5% threshold for 1000 permutations. 

RESULTS AND DISCUSSION 

Environmental conditions  

In spring, the mean sea surface temperature (SST) at 

5m depth was 15,8 ±0.38°C. A boundary was observed 

between the west and east of the Cape of Three Forks. 

Relatively colder water was found in the western part of 

the Cap Three Forks. However, (Fig.2a) illustrates that 

the proportion increases significantly as one moves 

from western to eastern regions. Regarding sea sur-

face salinity (SSS) homogeneous distribution has been 

observed during this season with an average of 36,5 ± 

0.15 psu (Fig. 3a). The concentrations of chlorophyll-a 

surface at the surface level remained below 0.5μg.l-1, 

compared to the east part, relatively higher concentra-

tions of chlorophyll-a surface were recorded in the west 

part (Fig. 4a). In autumn, the mean SST was 16.4 ± 2.9 

°C. High SST (>20. 5°C) was observed near the coast, 

mainly in the east part of the Cape of Three Forks, the 

region of M’diq and Sidi Hssain (Fig. 2c). Contrary, low 

SST was detected in the west part and in the offshore 

area of the east part of the Cape of three Forks (<13.5°

C). Concerning SSS, generally, an offshore-inshore 

decreasing gradient has been observed (Fig. 3c). Chlo-

rophyll-a surface concentrations recorded in autumn 

were lower than those observed in spring. Towards the 

west, the coastal region between Fnid'q and Oued 

Laou was characterized by high concentrations (>0.7 

μg.l-1) (Fig. 4c). 

In the spring of 2019 (March), the horizontal profiles of 

temperature and salinity surface recorded in the study 

area showed a large variation between the western 

and eastern parts, while in the autumn of 2019 

(October), the values of temperature and salinity in the 

surface layers were homogeneous throughout the 

study area and thus presents higher values of tempera-

ture and salinity. Surface salinity was constantly be-

tween 36.5 and 36.6 psu during October, whereas it 

was about 36.2 psu during March. The small variations 

recorded would be related to local coastal processes or 

freshwater inflow to the outlets of major rivers, espe-

cially during the March period on the Chefchaouen 

coast (Zarrad et al., 2004) and (Berraho et al., 2016). 

On the other hand, the highest salinities were concen-

Fig. 1. Study area where work was carried out in March and October 2019 
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trated on the land, especially in the Al Hociema-Nador 

region. They would be due to contact with more saline 

Mediterranean surface waters. In October, values were 

similar throughout the littoral zone of the Alboransea, 

with values higher than those recorded during the 

March period (>36.5 psu).In October 2019, surface 

water temperatures ranged from 19°C to 22°C. The 

same trends were observed for March 2019, but with 

lower surface temperatures than October, below 16° C. 

According to Renault et al. (2012) during the winter-

spring phase, two gyral scale features can be ob-

served: the Western Anticyclonic Gyre (WAG) in the 

western area, which is a familiar phenomenon, and the 

Central Cyclonic Gyre (CCG) is an unknown new struc-

ture not yet reported and it expands from the centerto 

the eastern parts of the Alboran Sea, the circulation 

system during the summer-autumn phase is character-

ized by a stable double anticyclonic gyre regime, 

wherein the Eastern Anticyclonic Gyre (EAG) forms in 

the eastern Alboran basin. In this scenario, the Central 

Cyclonic Gyre (CCG) is situated closer to the Western 

anticyclonic Gyre (WAG) and is narrower. Surface wa-

ters were cooler in March in the west between Sebta 

and Al-Hoceima with values <16°C and warmer east of 

Al-Hoceima with values >16°C according to Idmoussi et 

al., 2021 (Idmoussi et al., 2021). In contrast to the Oc-

tober period, the entire study area showed higher val-

ues above 21°C than those recorded during March. 

The highest values were recorded east of the Cap of 

Three Forks (>22°C). 

Average chlorophyll-a levels were higher in March than 

in October 2019 along the Mediterranean coast. In-

deed, the primary production of chlorophyll a was more 

abundant in March between Sebta and Al Hoceima, 

where the combination of two phenomena enhanced its 

development during this period, that is, upward water 

fluxes from the Spanish coast and residual fluxes from 

continental waters. This would have caused a signifi-

cant enrichment in nutrient salts and, consequently, 

chlorophyll 'a' in the surface waters at these sites, and 

this was also confirmed by the study by Idmoussi et al. 

(2021) carried out in the spring of the year 2018 in the 

same study area. In October 2019, measurements of 

chlorophyll-a showed that concentrations were general-

ly low along the Mediterranean coast < 0.01(µg.l-1) ex-

cept for Tetouan and Nador coasts which present val-

ues more or less high between 0.01 and 0.08 (µg.l-1). 

Indeed, despite the very pronounced presence of the 

gyre and upwelling of the Spanish coast in this period of 

early autumn 2019, only the coast of coasts of Tetouan 

and Nador would have benefited from the effect of the 

gyre that was well-marked in the form of a filament ar-

riving in the bay. 

 

Eggs/larvae fish community  

In spring, a total of 21268 eggs/10m² of fish from 7 fam-

ilies and 14084 larvae/10m² of fish of 14 families were 

identified, while in autumn, 10094 eggs/10m² of fish and 

13797 larvae/10m² of fish belonging to 6 and 12 fami-

lies, respectively were identified.  

Fig. 2.Relationship between ichthyoplankton density distributions and surface water temperature in spring and autumn 

2019 (SST: Sea Surface Temperature, a and b:SST in March,  c and d: SST in October) 
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In both seasons, fish eggs from the families Sternop-

tychidae and Sparidae were dominant with a percent 

abundance of 10101 eggs/10m² and 7527 eggs/10m² in 

spring and 4422 eggs/10m² and 3928 eggs/10m² in 

autumn, respectively. However, Myctophidae larvae 

were the most abundant in the study area, reaching 

7601 larvae/10m² in spring and 11021 larvae/10m² in 

autumn. Concerning the family Sternoptychidae and 

Sparidae, there was a non-significant variation between 

seasons. Regarding the larvae, there was no variation 

in abundance between spring and autumn, except for 

some species that showed a significant variation, such 

as sardines and Sparidae. On the other hand, Clupei-

dae (Sardina pilchardus) and Engraulidae (Engraulis 

encrasicolus) showed a significant variation between 

seasons. Sternoptychidae eggs were present in more 

than half of the stations in spring, where the maximum 

egg density recorded was 1239 eggs/10m² in the M'diq 

area. However, in autumn, Sternoptychidae eggs were 

only found in a few stations in the western part, near 

the Mdi'q area and the Cala Iris area in the western part 

of Al Hoceima, also east of the Cap of The Three Forks 

(the maximum density did not exceed 1250 

eggs/10m²).The majority of Sparidae eggs were found 

in the offshore area during March. The maximum densi-

ty recorded was 7527 eggs/10m² and 3928 eggs/10m² 

in spring and autumn, respectively.In spring, the densi-

ty of larvae of the family Myctophidae was 7601 lar-

vae/10m². The highest density was recorded in the east 

of M'diq with a value of 1999 larvae/10m². However, in 

autumn, the density was higher than in spring, with a 

11021 larvae/10m² value. The larvae were more con-

centrated between Jebha and Al Hoceima and in the 

east of Nador, with values of 4521 larvae/10m² and 

1152 larvae/10m², respectively. 

On the other hand, a significant difference between the 

seasons was observed for the Clupeidae and Engrauli-

dae families. Indeed, in autumn, the egg density of S. 

pilchardus was 939 egg/10m² and 1234 egg/10m² in 

spring, however for the larvae, a value of 102 lar-

vae/10m² in autumn and 1424 larvae/10m² in spring. 

Concerning E. encrasicolus, the lowest density values 

of eggs were recorded in autumn, while anchovy larvae 

were more concentrated in this autumn season with a 

value of 550 larvae/10m². 

 

Relationship between the seasonal environmental 

parameters and the distribution of fish eggs and 

larvae  

 

Eggs  

During March, areas with high values of fish-egg densi-

ty were concentrated in the east part and in some 

coastal stations in the western region of the study area 

where the SST registered was >15.5°C (Fig. 2a). Study 

area's sea surface salinity (SSS) gradually increased 

from March to October. In March, the waters with high 

fish-egg density were concentrated in areas where the 

SSS ranged between 36.2 and 36.7 psu (Fig. 3a), while 

in October, the high-density areas were found in waters 

Fig. 3.Relationship between ichthyoplankton density distributions and surface water salinity in spring and autumn 2019 

(SSS: Sea Surface Salinity, a and b: SSS in March,  c and d: SSS in October) 
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with an SSS greater than 36.7 psu (Fig. 3c). The high-

est density of fish eggs in spring were recorded in are-

as where the values of chlorophyll-a surface were be-

tween 0.01μg.l-1 and 0.35 μg.l-1 (Fig. 4a), while in au-

tumn, are recorded between 0.01μg.l-1 and 0.07μg.l-1 

(Fig. 4c). 

 

Larvae 

In March, the fish-larvae density recorded in the west-

ern area was generally higher than in the Eastern area 

expected of some stations located in the offshore are-

as. During the study period, the density of fish larvae 

reached its highest level near Oued Laou, with a count 

of 2461 larvae per 10 square meters. Similarly, to the 

fish-egg density, larvae were concentrated in seawater 

areas of 16.1 - 16.7 °C (Fig. 2b), an SSS of 36.3 - 36.68 

psu (Fig. 3b) and chlorophyll-a surface values between 

0.02 μg.l-1 and 0.14 μg.l-1 (Fig. 4b). In autumn, larvae 

were more abundant than in March. Larvae density 

recorded varied between 29 and 5067 larvae.10m-2. 

Fig. 4. Relationship between ichthyoplankton density distributions and surface water chlorophyll-a  in spring and autumn 

2019 (Chl-a: Chlorophyll-a, a and b: Chl a in March,  c and d: Chl-a in October) 

Fig. 5. Inter-species relationship of ichthyoplankton eggs (principal component analysis PCA) in spring and autumn 2019. Abbrevia-

tions:O: Eggs, O not identified: Eggs species not identified, O Total: Total eggs, Ichthyoplankton eggs families identified in spring (7 

families):Engrau: Engraulidae, Clup: Clupeidae, Bothi: Bothidae, Solei: Solidae, Spari: Sparidae, Scomb: Scombridae, Sternopty: 

Sternoptychidae. Ichthyoplankton eggs familiesidentified in autumn (6 families): Sternopty: Sternoptychidae, Engrau: Engraulidae, 

Spari: Sparidae, Clup: Clupeidae, Solei:Solidae, Bothi: Bothidae. 
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High fish-larvae density was observed in inshore areas 

in the western part and some stations in the offshore 

areas in the eastern part (>350 larvae.10m-2). The area 

with low SST (Fig. 2d), high SSS (Fig. 3d) (<14°C and 

>38 Psu) and chlorophyll a, surface values not exceed-

ing 0.01μg.l
-1 

(Fig. 4d) were characterized by a high 

larvae density this season. 

Correlation analysis proved a strong negative signifi-

cant relationship between the abundance of ichthy-

oplankton larvae and eggs collected and the high sea 

surface water temperature recorded in October 2019 (P 

< 0.05). In March, a strong positive correlation was 

found between chlorophyll-a and the abundance of lar-

vae and eggs. In October, the ichthyoplanktonic range 

decreased, coinciding with the distribution of salinity 

(≥36.5 psu.) due to stronger currents driven by the flow 

of Atlantic surface water masses to the Alboran Sea 

through the Strait of Gibraltar and the lack of freshwater 

input during this period. The highest values of ichthy-

oplankton were recorded in March, a period coinciding 

with the coldest temperatures in the study area, con-

cluding that the peak of ichthyoplankton was related to 

the cold seasons. These results agree with those found 

by Arkhipov et al. (2019) off the northern part of the 

Moroccan coast. 

Based on the principal component analysis, ichthy-

oplankton eggs and larvae show statistically significant 

differences between the fall and spring periods. Indeed, 

these differences would be due to multiple factors influ-

encing the ichthyoplankton community in this area. The 

distribution of eggs in fall and spring is presented in 

Fig. 5 and 6. 

In addition, maybe the presence of jellyfish during this 

same period (October 2019) is another parameter that 

adds to explain the low abundance in October com-

pared to March (Aouititen et al., 2021) and M'Diq Beach 

has experienced successive outbreaks of Pelagia nocti-

luca since 2011, during the summer and autumn sea-

son, which is also known as the season of flowering 

and beaching of jellyfish. These same results have 

been confirmed by (Canepa et al., 2014 and Mghili et 

al., 2020). This species of jellyfish was abundant on the 

Alboran coast (the Mediterranean), mainly in summer, 

on the continental shelf region where high abundances 

of Ichthyoplankton were found (Sabatés et al., 2004). 

According to Bailey et al.(1989), the primary factor in-

fluencing fish recruitment is predation in their early life 

stages, and a number of fish larval species have been 

impacted by predation from various types of jellyfish. 

They also compete with other zooplanktivorous spe-

cies, including fish larvae (Purcell et al., 2001). Further-

more, as reported in reference, these jellyfish species 

directly impacted fish stocks as they feed on fish larvae 

and eggs (Purcellet al., 1985). 

During the autumn, the (PCA) analysis reveals the 

presence of two well-identified groups of ichthyoplank-

ton eggs. Steronodphychidae and Clupidae formed the 

first group. The second group is formed by the Bothi-

dae, Soleidae, Engraulidae and Sparidae. Maybe this 

distribution was explained by the fact that the first 

Fig. 6.Inter-species relationship of ichthyoplankton larvae (principal component analysis PCA),  in spring and autumn 

2019. Abbreviations: L: Larvae, L not identified: Larvae species not identified, L Total: Total Larvae, Ichthyoplankton Lar-

vae families identified in spring (14 families): Mycto: Myctophidae, Gobi: Gobiidae, Engrau: Engraulidae, Gadid: Ga-

didae, Spari: Sparidae, Par: Paralepididae, Gonosto: Gonostomatidae, Bothi: Bothidae, Clu: Clupeidae, Caran: Caran-

gidae, Stomi: Stomidae, Solei: Soleidae, Call: Callionymidae, Loti: Lotidae. Ichthyoplankton Larvae families identified in 

autumn (12 families): Mycto: Myctophidae, Gobi: Gobiidae, Engrau: Engraulidae, Gadi: Gadidae, Spari: Sparidae, Par: 

Paralepididae, Gonosto: Gonostomatidae, Bothi: Bothidae, Clu: Clupeidae, Caran: Carangidae, Stomi: Stomidae, Solei: 

Solidae 
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group was important prey for jellyfish, Sternoptychidae 

and Clupidae are significant food sources for jellyfish, 

in the northeastern Atlantic Ocean, deep-water Ster-

noptychidae were found to be an important food source 

for pelagic cnidarians such as jellyfish (Wiebe., et 

al.2003). Sardines, a type of Clupidae, were also identi-

fied as important prey for several species of scy-

phomedusae in the same region (Brotz et al., 2012). 

Similarly, in the Black Sea, both Sternoptychidae and 

Clupidae were observed to be among the most abun-

dant prey for several species of jellyfish. These findings 

suggest that these fish families play a crucial role in the 

food chain of jellyfish populations in different marine 

ecosystems (Mavruket al., 2016 and Mavruk et al., 

2020). 

In contrast, according to Hinrichsen et al. (2022) and 

Alheit et al. (2005), species in the second group have 

no direct relationship with Medusae, which are known 

to feed on small zooplanktonic organisms that are im-

portant food sources for the larvae of Bothidae, So-

leidae, Engraulidae, Sparidae. Thus, changes in the 

distribution and abundance of medusae may indirectly 

affect the feeding behavior and survival of Bothidae, 

Soleidae, Engraulidae, and Sparidae larvae. For spring, 

the distribution of egg abundance does not follow any 

gradient. Also, we observed the appearance of eggs of 

a new family, namely Scombridae. This is probably 

favored by the absence of Medusae, which compete 

with Scombridae on the same prey (Graham et al., 

2003). Concerning the larvae, the distribution of their 

abundance does not know a significant difference be-

tween autumn and spring because of their mobility all 

along the water column. Nevertheless, during the 

spring, there is an appearance of larvae of Lotidae and 

Callionymidae, which compete with jellyfish on the 

same prey (Aioiet al., 1981 and Ohman et al., 2012) 

Conclusion  

Analysis of the distribution of ichthyoplankton has 

shown that these species are good indicators of spatial 

variations in salinity and temperature controlled by the 

hydrodynamic characteristics of the system. In the 

spring, the southwestern Alboran Sea represents a 

favorable environment for the reproduction of different 

species of fish eggs and larvae due to the hydrological 

characteristics of the area, which provides ichthy-

oplankton species with a favorable environment for 

their development. Contrary to the autumnal period 

which recorded lower values in the density of ichtyo-

plankton than March, coinciding with temperature val-

ues higher than those recorded in the spring as a result 

of the stability of the area in this period which makes 

the environment favorable for the proliferation of jelly-

fish which previous studies have indicated that the Mo-

roccan Mediterranean Sea represents an important 

area of proliferation and reproduction of Pelagia noctilu-

ca, probably the predation factor by this specie seems 

to have negative effects on the density and distribution 

during the autumn period in the study area, the continu-

ous presence of this specie in the Moroccan Mediterra-

nean Sea makes it necessary to set up effective strate-

gies to prevent and minimize their impact on economic 

activities. A monitoring network should be set up along 

the Moroccan Mediterranean sea to observe and study 

the temporal and spatial distribution of larvae, fish, and 

P. noctiluca. This monitoring should concern their 

abundances, their fluctuations, and the dominant hy-

drodynamic conditions to predict the conditions favour-

ing their abundance in the Moroccan Mediterranean 

Sea. 

ACKNOWLEDGEMENTS 

We gratefully acknowledge the contribution of all the 

authors from the Health and Environment Laboratory-

Faculty of Sciences Ain Chock, National Institute of 

Halieutic Research and the Laboratory of Physiopathol-

ogy, Molecular Biology and Biotechnology-Faculty of 

Sciences Ain Chock. 

Conflict of interest 
The authors declare that they have no conflict of  
interest. 
 

Ethics approval 

The study was conducted according to the guidelines of 

the Declaration of Helsinki and approved by the Institu-

tional Review Board of Hassan II University of Casa-

blanca (2018-321). 

REFERENCES 

1. Abdelouahab, H.,  Berraho, A., Ramzi, A., Ettahiri, O., 

Errhif, A. & Tojo, N. (2016).  Mortality of early life stages of 

european Pilchard Sardina pilchardus along the atlantic 

coast of northwest Africa. Revista de Biología Marina y 

Oceanografía, 51 (3), 483-92.https://doi.org/10.4067/

S0718-195720160003 000001. 

2. Agostini, V. N. & Bakun, A. (2002).Ocean triads in the 

Mediterranean Sea Fisheries Oceanography: physical 

mechanisms potentially structuring reproductive habitat 

suitability (with example application to European anchovy, 

Engraulis encrasicolus), Fisheries Oceanography, 11(3), 

129-142.https://doi.org/10.1046/j.1365-

2419.2002.00201.x. 

3. Aioi K., Mukai H., Koike I., Ohtsu M. & Hattori A. (1981). 

Growth and organic production of eelgrass (Zostera mari-

na L.) in temperate waters of the Pacific coast of Japan. 

Growth analysis in winter. Aquatic Botany, 10,  175–182. 

https://doi.org/10.1016/0304-3770(81)90019-X. 

4. Aldanondo, N., Cotano, U., Goikoetxea N., Boyra, G., 

Ibaibarriaga, L. & Irigoien, X. (2016).Interannual differ-



 

898 

Diouri, L. et al. / J. Appl. & Nat. Sci. 15(3), 890 - 899 (2023) 

ences in growth and hatch-date distributions of early juve-

nile European anchovy in the bay of Biscay: implications 

for recruitment. Fisheries Oceanography, 25 (2): 147‑63. 

https://doi.org/10.1111/fog.12142. 

5. Alheit, J, Möllmann, C, Dutz, G, Kornilovs, G, Loewe, P, 

Mohrholz, V &Wasmund, N. (2005). Synchronous ecologi-

cal regime shifts in the central Baltic and the north sea in 

the late 1980. Journal of Marine Science, 62 (7): 1205–15. 

https://doi.org/10.1016/j.icesjms.2005.04.024. 

6. Aouititen, M., Ravibhanu, A., Mrhraoui, M. & Luan, X. 

(2021). Causes of Pelagia noctiluca outbreak in M’Diq 

beach, Northwest Moroccan Mediterranean coastline, 

Indian Journal of Ecology, 48(2):519-523. 

7. Arkhipov, A. G. & Pak, R. A. (2019). Number dynamics of 

mass ichthyoplankton species in the waters of Morocco. 

Journal of Ichthyology, 59(3): 344‑51. https://

doi.org/10.1134/S0032945219020012. 

8. Arnone, R., Wiesenburg, D. & Saunders, K. (1990). The 

origin and characteristics of the Algerian current.Journal of 

Geophysical Research, 95 (C2): 1587.https://

doi.org/10.1029/JC095iC02p01587. 

9. Badú, M. L. A., Lima, C. S. S. & Pessanha, A. L. M. 

(2022). Environmental influences on the ichthyoplankton 

in hypersaline estuaries located in a Semiarid Northeast-

ern Brazilian coast. Neotropical Ichthyology, 20. https://

doi.org/10.1590/1982-0224-2021-0081. 

10. Bailey, K. M. & Houde, E.D.( 1989). Predation on eggs 

and larvae of marine fishes and the recruitment problem. 

Advances in Marine Biology, 25:1-83. https://

doi.org/10.1016/S0065-2881(08)60187-X. 

11. Berraho, A., Abdelouahab, H., Charib, S., Essarraj, S., 

Larissi, J., Abdellaoui, B. &Christou,  E.D. 

(2016).Copepod Community along the Mediterranean 

coast of Morocco (Southwestern Alboran Sea) during 

spring. Mediterranean  Marine Science,1 (3):661.https://

doi.org/10.12681/mms.1733. 

12. Berraho, A., Ettahiri, O., Letourneur, Y., Orbi, A. & Ya-

hyaoui, A. (2005).Importance of hydrological parameters 

in egg and larva distribution of small pelagic fishes in the 

southern Moroccan Atlantic, International Journal of Ich-

thyology, 29(1),21-31. 

13. Blabolil, P., Tomáš, J., Martin, Č., & Jiří, P. (2023).High 

mobility and flexibility in the habitat use of early juvenile 

pikeperch (Sander lucioperca) based on a mark-recapture 

experiment, Diversity 15, no. 6, 720.https://doi.org/10.3 

390/d15060720. 

14. Bormans, M. & Garrett, C. (1989). The effect of rotation on 

the surface inflow through the strait of Gibraltar. Journal of 

Physical Oceanography, 19 (10), 1535-1542. https://

doi.org/10.1175/1520-0485(1989)019<1535:TEOROT>2 

0.CO;2. 

15. Brodeur, R. D., Decker, M. B., Ciannelli, L., Purcell, J.E., 

Bond,N.A., Stabeno, P.J., Acuna, E., Hunt, G. L. (2008). 

Rise and fall of Jellyfish in the Eastern Bering Sea in rela-

tion to climate regime shifts. Progress in Ocea-

nography,77(2), 103-111.https://doi.org/10.1016/j.pocea 

n.2008.03.017. 

16. Brothers, E.,Williams, D. M.&Sale, P. (1983). Length of 

larval life in twelve families of fishes at one tree lagoon, 

great barrier reef, Australia Marine Biology, 76 (3), 319-

24. DOI: https://doi.org/10.1007/BF00393035. 

17. Canepa, A., Fuentes, V. L., Sabatés, A., Piraino, S., Boe-

ro, F., & Gili, J.M. (2014). Pelagia noctiluca in the Mediter-

ranean sea. In K.A. Pitt & C.H. Lucas (Eds), Jellyfish 

blooms SE11. Springer Netherlands (237–266). https://

doi.org/10.1007/978-94-007-7015-7. 

18. Brotz, L. & Daniel, P. (2012). Jellyfish Populations in the 

Mediterranean Sea. Acta Adriatica. 53(2), 211 - 230. 

19. Coombs, J. T. & Christopher, M. M. F. (2003).Isolation 

and identification of actinobacteria from surface-sterilized 

wheat roots. Applied and Environmental Microbiology,69

(9), 5603-8. https://doi.org/10.1128/AEM.69.9.5603-56 

08.2003. 

20. Costalago, D.,  Navarro, J., Álvarez. C. I. &  Palomera, I. 

(2012).Ontogenetic and seasonal changes in the feeding 

habits and trophic levels of two small pelagic fish species. 

Marine Ecology Progress, 460, 169-81. https://

doi.org/10.3354/meps09751. 

21. Cushing, D. H. (1974). The possible density-dependence 

of larval mortality and adult mortality in fishes. Early Life 

History of Fish, 103-11. Berlin, Heidelberg: Springer Berlin 

Heidelberg. https://doi.org/10.1007/978-3-642-65852-5_8. 

22. Diouri, L., Soukri, A., Abdelouhab, H., Malki, M. &Baibai, 

T. (2020). The Moroccan Ichtyoplankton. A General Over-

view. Annual Research & Review in Biology, August, 89–

94. https://doi.org/10.9734/arrb/2020/v35i830263. 

23. Diouri, L., Uwiringiyeyezu, T., Abdelouahab, H., Mlaki, M., 

Baibai, T. & Soukri, A. (2021) Comparison and validation 

of ichthyoplankton DNA extraction methods. Methods and 

Protocols, 4 (4), 87.https://doi.org/10.3390/mps4040087. 

24. Engelhard, G H., Righton, D. A. & Pinnegar, J. K. (2014). 

Climate change and fishing: a century of shifting distribu-

tion in north sea Cod. Global Change Biology, 20 (8), 

2473‑83. https://doi.org/10.1111/gcb.12513. 

25. Gonzalez, A., Germain, R. M., Srivastava, D. S., Filotas, 

E., Dee, L., Gravel, D. & Thompson, P. L. (2020). Scal-

ing‑up biodiversity-ecosystem functioning research. édité 

par Ulrich Brose. Ecology Letters, 23 (4), 757‑76.https://

doi.org/10.1111/ele.13456. 

26. Graham, W. M., Martin, D. L., Felder, D. L,  Asper, V. & 

Perry, H. (2003). Ecological and economic implications of 

a tropical jellyfish invader in the gulf of Mexico.Marine 

Bioinvasions:Patterns, Processes And Perspectives,53–

69. Dordrecht: Springer netherlands.https://doi.org/10.10 

07/978-94-010-0169-4_6. 

27. Hinrichsen, H, Piatkowski, U &Cornelia, J. (2022). Sigh-

tings of extraordinary marine species in the SW Baltic sea 

linked to saline water inflows. Journal of Sea Research, 

181, 102175. https://doi.org/10.1016/j.seares.202 2.10 

2175. 

28. Houde, E. D. (2008). Emerging from hjort’s shadow. Jour-

nal of Northwest Atlantic Fishery Science, 41, 53‑70. 

https://doi.org/10.2960/J.v41.m634. 

29. Idmoussi, H., Somoue, L., Peters, F., Demarcq, H., 

Laabir, M., Estrada, M. &Arin, L.  Patterns of microphyto-

plankton biomass and diversity in the southern Alboran 

Sea. (2021). Mediterranean Marine Science. https://

doi.org/10.12681/mms.27555. 

30. Kazi, A. F., Hitier, S., Sabatier, R. & Lebreton, J. D. 

(1995). Refined approximations to permutation tests for 

multivariate inference. Computational Statistics & Data 

Analysis, 20 (6), 643-56. https://doi.org/10.1016/0167-

9473(94)00064-2. 

31. Lafuente, G. J., Natalio, C. N., Vargas, M., Rubı́n, J. & 

https://www.researchgate.net/journal/Indian-Journal-of-Ecology-0304-5250
https://doi.org/10.1590/1982-0224-2021-0081
https://doi.org/10.1590/1982-0224-2021-0081
https://www.researchgate.net/publication/289463372_Importance_of_hydrological_parameters_in_egg_and_larva_distribution_of_small_pelagic_fishes_in_the_southern_Moroccan_Atlantic?_iepl%5BgeneralViewId%5D=TaQhUTxDW81NMOU40LkthJvMRXKTPp1Btuy1&_iepl%5Bcontexts%5D%
https://www.researchgate.net/publication/289463372_Importance_of_hydrological_parameters_in_egg_and_larva_distribution_of_small_pelagic_fishes_in_the_southern_Moroccan_Atlantic?_iepl%5BgeneralViewId%5D=TaQhUTxDW81NMOU40LkthJvMRXKTPp1Btuy1&_iepl%5Bcontexts%5D%
https://www.researchgate.net/publication/289463372_Importance_of_hydrological_parameters_in_egg_and_larva_distribution_of_small_pelagic_fishes_in_the_southern_Moroccan_Atlantic?_iepl%5BgeneralViewId%5D=TaQhUTxDW81NMOU40LkthJvMRXKTPp1Btuy1&_iepl%5Bcontexts%5D%
https://www.researchgate.net/journal/Cybium-International-Journal-of-Ichthyology-0399-0974
https://www.researchgate.net/journal/Cybium-International-Journal-of-Ichthyology-0399-0974
https://doi.org/10.3390/d15060720
https://doi.org/10.3390/d15060720


 

899 

Diouri, L. et al. / J. Appl. & Nat. Sci. 15(3), 890 - 899 (2023) 

Hernández, G. A. (1998). Evolution of the Alboran sea 

hydrographic structures during July 1993. Deep Sea Re-

search Part I: Oceanographic Research Papers, 45 (1), 

39‑65. https://doi.org/10.1016/S0967- 0637(97)00216-1. 

32. Lasram, F., Guilhaumon, F., Albouy, C., Somot, S., 

Thuiller, W. & Mouillot, D. (2010). The Mediterranean sea 

as a ‘cul-de-sac’ for endemic fishes facing climate change: 

A marine endemic hotspot under threat. Global Change 

Biology, 16 (12), 3233-45. https://doi.org/10.1111/j.1365-

2486.2010.02224.x. 

33. Lima, L. G., Brito, G. J. S., & Pessanha, A. L. M. (2022). 

Effects of environmental factors on ichthyoplankton in a 

permanently open estuary under the influence of a semi-

arid climate, north-eastern Brazil. Journal of the Marine 

Biological Association of the United Kingdom, 102(3-4), 

266-275. https://doi.org/10.1017/S0025315422000467. 

34. Lloret, F.,Peñuelas,  J.&Ogaya, R. (2004).  Establishment 

of co-existing Mediterranean tree species under a varying 

soil moisture regime. Journal of Vegetation Science, 15 

(2): 237-44. https://doi.org/10.1658/1100-9233(2004)015

[0237:EOCMTS]2.0.CO;2. 

35. Mavruk, S, Yeldan, H, Manasirli, M, Bengil, F & Avsar, D. 

(2016).Contribution of lessepsian intrusions to the altera-

tion of coastal fish assemblages in iskenderun bay 

(northeastern mediterranean). Rapp Comm Int Mer Mé-

dit, 41, 436. 

36. Mavruk, S, Özbek, E. Ö. & Mühling, Ş. M. K. (2020). Preli-

minary results of the diversity and abundance of ichthyo-

plankton for winter and spring seasons in the northwes-

tern levant coast, the eastern Mediterranean sea. Journal 

Black Sea/Mediterranean Environment, 26(2), 203-222. 

37. Mghili, B., Analla, M., Aksissou, M. &Aissa, C.

(2020).Marine debris in Moroccan Mediterranean 

beaches: An assessment of their abundance, composition 

and sources. Marine Pollution Bulletin. 160 

(111692).https://doi.org/10.1016/j.marpolbul.2020.111692.  

38. Möller, H. (1980).  Population dynamics of Aurelia Aurita 

medusae in kiel bight, Germany (FRG). Marine Biology,60 

(2-3), 123‑28. https://doi.org/10.1007/BF00389155. 

39. Morote, E., Olivar, M. P., Villate, F. & Uriarte, I. A.(2010). 

Comparison of anchovy (Engraulis encrasicolus) and Sar-

dine (Sardina pilchardus) larvae feeding in the northwest 

Mediterranean: influence of prey availability and ontogeny. 

Journal of Marine Science, 67 (5), 897‑908. https://

doi.org/10.1093/icesjms/fsp302. 

40. Ohman, M. D., Powell, J. R., Picheral, M.  & Jensen, D. 

W.(2012). Mesozooplankton and particulate matter re-

sponses to a deep-water frontal system in the southern 

California current system. Journal of Plankton Research 

34 (9), 815–27. https://doi.org/10.1093/plankt/fbs028. 

41. Palomera, I., Olivar, M. P., Salat, J., Sabatés, A., Coll, M., 

García A. & Morales-Nin, B.(2007).Small pelagic fish in 

the NW Mediterranean Sea: An ecological review. Pro-

gress in Oceanography, 74 (2-3), 377-96. https://

doi.org/10.1016/j.pocean.2007.04.012. 

42. Papaconstantinou, C. & Farrugio, H. (2000).  Fisheries in 

the Mediterranean. Mediterranean Marine Science,1 (1), 

5. https://doi.org/10.12681/mms.2. 

43. Purcell, J. E. &Sturdevant, P. Prey selection and dietary 

overlap among zooplanktivorous Jellyfish and juvenile 

fishes in prince william sound, Alaska. Marine Ecology 

Progress, 210, 67-83. https://doi.org/10.3354/meps2 10067. 

44. Purcell, J. E. (1985). Predation on fish eggs and larvae by 

pelagic Cnidarians and Ctenophores. Bulletin of Marine 

Science, 37(2),739-755 

45. Randall, J. R., Busby, M. S., Spear, A. H., & Mier, K. L. 

(2019). Spatial and temporal variation of late summer 

ichthyoplankton assemblage structure in the eastern 

Chukchi Sea: 2010–2015. Polar Biology, 42, 1811-1824. 

https://doi.org /10.1007/s00300-019-02555-8 

46. Renault, L., Oguz, T., Pascual, A., Vizoso, G. & Tintore, J. 

(2012). Surface Circulation in the Alborán Sea (Western 

Mediterranean) Inferred from Remotely Sensed Data: 

surface circulation in the alborán sea. Journal of geophysi-

cal Research: Oceans 117 (C8), n/a-n/a. https://

doi.org/10.1029/2011JC007659. 

47. Sabatés, A. (2004). Diel variability of fish larvae distribu-

tion during the winter mixing 801 period in the NW Medi-

terranean. Journal of Marine Science, 61, 1243-1252. 802 

https://doi.org/10.1016/j.icesjms.2004.07.022. 

48. Sabatés, A. & Saiz, E. (2000). Intra- and interspecific vari-

ability in prey size and niche breadth of Myctophiform fish 

larvae. Marine Ecology Progress, 201, 261-71. DOI: 

https://doi.org/10.3354/meps 201261. 

49. Santojanni, A., Arneri, E., Bernardini V., Cingolani, N., 

Marco, M. D. & Russo, A. (2006). Effects of environmental 

variables on recruitment of Anchovy in the Adriatic Sea. 

Climate Research, 181-93. https://doi.org/10.3354/

cr031181. 

50. Tilves, U., Purcell, J.E., Fuentes, V.L., Torrents, A., Pas-

cual, M., Raya, V., Gilli, J.M., & Sabatés, A. (2016). Natu-

ral diet and predation impacts of Pelagia noctiluca on fish 

eggs and larvae in the NW Mediterranean. Journal of 

Plankton Research, 38(5), 1243-1254. http://doi.org/1 

0.1093/plankt/fbw059 

51. Vargas, J. M., Garcı́a L. J., Delgado, J. &F. Criado. 

(2003). Seasonal and wind-induced variability of sea sur-

face temperature patterns in thegulf of Cádiz. Journal of 

Marine Systems,38 (3-4), 205-19. https://doi.org/10.1016/

S0924-7963(02)00240-3. 

52. Vargas, Y. M., Plaza, F., Garcıá, L., J., Sarhan, T., Var-
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