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Introduction
Jellyfish stranding one of the most important, and complicated topics that scientists all over 

the world are try to understand. Obviously, Jellyfish spatiotemporal dynamics are highly variable, 
as well blooms occur irregularly are difficult to predict [1,2]. Pelagia noctiluca (Forsskål 1775) 
most common jellyfish species in the Mediterranean waters, it is widely distributed from the warm 
subtropical waters of the Gulf of Mexico and the Mediterranean Sea to the temperate waters of the 
North Sea [3-6] and up to 4°C of latitude [7,8].

Pelagia noctiluca is an important non selective planktonic predator [9-13] feeding on almost 
all types of zooplankton and ichthyoplankton [14,15] in fact, Many fish compete for the same 
zooplankton prey as jellyfish [15], moreover fish are also predators of jellyfish, with benthic 
including reef fish species ingesting polyps, as well as pelagic fish species eating ephyrae and small 
individuals [16]. However, the declination of such fish opens up ecological space for jellyfish 
proliferations. Moreover, Coastal eutrophications encourage phytoplankton blooms that can 
ultimately lead to jellyfish outbreaks [17]. The greater tolerance of polyps and medusa than fish to 
low-oxygen conditions ensures that jellyfish survive, even reproduce during hypoxic events, which 
fish are unable to do, such ‘dead zones’ are thought to favor jellyfish [18]. Warmer temperatures 
also accelerate medusa growth and ephyrae production [19]. Jellyfish appear to be sensitive to 
climate variability, with their abundance being related to large-scale climate indices such as the 
North Atlantic Oscillation (NAO) [18], El Nino Southern Oscillation [19] and the Pacific Decadal 
Oscillation [20].

Material and Methods
Study area

M’Diq Having as geographical coordinates 35° 41’N 5° 19 ‘31 W, is a seaside resort the 
population lives almost exclusively on fishing and summer tourism activities, it hosts more than 
100,000 tourists each year. M’Diq is located 7 km from Tetouan city, and it’s bounded on the north 
by Fnideq municipality, on the south by Mallaliyine commune, on the west by Alleyine commune 
and on the east by the Mediterranean Sea. M’Diq covers areas of 480 hectares of which 153 hectares 
are urbanized (Figure 1). The selection of this area is based on the presence of jellyfish blooms along 
the beaches.

Sampling strategy

Jellyfish survey strategy used for our study was inspired of the method used by Doyle [8] for 
the study of jellyfish species repartition across the Irish and Celtic Sea shores. We were used to 
Cross daily M’Diq coastline area, while counting stranded Jellyfish species. We did use the Quadrate 
method to calculate the density of jellyfish stranded per square meter. The study was conducted 
during Jun 2011 to December 2017 (Table 1 and Figure 2).
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Abstract

In the recent years, the frequency and the geographic distribution of jellyfish blooms have been increased 
in the Mediterranean north-west coastline of Morocco, since 2011 this area has been subjected to successive 
blooms and stranding of Pelagia noctiluca; our research was aimed to study the causes of jellyfish blooms and 
stranding in our coastline. We have evaluated three parameters that we are suspecting to be responsible of 
Jellyfish stranding on the northern coast of the Mediterranean Sea in Morocco. The evaluation of the relations 
between sea surface temperature, waves height and the wind direction causing the stranding of Jellyfish, 
demonstrated that the correlation scores was found to be statistically significant with r(33) =0.445, p < 0.01, for 
sea surface temperature (°C) and r(33) =0. 694, p <0.001 for waves height (m), moreover a one-way analysis of 
variance (ANOVA) was calculated on wind direction causing stranding of jellyfish, the analysis was found to be 
very significant, F (1, 31) = 25.823, p = 0.001.
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Figure 1: Geographical location of M’Diq beach our study area in the 
Mediterranean coastline of Morocco Google Map.

Figure 2: Pelagia noctiluca sample (source AOUITITEN).

Jellyfish identification & environmental variables

Pelagia noctiluca is the only jellyfish species was found stranded 
in the Mediterranean north-west coastline of Morocco. We have used 
Russell taxonomic for the identification of the stranding jellyfish. Sea 
surface Temperature was recorded in situ (independent points) for 
each survey. In addition measures of waves height and wind direction 
was obtained from PREVIMER web-sites. These parameters recorded 
for every day of the six years were used for correlation analyses to find 
if they are causing Jellyfish stranding.

Cluster analysis

Part of the data obtained from the samples was statistically 
calculated, analyzed using Microsoft Excel software. However 
Pearson Correlation analysis were used to determine whether there is 
relationship between our quantitative variables which are sea surface 
temperature, waves height and Jellyfish stranding, as well as ANOVA 
test were used to determine if there is a relationship between our 
quantitative variable wind direction with Density of jellyfish stranded, 
this tow test were statistically calculated, analyzed and compared 
using SPSS software.

Results and Discussion
Physical parameters of water

Analysis of the samples of water in our zone of study has yielded 
several physical and chemical characteristics of the environment 
where Pelagia noctiluca stranded. Physical water measures including 
the temperature shows that the appearance of the jellyfish Pelagia 
noctiluca starts in our coastline at a sea surface temperature of 21°C, 
the maximum abundance is reached at a sea surface temperature 
of 25.61°C, then P. noctiluca start to disappear at a sea surface 
temperature of 16 °C, moreover we have observed that when the waves 
have the height between 1.20m to 2m, we have probably appearance 
of Pelagia noctiluca (Figure 3).

Table 1: Scientific classification of study sample of Jellyfish.

Kingdom: Animalia
Phylum: Cnidaria
Class: Scyphozoa
Order: Semaeostomeae
Family: Pelagiidae
Genus: Pelagia
Species: P. noctiluca
Binomial name
Pelagia noctiluca
(Forsskål, 1775)
Synonyms
Medusa noctiluca Forsskål, 1775
Pelagia perla (Slabber, 1781)

Figure 3: Monthly variation of (SST) sea surface temperature (°C), Waves 
height (m) and the density of jellyfish stranded per m² (from 2011 until 2017).
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Table 2: Relation of correlation between sea surface Temperature and the 
density of Pelagia noctiluca stranded.

 
 

 
 

Density of jellyfish
stranded per m²

Sea Surface
Temperature (°C)

Density of jellyfish 
stranded per m²

Pearson Correlation 1 0.445**

Sig. (2-tailed) 0.01

N 33 33

Sea Surface 
Temperature (°C)

Pearson Correlation 0.445** 1

Sig. (2-tailed) 0.01

N 33 33

**Correlation is significant at the 0.01 level (2-tailed).

Table 3: Relation of correlation between sea wave’s height and the density of 
Pelagia noctiluca stranded.

 
 

 
 

Density of jellyfish 
stranded per m²

Sea waves 
height (m)

Density of jellyfish 
stranded per m²

Pearson 
Correlation 1 0.694**

Sig. (2-tailed) 0

N 33 33

Sea waves height  (m) 
 

Pearson 
Correlation 0.694** 1

Sig. (2-tailed) 0

N 33 33

**Correlation is significant at the 0.01 level (2-tailed).

Figure 4: Satellite-derived sea-surface significant wave’s height and wind 
direction (model WAVEWATCH III following Douglas Sea and swell scale 
protocol, 1921). Instrument for the stranding months from June 2011 to 
December 2017.

Table 4: Descriptive Relation between wind direction and the density of Pelagia 
noctiluca stranded.

95% Confidence 
Interval for Mean

N Mean
Std. 

Deviation
Std. 
Error

Lower 
Bound

Upper 
Bound

Minimum Maximum

East 23 26.7 16.463 3.433 19.58 33.81 6 60

West 10 0 0 0 0 0 0 0

Total 33 18.61 18.481 3.217 12.05 25.16 0 60

Density of jellyfish stranded per m²

Table 5: ANOVA test to determine the relationship between wind direction and 
the density of Pelagia noctiluca stranded.

Sum of Squares df Mean Square F Sig.

Between Groups 4967.009 1 4967.009 25.823 0

Within Groups 5962.87 31 192.351

Total 10929.88 32

Density of jellyfish stranded per m²

Wind direction

We have observed that when the east wind blows on our beaches, 
we have probably appearance of Pelagia noctiluca and if it’s not, we 
will not found any jellyfish even if the sea surface temperature is high 
enough to have stranded jellyfish (Figure 4).

Statistic analysis

Statistical analysis was carried out using statistical tests software 
package, with the intention of studying the relation between sea 
surface temperature, sea waves height and Jellyfish stranding. To 
determine whether there is relationship or not a Pearson Correlation 
test shows that the density of jellyfish stranded and Sea waves height 
have a statistically significant linear relationship r(33) = 0.445, p < 
0.01 (Table 2), meaning that these variables tend to increase together 
(greater Density of jellyfish stranded is associated with greater Sea 
waves height). Moreover we have found that the relationship between 
the Density of jellyfish stranded and Sea waves height was a positive 
correlation between the two variables, r = +0.694, n = 33, p = 0.001 
(Table 3).

A one-way analysis of variance (ANOVA) was calculated on wind 
direction causing stranding of jellyfish. The analysis was significant, 
F (1, 31) = 25.823, p = 0.001 (Tables 4 and 5). East wind cause the 
stranding of jellyfish (M = 26.70, SD = 16.463) more than the West 
wind (M = 0.00, SD = 0.000).

Conclusion
The greater sea surface temperature, important waves height and 

east wind direction are the three parameters causing the stranding of 
the Jellyfish Pelagia noctiluca in our zone of research, the correlation 
scores for all the parameters was found to be statistically significant 
with r(33) = 0.445, p <0.01, for sea surface temperature (°C) and r(33) 
= 0. 694, p < 0.001 for waves height (m) as well as a one-way analysis 
of variance (ANOVA) was calculated on wind direction found to be 
very significant, F (1, 31) = 25.823, p = 0.001.



Citation: Aouititen M, Bekkali R, Nachit D and Mrhraout M. Jellyfish Stranding in the 
Moroccan North-West Mediterranean Coastline. SM J Biol. 2018; 4(1): 1019.

Page 4/4

Gr   upSM Copyright  Aouititen M

Acknowledgment
The authors would like to thank M’diq station of the National 

Institute of Fisheries Research (INRH) for its infrastructural and 
moral support and the anonymous reviewers for their comments on 
the draft of this manuscript. M. A. has received a Ph.D. grant from 
“the Ministry of National Education, Higher Education and Research 
of Morocco”.

References

1. Boero F, Bouillon J, Gravili C, Miglietta MP, Parsons T, Piraino S. Gelatinous 
plankton: irregularities rule the world (sometimes). Marine Ecology Progress 
Series. 2008; 356: 299-310. 

2. Brotz L, Pauly D. Jellyfish populations in the Mediterranean Sea. Acta Adriat. 
2012; 53: 213-232. 

3. Graham WM, Martin DL, Martin JC. In situ quantification and analysis of large 
jellyfish using a novel video profiler. Mar Ecol Prog Ser. 2003; 254: 129-140.

4. Licandro P, Conway DVP, Daly Yahia MN, Fernandez de Puelles ML, 
Gasparini S, Hecq JH, et al. A blooming jellyfish in the northeast Atlantic and 
Mediterranean. Biol Lett. 2010; 6: 688-691. 

5. Purcell JE. Climate effects on the formation of jellyfish and ctenophore 
blooms: a review. J Mar Biol Assoc UK. 2005; 85: 461-476. 

6. Russell FS. The Medusae of the British Isles. II. Pelagic Scyphozoa with a 
Supplement to the First Volume on Hydromedusae. Cambridge University 
Press: Cambridge. 1970; 284.

7. Bastian T, Stokes D, Kelleher JE, Hays GC, Davenport J, Doyle TK. Fisheries 
bycatch data provide insights into the distribution of the mauve stinger 
(Pelagia noctiluca) around Ireland. ICES Journal of Marine Science. 2011.

8. Doyle TK, De Haas H, Cotton D, Dorschel B, Cummins V, Houghton JDR, et 
al. Widespread occurrence of the jellyfish Pelagia noctiluca in Irish coastal 
and shelf waters. J Plankton Res. 2008; 30: 963-968.

9. Daly Yahia MN, Batistic M, Lucić D, Fernández de Puelles ML, Licandro 
P, Malej A, et al. Are the outbreaks of Pelagia noctiluca (Forsskål, 1775) 
more frequent in the Mediterranean basin? Gislason A, Gorsky G, editors. 
In: Proceedings of the joint ICES/CIESM workshop to compare zooplankton 
ecology and methodologies between the Mediterranean and the North 
Atlantic (WKZEM). ICES Cooperative Research Report. 2010; 8-14.

10. Giorgi R, Avian M, De Olazabal S, Rottini-Sandrini L. Feeding of Pelagia 
noctiluca in open sea. Jellyfish blooms in the Mediterranean. In: Proceedings 
of II workshop on jellyfish in the Mediterranean Sea. MAP Tech Rep Ser, 154 
No. 47. UNEP, Athens. 1991; 102-111.

11. Larson RJ. A Note on the Feeding, Growth, and Reproduction of the Epipelagic 
Scyphomedusa Pelagia noctiluca (Forsskål). Biological Oceanography. 
1987; 4: 447-454.

12. Morand P, Carré C, Biggs DC. Feeding and metabolism of the jellyfish 
Pelagia noctiluca (Scyphomedusae, Semaeostomae). Journal of Plankton 
Research. 1987; 9: 651-665.

13. Rosa S, Pansera M, Granata A, Guglielmo L. Interannual variability, growth, 
reproduction and feeding of Pelagia noctiluca (Cnidaria: Scyphozoa) in the 
Straits of Messina (Central Mediterranean Sea): Linkages with temperature 
and diet. Journal of Marine Systems. 2013; 111-112: 97-107.

14. Malej A, Faganeli J, Pezdič J. Stable isotope and biochemical fractionation 
in the marine pelagic food chain: the 168 jellyfish Pelagia noctiluca and net 
zooplankton. Marine Biology. 1993; 116: 565-570. 

15. Purcell JE, Arai MN. Interactions of pelagic cnidarians and ctenophores with 
fish: a review. Hydrobiologia. 2001; 451: 27-44. 

16. Graham WM. Numerical increases and distributional shifts of Chrysaora 
quinquecirrha (Desor) and Aurelia aurita (Linne) (Cnidaria: Scyphozoa) in the 
northern Gulf of Mexico. Hydrobiologia. 2001; 451: 97-111.

17. Purcell JE, Uye SI, Lo WT. Anthropogenic causes of jellyfish blooms and 
their direct consequences for humans: a review. Mar Ecol Prog Ser. 2007; 
350: 153-174.

18. Lynam CP, Hay SJ, Brierley AS. Interannual variability in abundance of 
North Sea jellyfish and links to the North Atlantic Oscillation. Limnology and 
Oceanography. 2004; 637-643.

19. Raskoff KA. The impact of El Nino events on populations of mesopelagic 
hydromedusae. Hydrobiologia. 2001; 451: 121-129.

20. Anderson PJ, Piatt JF. Community reorganization in the Gulf of Alaska 
following ocean climate regime shift. Marine Ecology Progress Series. 1999; 
189: 117-123.

https://repository.si.edu/bitstream/handle/10088/12883/stri_Boero_Bouillon_Graviti_et_al_2008.pdf
https://repository.si.edu/bitstream/handle/10088/12883/stri_Boero_Bouillon_Graviti_et_al_2008.pdf
https://repository.si.edu/bitstream/handle/10088/12883/stri_Boero_Bouillon_Graviti_et_al_2008.pdf
https://www.researchgate.net/publication/268757402_Jellyfish_populations_in_the_Mediterranean_Sea
https://www.researchgate.net/publication/268757402_Jellyfish_populations_in_the_Mediterranean_Sea
https://www.researchgate.net/publication/242640765_In_situ_quantification_and_analysis_of_large_jellyfish_using_a_novel_video_profiler
https://www.researchgate.net/publication/242640765_In_situ_quantification_and_analysis_of_large_jellyfish_using_a_novel_video_profiler
http://rsbl.royalsocietypublishing.org/content/early/2010/04/01/rsbl.2010.0150
http://rsbl.royalsocietypublishing.org/content/early/2010/04/01/rsbl.2010.0150
http://rsbl.royalsocietypublishing.org/content/early/2010/04/01/rsbl.2010.0150
https://www.researchgate.net/publication/232005926_Climate_effects_on_formation_of_jellyfish_and_ctenophore_blooms_A_review
https://www.researchgate.net/publication/232005926_Climate_effects_on_formation_of_jellyfish_and_ctenophore_blooms_A_review
https://www.journals.uchicago.edu/doi/abs/10.1086/406859
https://www.journals.uchicago.edu/doi/abs/10.1086/406859
https://www.journals.uchicago.edu/doi/abs/10.1086/406859
https://academic.oup.com/icesjms/article/68/3/436/657228
https://academic.oup.com/icesjms/article/68/3/436/657228
https://academic.oup.com/icesjms/article/68/3/436/657228
https://academic.oup.com/plankt/article/30/8/963/1429682
https://academic.oup.com/plankt/article/30/8/963/1429682
https://academic.oup.com/plankt/article/30/8/963/1429682
http://digital.csic.es/bitstream/10261/45787/1/Prieto_2010.pdf
http://digital.csic.es/bitstream/10261/45787/1/Prieto_2010.pdf
http://digital.csic.es/bitstream/10261/45787/1/Prieto_2010.pdf
http://digital.csic.es/bitstream/10261/45787/1/Prieto_2010.pdf
http://digital.csic.es/bitstream/10261/45787/1/Prieto_2010.pdf
http://digital.csic.es/bitstream/10261/45787/1/Prieto_2010.pdf
https://www.tandfonline.com/doi/abs/10.1080/01965581.1987.10749501
https://www.tandfonline.com/doi/abs/10.1080/01965581.1987.10749501
https://www.tandfonline.com/doi/abs/10.1080/01965581.1987.10749501
https://academic.oup.com/plankt/article-abstract/9/4/651/1455448?redirectedFrom=fulltext
https://academic.oup.com/plankt/article-abstract/9/4/651/1455448?redirectedFrom=fulltext
https://academic.oup.com/plankt/article-abstract/9/4/651/1455448?redirectedFrom=fulltext
https://www.sciencedirect.com/science/article/pii/S0924796312001972
https://www.sciencedirect.com/science/article/pii/S0924796312001972
https://www.sciencedirect.com/science/article/pii/S0924796312001972
https://www.sciencedirect.com/science/article/pii/S0924796312001972
https://link.springer.com/article/10.1023/A:1011883905394
https://link.springer.com/article/10.1023/A:1011883905394
https://link.springer.com/article/10.1023/A:1011844208119
https://link.springer.com/article/10.1023/A:1011844208119
https://link.springer.com/article/10.1023/A:1011844208119
https://www.int-res.com/abstracts/meps/v350/p153-174/
https://www.int-res.com/abstracts/meps/v350/p153-174/
https://www.int-res.com/abstracts/meps/v350/p153-174/
https://aslopubs.onlinelibrary.wiley.com/doi/abs/10.4319/lo.2004.49.3.0637
https://aslopubs.onlinelibrary.wiley.com/doi/abs/10.4319/lo.2004.49.3.0637
https://aslopubs.onlinelibrary.wiley.com/doi/abs/10.4319/lo.2004.49.3.0637
https://link.springer.com/article/10.1023/A:1011812812662
https://link.springer.com/article/10.1023/A:1011812812662
https://www.int-res.com/articles/meps/189/m189p117.pdf
https://www.int-res.com/articles/meps/189/m189p117.pdf
https://www.int-res.com/articles/meps/189/m189p117.pdf

	Title
	Abstract
	Introduction
	Material and Methods
	Study area
	Sampling strategy
	Jellyfish identification & environmental variables
	Cluster analysis

	Results and Discussion
	Physical parameters of water
	Wind direction
	Statistic analysis

	Conclusion
	Acknowledgment
	References
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Figure 1
	Figure 2
	Figure 3
	Figure 4

