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Figure 3: Monthly variation of (SST) sea surface temperature (°C), waves height (m) and
the density of jellyfish stranded per m?; (from 2011 until 2017).

Wind direction

We have observed that when the east wind blows on our beach, we
have probably appearance of Pelagia noctiluca and if it’s not, we will not
found any jellyfish stranding. This was observed in the year of 2013: no
jellyfish blooms or stranding have been recorded in to our coast, even if the
sea surface temperature was [in June: 18.7°C, July: 22°C, August: 23°C,
September: 24°C, October: 22°C] high enough to have blooms of jellyfish

(Figure 4).
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Figure 4: Satellite-derived sea-surface significant wave’s height and wind direction
(model WAVEWATCH 11 following Douglas Sea and swell scale protocol, 1921).
Instrument for the stranding months from June 2011 to December 2017.

Statistic analysis results

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 and to determine
whether there is a relationship or not. Pearson Correlation test shows that the
density of jellyfish stranded and sea surface temperature have a statistically
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significant linear relationship r (33) = 0.445, p < 0.01 (Table 1), meaning that
these variables tend to increase together (greater density of jellyfish stranded
is associated with greater sea surface temperature). 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 2).

Table 1: Relation of correlation between sea surface temperature and the density of Pelagia

noctiluca stranded
Correlations

Density of jellyfish
stranded per m?

Sea Surface
Temperature (°C)

Density of jellyfish stranded per Pearson Correlation 1 445

m? Sig. (2-tailed) .010

N 33 33

Sea Surface Temperature (°C) Pearson Correlation 445 1
Sig. (2-tailed) .010

N 33 33

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

Table 2: Relation of correlation between sea wave’s height and the density of Pelagia

noctiluca stranded.
Correlations

Density of jellyfish | Sea waves height
stranded per m? (m)
Density of jellyfish stranded per Pearson Correlation 1 694
m? Sig. (2-tailed) .000
N 33 33
Sea waves height (m) Pearson Correlation .694™ 1
Sig. (2-tailed) .000
N 33 33

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

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 (Table 4). East wind cause the stranding of jellyfish (M =
26.70, SD = 16.463) more than the West wind (M = 0.00, SD = 0.000) (Table

3).
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Table 3: Descriptive relation between wind direction and the density of Pelagia noctiluca
stranded.
Descriptives
Density of jellyfish stranded per m?

95% Confidence Interval
for Mean
Std. Std. Lower Upper Minimu | Maximu
N Mean Deviation Error Bound Bound m m
East 23 26.70 16.463 3.433 19.58 33.81 6 60
West 10 .00 .000 .000 0.00 .00 0 0
Total 33 18.61 18.481 3.217 12.05 25.16 0 60

Table 4: ANOVA test to determine the relationship between wind direction and the density
of Pelagia noctiluca stranded.

ANOVA
Density of jellyfish stranded per m?
Sum of Squares df Mean Square F Sig.
Between Groups 4967.009 1 4967.009 25.823 0.000
Within Groups 5962.870 31 192.351
Total 10929.879 32

Conclusion and discussion

The causes of the jellyfish blooms and strandings around Moroccan
North-West Mediterranean coastal waters is poorly understood. Starting in
2011 until 2017, our study aimed to evaluate the reasons of jellyfish blooms
as well as their strandings, based on the evaluation of three parameters (sea
surface temperature, sea waves height and wind direction). We have found
that we can combine the observations of sea surface temperature, sea waves
height and wind direction to predict whether we will have stranding of Pelagia
noctiluca on our coastline or not. Between June 2011 and December 2017,
one type of Jellyfish species was encountered in our area of study which is
Pelagia noctiluca. Actually, the appearance of this jellyfish starts on 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 starts to
disappear at a sea surface temperature of 16°C. Experiments reveal that
temperature affects the activity (pulsation rate) of this species; specifically
extreme temperatures, <11 °C and >26 °C, cause decreased activity (Malej
and Malej 2004). Moreover we have observed that when the waves have the
height between 1.20m to 2m, and when the east wind blows on our beach, we
have probably stranding of Pelagia noctiluca. Physical forcing (wind and
current direction) was thought to determine the presence of Pelagia noctiluca
in inshore and offshore waters in the northern Adriatic Sea (Vucetic T, 1984).
But if it’s not, we will not found any jellyfish stranding; this was observed in
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2013: no jellyfish blooms or stranding have been recorded on our coast, even
if the sea surface temperature was [in June: 18.7°C, July: 22°C, August: 23°C,
September: 24°C, October: 22°C] high enough to have blooms of jellyfish.
The correlation scores for all the parameters were 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) calculated on wind direction found to be very
significant, F (1, 31) = 25.823, p = 0.001.

The beach stranding survey method proved to be applicable for the
scale of the current research and is an important step in the understanding of
jellyfish blooms and strandings predictions around the Moroccan North-West
Mediterranean coastal.

As a final conclusion, we consider that the methodology presented in
this study could be easily adapted and expanded along the Moroccan North-
West Mediterranean coastal to predict Jellyfish strandings which will help us
to reduce the number of people stung by jellyfish.
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