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Introduction

Abstract

Seasonal dynamics of the scyphomedusa Pelagia noctiluca were studied along with
their relation to certain environmental factors between the study period that extends
from January 2018 to December 2019. During 2018, stranded individuals of P. noctiluca
appeared throughout this year, but their high frequency was reported in the summer
. While in contrast, P. noctiluca in 2019 was reported in a very low number only during
the winter season and had not been detected in the other seasons of this year. The
overall results revealed that the inter-annual variations in the abundance of jellyfish
were not significantly (P<0.05) correlated with water temperature, relative humidity
and atmospheric pressure. Our results showed easterly winds as a significant predictor
of P. noctiluca strandings. The bell diameters of examined jellyfish ranged from 30 to
130 mm, with mean of 72 mm. Stranded mature jellyfish individuals as well as young
ones were recorded throughout the year 2018. The size distribution indicated that P.
noctiluca can reproduce all around the year, with its more intense activityduring the
spring. The continuing presence of P. noctiluca in the Moroccan Mediterranean makes
it necessary to set effective strategies in order to prevent and minimize their impact
on economic activities.

zooplankton, icthioplankton, fish eggs and larvae (Rosa
et al., 2013; Tilves et al., 2016).

Pelagia noctiluca (Scyphozoa, Semaeostomeae,
Pelagiidae) is a pelagic species of jellyfish that have
purple to pink color with brown, blue, and magenta
pigments, and a bell of 3 to 12 cm in diameter. It is
generally known as ‘a purple stinger’. This jellyfish is a
holoplanktonic species (without a benthic polyp stage).
This characteristic permits individuals of P. noctiluca to
inhabit coastal and oceanic ecosystems (Canepa et al.,
2014). It is widely distributed in the Mediterranean Sea,
the Atlantic Ocean, and the Pacific Ocean. Pelagia
noctiluca outbreaks are described negatively in the
scientific literature, because this species can cause
damage to various economic activities, such as tourism,
fisheries, and aquaculture (Purcell et al., 2007; Canepa
et al., 2014). In addition, P. noctiluca is an opportunistic
predator that feeds on multiple prey, including

In the Mediterranean Sea, P. noctiluca is a most
abundant jellyfish species, which shows an important
inter-annual fluctuation (Goy et al., 1989). The presence
of P. noctiluca in the Mediterranean has been
documented in 1785 (Spallanzani, 1799), but the
abundance of this species has become more frequent
since 1999 with spatial increases and dramatic temporal
changes in their distribution (Brotz & Pauly, 2012).
Indeed, the study of its density during the last century in
the Mediterranean shows that the proliferation of this
species presents a periodicity of about 12 years (Goy et
al., 1989). The chronology of recent outbreaks of P.
noctiluca does not correspond to the seasonal cycle
previously described (Daly Yahia et al.,, 2010). In the
absence of long-term data on jellyfish bloom, it is not
possible to establish whether the jellyfish population
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has effectively increased (Condon et al., 2012).
Therefore, monitoring jellyfish abundance, distribution,
and population dynamics have become a priority in all
oceans (Sabatés et al., 2010). Within this context, many
surveillance programs have been conducted to assess
jellyfish species diversity and abundances such as visual
observation from ships of opportunity (Doyle et al.,
2007), shoreline strandings (Houghton et al., 2007), and
aerial surveys (Houghton et al., 2006). Among these
methods, stranding monitoring networks are low-cost
methods and they are commonly used to monitor the
spatial and temporal distribution of jellyfish (Canepa et
al., 2014).

In the Tetouan Sea (Western Mediterranean), the
scyphomedusa P. noctiluca is the most abundant
jellyfish species and its abundance has increased in
recent years (Aouititen et al., 2019). This species has
been present almost continuously in the Moroccan
Mediterranean and many thousands are often seen
stranded on the beaches. In response to both the lack of
knowledge about this species in the Mediterranean Sea
and also its high abundances observed in the Tetouan
Sea, we have launched a field study to examine the
seasonal variation in the abundance and size
distribution of P. noctiluca. We have evaluated some
environmental factors that may stimulate the
proliferation and stranding of P. noctiluca along the
Moroccan Mediterranean coast.

Materials and Methods

From January 2018 till December 2019, stranded
individuals of Pelagia noctiluca were studied in the
Mediterranean coast of Morocco, the Western
Mediterranean Basin. Jellyfish were found stranded at
Martil (35°37' 39" N/ 5°16' 24" W), a beach resort
located at the province of M’dig-Fnideq, North-East of
Morocco, in the Alboran Sea (Figure 1). This area is
characterized by high planktonic production due to
changes in the hydrological structure, which is an area
of passage of many migratory animals between the
Mediterranean and the Atlantic and is an important area
for tourism, fishing and industry.

Data on stranded jellyfish was collected according
to the method described by Doyle et al. (2007). The
sampling method included a walk along a distance of
one kilometer of the beach to record the presence or
absence of stranded P. noctiluca individuals. During the
first sampling day, start and end positions of the
transect in the study area were recorded using GPS.

Individuals of P. noctiluca were found stranded
between high and low tide. Stranded specimens had a
hemispherical, transparent umbrella. Jellyfish were
purple to pink in color with brown, blue and magenta
pigments. The abundance/density of P. noctiluca is given
as Ind.Km™,
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Figure 1. The location of Pelagia noctiluca stranding in north-western Morocco (35° 37° 39" N/ 5°16' 24" W).



Turk. J. Fish.& Aquat. Sci. 21(2), 87-94

89

The bell diameters of 1446 P. noctiluca individuals
were measured to the nearest mm using ruler. Each
individual was assigned to size classes, varying from a
minimum of 30-40 mm to a maximum of 120-130 mm.
Pelagia noctiluca has been classified into five size classes
using measurements of bell diameter: <1.0 cm; 1.0<3.5
cm (Immature medusa); 3.5<6.0 cm (Conditionally
mature); 6.0<8.5 cm (Mature);>8.5 cm (Malej & Malej,
2004).

The time and date of the survey were recorded at
each location. The intensity and the direction of the
wind, relative humidity, and atmospheric pressure were
obtained from the Tetouan climate station. The
temperature of the water was obtained by the fish farm
Aqua M'diq (Tetouan). A monthly average of water
temperature was used for correlation analysis with
jellyfish abundance.

The association of each environmental factor (i.e.,
relative humidity, atmospheric pressure, surface water
temperature, and wind intensity) to the abundance
variations of P. noctiluca was evaluated using Pearson's
correlation. In order to determine if the presence of
stranded P. noctiluca was influenced by wind direction,
the ANOVA test was also utilized. The data were
analyzed using SPSS software version 20 (IBM, 2011).

Results

A total of 6409 specimens of Pelagia noctiluca
were stranded between January 2018 and December

2019 in the study area. Figure 2 shows a big stranding of
P. noctiluca on Martil beach in December 2018. Pelagia
noctiluca was observed in almost all months of 2018 and
its density fluctuated during this year and tended to
increase during the summer season (Figure 3). In 2018,
the first stranding was observed on 6 January (25
Ind.Km?). One month later, 35 individuals were
stranded. This jellyfish disappeared during the spring
(May-June) to reappear again in early summer reaching
its highest abundance in August. Generally, P. noctiluca
was found throughout this month, but very big
strandings occurred on the period from 1 till 12 August,
namely 5257 individuals were stranded per km. During
this two week period, the wind was blowing strongly
from the East with speed up to 21.8 km.hl. In the
following days, there were less P. noctiluca stranded,
but very high numbers of individuals were observed
offshore. From September to November, individuals of
P. noctiluca also appeared at high densities: six
strandings were observed on Martil beach during these
months (471 Ind.Km™). On 30 December, P. noctiluca
individuals were still very abundant in the study area
(352 Ind.Km™).

In 2019, P. noctiluca was observed for the first time
on 12 January with 23 individuals per Km (Figure 4),
becoming highly dense in the following day (118
Ind.Km™). On 25 January, P. noctiluca was also found
stranded (105 Ind.Km™). The density decreased from
February to March and and no strandings were found
from May to December 2019.

Figure 2. Abundant stranding of Pelagia noctiluca on Martil beach, during December, 2018.
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The bell diameter of examined P. noctiluca
individuals ranged from 30 to 130 mm, with mean of 72
mm (SD=19.92) (Figure 5). Medium size individuals of
50-70 mm bell diameter were recorded in all seasons.
Maximum size of bell diameter of 130 mm was observed
in December, 2018 and January, 2019. The population
observed during the winter of 2018 was mainly
composed by adult individuals with bell diameter larger
than 70 mm, unlike summer population that was mostly
composed of small specimens with mean bell diameter
of 52.97 mm (SD=52.95) (Figure 6).

Water temperature showed similar temporal
variations in both years of the study. The minimum daily
average of surface temperature was 15°C in 2018 and

14°C in 2019, while the maximum daily average of
surface water temperature was 23°C in the both years
2018 and 2019. Correlation analyses between the
abundance of stranded jellyfish and monthly water
temperature average in each year was never significant
in 2018 nor in 2019: r=0.45 (P>0.05) and r=-0.29
(P>0.05), respectively. Relative humidity did not change
between these two years, and average values were
always above 55%. Atmospheric pressure varied from
1006 to 1033 hPa. No significant correlation between
the density of P. noctiluca and relative humidity and
atmospheric pressure was observed. However, the east
wind was significantly (P<0.05) associated with jellyfish
stranding on the days it occurred.
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Figure 3. Temporal variation of water temperature and abundance of Pelagia noctiluca stranded on Martil beach, from January to

December 2018.
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Figure 4. Abundance of Pelagia noctiluca and water temperature co-variation in the Martil beach from January to December 2019.
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Figure 5. Bell diameter frequency distibution of Pelagia noctiluca during the study period from January 2018 to December 2019.
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Figure 6. Temporal change in mean bell diameter of Pelagia noctiluca in 2018.

Discussion

Pelagia noctiluca is one of the most important
species of Scyphozoa that blooms along the Moroccan
Mediterranean. During two years of study, P. noctiluca
showed a large seasonal variation. Higher densities
occurred in 2018 than in 2019. In 2018, P. noctiluca was
observed over eight months, but the repartition of this
species seems to be higher in the summer-autumn
period. In 2019, P. noctiluca was present from January

to March, while in the summer and autumn seasons, no
jellyfish stranding was observed, which suggests that P.
noctiluca was probably absent or very rare during these
two seasons of the year. A comparison of our data with
the results of beach stranding in the same area by
Aouititen et al. (2019) indicates that P. noctiluca
stranding is more abundant during the summer and
autumn. Data on P. noctiluca stranded on the
Mediterranean beaches of Spain were collected from
May to September 2007-2010 (Canepa et al., 2014).
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Canepa et al. (2014) reported that this species is most
abundant along the Mediterranean of Spain during
summer and autumn. Conversely, in the Strait of
Messina this jellyfish is more frequent during winter
(Rosa et al., 2013), while in the Tunisian coasts, this
species is the most abundant, mainly in winter and
autumn (Aissi et al., 2014). Along the French
Mediterranean coast, high abundances of P. noctiluca
are maintained throughout the winter and the blooming
season terminates in summer (Hecq et al., 2009).

The seasonal occurrence pattern of P. noctiluca
was different between the two years of the study.
Although, inter-annual variability in the abundance of
jellyfish has been observed elsewhere. For example,
Purcell et al. (2000) reported that the abundance of
Aurelia labiata in Alaska changed between years. Our
results showed that most of the correlations of P.
noctiluca abundance with abiotic variables were not
significant. With just two years of study, it is difficult to
determine conclusions about the factors causing inter-
annual variations in the abundance of P. noctiluca, but
several factors may be involved. Goy et al. (1989)
suggested that late spring conditions favor the bloom of
this species during the blooming summer. In particular,
temperatures above 10°C in winter and below 27°C in
summer, along with salinities of 35-38 are better
conditions for the appearance of P. noctiluca (Goy et al.,
1989; Molinero et al., 2005). Some studies suggest that
temperature alters the activity (pulsation rate) of this
jellyfish: lower temperatures induce slower swimming
and decreased foraging ability (Rottini-Sandrini & Avian,
1989). Concurrently, the temporal dynamics of P.
noctiluca appears to be controlled by local factors that
favor the retention of this jellyfish, thus raising its local
abundance and survival time (Rosa et al., 2013).

In addition, physical forcing (wind direction and
intensity and tidal effects) has been the cause of
aggregations of P. noctiluca in both coastal and offshore
waters (Berline et al., 2013). Our study of the stranding
of P. noctiluca in the Tetouan Sea revealed that the
stranding events were associated with East winds.
Indeed, further sampling will be necessary to establish
the causes behind the blooming of this species, along
the Moroccan Mediterranean. Doyle et al. (2007)
suggested that the jellyfish stranding monitoring
method should be applied with other sampling
techniques that can assess the presence of gelatinous
organisms in column water.

The combination of our results with those of
Aouititen et al. (2019) shows that P. noctiluca remained
abundant for most years from 2011 to 2019, except in
2013. Consequently, the period of abundance studied
along the Moroccan Mediterranean does not
correspond to the model of Goy et al. (1989), which
proposes a 12-year cycle, divided into 5 years with a high
probability of occurrence, 5 years with a low probability,
and 2 years with an average probability. This model
began to change in late 1990, where blooms occurred
almost annually (Daly Yahia et al., 2010; Bernard et al.,

2011; Brotz & Pauly, 2012), while in the Aegean Sea, the
model was similar to the 12-year cycle periodicity (Daly
Yahia et al., 2010).

In the Mediterranean Sea, though the breeding
data for P. noctiluca were available, but the spawning
period of this species was not clearly defined. Haeckel
(1880) remarked that autumn and winter was the better
breeding period for P. noctiluca in the waters of Sicily.
Lo Bianco (1909) and Rottini-Sandrini and Avian (1983)
described a longer reproduction period for P. noctiluca,
with more intense activity in autumn. Along the
Mediterranean of French, P. noctiluca reproduces
during summer-autumn (Morand et al., 1992); whereas
in the Atlantic these jellyfish reproduced in autumn
(Kramp, 1924). However, both Lo Bianco (1909) and
Kramp (1924) suggested that these jellyfish had a longer
reproductive period in the Mediterranean Sea than in
the Atlantic Ocean. Goy et al. (1989) reported intense
reproduction from May to August. In the Strait of
Messina, Rosa et al. (2013) suggested that P. noctiluca
reproduces throughout the year, with maximum activity
in late autumn-winter, while Milisenda et al. (2016)
reported two seasonal peaks (spring, autumn). Analysis
of biometric data of P. noctiluca stranded along the
Moroccan Mediterranean suggests that this jellyfish
reproduces throughout the year, with a more intense
activity during spring.

It seems that P. noctiluca can potentially reproduce
all over the year. However, its reproductive success is
directly related to environmental factors (Rottini-
Sandrini & Avian, 1991).

Conclusions

The continued stranding of Pelagia noctiluca is
indicating that the Moroccan Mediterranean Sea
represents an important area of proliferation and
reproduction of this species. A jellyfish regional
monitoring network should be used along the Moroccan
Mediterranean in order to observe and investigate
temporal and spatial distribution of P. noctiluca, its
fluctuation, as well as the dominant hydrodynamic
conditions, in order to predict the conditions favoring its
outbreak in the Moroccan Mediterranean.
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