Zoology and Ecology, 2020, Volume 30, Number 2

Print ISSN: 2165-8005
Online ISSN: 2165-8013

&

https://doi.org/10.35513/21658005.2020.2.9

SCYPHOZOA PELAGIA NOCTILUCA (FORSSKAL, 1775): BLOOMING
ON THE COAST OF GUJARAT, INDIA AND ITS PREDATION BY
ANEMONIA VIRIDIS (FORSSKAL, 1775)

Geeta Padate*, Ruzbeh Mirza, Ankita Viradiya and Sunita Salunke

Department of Zoology, Faculty of Science, The Maharaja Sayajirao University of Baroda, Vadodara, India
*Corresponding author. Email: gs.padate-zoo@msubaroda.ac

Article history
Received: 8 May 2020;
accepted 25 November 2020

Keywords:

Pelagia noctiluca;
Anemonia viridis; jellyfish
blooms; feeding behaviour;
Gujarat

Abstract. The jellyfish bloom, i.e. the aggregation of Pelagia noctiluca, which occurred in January
2016 along the Shivrajpur coast facing the Arabian Sea, is reported. The jellyfish population was
studied based on the Pelagia noctiluca individuals that were stranded in low tide pools and those that
were washed ashore. Transects were laid to collect data on the jellyfish density. The oceanographic
and physicochemical parameters at the time of bloom were studied. The probability of correlation
between the time of bloom and the movement of P. noctiluca was considered. Additionally, mating
and predation on the species were documented. We assume that the jellyfish bloom might have drifted
to this coast due to the landlocked characteristics of the Arabian Sea and northward movements
of sea currents. So far, jellyfish has been known to be the dietary preference of several vertebrate
predators. Here, we report an interesting event of Anemonia viridis feeding on Pelagia noctiluca

during their blooms in several intertidal pools on the coast.

INTRODUCTION

Jellyfish, a class of marine cnidarians found in every
ocean from the surface to the deep sea, form an im-
portant component of oceanic food webs (Canepa et
al. 2014). These attractive, colorful, fluorescent and
bell-shaped groups with stinging cells cnidocytes are
of great importance due to their occasional blooming,
which poses threat to swimmers and tourists, fishing,
power plant operations (Purcell et al. 2007; Mariottini
et al. 2008), aquaculture, energy, and ecosystem func-
tioning (Canepa et al. 2014) etc. Mauve stinger (Pelagia
noctiluca), a holoplanktonic scyphozoan, is known to
populate various oceans including the warm subtropical
waters of the Gulf of Mexico and the Mediterranean Sea
(Miller et al. 2012), the temperate waters of the North
Sea and also those of the North and South Atlantic (Pur-
cell 2005; Doyle et al. 2008; Miller et al. 2012). Pelagia
noctiluca, which lacks the polyp stage (Arai 2001), is
an important nonselective planktonic predator (Larson
1987; Morand et al. 1987; Sandrini and Avian 1989;
Giorgi et al. 1991; Rosa et al. 2013) feeding on almost
all types of zooplankton and ichthyoplankton (Giorgi
et al. 1991; Zavodnik 1991; Malej et al. 1993; Sabatés
et al. 2010; Rosa et al. 2013). They are moderately
predated by sea turtles, several species of fish (Doyle
et al. 2014; Milisenda et al. 2014) as well as by Sea
Anemone (Brueggeman 1998; Fautin and Fitt 1991).
Due to its severe impacts on human activities, it attracts
great scholarly interest (Canepa et al. 2014).

In the Western Mediterranean Sea, blooms of Pelagia

noctiluca (Figure 1) have been observed as present/
absent for several years with a periodicity of 10—12
years since the beginning of the 1980s (Goy et al. 1989;
Canepa et al. 2014). It was considered that optimal
climatic conditions favour its growth and reproduction,
while such established conditions as mild winter, low
rainfall, high temperature and high atmospheric pres-
sure its blooms (Canepa et al. 2014). They are potential
indicators of ecosystem and/or climate changes (Hays
et al. 2005; Hay 2006). As they move to deeper layers
during the day (Franqueville 1971) with pulsating verti-
cal movements, they are believed to play an important
role in the mixing of ocean layers (Katija and Dabiri
2009; Leshansky and Pismen 2010). The role of such
organelles in carbon capture and advection to the deep
ocean has also been emphasized (Fenaux 1998; Costello
et al. 2008; Doyle et al. 2014).

The explanation of frequent blooms of Pelagia noctiluca,
an important component of marine food webs (Canepa
etal. 2014), by the same reasons as those for the blooms
of several other species, was not convincing (Mariot-
tini et al. 2008). Hence, a project aimed at conducting
scientific research on jellyfish in the Mediterranean
Sea was launched under the UNEP through the Medi-
terranean Action Plan (MAP). As a result, there were
two workshops held (in 1983 and in 1987) (Goy 1983;
Giorgi et al. 1991), during which all the information
available on P. noctiluca blooms in the Mediterranean
was assembled (Canepa et al. 2014). P. noctiluca, which
is known both for its positive and negative aspects, is
important to human beings as its fluorescent proteins are
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used as genetic markers in detecting protein movement
or gene expression in developmental, environmental and
medical biology (Manning 1997).

Figure 1. Pelagia noctiluca: aboral view.

Although P. noctiluca is a widespread species, records
of'its occurrence along the Indian coast are scanty. Nev-
ertheless, blooms of jellyfish species have been reported
from different parts of the Indian coast, e.g. the Arabian
Sea off Mumbai (Chopra 1960), the Chennai coast
(Masilamoni et al. 2000), Jakhau, the northern Gulf of
Kachchh (Anonymous 2010), Goa (Fernandes 2012)
and Dhalabali (the Chilika mouth), Gopalpur and, the
Rushikulya mouth on the southern Odisha coast (Sahu
and Panigrahy 2013, Baliarsingh et al. 2015). So far,
P. noctiluca has been reported from the Arabian Sea
and the Gulf of Oman (Stiasny 1937), the Iranian Gulf
(Kramp 1956) and, recently, from the coast of Pakistan
(Gul and Morandini 2013). In India, P. noctiluca has
been reported from the southeast of Tamil Nadu as well
as from the coast of Kerala (Ramakrishna and Sarkar
2003) and the Andaman Sea (Venkataraman et al.
2012). The only record of P. noctiluca from Gujarat is
at Mithapur, about 20 km north of the Shivrajpur reef by
Subburaman et al. (2014), however, with uncertainty re-
garding its identification. The present documentation of
P. noctiluca is expected to contribute to the information
available on environmental parameters and to deepen
the understanding of the ecology of the species.

Jellyfish blooms are unpredictable. On the 5th of Janu-
ary, 2016, during our visit to the Shivrajpur Coast, a
large number of Pelagia noctiluca individuals were
found lying on the sandy coast and stranded in intertidal
pools together with several other marine species. The
pulsating jellyfish found in rock pools and those on the
shore were immediately counted. Water samples were
also collected for the analysis of salinity, pH, DO, and
such nutrients as Nitrates, Nitrites, and Phosphates.
We also recorded water temperature hoping that these

characteristics may throw some light on the causes of
the jellyfish bloom. To our surprise, we also observed
the Sea Anemone Anemonia viridis feeding on P. noc-
tiluca.

MATERIALS AND METHODS

Shivrajpur, falls into the district Devbhumi Dwarka,
Gujarat. At the time of study, it was an undisturbed
coral reef facing the Arabian Sea on the west coast of
Saurashtra peninsula (22°19'54" N 68°57'12" E). This
reef has a rocky intertidal zone on the southern side
and a sandy shore on the northern side (Figure 2). At
present the Government of Gujarat is developing it as
a blue flag beach.

<

Arabian Sea

Figure 2. Location of Shivarajpur on the Saurashtra coast of
Gujarat, India.

After large numbers of jellyfish, both swimming in tidal
pools and lying on the coast, had been observed, field
surveys were immediately planned on the 5th and 7th of
January 2016 between 9 am and 3 pm. The live jellyfish
individuals trapped in intertidal rock pools were counted
per pool irrespective of the pool size. In addition, inter-
tidal pools with the presence of both jellyfish and Sea
Anemone individuals were selected and the feeding
behavior of Sea Anemone on jellyfish was recorded.
The number of jellyfish individuals lying on the sandy
beach was estimated in 200 quadrats of 1 square meter
(1 m x 1 m), spaced at every 10 meters along a 2 km-
long transect belt parallel to the sea. Photographs were
taken using a Nikon coolpix AW 120 digital camera. For
water parameters, the coastal water temperature, DO,
NO,’, NOy, PO,*, pH and Salinity were measured by
the methods described in ICMAM protocol (Kaisary et
al. 2012). To disclose any possible differences, water
samples were collected on the day of bloom and two
days after it.
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RESULTS

P. noctiluca bloom:
The density of P. noctiluca (Table 1, Figures 3 and 4).

Table 1. The mean count of jellyfish individuals on the beach
and in rock pools on the 5" of January in 2016 with Sea
Anemone at the Shivrajpur coast.

Mean | SE | N | Total count
Live jellyfish/rock pool|26.45| 2.8 | 20 529
(irrespective of size)
Jellyfish lying on beach/m? | 14.37 | 0.4 | 200 2875
Sea Anemone/rock pool 6.15 | 1.07 | 20 123

Figure 3. The bloom of pink and brownish morphs of Pelagia
noctiluca.

Figure 4. Pelagia noctiluca on the Shivrajpur beach.

Twenty different sized rock pools were surveyed in an
18-hectare intertidal zone at low tide. A total of 529 live
P. noctiluca individuals were counted with a Mean of
26.45 +2.82 SE individuals/pool. Furthermore, a total
of 2875 jellyfish individuals with a Mean of 14.37 +
0.49 SE Individuals/m? were counted within a 2 km-
long sandy beach transect with 200 quadrats. Both these
numbers indicate the P. noctiluca bloom.

Results of the physicochemical analysis of the seawater
from the same region for two days are given in Table 2.
The water temperature ranged from 24°C to 25°C. The
pH and DO of the seawater remained the same at 7.9
and 8 mg/l respectively on both these days and Salinity
was almost constant around 36 ppm. Within two days,
NOj; showed a decrease from 1.9 um/l to 1.1 um/I,
while NO,” remained almost constant at 0.89 pm/1 and
0.83 um/l, respectively, whereas PO,*" exhibited an
insignificant increase from 2.45 pm/1 to 2.7 pm/1.

Table 2. Physico-chemical characteristics of sea water on the
5% and 7™ of January in 2016 at the Shivrajpur Coast during
P, noctiluca bloom.

Temp DO |Salinity| NO;™ | NO," | PO,*
Sample | ocy | PH {mg/t) (ppm) | um/1 | pmit | umil
5 January
Sote | 24979 | 81| 367 | 19 | 089 245
7 January
Sole | | 25579 82368 | L1 083 27

P. noctiluca — Anemonia viridis associations

Sixteen out of the 20 rock pools surveyed showed the
presence of Sea Anemone Anemonia viridis (Figures 5
and 6) occurring both solitarily and in colonies. A total
of 123 A. viridis individuals were recorded in the area
with a mean of 6.15 + 1.07 individuals/pool.

Figure 5. Anemonia viridis.

Observation of the relationship between Anemonia
viridis and P. noctiluca

We observed P. noctiluca clinging onto tentacles of
A. viridis in several intertidal pools (Figure 7). On closer
examination, it turned out that Sea Anemone was pre-
dating on jellyfish. The feeding behavior of A. viridis
on P. noctiluca was recorded on video (Supplementary
information).
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Figure 7. Anemonia viridis feeding on Pelagia noctiluca.

P. noctiluca shows up and down movements in intertidal
rock pools along with tidal waves. We observed that
when a jellyfish individual swims towards the bottom
of tidal pools, it is captured by A. viridis with the help
of'its slender tentacles. The captured jellyfish individual
starts pulsating its bell so as to escape from the tentacles
of Sea Anemone. The observation also showed that as
the jellyfish individual tries to swim away from the Sea
Anemone, the latter drags it towards its mouth (Figure 7)
and slowly devours the prey in about 90 to 120 minutes
(Supplementary information).

DISCUSSION

Studies on stranded jellyfish are important in elucidat-
ing patterns of seasonality and population dynamics
(Houghton et al. 2007). During the P. noctiluca bloom
at the coast of Shivrajpur, 14.37 m2 jellyfish individuals
(> 1/m?) were found stranded on the beach and 26.45
+ 2.8 individuals were found trapped per rock pool,
which definitely indicated the category “3” (> 1/m?)
jellyfish bloom as per Canepa et al. (2014). According
to the Spanish National Research Council, when the
density of P. noctiluca reaches this level, bathing and
swimming activities at the seashore are prohibited. The

laboratory life span of P. noctiluca has been reported to
be about 1 year (Malej and Malej 1992) and only one
report available indicates it to be more than a year in the
wild (Lilley et al. 2014). When prey availability is suf-
ficient, P. noctiluca show constant growth, whereas in
the case of food shortage, they decrease in size, thereby
minimizing the effect of poor nutrition or starvation
(Larson 1987). Thus, the maturation of their gonads
probably depends on the abundance of food (Lilley et
al. 2014). Peculiarities of their lifecycle help jellyfish
adapt to highly variable environments. In addition, they
are also known to adapt to resources that are abundant
temporarily (Boero et al. 2008; Richardson et al. 2009).
They survive in extremely unfavorable conditions and
can withstand periods of starvation (Larson 1987), and
multiply rapidly when conditions become favorable.
P. noctiluca are renowned for their outbreaks in the
Mediterranean and Andes Seas. Thus, a series of phase
shifts with a remarkable phylogenetic regression in
the dominance of P. noctiluca is believed to be due to
disruptions in the food web.

According to the long-term study (1976—1983) results
reported by Tegaccia and Tegaccia (1983), the highest
densities of P. noctiluca in the Adriatic Sea occur in
pelagic waters with high salinity and low nutrients.
Overall, salinity has been indicated to influence jel-
lyfish behavior and distribution (Catalano et al. 1985).
The northern part of the Arabian Sea is known for its
higher salinity because of lower rainfall, a higher rate
of evaporation and a low freshwater input from the sur-
rounding land (Qasim 1982). During the present bloom,
water salinity was found to be around 37-38 ppm, which
exceeds the average.

Mariottini et al. (2008) asserted that dense aggregations
of P. noctiluca in coastal shallow waters are caused
by wind currents and tides. Arabian Sea currents are
known to be under the influence of Monsoon winds
(Shetye et al. 1994). At the west coast of Saurashtra, the
overall wind direction during January is from Northeast
to Southwest, which induces the flow of Arabian Sea
surface currents in the same direction. However, the
subsurface Arabian Sea currents are from Southwest
to Northeast (Shetye et al. 1994). Furthermore, these
authors have also reported that an equatorial under-
current supplies cool water that is entrained into the
upper layer. The conditions favouring the formation of
medusa blooms are temperatures > 10°C in winter and
<27°C in summer and salinities of 35-38 ppm (Purcell
etal. 1999). Probably, these conditions occurred before
January 2016 resulting in the P. noctiluca bloom in the
region. The association between jellyfish stranding and
wind speed needs to be interpreted with care because
jellyfish can also be “washed ashore” by strong wind-
generated waves (Canepa et al. 2014). P. noctiluca,
which is a deep-sea species showing vertical movements
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(Katija and Dabiri 2009; Leshansky and Pismen 2010),
could be assumed to have drifted towards the coast with
these currents. The three important points that need to
be taken into consideration are: (a) the Arabian Sea is
landlocked on the northern side; (b) the inward current
to the Gulf of Kachchh is probably pulling the bloom
from the southern side towards the western coast of
Gujarat at Shivrajpur coast; (c) the Gulf of Kachchh
experiences the highest tidal fluctuations in the world
because of its unique shape (Hashimi et al. 1978; Babu
et al. 2005; Vethamony et al. 2005).

The sea surface temperature (SST) of the Arabian Sea
usually fluctuates from 25°C to 28°C (Qasim 1982).
However, the comparison of SST records for the last ten
years (1996-2016) shows an increase in SST, which is
explained by the impact of global warming (SST images
NOAA-17 AVHRR-INTUOS ground station accessed
from software SeaDAS). In 2016 the average SST of the
Arabian Sea was 30°C (accessed on SeaDas, January
2018). Though this increase in SST was not very big,
the distribution of temperature was wider, i.e. a wider
area of the Arabian Sea showed a higher temperature.
The influence of water temperature on the swimming
behavior of P. noctiluca has been emphasized (Rottini-
Sandrini 1982). Moreover, the occurrence of P. noc-
tiluca aggregations in coastal waters of the Adriatic
Sea in summer was also explained by this factor. The
Arabian Sea is warming up faster than all other seas in
the world (Ravichandran 2017; Times of India report),
as the northernmost extent of its pole-ward boundary
is closed (Shetye et al. 1994) and the release of heat
towards north pole is prevented. In addition, there is an
oxygen minimum zone in the Arabian Sea (Schulte et al.
1999), which is the outcome of very high productivity in
the area (Smith et al. 1991). The spread of temperature
to deeper areas of the Arabian Sea and its impact on the
productivity of P. noctiluca cannot be ruled out.

The occurrence of P. noctiluca mainly during summer
months has been associated with variations in environ-
mental factors (Piccinetti and Piccinetti 1984, Piccinetti
et al. 1991; Rottini-Sandrini and Stravisi 1981; See Ri-
chardson et al. 2009). Nevertheless, dry, warm and
anti-cyclonic conditions in late spring favor the bloom
of P. noctiluca during the forthcoming summer (Goy et
al. 1989). P. noctiluca blooms have also been reported to
occur from March to January in the Spotorno Bay (West-
ern Ligurian Riviera), irrespective of the season (Carli et
al. 1985). The conditions that are conducive to the bloom
of medusa P. noctiluca are temperature > 10° C in winter
and <27° C in summer and salinities 35-38 ppm (Purcell
et al. 1999). Early stages (ephyra larvae) of jellyfish are
highly sensitive to food and water temperature conditions
during late spring (Morand et al. 1992).

It has been hypothesized that oceanic warming as well as

the removal of a top predator by overfishing has befitted
jellyfish resulting in their frequent blooms (Purcell 2005;
Lynam et al. 2006; Attrill et al. 2007). Such blooms have
not been reported from the coast of Gujarat. Furthermore,
the warming of the Arabian Sea, overfishing and removal
of top predators in this highly productive area are likely
to be the causes of frequent jellyfish blooms. The coral
reef at Shivrajpur, which supports a great diversity of
other reef fauna, is also ecologically very important. If
jellyfish blooms occur frequently, in the future the beach
may be no longer safe for tourists because of the threat
of venomous stings by jellyfish.

Anemonia viridis feeding on Pelagia noctiluca

Though jellyfish are known to play an important role
both as prey and predators of several animals (Purcell
1997; Arai 2005; Barz and Hirche 2007) in marine food
webs, these coelenterates are usually considered to be
poor prey because they are digested very rapidly (Arai
2005) and because of their stinging nature. Sommer et
al. (2002) considered jellyfish as dead ends in the pelagic
food web because of their low nutritional value and high
water and salt content relative to organic content. Al-
though this makes them less important as items of food
for vertebrates, there are some minor exceptions where
some fish, turtles and birds feed on them. However,
gelatinous species are fast digestible (and, presumably,
fast assimilated) and, when in bloom, provide significant
biomass. In addition to vertebrates, which are known to
feed on gelatinous species, there are several opportunis-
tic feeders which might feed on jellyfish when in bloom
(Arai et al. 2003). This might be true for P. noctiluca at
Shivrajpur coast. In this study, at least 6 out of the 123
Sea Anemone individuals in total (6.15 + 1.07 individu-
als/pool irrespective of size, Table 1) were observed
feeding on P. noctiluca (Figure 6).

A. viridis, also called carpet anemone because of its
carpet like assemblages, which provide habitat to vari-
ous other organisms, is a component of the biocoenosis
of photophilic soft algae (Péres 1982). Though not
recorded earlier from the Indian coast, it is the most
well-known Sea Anemone (Chintiroglou and Koukouras
1992). It feeds on various invertebrates including minute
crustaceans that are captured by its tentacles (Moller
1978). The feeding process of Anemonia sulcata (now
Anemonia viridis) was described in detail by Pantin and
Pantin (1943). Turbid and turbulent water conditions
facilitate this type of capture (Sebens 1981). However,
at Shivrajpur, P. noctiluca individuals were caught by
Sea Anemone in clear water, which could be explained
by the excessive abundance of the former and by the fact
that they drifted to the coast and got trapped in low-tide
pools, where they fell prey to 4. viridis.

Data on P. noctiluca predation by a wide range of
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other carnivores such as molluscs, arthropods, reptiles
and birds are accumulated more slowly (Arai 2005).
A. viridis is consumed by people in many countries, e.g.
Greece, Italy and Yugoslavia (Pax and Muller 1962).
Hence, although the understanding of its biology, ecol-
ogy and interactions with associated species is properly
defined, its relative importance in ecology of benthic
biocoenosis is still unclear. This study aims to provide
data on P. noctiuca occurring along the Gujarat coast,
India. It also contributes to a better understanding of
their distribution and biocoenosis.
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