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A B S T R A C T   

Microplastic ingestion was studied in A. aurita, a bloom-forming, circumglobal medusa. Here, we determined 
whether factors such as the concentration of polyethylene microspheres (75–90 μm) or the absence/presence of 
prey affect the ingestion, duration of microspheres in the gastrovascular cavity (time of presence), and retention 
time. The presence of polyethylene microspheres' was determined by exposing medusae during 480 min to three 
different treatments (5000, 10,000, 20,000 particles L− 1), and was checked every 10 min to ascertain whether 
they had incorporated any. Preliminary results show that microsphere ingestion occurred only in the presence of 
prey (⁓294 Artemia nauplii L− 1). The time of presence of microbeads in A. aurita increased (103, 177, and 227 
min), with increasing microplastic concentration, and the microbeads were egested within 150 min. 

This study initiates the understanding of the potential implications that arise of the encounter between jel-
lyfish and microplastic agglomerates, and with perspectives for future research.   

Microplastics (MP) have been accumulating in oceans worldwide 
over the last four decades (Carpenter et al., 1972). Nowadays, MP 
pollution poses an urgent global environmental problem. According to 
Pabortsava and Lampitt (2020), in the Atlantic Ocean alone, 11.6–21.1 
million tons of 32–651 μm size-class plastics are suspended in the top 
200 m. The discharge of MPs from land to the sea is enormous; for 
example in the Bay of Bengal (India), approximately 1–3 billion pieces 
are released daily (Napper et al., 2021). Considering this, and the 
continuous plastic fragmentation in the environment, an increase in MP 
contamination and impacts on marine biota are expected in the future 
(Andrady, 2011; Visbeck, 2018). 

MPs are ingested by numerous marine organisms (Ugwu et al., 2021; 
Cole et al., 2011; Haegerbaeumer et al., 2019; Taha et al., 2021). 
Ingestion of MPs by zooplankton is considered to be the main entry of 
MPs into marine food webs (Cole et al., 2019; Laurenceau-Cornec et al., 
2015; Setälä et al., 2014). Even though MP ingestion and their effects on 
zooplankton are increasingly studied (Botterell et al., 2019; Wright 
et al., 2013), there is still much to investigate, especially their rela-
tionship with gelatinous zooplankton (GZP), which are under- 
represented in the microplastic literature (Iliff et al., 2020). 

GZP include ctenophores or ‘comb jellies’, chordates such as salps, 

and jellyfish. Jellyfish are referred to as members of the Phylum Cni-
daria with a pelagic phase, primarily scyphozoans. These fragile animals 
are considered key members of ocean ecosystems due to their trophic 
interactions (Boero et al., 2008; Richardson et al., 2009). Their delicate 
bodies are easily damaged, which is one reason why research on these 
organisms has been avoided in the past (Raskoff et al., 2003). 

It has been recently found that jellyfish do ingest plastics in their 
natural environment. Plastic particles have been found during the ex-
amination of wild samples in the laboratory (Albano et al., 2021; Iliff 
et al., 2020; Macali et al., 2018; Rapp et al., 2021; Sun et al., 2017; 
Zheng et al., 2020) and pictures of ingested particles in jellyfish have 
been taken in the field (Macali et al., 2018; Rapp et al., 2021). Further, 
Zheng et al. (2020) observed that from various wild zooplankton and 
ichthyoplankton taxa, medusae had the highest level of ingestion 
(0.056–0.117 MP ind− 1 or 0.78 MP m− 3). When bloom-forming Pelagia 
noctiluca were collected near the shore in the Canary Islands (Gran 
Canaria), 97% of the sample size showed the presence of micro debris 
(Rapp et al., 2021). 

Macali et al. (2018) suggested that jellyfish can wrongly recognise 
plastic as food. This behaviour has already been observed in other ma-
rine organisms (Cole et al., 2013; Lusher et al., 2013). Medusae are 
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tactile and avid planktivores, their clearance rate (for zooplankton) 
being between 6.94 × 10− 6-1.90 × 10− 7 m3 s− 1 (Båmstedt, 1990; 
Båmstedt et al., 1994). However, the ingestion and egestion of MPs by 
jellyfish in the natural environment is unknown. Exposure experiments 
under controlled conditions are needed to investigate the ingestion, 
residence time, egestion, and the potential impact of MPs on marine 
biota (Rodríguez-Torres et al., 2020; Sun et al., 2017). Additionally, 
commercial spherical polymers, such as polyethylene (PE), poly-
propylene (PP), and polystyrene (PS), set a baseline and enable com-
parison, within and between species (Rodríguez-Torres et al., 2020). 

Most jellyfish research is focussed on the circumglobal medusa 
Aurelia sp., also called the moon jellyfish or true jellyfish. This genus, 
although usually considered harmless to humans, can be problematic 
when they occur in blooms (Baxter et al., 2011; Mariottini and Pane, 
2010; Matsumura et al., 2005). Sucharitakul et al. (2020) observed that 
cultured A. aurita presents a limited ingestion rate and a rapid egestion 
of PS microspheres. However, this study was carried out in the absence 
of food. Costa et al. (2020a, 2020b) found evidence of ingestion of PE 
microspheres in A. aurita ephyrae in the absence and presence of prey. 
They found that direct MP ingestion (3.8 × 103–1.8 × 109 particles L− 1) 
causes immobility and affects pulsation rates in A. aurita ephyrae (Costa 
et al., 2020a), but indirect MP ingestion through contaminated prey did 
not evidence any impact, on the immobility or behaviour of A. aurita 
ephyrae (Costa et al., 2020b). In juvenile A. aurita (Sucharitakul et al., 
2020), in the absence of prey, neither respiration nor histology was 
affected due to MP ingestion. However, despite the growing interest in 
how MPs impact jellyfish, the ability of jellyfish to retain MP should not 
be ignored for multiple reasons. 

First, ingestion and residence time of MPs may be utilized as in-
dicators for ecological risk assessment (Sun et al., 2017). According to 
Sun et al. (2017), the residence time of MPs should be examined in 
future research, which would also enable validation of jellyfish as an 
innovative bioindicator for plastic pollution (Macali and Bergami, 
2020). Second, and not less important, GZP trophic interactions are 
extensive (Fig. 1). Even humans are listed as predators. Jellyfish are a 
traditional food in Asia, widely consumed in countries like China, Japan, 
Thailand, and Malaysia (Raposo et al., 2018). Human health could be 
impacted if contaminated jellyfish are ingested. According to the GZP 
food web (Fig. 1), jellyfish MP ingestion could also influence processes 
such as bioaccumulation, biomagnification through trophic transfer 

(Cole et al., 2011; Hasegawa and Nakaoka, 2021), and seafloor gelati-
nous carcasses deposition (jelly-falls) (Albano et al., 2021; Macali and 
Bergami, 2020; Sweetman and Chapman, 2015) leading to a potential 
increase of MP availability to benthic scavengers. 

Based on this, in this work for the first time, ingestion of MPs in the 
presence and absence of prey was investigated in juvenile A. aurita 
medusa. The objective of the present study is to investigate the presence 
of MPs in A. aurita's gastrovascular cavity over time (presence time), and 
the duration of MP retention in the gastrovascular cavity (retention 
time), considering the effect of prey. 

Here we used polyethylene (PE) microspheres (Cospheric fluorescent 
green polyethylene microspheres, 1.025 g cm− 3, 75–90 μm). PE polymer 
has the highest global production rates and is the most common type of 
marine litter in the ocean and on beaches (Andrady, 2017; Beiras et al., 
2018; Burns and Boxall, 2018; Erni-Cassola et al., 2019; Hidalgo-Ruz 
et al., 2012). PE exposure experiments were carried out with three 
concentrations (low, 5000 MP L− 1; medium 10,000 MP L− 1; and high, 
20,000 MP L− 1). These MP concentrations are within the range 
commonly used for exposure tests (Costa et al., 2020a; Rodríguez-Torres 
et al., 2020; Setälä et al., 2014). However, due to the limited number of 
plankton Kreisels (four), on an experimental day, only one MP concen-
tration treatment was performed, resulting in three replicates and one 
control. We hypothesised that plastic ingestion of A. aurita increases 
with higher MP availability and in the presence of food. 

For this purpose, four 1.7 L plankton Kreisel tanks specially designed 
for this study were used, and one A. aurita individual (1–2 cm) was 
placed in each tank. In the control group, we wanted to pursue the 
observation of medusae behaviour in the experimental plankton Kreisels 
as a reference. 

The presence or absence of the microspheres was followed with ul-
traviolet light during MPs exposure in the plankton Kreisels in darkness 
A microscope was not used to enable the observation of MP ingestion 
over time. Hart (1991) followed the ingestion of echinoderm larvae on 
polystyrene microspheres (10 and 20 μm) in a cylindrical glass obser-
vation chamber. In this study, the presence or absence of microplastic 
under the described conditions was simple to follow with the naked eye 
in the ingestion experiments. Further, it was possible to quantify the 
number of ingested particles under the egestion experiment conditions. 
A short video showing the presence of PE microspheres in the gastro-
vascular cavity of A. aurita has been included as Supplementary 

Fig. 1. Simplified scheme compiling 
the trophic interactions described for 
gelatinous zooplankton. Coloured ar-
rows represent possible transitions from 
gelatinous zooplankton as it can be 
metagenesis or Jelly-falls. Black arrows 
symbolise predation flows. The mem-
bers of the represented groups are based 
on various works (Ates, 2017; Choy 
et al., 2017; Pauly et al., 2009; Riascos 
et al., 2012; Takao et al., 2014). Mutual 
predations and additional interactions 
between group members have been 
omitted. (For interpretation of the ref-
erences to colour in this figure legend, 
the reader is referred to the web version 
of this article.)   
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material. 
Before exposing medusae to MPs, a PE stock suspension containing 

distilled water with an aqueous solution of hydrophobic particles 
(Tween) was prepared. The MPs in the stock solution were verified by 
manual counting of 10 μL aliquots, using a stereo microscope with a 
Bogorov counting chamber. The resulting concentration of the stock 
solution was 322 ± 21 MP in 10 μL− 1. MPs were then added to the 
plankton Kreisel tanks so that the resulting concentrations were 5,000 ±
326 microspheres L− 1, 10,000 ± 652, and 20,000 ± 1034 MPs L− 1, 
respectively. 

Firstly, MPs ingestion in the absence of prey was followed. The 
experimental design is illustrated in the Supplementary material. Thus, 
every 10 min for 480 min, whether the medusa had plastic inside the 
gastrovascular cavity was checked with ultraviolet light. It has been 
previously observed that accumulations of microbeads occur only in the 
gastrovascular cavity of A. aurita (Sucharitakul et al., 2020). Therefore, 
a microsphere was considered ingested only if it was found in the 
gastrovascular cavity. If plastic was observed, the duration of its pres-
ence (time of presence) was determined. The same procedure was 
applied for the next part of this first experiment, A. aurita MP exposure 
in the presence of prey. Now 500 48 h-Artemia nauplii (⁓294 per L− 1) 
were added to each MP exposure concentration. For this purpose, ali-
quots from the Artemia culture were counted (by adding Lugol's iodine 
solution), in the same way as PE microspheres. 

In a second experiment, we studied the retention time of the MPs 
from the gastrovascular cavity and whether this time varies with con-
centration, as well as the variability of the number of ingested micro-
spheres. For this, A. aurita was exposed to MP (5000 MPs L− 1; 10,000 
MPs L− 1; 20,000 MPs L− 1) and fed with 48 h-Artemia nauplii (⁓294 L− 1) 
for 30 min, to give medusa enough time to eat. After this 30 min 
medusae were placed separately into three tanks filled exclusively with 
seawater. Again, with ultraviolet light, it was checked every 10 min to 
see whether they had microspheres inside until all the MPs were 
expelled. 

Finally, statistical analysis and graphs were performed with the 
software R Core Team (2020) and its integrated development environ-
ment Rstudio (version 1.1.463). However, given the small sample size, 
our results should be considered preliminary and qualitative. The 
normality of the data was verified by the Shapiro-Wilk test, and the 
homogeneity of variances was analysed with the Bartlett test. Since both 
normality and homogeneity of variances were fulfilled, no trans-
formation was necessary and an ANOVA test was applied to determine 
statistical differences between MP treatments. 

Despite the MP exposure concentrations (5000 MP L− 1; 10,000 MP 
L− 1; 20,000 MP L− 1), no plastic ingestion was observed in the absence of 
prey (Table 1). Microplastics stuck only to the external surface of the 
jellyfish. In contrast, in the presence of prey, A. aurita did ingest MPs 
(Table 1). On average, microspheres could be observed in the gastro-
vascular cavity after 34 min. The time of presence of PE in the 

gastrovascular cavity increases with the increasing concentration of 
microspheres (Table 1). 

The time of plastic presence was 103.33 (5000 microspheres L− 1), 
176.67 (10,000 microspheres L− 1) and, 226.67 min (20,000 micro-
spheres L− 1), respectively. However, no significant differences were 
found between the time of presence and the three MP concentration 
treatments (low, 5000 MP L− 1; medium 10,000 MP L− 1; and high, 
20,000 MP L− 1) (p-value = 0.307). The percentage of time jellyfish had 
ingested plastic was up to 47% (Fig. 2) for the highest plastic concen-
tration experiment (20,000 microspheres L− 1), 37% in the medium 
plastic concentration treatment (10,000 microspheres L− 1), and only 
22% in the lowest plastic concentration treatment (5000 microspheres 
L− 1) during 480 min (100%). Our hypothesis that the ingestion of 
microplastic increases with the presence of prey can be accepted, as in 
the absence of prey, they did not ingest the microspheres. 

No significant differences were found between the different con-
centrations of PE microspheres (5000 MP L− 1; 10,000 MP L− 1; 20,000 
MP L− 1) and the retention time (p-value = 0.441), nor was an appre-
ciable upward trend observed as in the previous experiment (Table 1). 
Therefore, it seems that the retention time is independent of the envi-
ronmental plastic concentration. The retention time was 150 (5000 
microspheres L− 1), 166.67 (10,000 microspheres L− 1) and, 123.33 min 
(20,000 microspheres L− 1), respectively (Table 1). However, the fastest 
retention time was detected in jellyfish number 2 (20,000 microspheres 
L− 1) which egested one particle after 40 min (Table 2). The longest 
retention time was 160 min (5000 and 10,000 microspheres L− 1 of PE 
microspheres treatment). The average number of microspheres in the 
gastrovascular cavity was 1 for 5000 microspheres L− 1, 2 for 10,000 
microspheres L− 1 and, 3 for 20,000 microspheres L− 1 (Table 1). 

In Table 2, we can observe the number of microspheres ingested by 
each jellyfish at each concentration. Whole numbers (0–4) correspond to 
the microspheres present in the gastrovascular cavity. The microspheres 
were considered expelled if they were not present in the gastrovascular 
cavity or the manubrium. We could observe that A. aurita can integrate 
particles into the gastrovascular cavity, then expel them to the manu-
brium and incorporate these same particles again into the gastrovascular 
cavity (Table 2). 

In our study, we observed that A. aurita ingestion of PE microspheres 
in the laboratory occurs only when prey is present (Table 1). Neither the 
average time of presence nor the retention time is affected by the con-
centration of microspheres in the environment, however, the number of 
microspheres ingested increased at higher concentrations (Table 1). 
Other MP exposure studies, such as Cole and Galloway (2015) did 
advocate that high MP abundance or concentration led to increased 
ingestions. However, in the natural environment, jellyfish could be 
ingesting plastic in absence of food, as recently evidenced with com-
mercial PS microspheres in A. aurita (Sucharitakul et al., 2020). 
Possibly, A. aurita can distinguish MPs from the prey, due to the che-
moreceptors present in their oral arms (Archdale et al., 2002). All 
polymers have different surface characteristics, and varying degrees of 
crystallinity (Santana-Viera et al., 2021), which could additionally affect 
ingestion rates, time of presence, and retention time. 

Other zooplankton prefer to ingest aged microplastics compared to 
pristine plastic, suggesting that microplastics that developed biofilms in 
the marine environment may generate a chemosensory response 
(Lobelle and Cunliffe, 2011; Vroom et al., 2017). Algae, eggs, and sub-
stances like petroleum are frequently present in PE and PP polymers due 
to their positive buoyancy (Muthukumar et al., 2011). Additionally, 
deposition of different species on the polymer surface can facilitate the 
formation of carbonyl residues, which can be substrates for non specific 
microbial populations (Acosta-Coley and Olivero-Verbel, 2015). Pellets 
with a virgin surface also occur in the natural environment, as PE and PP 
pellets were the most abundant plastics onshore in Cartegena 
(Colombia) (Acosta-Coley and Olivero-Verbel, 2015). Plastic ingestion 
of commercial beads could potentially reflect A. aurita ingestion rates of 
virgin pellets in the natural environment. However, to date in the 

Table 1 
Results obtained from the experiment 1 (ingestion experiment) and experiment 
2 (egestion experiment). Numbers are expressed as an average with standard 
deviation. 
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natural environment fibres and fragments are the most common plastic 
found in medusae (Albano et al., 2021; Iliff et al., 2020; Rapp et al., 
2021; Sun et al., 2017). Many fragments are irregular in form and can 
present sharp edges, causing potential internal abrasion when ingested 
(Wright et al., 2013). Even the size range of MP particles ingested by the 
jellyfish could be wide, as recently proved by Brandon et al. (2020), who 
found that every examined salp had ingested mini-MPs (5–333 μm), 
regardless of the oceanic region, species, or life-history stage. 

As medusae (and GZP) are tactile zooplanktivores it is hard to 
compare ingestion and retention time with visual planktivores, such as 
fish, or filtering planktivores, like copepods. In the ingestion experi-
ments in the presence of prey, microspheres started to appear in the 
gastrovascular pouches after 20 min (see Supplementary material), 
irrespective of the treatment (5000 MP L− 1; 10,000 MP L− 1; 20,000 MP 
L− 1). Hansson (2006) also observed more food accumulated in the 
gastrovascular cavities than in the oral arms after 20 min of feeding. 
Subsequently, the time of presence of microspheres in the gastrovascular 
cavity was longer with increasing plastic concentration (Table 1). 
Sucharitakul et al. (2020) found PS particles starting to appear in the 
gastrovascular cavity within 1–2 h of exposure, the maximum number of 
microbeads occurring at 16 h of exposure (2000 microspheres L− 1). A 
potential explanation for this is that A. aurita can catch their prey with 
their entire body surface (Heeger and Möller, 1987). The feeding 
behaviour of A. aurita is briefly explained by Archdale and Anraku 
(2005). Nevertheless, not much is known about the transport kinetics of 
the captured prey in jellyfish (Hansson, 2006). 

In this study, we observed short retention times 0.7–2.7 h (Table 2). 
Sucharitakul et al. (2020) observed that A. aurita egested microbeads 
within 8 h of consumption from the gastrovascular cavity, with a 

retention time of 4 h in the manubrium. In our study, there is no evi-
dence that A. aurita digests (disintegrate) PE microspheres. Neither did 
Sucharitakul et al. (2020) observe the digestion of PS microspheres in 
A. aurita. The MPs exposure time prior to the egestion experiment of 
both studies is different. In our study, A. aurita were exposed to PE for 
30 min and were then detected at time point 0 of the egestion experi-
ment in the gastrovascular cavity. Sucharitakul et al. (2020) exposed 
A. aurita for 1 h, and PS could be observed only in the tentacles and oral 
arms. In our study, many PE did not reach the cavities and were expelled 
directly from the manubrium. We also observed that some of the mi-
crospheres that had reached the gastrovascular cavities returned to the 
manubrium after a few minutes, and from there they could either return 
to the cavities or be expelled (Table 2). To our knowledge, this behav-
iour has not been reported before. It is known that Aurelia aurita prefer 
natural food items over artificial ones and can expel artificial items 
shortly after capture (Archdale et al., 2002). The retention time of MPs 
in wild jellyfish is not known, but MPs can be retained longer in wild 
zooplankton than in experimental ones (Egbeocha et al., 2018). 

The number of microspheres in the gastrovascular pouches increased 
with increasing plastic concentration. We observed a range of 1–3 mi-
crospheres per individual (Table 2). Iliff et al. (2020) found that the 
amount of microplastic in wild benthonic jellyfish ranged from 1.1 to 1.8 
per individual, like our results. Pelagia noctiluca collected from the 
natural environment, presented a maximum abundance of 8 plastic 
items in the bell (Rapp et al., 2021) (63% of the micro debris found in 
the gastrovascular cavity were blue, and 14% transparent). Sucharitakul 
et al. (2020) found 2 PS microspheres (mean value) in the gastrovascular 
cavity (ingestion experiment and egestion experiment). 

In our study, MPs also stuck to the body in the absence of food (not 

Fig. 2. Ingestion of polyethylene microspheres in presence of prey. Percentage of the microplastic presence time in the gastrovascular cavity is shown. The 
experimental duration of A. aurita exposure to microplastics was 480 min (100%). 

Table 2 
PE microspheres (μspheres) egestion experiment. Data reflect the number of particles in the gastric cavity. In the case of 0, microplastic were absent in the gastro-
vascular cavity, but still present in the manubrium. The PE μspheres were expelled if they were not present in the gastric cavity nor the manubrium.  

Time (min) 5000 μspheres L− 1 10,000 μspheres L− 1 20,000 μspheres L− 1 

Jellyfish 1 Jellyfish 2 Jellyfish 3 Jellyfish 1 Jellyfish 2 Jellyfish 3 Jellyfish 1 Jellyfish 2 Jellyfish 3  

0  1  1  2  1  1  1  3  1  4  
10  0  1  2  0  0  1  2  0  4  
20  0  1  2  2  0  1  3  1  3  
30  1  1  0  2  2  1  2  0  3  
40  1  1  0  0  0  1  3   3  
50  1  1  1   0  1  3   3  
60  1  0  0   1  0  3   3  
70  0   0   1  0  3   3  
80    1   0  1  3   3  
90    2    1  3   1  
100    2    2  3   1  
110    1    2  3   1  
120    1    2  2   0  
130    1    1  1    
140    1    1  0    
150    1    1     
160    0    0     
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quantified), especially when the concentration was increased. Mucus 
cells are potentially responsible for trapping these plastic particles, as 
they occur all over A. auritas's body surface (Heeger and Möller, 1987). 
The number of particles attached to the outer body surface was also 
higher than those found in the gastric pouch, in the study of Sucharitakul 
et al. (2020). 

The idea of removing nanoparticles from contaminated water using 
jellyfish mucus is not new (Patwa et al., 2015). In fact, GoJelly ‘a 
gelatinous solution to plastic pollution’, is a EU Horizon 2020 funded 
project, and has received the most public attention for its aim of 
developing jellyfish mucus as a filter for microplastics (Rothe, 2020). 
Preliminary results indicate that plastic removal rates vary with species 
(Freeman et al., 2020). Despite this, A. aurita is among the easiest jel-
lyfish to culture and according to our results, may be a suitable species 
for such studies. 

Besides, some scientists have pointed out that jellyfish plastic 
ingestion can contribute to plastic deposition on the seafloor (Albano 
et al., 2021; Macali and Bergami, 2020). The body shape of jellyfish, or 
GZP in general, facilitates rapid sinking through the water column. The 
sinking speed of GZP varies within taxa and water temperature. Lebrato 
et al. (2013) estimated that scyphozoan biomass like A. aurita has a 
sinking speed of 1000 m d− 1. The sinking speed of MPs is related mostly 
to particle density. MPs density can increase in seawater due to the 
absorption of contaminants and biofouling (Fred-Ahmadu et al., 2020; 
Morét-Ferguson et al., 2010). Particles with a density lower than 
seawater float at the sea surface; with jellyfish blooms, these could be 
transported to deeper layers. Further, jellyfish blooms are often short- 
lived and mass mortality could easily lead to seafloor plastic de-
positions. Jelly-falls of Aurelia sp. have been found in the Mediterranean 
(Marques et al., 2021), Red Sea (Alamaru et al., 2009), the Arabian Sea 
(Billett et al., 2006), and the Pacific Ocean (Miyake et al., 2002). 

In addition, scyphozoan polyps have been found attached to mac-
roplastics in the canyon of Xisha Trough (China), affecting the deep-sea 
benthic-pelagic coupling process (Song et al., 2021). Scyphozoans have 
a metagenic life cycle and if polyps, a benthic life stage, absorb pollut-
ants from this artificial plastic substrate, medusae could be affected 
through transgenerational effects (Zhou et al., 2020). 

To date, plastic concentration in the ocean is hard to quantify due to 
the variations it undergoes from one area to another. Surface plastic 
depends on oceanic currents and tends to accumulate mainly in the 
subtropical gyres (Cózar et al., 2014). It has been recently demonstrated 
that dissolved organic carbon leaching from plastics stimulates micro-
bial activity (Romera-Castillo et al., 2018). Likewise, jellyfish blooms 
have been observed in the regions of plastic accumulation (Ziveri, 
2013). The role of bacteria during jellyfish blooms has also been widely 
investigated (Condon et al., 2011; Guy-Haim et al., 2020; Riemann et al., 
2006; Tinta et al., 2012). Encounters of jellyfish blooms and plastic 
aggregations may potentially magnify their impact on bacterial activity, 
leading to major consequences for marine biota and cycles. 

Further studies are needed to understand the ingestion and impacts 
of microplastics on medusae and their combined effect on marine eco-
systems. Medusae are voracious predators of zooplankton in marine 
ecosystems and prey should be included in future studies. While bloom- 
forming medusae could be crucial in ocean plastic pollution research 
due to their abundance and trophic interactions (Fig. 1), little is known 
about the role of MPs in trophic fluxes (Rodrigues et al., 2021). 

In conclusion, to allow extrapolation of laboratory-based results to 
the environment, conditions must be equated (Rodrigues et al., 2021). In 
addition, in the Decade of Ocean Science new knowledge should be 
generated, encouraging actions towards a more integrated ocean 
observation system (Visbeck, 2018). In this sense, future jellyfish 
microplastic ingestion studies should be more realistic, include cumu-
lative stressors (Rudd, 2014), and predict future scenarios to strengthen 
the overall evidence base for ocean governance. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.marpolbul.2021.113269. 
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