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ABSTRACT

The presents work is the first study that evidences the ingestion of plastic and
microplastics in jellyfish Pelagia noctiluca in the Atlantic Ocean. A bloom of this
organism was collected from Gran Canaria island coast. Then, separating umbrella from
tentacles, a process of KOH digestion was carried out to quantify the plastic particles. A
97% of the individuals analysed had microdebris. The majority were blue and mostly
microfibres, mainly composed by cotton. The presence of items in the gastrovascular
cavity was confirmed. These results warn about the implications for jellyfish health, the
transfer to jellyfish predators, human consumed jellyfish and the transport of carbon and
microplastic in the water column.
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Marine plastic pollution is becoming a problem of growing concern to the scientific
community, environmental policy makers and society. So much so that our age is referred
to as the “Plastic Age”. Marine plastic debris, microplastics in particular, represent a
serious problem because, due to theirs size and associated pollutants, can be ingested by
marine organism and pass through the trophic web (Carbery et al., 2018; Gall and
Thompson, 2015; Ivar Do Sul and Costa, 2014). The effects they can have on the health
of organisms are still unknown. The ingestion of microplastics has been documented in
numerous species of marine mammals and birds, fish, mollusk, crustaceans, echinoderms
(Derraik, 2002; Fossi et al., 2018; Franzellitti et al., 2019), and in cnidarians too, as corals
(Hall et al., 2015) and true jellyfish (Macali et al., 2018).
From Moore et al. (2001), there has been a growing number of works discussing the
distribution and abundance of microplastics and its impact on planktonic communities
especially in the oceanic surface layers (Cole et al., 2013; Desforges et al., 2015; Sun et
al., 2017).The concentration of plastic pollution in oceanic gyres is highest and where the
chances of interaction microplastic-organism increase (Botterell et al., 2020; Cózar et al.,
2014). Moreover, Choy et al. (2019) have shown that the distribution of plastic extends
deeper in the water column possibly further impacting the niche of zooplanktonic
communities such as the sometimes overlooked gelatinous zooplankton. Here we studied
the impact of microplastics on the scyphozoan jellyfish P. noctiluca.
This scyphozoan is an important non selective predator of several types of zooplankton
and ichthyoplankton, showing the same nocturnal migration of their preys and playing an
important role in the control of marine food webs (Purcell et al., 2007; Rosa et al., 2013;
Sabatés et al., 2010). Moreover, this pelagic organism is a holoplanktonic specie,
therefore lacks a benthic stage in its life-cycle, characteristic which explains why this
jellyfish is widely distributed (Canepa et al., 2014) around all North Atlantic and
Mediterranean sea (Licandro et al., 2010). These regions are known for their high
concentrations of microplastics contamination, especially in the convective areas (Cózar
et al., 2014; Eriksen et al., 2014; Van Sebille, 2015).
The surrounding waters on the eastern margin of the North Atlantic are a hot spot of
marine microplastics contamination due to their geolocation (Álvarez-Hernández et al.,
2019; Baztán et al., 2014; Herrera et al., 2018a; Herrera et al., 2020; Rapp et al., 2020;
Reinold et al., 2020) and a region with occasional blooms of P. noctiluca (Rodríguez et
al., 2015). This increases the probability of possible interactions between jellyfish and
debris.
In this study we investigate the natural P. noctiluca-microplastic interaction and its
impact during a jellyfish bloom, paying especial attention to ingestion and entanglement
of microplastics.

HERE FIGURE 1

During the summer of 2019, a bloom of jellyfish occurred in the Gran Canaria island
(Canary Islands, Spain) similar to those documented in Rodríguez et al. (2015) for this
region. A total of 30 Pelagia noctiluca were collected, floating near the shore of Las
Canteras beach (28° 7.854′N; 15° 26.775′W). They were stored separately and frozen at
-20ºC for later analysis.
In the laboratory, the surface of the jellyfish was carefully rinsed with bidistilled water.
Then, the umbrella and tentacles of the jellyfish were analysed separately in order to
determine whether the microdebris were within the gastrovascular cavity or adhered to
the tentacles. Later, following the protocol proposed by Herrera et al. (2018b), both parts
were digested with KOH at 10%. The digestion took place for 24 hours at 60ºC. Finally,
the plastics were analysed under a binocular stereomicroscope (Leica S9i with integrated
CMOS camera); differentiating by types (Rezania et al., 2018) and colours.
All necessary measures were taken to avoid airborne fibre contamination (Herrera et al.,
2018b; Rapp et al., 2020). All materials were carefully washed with bidistilled water,
that samples were processed inside a hood and cotton laboratory coats were used during
all steps of the process. Moreover, during the processing, an open petri dish with a wet
filter was put to check the airborne contamination inside the fume hood.
To determine the typology of the polymers identified in the organisms, the analysis of the
chemical composition of the items found in 30% of the analyzed jellyfish was carried out
(both umbrella and tentacles parts). The chemical composition of all particles was
spectrophotometrically analyzed by micro Fourier Transform Infrared Spectroscopy
(μFTIR), using a Perkin-Elmer Spotlight 200 Spectrum two apparatus with mercury
cadmium telluride detector. For it, the analyzed particles were placed on KBr, which was
used as a slide, and their spectra were recorded in micro-transmission mode using the
following parameters: spot 50 μm, 32 scans, and spectral range 550–4000 cm -1 with 8
cm- 1 resolution. The spectra were compared with Omnic 9 database and with spectra
from our own database showing >70% matching in all cases, which was considered
enough for positive identification of plastic materials.
Based on the whole jellyfish, 29 of the 30 jellyfish assessed had microdebris (Fig. 2).
These results show how gelatinous zooplankton is being impacted by this debris, although
the specimens did not appear clearly negatively affected by the plastic presence.
The analysis by parts reveals that a greater impact was observed in the tentacles than in
the umbrella (Table 1), being the incidence of 86.7% and 53.3% respectively (Fig. 2).

HERE FIGURE 2

HERE TABLE 1

The tentacles sections of the organisms sampled had an average of 2.47 ± 2.01
microplastic items while in the umbrella sections were 1.17 ± 1.70. The maximums
obtained for each part were high, being 7 in the tentacle sections and 8 in the umbrella
sections (Table 1).
The major part of these items were synthetic or semi-synthetic fibres, the most frequent
types of microplastics in the marine environments (Browne et al., 2011) and mainly
composed of cotton (76%, Fig. 4), followed by plastic fragments and lines (Fig. 3.a).
Moreover the main colour of these items was blue (Fig. 3.b), the most predominant colour
for these types of debris (Gago et al., 2018).

HERE FIGURE 3

On the other hand, taking as a reference the classification provided in González-Pleiter et
al. (2020) for the chemical composition of the fibres. The most of the fibres found were
cotton (71%), followed by rayon/viscose fibres (6.45%). Acrylic, cellophane, cellulose,
linen and polypropylene (PP) fibres were also found (Fig. 4). The fragments found were
composed of PP and Polyethylene (PE). Demonstrating the artificial origin of the plastics
found in the analysed organisms, both synthetic (fibres composed wholly or partly of
acrylics, linen and PP), semi-synthetic (fibres composed partly of linen, cellophane and
rayon/viscose) and natural (fibres composed wholly or partly of cellulose and cotton)
(González-Pleiter et al., 2020).

HERE FIGURE 4

With the presence of microplastic items after the KOH digestion in the umbrella sections
confirms the presence of debris within the gastrovascular cavity, then, the ingestion of
microplastics by jellyfish during the bloom is checked.
The effects these microplastics may have on the health of the organisms are unknown
(Botterell et al., 2018). Cole et al. (2013) showed microplastics ingestion in several
zooplankton species including gelatinous organisms such as doliolids, but did not confirm
the ingestion by hydrozoans. Similarly, Costa et al. (2020), showed some negative effects
of ingestion of microplastics polyethylene spheres on the behaviour and health of ephyra
stages of the jellyfish Aurelia sp. Hence, ephyra of P. noctiluca could also be vulnerable
to microplastics ingestion. A negative impact on P. noctiluca populations that increased
its mortality rate could affect its ecological role and destabilize regional food webs (Doyle
et al., 2013; Purcell et al., 2007; Rosa et al., 2013; Sabatés et al., 2010).
A considerable presence of microplastics in P. noctiluca was observed in this study.
Based on umbrella microplastics presence, one out of every two jellyfish would have
ingested plastic before being sampled, showing a higher percentage of affected jellyfish
than the values reported in the Mediterranean sea (Macali et al., 2018). A possible
hypothesis for this high incidence is that the area where the jellyfish were collected is a

closed bay that concentrates a large amount of microplastics and has a high
microplastic/zooplankton ratio (Herrera et al., 2020). In addition, other studies in the
region show a high percentage of microplastic ingestion in fish (Herrera et al., 2019).
As discussed in Macali et al. (2018), this could be an important entry pathway of
microplastics debris to the trophic webs. Jellyfish are prey for a wide variety of predators
(Pauly et al., 2008; Milisenda et al., 2014) including humans (Brotz and Pauly, 2017)..
For that, jellyfish act as a vector for plastic ingestion to selective feeders (Setälä et al.,
2018), especially routine feeders like leatherback sea turtles. Heaslip et al. (2012) shown
that Dermochelys coriacea consume 73% of jellyfish of its body mass per day. On the
other hand, comercial jellyfish fisheries for human consumption should be concern about
the vulnerability of jellyfish to microplastics contamination. Research on microplastics
contamination in the order Rhizostomeae, the main order of commercially harvested
jellyfish, and in other areas of the planet should be conduct.
Furthermore, taking into account the biological characteristics of these organisms, their
wide dispersion in the oceans and their high interaction with microplastics, as observed
in this study, jellyfish could be a clear bioindicator of plastic contamination. This same
approach is taken into account in Macali and Bergami (2020), who propose jellyfish as
invertebrate bio-indicators to monitor plastic contamination in pelagic waters, along with
associated organisms in the food chain, recommending their inclusion in future
monitoring studies.
Other gelatinous zooplankton species have been shown to be affected by microplastics
ingestion; due to their filter feeding nature (Choy et al., 2019; Cole et al., 2013; Katija et
al., 2017; Wieczorek et al., 2019). Apart from their trophic role, gelatinous zooplankton
play an important function in carbon sequestration (Doyle et al., 2013). Wieczorek et al.
(2019) tested and suggested that salp faecal pellets containing microplastics will decrease
their sinking speed. In the case of jellyfish their carcasses provide a significant source of
carbon input to the seabed (Lebrato et al., 2012; Sweetman and Chapman, 2015). We
consider that since jellyfish are exposed to, and ingest microplastics the effect on the
sinking of jellyfish should be assessed. The large bloom formation by several jellyfish
species could either be experiencing a decrease in sinking speed as observed by
Wieczorek et al. (2019) or serve as source of plastic sinking as suggested by Choy et al.
(2019). The analysis of seabed sunk jellyfish carcasses could shed some light on this route
of plastic transport to deeper layers.
The impact on the well-being of organism that ingests microplastics requires further
study. But this study confirms a common ingestion of microplastics by P. noctiluca
suggesting the possible ingestion by other jellyfish. This may have implications on plastic
ingestion by jellyfish predators, on plastic contamination on harvested jellyfish species
for human consumption, and on carbon transport and plastic sinking by large jellyfish
blooms exposed to widely distributed ocean microplastics.
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TABLE
Table 1. Statistical analysis of the abundance of microdebris found in tentacles and bell
of the jellyfish samples.
Number of microdebris items found in P. noctiluca (n =
30)
Part of jellyfish

Mean ± Sd

Max

Min

Tentacle
Umbrella

2.47 ± 2.01
1.17 ± 1.70

7
8

0
0

Sd: Standard deviation; Max: maximum; Min: mininmum.

FIGURES

Fig. 1. Photograph taken by Alicia Herrera of a Pelagia noctiluca jellyfish on the coast
of Gran Canaria, Canary Islands (Spain). The organism has a blue plastic particle between
its tentacles.

Fig. 2. Percentage of microdebris presents in the 30 caught P. noctiluca.

Fig. 3. Percentage of types (a) and colours (b) of the microdebris found in P. noctiluca
samples gastrovascular cavity.

Fig. 4. Chemical composition of 21 microdebris found on a 30% of jellyfish. Subsamples
analysed by μFITR polymer classification used according to González-Pleiter et al., 2020.
μFTIR spectra and microphotography of (a) PP Green fragment (black line), (b) Blue
synthetic PP fibre, (c) Semi-synthetic rayon/viscose fibre (d) Semi-synthetic cotton-linen
fibre.
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