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142 scientific publications have been reviewed on the characteristics of the scyphozoans with respect to their
ability to develop blooms and the most significant environmental characteristics that determine them. Special
attention was paid to depth, temperature, salinity, chlorophyll concentration, and the habitat of the 39 registered
blooming genera. After the review, we find that over the past decades, the number of scyphozoan blooming-
species is higher than previously recorded, increasing from circa 14% to 25% of the class.

Species that inhabit depths less than 27.1 m are prone to produce blooms, particularly in semienclosed areas

with low rates of water renewal and high thermal amplitudes. Temperature appears as the main environmental
factor controlling blooms, but food availability is essential to sustain the proliferations. Interspecies variability in
the response to environmental factors observed in this work suggest that bloom predictive models should be
constructed species-habitat-specific.

1. Introduction

There is a widespread perception of an increase in the abundance of
gelatinous plankton in our oceans (Arai, 2001; Brotz et al., 2012). Many
of these species undergo seasonal blooms as part of their life cycle,
where they are known to dominate the water column (Gershwin, 2016;
Frolova and Miglietta, 2020). When blooms occur within inshore areas,
they are conspicuous and cause a number of socioeconomic impacts to
coastal tourism, fisheries, aquaculture or can disrupt the operations of
coastal power plants (Richardson et al., 2009; Purcell et al., 2013). The
negative effect of these blooms generally overwhelms the benefits ob-
tained from them such as keeping water quality in eutrophication pro-
cesses (Pérez-Ruzafa et al., 2002) or serving as food (Omori and Nakano,
2001).

The term ‘jellyfish’ does not have a formal definition (Brotz et al.,
2012) and usually refers to gelatinous zooplankton that include the
medusa-phase of specimens belonging to the phylum Cnidaria (Classes
Cubozoa, Hydrozoa, Scyphozoa and Staurozoa) and some other plank-
tonic species of the phyla Ctenophora or Chordata (Hamner and Daw-
son, 2009; Richardson et al., 2009; Brotz et al., 2012; Purcell et al.,
2012). However, it exists a deep genetic divergence within the gelati-
nous plankton (Khalturin et al., 2019) and its massive occurrences are
not randomly distributed within the phylum Cnidaria but concentrate
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mainly on those species commonly considered “true jellyfish™ (class
Scyphozoa) which have a metagenic life history (Hamner and Dawson,
2009). Through this review we use the term jellyfish to refer only the
class Scyphozoa.

Trends that indicate an increase in jellyfish blooms have often been
linked to phenomena such as climate change or anthropogenic stress:
eutrophication, overfishing, species translocations or habitat modifica-
tions (Arai, 2001; Richardson et al., 2009; Brotz et al., 2012; Purcell
et al., 2013). However, these appraisals could have been overamplified
or taken beyond the evidence (Sanz-Martin et al., 2016; Pitt et al., 2018),
being the mechanism behind the boom-and-bust jellyfish cycles and
their interannual and spatial variability a topic that still needs much
study. In line with the ongoing debate, it has been suggested the exis-
tence of decadal cycles affecting jellyfish abundances (Condon et al.,
2013) and conditioning the relationships found in correlative studies
(Pitt et al., 2018).

Moreover, many general assumptions built for the scyphozoan class
are mainly based in the Aurelia genus (Pitt et al., 2018). These as-
sumptions could be misleading given that different responses to envi-
ronmental factors have been recorded when analyzing more than one
species (Vanwalraven et al., 2015; Fernandez-Alias et al., 2020). For the
whole class, the differential response to environmental factors, in light
of the broad physiological and ecological diversity existing for the class
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Scyphozoa (Hamner and Dawson, 2009), remains unstudied.

Previous studies on the class Scyphozoa used the detection of a
species bloom as a general indicator of its blooming capability and
estimated the percentage of species capable of blooming (‘blooming-
species’) to be approximately 14% of the entire class (Hamner and
Dawson, 2009) without attempting to analyze the differences between
blooming and non-blooming species. In addition, it should be noted that
the number of papers including the term “jellyfish bloom” have
increased in recent years in a very significant way (Pitt et al., 2018) and
data have to be revisited. Thereby, the aims of this review are i) to up-
date the ‘blooming-species’ list of the Scyphozoa class, ii) to update and
analyze the known temperature frame and habitat characteristics of
blooming species, and iii) to perform an initial species-specific analysis
outlining differences between blooming and non-blooming species.

2. Material and methods
2.1. Blooming species list of the Scyphozoa class and bloom driving forces

The taxonomic classification for the present revision follows the
current accepted families, genera and species recorded in the World
Register of Marine Species (WORMS; http://www.marinespecies.org/).

For the bibliographic review, the ‘Preferred Reporting Items for
Systematic reviews and Meta-Analyses’ (PRISMA) protocol (Moher
etal., 2009) was adapted. All the Scyphozoa genera recorded in WORMS
were searched individually in the categories ‘Abstract’, ‘Keyword’ and
‘Title’ in Scopus (www.scopus.com/) and ‘Topic’ in Web of Science
(WoS; www.webofknowledge.com/) databases. Currently non accepted
genera that are now included in an accepted one were also searched. No
filters were applied in terms of citation or antiquity of the papers
reviewed, and the search was conducted until December 2020. In this
first step, a total of 5305 references were obtained in Scopus and 6971 in
WoS. Our review tried to identify all the scyphozoan blooming species,
the temperature and habitat characteristics in which blooming species
dwell and to outline differences between the blooming and non-
blooming groups. Thus, in a second step, duplicates were removed and
abstracts selected if any of the following topics, closely related to our
objectives, were discussed on them: “life history”, “ecology”, “com-
mercial importance”, “bloom”, “human activity”, “population dynamic”
or “climate change”. This second selection resulted in a total of 368
articles.

Works being species checklists from a given area or biotechnological
applications from jellyfish molecules were excluded from this selection.
After the removal of those papers that did not match with the objectives
aimed in the review, the final selection for the full text revision and the
statistical analyses comprised a total of 142 articles. Further details on
the search are provided in Table S1.

Through this review, different events of high abundance and density
of jellyfish are discussed. Following the recommendations from Graham
et al. (2001) and Hamner and Dawson (2009), we use aggregation,
accumulation or ‘apparent-bloom’ to refer to a high density of jellyfish
produced by wind or tides. They also refer to entrapments in enclosed
areas like harbours. Species that are present throughout the year in high
but similar abundances can also be referred to by these terms since no
proliferation is recorded. The term bloom is used to describe a sudden
outbreak of the population when, from a total absence or little presence
of the adult specimens, a blooming event leads to a high density of the
same in the water column. Finally, swarm refers to a concentration of
individuals not directed by the wind or currents, but by their own
swimming capability. This swarm behavior may be related to repro-
ductive strategies or defense strategies against possible predators.

The analysis of the articles was done looking for indications of ag-
gregation, blooming or swarming events performed by the species,
driving forces directing the events, and evidences given to confirm these
driving forces. As the jellyfish bloom records have been collected for
more than a century, we considered that the species lacking any report

Marine Pollution Bulletin 173 (2021) 113100

that point them as blooming can be considered as “non-blooming spe-
cies”. However, it cannot be ruled out that environmental changes might
lead to a future bloom of some species that do not present this behavior
right now. Following Hamner and Dawson (2009), species that are
regularly fished and commercially distributed are also considered as
blooming species. We are also aware that some species indicated as ‘non-
blooming’ could be blooming, but that different past or present prob-
lems with their classification may generate a certain degree of doubt (as
is the case of Rhizostoma luteum [Quoy & Gaymard, 1827] which has
been frequently classified as Rhizostoma pulmo [Macri, 1778] in the
Mediterranean Sea (Kienberger and Prieto, 2018)). A matrix with the
taxonomical classification, list of the blooming species and their per-
centage within the different taxonomic levels has been constructed.

The driving forces, understood as the factor pointed as ‘promoter’ of
the bloom, that direct the blooming events, were also recorded.
Following Pitt et al. (2018), we considered as ‘providers of evidence’
only the studies in which a model is elaborated, a specific variable is
laboratory tested as significative, or in which field measurements show a
significative correlation. A table with the species, blooming, aggregating
and/or swarming ability and the supporting evidences has been con-
structed (Table S3). A solar diagram indicating the percentage of papers
that name a blooming cause versus the percentage that provide evi-
dences for these causes has been elaborated.

2.2. Blooming species temperature frame and habitat characteristics

For blooming species, the water temperature ranges in which the
species inhabit have been retrieved from the original papers when the
information was available or from www.seatemperature.org when that
information was not provided (see Table S4).

For a more detailed study of the temperature frame of the different
stages (medusa, planula, polyp, strobila and ephyra) we selected six
scyphozoan species, four of them with summer presence of the adult
phase (Aurelia sp. 1, Cotylorhiza tuberculata [Macri, 1778], Nemopilema
nomurai Kishinouye, 1922 and Rhopilema esculentum Kishinouye, 1891)
and two with a year-round presence (Rhizostoma pulmo and Cassiopea
xamachana Bigelow, 1892). The temperature frame for each stage of the
selected species was retrieved from the original publications (Table S5).

We have also registered the habitats in which blooms occurred
attending to the original papers, and classifying them as semienclosed
(coastal lagoons, marine lakes, marshes, harbours, semienclosed bays,
bights, fjords and estuaries) when there existed restrictions to the water
exchange, open coastal (archipelagos, straits, open coastal areas) when
the bloom occurred near a shore without impediment for water ex-
change, and offshore (offshore and deep-sea) when the bloom was
detected far from the coast.

2.3. Blooming against non-blooming species

A matrix for statistical analysis was constructed using 13 variables:
maximum length, temperature (maximum, minimum and main, here
understood as the value with more recorded detections), salinity (max,
min and main), depth (max, min and main) and chlorophyll a (max, min
and mean); and 2 factors: ‘Order’ (3 levels, Coronatae, Semaeostomeae
and Rhizostomeae) and ‘Blooming ability’ (2 levels, Blooming and Non-
Blooming). Maximum length was retrieved from www.sealifebase.ca.
Maximum, minimum and main values for temperature, salinity and
depth in which the species can inhabit were retrieved from www.obis.
org. Data on sea surface chlorophyll a were retrieved from www.
earthobservatory.nasa.gov for the decade 2010-2019 for the regis-
tered bloom locations for each species (Fig. 1, Table S2). The minimum,
maximum and mean values of chlorophyll a during this period were also
calculated for the distribution area of each species indicated in Table S2.
Orders were retrieved from the taxonomical classification available in
WORMS while the Blooming ability was obtained from the revision. The
matrix was analyzed at two different levels, using genera as samples and
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Fig. 1. Blooming locations for the class Scyphozoa recorded through the review process and used for the calculation of maximum, minimum and mean sea surface
chlorophyll a through the 2010-2019 decade. Details of exact coordinates and species for every spot are provided in Table S2.

using species as samples. All the analysis were done in PRIMER 7 +
PERMANOVA (Anderson et al., 2008).

Some of these studied variables can also represent trends or changes
due to anthropic pressures, such as global warming or changes in the
trophic state of marine ecosystems.

2.3.1. Genera as samples

To analyze differences between blooming and non-blooming groups
in the three orders of Scyphozoa we have constructed a matrix at genera
level. The values for the 13 variables analyzed were calculated as the
average of the species values within each genus. We distinguish between
three types of genera, those in which all the species with available in-
formation do bloom (16 genera), those without blooming species (16
genera) and those with blooming and non-blooming species (6 genera).
Those genera which include blooming and non-blooming species were
divided into two different samples (e.g. Pelagia-blooming and Pelagia-
non-blooming). Then, a total of 44 samples (38 genera) were included
for the analysis.

To visually represent the differences between the blooming and non-
blooming groups as well as between the three orders of Scyphozoa, a
Principal Component Analysis (PCA) has been carried out on the genera
matrix after a log(x + 1) transformation has been carried out.

To test if there existed significant differences between blooming and
non-blooming groups, between orders, and between the cross of both
factors, a permutational multivariate analysis of variance (PERMA-
NOVA) (Order x Bloom; 9999 permutations and Monte Carlo test) on a
Euclidean resemblance matrix after a log(x + 1) transformation has been
carried out.

To test if there exist significant differences between the blooming
and non-blooming groups within an order, a pairwise comparison for the
factor ‘Bloom’ on the previous PERMANOVA has been carried out
(Bloom, 9999 permutations and Monte Carlo test). The contribution (%)

of each variable to the differences between the blooming and non-
blooming genera for each order have been obtained through a SIMPER
analysis.

2.3.2. Species as samples

To analyze differences between blooming and non-blooming groups
in the three orders of Scyphozoa we have constructed a matrix at species
level. When we use species as samples, the variables considered were
maximum length and maximum, minimum and main temperature for
the 78 analyzed species.

To test if there existed significant differences between blooming and
non-blooming groups, between orders, and between the cross of both
factors, a permutational multivariate analysis of variance (PERMA-
NOVA) (Order x Bloom; 9999 permutations and Monte Carlo test) on a
Euclidean resemblance matrix after a square root transformation has
been carried out.

To test if there exist significant differences between the blooming
and non-blooming groups within an order, a pairwise comparison for the
factor ‘Bloom’ on the previous PERMANOVA has been carried out
(Bloom, 9999 permutations and Monte Carlo test). The contribution (%)
of each variable to the differences between the blooming and non-
blooming species for each order have been obtained through a
SIMPER analysis.

3. Results
3.1. Jellyfish blooming species and factors directing the blooms

This work provides an updated list of the ‘blooming-species’ from the
Scyphozoa class (Table 1). It constitutes the first list published at species

level and suppose an increase in the recognized percentage of the species
capable of blooming within the Scyphozoa from circa 14% of the last
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Table 1
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Taxonomic classification of the Class Scyphozoa. Number of species, number of blooming species, list of blooming species and percentage of blooming species for each

genus, family, order and the whole class and reference(s).

Order Family Genus Total Blooming Percentage of Blooming species Reference
number of species blooming species (names) (s)
species (number) within the total of

each taxon
Class Scyphozoa 220 55 25%
Subclass
Coronamedusae  Coronatae 56 4 7.14%
Atollidae Atolla 10 0 0% 1-3
Atorellidae Atorella 6 0 0%
Linuchidae 4 2 50%
Linantha 1 0 0% No article
found
Linuche 3 2 66.67% Linuche unguiculata 5-8
(Swartz, 1788)
Linuche aquila
(Haeckel, 1880)
Nausithoidae 26 1 3.85%
Nausithoe 22 1 4.55% Nausithoe punctata 9,10
Kolliker, 1853
Palephyra 3 0 0% No article
found
Thecoscyphus 1 0 0% 11
Periphyllidae Paraphyllina 3 0 0% 9
Periphyllidae 7 1 14.29%
Nauphanthopsis 1 0 0% No article
found
Pericolpa 3 0 0% No article
found
Periphylla 1 1 100% Periphylla periphylla 9,12-16
(Péron & Lesueur,
1810)
Peryphyllosis 2 0 0% 9
Discomedusae 164 50 30.49%
Semaeostomeae 76 22 28.94%
Cyaneidae 21 3 14.29%
Cyanea 17 3 17.65% Cyanea nozakii 17-20
Kishinouye, 1891
Cyanea capillata
(Linnaeus, 1758)
Cyanea lamarckii
Per6n & Lesueur,
1810
Desmonema 4 0 0% 3
Drymonematidae Drymonema 4 1 25% Drymonema 21,22
dalmatinum Haeckel,
1880
Pelagiidae 25 8 32%
Chrysaora 17 6 35.29% Chrysaora 3, 23-35
chesapeakei
(Papenfuss, 1936)
Chrysaora fuscescens
Brandt, 1835
Chrysaora
quinquecirrha
(Desor, 1848)
Chrysaora hysoscella
(Linnaeus, 1767)
Chrysaora melanaster
Brandt, 1835
Chrysaora ploclamia
(Lesson, 1830)
Mawia 1 1 100% Mawia benovici ( 36, 37
Piraino et al., 2014)
Pelagia 5 1 20% Pelagia noctiluca 38-44
(Forsskal, 1775)
Sanderia 2 0 0% No article
found
Phacellophoridae Phacellophora 1 0 0% 45, 46
Ulmaridae 25 10 40%
Aurelia*® 9 7-9 100% Aurelia aurita L. 47-64

(sensu stricto)
(Linnaeus, 1758)
Aurelia coerulea von
Lendenfeld, 1884

(continued on next page)
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Order Family Genus Total Blooming Percentage of Blooming species Reference
number of species blooming species (names) (s)
species (number) within the total of

each taxon
Aurelia solida
Browne, 1905
Aurelia sp. 1
Aurelia sp. 8
Aurelia sp. 9
Aurelia sp. new
Deepstaria 2 0 0% 65
Aurosa 1 0 0% No article
found
Diplulmaris 2 0 0% 66
Discomedusa 2 1 50% Discomedusa lobata 35, 67
Claus, 1877
Floresca 1 0 0% No article
found
Parumbrosa 1 0 0% 68
Poralia 1 0 0% 69
Stellamedusa 1 0 0% 70, 71
Sthenonia 1 0 0% No article
found
Stygiomedusa 1 0 0% 72,73
Tiburonia 1 0 0% 4,74
Ulmaris 2 0 0% No article
found
Rhizostomeae 88 29 32.95%
Cassiopeidae Cassiopea** 9 2 22.22% Cassiopea andromeda  75-80
(Forskél, 1775)
Cassiopea
xamachana Bigelow,
1892
Catostylidae 25 9 36%
Acromitoides 2 0 0% 81
Acromitus 5 1 20% Acromitus 82-84
hardenbergi Stiasny,
1934
Catostylus 10 3 30% Catostylus mosaicus 85-89
(Quoy & Gaimard,
1824)
Catostylus perezi
Ranson, 1945
Catostylus tagi
(Haeckel, 1869)
Crambione 3 1 33.33% Crambione 87, 90, 91
mastigophora
Maas, 1903
Crambionella 4 4 100% Cambrionella orsisi 87, 92-96
(Vanhoffen, 1888)
Cambrionella
annandalei Rao,
1931
Cambrionella
stuhlmanni (Chun,
1896)
Cambrionella
helmbiru Nishikawa
etal.,, 2015
Leptobrachia 1 0 0% No article
found
Cepheidae 14 2 14.29%
Cephea 4 1 25% Cephea cephea 97
(Forskél, 1775)
Cotylorhiza 4 1 25% Cotylorhiza 98-104
tuberculata (Macri,
1778)
Marivagia 1 0 0% 105, 106
Netrostoma 4 0 0% 107
Polyrhiza 1 0 0% No article
found
Lobonematidae 4 3 75%
Lobonema 1 1 100% Lobonema smithii 87,91, 108
Mayer, 1910
Lobonemoides 3 2 66.67% Lobonemoides gracilis 87,91, 109
Light, 1914
Lobomenoides

(continued on next page)
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Table 1 (continued)

Order Family Genus Total Blooming Percentage of Blooming species Reference
number of species blooming species (names) (s)
species (number) within the total of

each taxon

robustus Stiasny,

1920
Lychnorhizidae 6 2 33.33%
Anomalorhiza 1 0 0% 110, 111
Lychnorhiza 3 2 66.67% Lychnorhiza lucerna 3,112-114
Haeckel, 1880
Lychnorhiza
malayensis Stiasny,
1920
Pseudorhiza 2 0 0% 115
Mastigiidae 13 4 30.76%
Mastigias™** 8 1-3 37.5% Mastigias papua 116-120
(Lesson, 1830)
Mastigietta 1 0 0% No article
found
Phyllorhiza 3 1 33.33% Phyllorhiza punctata 121,122
von Lendenfeld,
1884
Versuriga 1 0 0% 123
Rhizostomatidae 12 6 50%
Eupilema 2 0 0% No article
found
Nemopilema 1 1 100% Nemopilema nomurai 17,18,
Kishinouye, 1922 124-128
Rhizostoma 3 2 66.66% Rhizostoma octopus 99, 101,
(Gmelin, 1791) 104,
Rhizostoma pulmo 129-133
(Macri, 1778)
Rhopilema 6 3 50% Rhopilema 83, 124,
esculentum 134-138
Kishinouye, 1891
Rhopilema hispidum
(Vanhoffen, 1888)
Rhopilema nomadica
Galil et al., 1990
Stomolophidae Stomolophus 2 1 50% Stomolophus 139-141
meleagris Agassiz,
1860
Thysanostomatidae ~ Thysanostoma 3 0 0% 142

References: 1 - Russell, 1959; 2 - Osborn et al., 2007; 3 - Schiariti et al., 2018; 4 - Gasca and Loman-Ramos, 2014; 5 - Kremer et al., 1990; 6 - Larson, 1992; 7 - Segura-
Puertas et al., 2008; 8 - Guevara et al., 2017; 9 - Herring and Widder, 2004; 10 - Tseng et al., 2015; 11 - Sotje and Jarms, 2009; 12 - Fossd, 1992; 13 - Riemann et al.,
2006; 14 - Sgrnes et al., 2007; 15 - Ugland et al., 2014; 16 - Bdmstedt et al., 2020; 17 - Dong et al., 2010; 18 - Feng et al., 2015a; 19 - Vanwalraven et al., 2015; 20 -
Crawford, 2016; 21 - Larson, 1987; 22 - Williams et al., 2001; 23 - Martin et al., 1997; 24 - Masilamoni et al., 2000; 25 - Sparks et al., 2001; 26 - Brodeur et al., 2002; 27 -
Lynam et al., 2006; 28 - Decker et al., 2007; 29 - Suchman et al., 2012; 30 - Marques et al., 2014; 31 - Quinones et al., 2015; 32 - Ruzicka et al., 2016; 33 - Quinones
et al., 2018; 34 - Stone et al., 2019; 35 - Violic¢ et al., 2019; 36 - Piraino et al., 2014; 37 - Avian et al., 2016; 38 - Zavodnik, 1987; 39 - Goy et al., 1989; 40 - Daly Yahia
etal., 2010; 41 - Rosa et al., 2013; 42 - Canepa et al., 2014; 43 - Milisenda et al., 2018; 44 - Bellido et al., 2020; 45 - II’inskii and Zavolokin, 2011; 46 - Radchenko, 2013;
47 - Moller, 1980; 48 - Hernroth and Grondahl, 1983; 49 - Schneider and Behrends, 1994; 50 - Omori et al., 1995; 51 - Lucas, 1996; 52 - Miyake et al., 1997; 53 -
Toyokawa et al., 2000; 54 - Di Camillo et al., 2010; 55 - Malej et al., 2012; 56 - Wang and Li, 2015; 57 - Wang and Sun, 2015; 58 - Wang et al., 2015; 59 - Dong et al.,
2018; 60 - Chi et al., 2019; 61 - Frolova and Miglietta, 2020; 62 - Gueroun et al., 2020; 63 - Goldstein and Steiner, 2020; 64 - Marques et al., 2020; 65 - Gruber et al.,
2018; 66 - Pages, 2000; 67 - Isinibilir et al., 2015; 68 - Miyake et al., 2005; 69 - Doya et al., 2017; 70 - Raskoff and Matsumoto, 2004; 71 - Corrales-Ugalde and Morales-
Ramirez, 2017; 72 - Drazen and Robison, 2004; 73 - Benfield and Graham, 2010; 74 - Matsumoto et al., 2003; 75 - Fitt and Costley, 1998; 76 - Arai, 2001; 77 - Holland
et al., 2004; 78 - Bolton and Graham, 2006; 79 - Stoner et al., 2011; 80 - Deidun et al., 2018; 82 - Boco and Metillo, 2018; 82 - Hamner and Dawson, 2009; 83 - Khong
et al., 2016; 84 - Syazwan et al., 2020a; 85 - Pitt and Kingsford, 2000; 86 - Pitt and Kingsford, 2003; 87 - Omori and Nakano, 2001; 88 - Waryani et al., 2015; 89 -
Rodrigues et al., 2020; 90 - Keesing et al., 2016; 91 - Purcell et al., 2013; 92 - Nishikawa et al., 2015; 93 - Behera et al., 2020; 94 - Billett et al., 2006; 95 - Daryanabard
and Dawson, 2008; 96 - Perissinotto et al., 2013; 97 - Cruz-Rivera and El-Regal, 2016; 98 - Kikinger, 1992; 99 - Pérez-Ruzafa et al., 2002; 100 - Prieto et al., 2010; 101 -
Purcell et al., 2012; 102 - Ruiz et al., 2012; 103 - Galil et al., 2017; 104 - Fernandez-Alias et al., 2020; 105 - Galil et al., 2013; 106 - Mamish and Durgham, 2016; 107 -
Gul et al., 2015; 108 - Bujang and Hassan, 2017; 109 - Rizman-Idid et al., 2016; 110 - Cooke, 1984; 111 - Chuan et al., 2020; 112 - Schiariti et al., 2008; 113 - Nagata
etal., 2009; 114 - Syazwan et al., 2020b; 115 - Browne et al., 2020; 116 - Hamner and Hauri, 1981; 117 - Dawson et al., 2001; 118 - Martin et al., 2006; 119 - Swift et al.,
2016; 120 - De Souza and Dawson, 2018; 121 - Graham et al., 2003; 122 - Johnson et al., 2005; 123 - Sun et al., 2018; 124 - Kawahara et al., 2006; 125 - Feng et al.,
2015b, 126 - Feng et al., 2018; 127 - Feng et al., 2020; 128 - Kitajima et al., 2020; 129 - Prieto et al., 2013; 130 - Kienberger and Prieto, 2018; 131 - Kienberger et al.,
2018;132 - Holst et al., 2007; 133 - Lilley et al., 2009; 134 - Dong et al., 2009; 135 - Takao and Uye, 2018; 136 - Fu et al., 2019; 137 - Sakinan, 2011; 138 - Edelist et al.,
2020; 139 - Girén-Nava et al., 2015; 140 - Lopez-Martinez et al., 2020; 141 - Banha et al., 2020; 142 - Zakai and Galil, 2001.

* Most of the literature about Aurelia spp. was written before the genetics of this species was solved (Scorrano et al., 2017) and therefore the data refer to Aurelia
aurita, but, attending to the review by Lucas (2001), we do not see any reason to think that a current species of the genus Aurelia may lack the capability to bloom.

" It has been reported that Cassiopea spp. accumulates and increases its abundance in harbours after dredging. From literature we deduce that at least two of the
species of this genus are capable of blooming.

" Mastigias spp. is a special case as it undergoes continuous recruitment. However, the blooming ability within this genus should not be ruled out since very rapid
recoveries have been described in the face of temperature fluctuations (Martin et al., 2006). It is considered that between 1 and 3 species can bloom since the genetics
were not well understood at the time of that study.
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published estimate (Hamner and Dawson, 2009) to a value of 25%. We
also provide the first published table connecting each blooming species
with the blooming factors it has been associated with, and the sup-
porting evidences when they exist (Table S3).

From the 142 reviewed papers, 108 refer to blooming and 34 to non-
blooming species. In the first case, eight different options were
mentioned as bloom driving forces. These causes are (Fig. 2, Table S3):

— Temperature (named in 49.07% with evidences provided in 19.44%
of the works). Its study has included laboratory experiments, sea
temperature anomalies modelling, sea surface temperature regres-
sion analysis and literature citations.

— Food availability and overfishing (named in 21.30% and with
explicit evidences in 2.78% of the publications). The study of these
aspects included regressions between fish and jellyfish abundances,
zooplankton and jellyfish correlations, laboratory experiments and
literature citations. Those factors have been studied together as
planktivorous fishes are competitors of jellyfish and complex and
indirect relationships can be established between them in relation to
food availability.

— Eutrophication and nutrient loads (named in 13.89% and evidences
provided in 2.78% of the works) considered relations, correlations
and regressions observed between upwelling, nutrient inputs, chlo-
rophyll a and jellyfish as well as literature citations.

— Habitat (11.11% and 1.85%) has been considered from those papers
which refer to the coastal morphology, bottom depth and water
renewal rate, and, in general, water masses characteristics in which
blooms occur, and relate them with jellyfish abundance.

- Invasion (9.26% and 3.70%) included those references alluding to
the expansion of a species, inferences from the path undergone for
the invasion and literature citations.

— Construction of submerged structures (7.41% and 0%), considered
those works that provide images of polyps in underwater structures
considering them as the cause of the bloom as well as those that
makes inferences on the subject.

— Salinity (6.48% and 3.70%) included laboratory experiments and
correlations between jellyfish distribution and salinity.

— Finally, meteorology and atmospheric indices (6.48% and 0%)
included the articles that have looked for correlations or regressions
between the jellyfish abundance or distribution and rainy days or
atmospheric regimes.

Temperature

Meteorology
Atmospheric index

Eutrophication )
Nutrient load Construction
Food availability -
Overfishing

Habitat

DO Named ®Evidence provider

Fig. 2. Percentage of papers which name (green) or name and provide evidence
(blue) for each of the eight explicative causes for the jellyfish blooms. N = 108.
(For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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25% of the species belonging to the class Syphozoa has been detected
as producing blooms. This class is divided in three orders, Coronatae,
Semaeostomeae and Rhizostomeae, whose species produce blooms in
7.14%, 28.94% and 31.82%, respectively (Table 1).

Since the last revision (Hamner and Dawson, 2009), a new list of
species from the genus Linuche, Nausithoe, Cyanea, Mawia, Discomedusa,
Cassiopea, Cotylorhiza, Mastigias and Lychnorhiza have been reported to
bloom (Table 1, S3).

Linuche ungiculata (Swartz, 1788) and L. aquila (Haeckel, 1880) were
previously considered to form aggregations or ‘apparent’ blooms
directed by currents (Larson, 1992; Hamner and Dawson, 2009), but
Segura-Puertas et al. (2008) confirmed their seasonal appearance trig-
gered by temperature confirming the formation of true blooms. A Nau-
sithoe punctata Kolliker, 1853 bloom was detected in Taiwan waters after
a typhoon and, although it could be argued that it could seem an
‘apparent’ bloom, it represented the unique event of massive appearance
after studying the effect of several typhoons, indicating that we could be
facing a ‘true’ bloom’ (Tseng et al., 2015). Cyanea nozakii Kishinouye,
1891 blooming ability was laboratory proven (Feng et al., 2015a) while
the ability of C. capillata (Linnaeus, 1758) and C. lamarckii Péron &
Lesueur, 1810 was registered in a 50 years time series of daily catches
(Vanwalraven et al., 2015). Mawia benovici (Piraino et al., 2014) was
described after a bloom in North Adriatic Sea in late 2013 (Piraino et al.,
2014; Avian et al., 2016). Violi¢ et al. (2019) recorded the first known
bloom of Discomedusa lobata Claus, 1877 in April 2014 in Southern
Adriatic. Cassiopea spp. has been reported to produce massive appear-
ance after its translocation to new habitats as polyps living in rocks
(Bolton and Graham, 2006), being its blooming ability confirmed after
the detection of ‘true’ blooms of Cassiopea andromeda (Forskal, 1775) in
Maltese Islands in January 2018 (Deidun et al., 2018). Pérez-Ruzafa
et al. (2002) and Fernandez-Alias et al. (2020) reported seasonal blooms
of Cotylorhiza tuberculata in a Mediterranean coastal lagoon. And,
finally, Mastigias spp. is the most ambiguous genus to be considered as
blooming since it undergoes continuous recruitment, but we opted to
consider it as a blooming genus after its population disappearance and
explosive recovery in Lake Palau (Dawson et al., 2001; Martin et al.,
2006).

3.2. Temperature frame and habitat for blooming species

Depending on the species, medusa stages from blooming species can
be present in the water column from 0 °C to 35 °C. From the blooming
species recorded in Table 1, 2 inhabit cold seas (0-10 °C), 1 is temperate-
cold, 14 inhabit temperate seas (10.01-25 °C), 11 are subtropical, 19 are
tropical (25.01-35 °C) and 6 can survive in a temperature range from
cold to tropical (Fig. 3, Table S4).

From the complete review of the biological cycles carried out in six
species in particular, three different strategies can be observed regarding
temperature according to the jellyfish stages (Fig. 4, Table S5). In the
first one, polyps are more temperature tolerant than pelagic phases, but
having a narrower temperature frame for the strobilation (Figs. 4a, c, d,
). As an example, Aurelia sp.1 polyp can survive from 5 to 25 °C, while
the ephyra do it between 13 and 20 °C, planula between 23 and 24 °C,
and medusa phase between 20 and 25 °C. The same strategy, with dif-
ferences in the temperature frame, is recorded for C. tuberculata (polyp
14-28 °C, ephyra and strobila 20-28 °C, planula 23-24 °C and medusa
17-30 °C), N. nomurai (polyp 0-27.5 °C, ephyra 10-18 °C, strobila
6.4-18 °C and medusa 10-25 °C) and R. esculentum (polyp 10-30 °C,
ephyra 16-28 °C, strobila 18-20 °C and medusa 18-28 °C). In the second
strategy, adopted by C. xamachana, the medusa stage (13-33 °C) is the
overwintering phase, while polyps, strobilation and ephyrae occur
during the summer (20-33 °C) (Fig. 4b). In the last one strategy, used by
R. pulmo, the plasticity of every stage allows the coexistence from polyps
and medusae all year round (Fig. 4e; polyp and strobila 14-28 °C,
ephyra 17-28 °C and medusa 13-29.4 °C).

Of the articles that refer to a jellyfish bloom, jellyfish fishery or
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Temperature frame for each blooming species

Linuche unguiculata
Linuche aquila
Nausithoe punctata
Periphylla periphylla —
Cyanea nozakii
Cyanea capillata mm—

Linuche unguiculata

Linuche aquila
Nausithoe punctata
Periphylla periphylla
Cyanea nozakii

Cyanea capillata

Cyanea lamarckii / capillata —— Cyanea lamarckii / capillata
Drymonema dalmatinum C—— Drymonema dalmatinum
Chrysaora i Chrysaora chesapeakei
Chrysaora fuscescens =1 Chrysaora fuscescens
Chrysaora quinquecirrha e Chrysaora quinquecirrha
Chrysaora hysoscella ——— — Chrysaora hysoscella
Chrysaora melanaster Chrysaora melanaster
Chrysaora ploclamia Chrysaora ploclamia
Mawia benovici Mawia benovici
Pelagia noctiluca Pelagia noctiluca
Aurelia aurita (sensu stricto). Aurelia aurita (sensu stricto)
Aurelia coerulea Aurelia coerulea
Aurelia solida Aurelia solida
Aurelia sp. 1 e Aurelia sp. 1
Aureliasp. 8 Aurelia sp. 8
Aurelia sp. 9 Aurelia sp. 9
Aurelia sp. new' Aurelia sp. new
Discomedusa lobata Discomedusa lobata
Cassiopea xamachana Cassiopea xamachana
Cassiopea andromeda Cassiopea andromeda
Acromitus hardenbergi C——r— Acromitus hardenbergi
Catostylus mosaicus. Catostylus mosaicus
Catostylus perezi Catostylus perezi
Catostylus tagi e Catostylus tagi
Crambione mastigophora ————————— Crambione mastigophora
Crambionella orsisi m—— Crambionella orsisi

Crambionella annandalei C
Cambrionella stuhimanni Cambrionella stuhlmanni
Cambrionella helmbiru C i helmbiru
Cephea cephea Cephea cephea
Cotylorhiza tuberculata Cotylorhiza tuberculata
Lobonema smithii Lobonema smithii
Lobonemoides gracilis Lobonemoides gracilis
Lobomenoides robustus Lob ides robustus
Lychnorhiza lucerna Lychnorhiza lucerna
Lychnorhiza malayensis s e =Y Lychnorhiza malayensis
Mastigias spp. E=—— Mastigias spp.
Phyllorhiza punctata Phyllorhiza punctata
Nemopilema nomurai Nemopilema nomurai
Rhizostoma octopus. Rhizostoma octopus
Rhizostoma pulmo Rhizostoma pulmo
Rhopilema esculentum Rhopilema esculentum
Rhopilema hispidum e Rhopilema hispidum

Rhopilema nomadica
Stomolophus meleagris.

Rhopilema nomadica
Stomolophus meleagris
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Fig. 3. Temperature (degrees Celsius) frame in which the medusa stage from blooming species can be present in the water column. Background colours indicate the
temperature frame for cold seas (light blue), temperate seas (light green) and tropical seas (light red). Aurelia sp. 9 and Aurelia sp. new temperature frames belong to
the polyp stage due to the impossibility of retrieving the information for the medusa stage. (For interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)

jellyfish collection of a blooming species (93 in total), we found 110
allusions to coastal zones (76 semienclosed areas and 34 open coastal
areas) against 6 papers alluding to offshore environments (5 offshore
and 1 deep sea) (Fig. 5).

Semienclosed areas included semienclosed bays (recorded in 30
papers), coastal lagoons (11), marine lakes (7), fjords (7), harbours (4),
estuaries (12), bights (4) and marshes (1). The open coastal areas
included open bays (21), islands or archipelagos (6) and straits (7).
Offshore waters also included a reference to a massive deposition of
jellyfish carcasses in deep sea waters (Fig. 5).

3.3. Blooming against non-blooming species

At genus level, the PERMANOVA indicated significant differences for
the factor ‘Order’ (p = 0.0011) and ‘Bloom’ (p = 0.0004), but not for
‘Bloom x Order’ (p = 0.4351) (Table 2). When using species as samples,
only the factor ‘Order’ shows significant differences (p = 0.0007)
(Table 2).

PCA ordination in two axes is explicative for 80% of the variability.
The first axis itself is explicative for 56.1% of the variation and it is
directed by the maximum length of the species and the depth (Max, min

and main) acting in opposite directions, while the second axis explains
an added 23.9% of the variation and is directed by the minimum and
main temperature and maximum and minimum depth in which inhabit
the different species (Fig. 6).

The PERMANOVAs performed for each Order also showed that there
are only significant differences between blooming and non-blooming
genera within orders Semaeostomeae (p = 0.0176) and Coronatae (p
= 0.0177) (Table 3). SIMPER analysis showed that these differences are
mainly explained by depth and temperature (80.4% and 11.37%,
respectively, in Semaeostomeae, and 80.71% and 12.38% in Coronatae).
In the case of Rhizostomeae, despite the absence of significant differ-
ences, SIMPER analysis reveals that blooming species live in shallower
waters than non-blooming, this being in line with what was observed in
the other Orders.

On the contrary, the analysis at species level only revealed signifi-
cative differences within Rhizostomeae in account of the higher
maximum length of its blooming species (91.29%). In the case of Cor-
onatae and Semaeostomeae, despite the absence of significant differ-
ences, SIMPER analysis revealed that blooming species are also larger
than the non-blooming ones.
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Fig. 4. Temperature (Celsius degrees) frame for the different stages of the life
cycle of six scyphozoan species. a) Aurelia sp. 1. b) Cassiopea xamachana. c)
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frame is shared for both.

4. Discussion and conclusions

After twenty years of a growing perception that the jellyfish abun-
dance is increasing due to natural or anthropogenic stressors, there is
still a high degree of uncertainty towards this. In this sense, Pitt et al.
(2018) indicated that most of the literature including the term “jellyfish
bloom” refers to theoretical causes as evidences. Taking this into ac-
count, it seems necessary to reconsider and study which species has been
related to one or multiple stressors in each case and their importance
(Table S3).

Blooming events are not recorded for all scyphozoan species, but
only for a small percentage of the class. However, it should be noted that
this percentage has increased during the last decade from around 14%,
registered by Hamner and Dawson (2009) in the last major review
carried out on this group, to 25% calculated in the present work (55
species). This contrasts with the absence of a significant increase in the
overall abundance of jellyfish between 1970 and 2011 (Condon et al.,
2013), which indicates that the number of species detected that produce
blooms could be increasing paired with the number of observations,
publications and studies on this topic (Condon et al., 2013; Pitt et al.,
2018), which would not necessarily mean a real increase in the number
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of blooms. However, it could not be ruled out that the greater interest in
jellyfish populations, recorded through the increase in publications (Pitt
et al.,, 2018), might be the reason underneath the detection of new
blooming species. Despite the underlying reason explaining this in-
crease, the updated blooming species list should be considered in the
jellyfish monitoring systems.

To define the environmental frame for blooming species and to
compare those with non-blooming ones, three different groups of factors
can be suggested as implicated in the jellyfish abundance and prolifer-
ation even if not all the species respond in the same manner: physical
forcing, nourishment and biotope.

4.1. Physical forcing: temperature and salinity

Temperature is the most reported driving factor in blooming events
(49.07% of the reviewed publications), and evidences are provided in
19.44% of the papers.

Our multivariate analysis indicates that the minimum and main
dwelling temperature is higher for those species capable of blooming
within the Coronatae order, slightly lower for the Semaeostomeae order
and not significant for the Rhizostomeae (Fig. 6; Table 3). The lower
effect of temperature over the separation of blooming and non-blooming
species from the Semaeostomeae and Rhizostomeae orders can be
explained by the higher diversity of scyphozoan species registered in
warmer waters, in which those orders mainly live (Hamner and Dawson,
2009; Figs. 1, 3, 6). The Coronatae order, less capable of producing a
bloom (Table 1), has differences with Rhizostomeae and Sem-
aeostomeae (Table 2), being composed by smaller organisms and in-
habitants of colder and deeper waters (Fig. 6, Table 3). It should be
noted that the blooming species belonging to Coronatae order inhabit in
shallower and warmer environments than the non-blooming ones,
keeping consistency with the differences observed in the other orders
(Table 3).

Our results suggest that the distribution of the species is limited by
temperature (Figs. 3, 6). The list of genera capable of blooming in
temperate seas include Pelagia, Discomedusa and Nemopilema (14 species
in total) and those that can bloom in temperate, subtropical or tropical
seas include Linuche, Nausithoe, Cyanea, Chrysaora, Mawia, Aurelia,
Cassiopea, Acromitus, Catostylus, Crambione, Crambionella, Cephea,
Cotylorhiza, Lobonema, Lobonemoides, Lychnorhiza, Mastigias, Phyllorhiza,
Rhizostoma, Rhopilema and Stomolophus (39 species in total). Therefore,
the global warming trend recorded in the oceans (Ramanathan and
Feng, 2009) might lead to a higher proliferation of jellyfish induced by
the expansion of those which inhabit or tolerate warmer waters.

Beyond the effect over the distribution, the effect of temperature
over the life cycle should be considered. Long term studies usually
conceal the effect of temperature as bloom promoter (Vanwalraven
et al., 2015), which is probably influenced by the existence of long
period (decadal) oscillations in the abundance (Condon et al., 2013).
However, the experiments carried out in the laboratory under fully
controlled microcosms, preventing the effect from being blurred by
other factors, indicate that temperature does affect asexual reproduc-
tion, induces strobilation when fluctuations occur, and favors growth in
certain species (Prieto et al., 2010; Fuentes et al., 2011; Purcell et al.,
2012; Feng et al., 2015a, 2015b). These effects reported in the labora-
tory have also been revealed to be important cause-effects relationships
in nature during short-term studies (Waryani et al., 2015; Fernandez-
Alias et al., 2020; Gueroun et al., 2020). In longer time series, even
considering that ‘absence’ periods are registered, blooming of jellyfish,
when present, normally shows a seasonality inside the frame of the year
(Vanwalraven et al., 2015; Ruzicka et al., 2016; Guevara et al., 2017;
Stone et al., 2019).

However, even if the temperature acts as a regulator, the tradition-
ally accepted quote ‘The warmer the better’ (Ruiz et al., 2012) has some
exceptions between blooming species. Mastigias spp. (Martin et al.,
2006), Aurelia aurita (Linnaeus, 1758) (Fuchs et al., 2014), and Aurelia



A. Ferndndez-Alias et al.

Marine Pollution Bulletin 173 (2021) 113100

HABITAT IN WHICH THE BLOOM IS

OFF-SHORE
™ REGISTERED
Deep Sea;
1
7’ Off-shore; 6 |
SEMIENCLOSED
Bight; 4 Coastal
Off-Shore; ‘LaE.gn; 11
5
Marine lake;
Open Coastal; 34 | . 7
OPEN COASTAL semiendosed: 76| | ™ ay; 30 —
Archipelago N a7

/island; 6

Open
coastal; 21

Fig. 5. Number of papers which allude to a specific habitat as host of a jellyfish bloom, jellyfish fishery or jellyfish blooming species collection.

Table 2

PERMANOVA for the scyphozoan genera and species with available information regarding maximum length of the species and minimum, maximum and main
temperature, salinity and depth of detection of the species and minimum, maximum and mean chlorophyll a in the type location in the consulted databases (38/60

genera, 78/223 species).

Genera as samples

Source df SS MS Pseudo-F P (perm) Unique perms P (MC)
Order 2 145.93 72.966 4.5256 0.0007 9939 0.0011
Bloom 1 140.03 140.03 8.6852 0.0004 9944 0.0004
Order x Bloom 2 30.922 15.461 0.9590 0.4601 9945 0.4351
Species as samples

Source df SS MS Pseudo-F P (perm) Unique perms P (MC)
Order 2 3159.2 1576.6 5.2536 0.0016 9937 0.0007
Bloom 1 634.38 634.38 2.1099 0.1122 9956 0.1085
Order x Bloom 2 331.36 165.68 0.55104 0.7249 9942 0.7318

sp. (Fernandez-Alias et al., 2020) are reported to need a period of low
temperature to proliferate, and Stomolophus meleagris Agassiz, 1860
cannot survive in temperatures higher than 29 °C (Girén-Nava et al.,
2015). This quote is normally used to refer to the adult phase since the
medusa stages, in most of the blooming species, appear in summer and
are inhabitants of temperate and tropical seas (Fig. 3), but generally
ignores the importance of the thermal amplitude as a requirement for
the species to complete their life cycle (Fig. 4). The six scyphozoan
species whose life cycle has been analyzed in detail reflect that there
exists more than a single strategy applied during the seasonal thermal
variation (Fig. 4).

At least two different strategies are recorded for species in which the
medusa stage is present throughout the year. As examples, Cassiopea
xamachana presents asexual reproduction of the polyps and strobilation
limited to the summer season (Fitt and Costley, 1998) while Rhizostoma
pulmo exhibits multiple cohorts throughout the year, being able to
strobilate in a wide temperature range, particularly when temperature
changes are registered (Fuentes et al., 2011; Purcell et al., 2012;
Fernandez-Alias et al., 2020).

It should be pointed that even if most of the connections between
blooming jellyfish life cycles and temperature are based on experiences
and observations, the genetic pathways and the explanations that can
underlie in this regard remain undescribed. In this line, we have found
three studies in which an expression microarray was ensembled (Fuchs
et al., 2014; Brekhman et al., 2015; Khalturin et al., 2019). Khalturin
et al. (2019) found stage-specific gene expression, being 4.3% of the
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genes from A. aurita specific from the medusa stage and 8.7% from polyp
stage, indicating that exists a deep genetic regulation. Three genes of
A. aurita were identified to increase its expression 35,000-fold when the
temperature was reduced 8 °C (Fuchs et al., 2014). The most overex-
pressed gene, CL390 or CL390-like, has been suggested as the strobila-
tory hormone that is released with temperature fluctuations, whether it
decreases (Fuchs et al., 2014) or increases (Brekhman et al., 2015). This
is a promising research field since an accurate description of the mo-
lecular strobilation mechanisms would suppose much improvement for
the blooming predictive models.

Affecting distribution, along with temperature, it is also important to
consider the water salinity. Evidences indicating the influence of salinity
in the distribution of jellyfish species are given in 3.70% of the total
reviewed papers. Freshwater inputs and salinity gradients are charac-
teristics of semi-isolated environments that have been proven to affect
the settlement and distribution patterns of jellyfish (Pérez-Ruzafa et al.,
2002; Fu et al., 2019; Stone et al., 2019; Feng et al., 2020; Fernandez-
Alias et al., 2020). However, our multivariate analysis indicates that
there is no difference between the salinities in which the blooming and
non-blooming species dwell (Fig. 6). Thus, salinity could be a predictor
of jellyfish distribution and, locally, acts as a barrier that prevents the
entry or exit of species from specific hypersaline or brackish habitats,
although it does not seem to modulate the intensity of a bloom.

We can conclude that temperature is the main factor that regulates
the life cycles of jellyfish and drives strobilation, but, as inferred from
the loss of the latter relationship in long-term studies, seasonality in
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Fig. 6. Principal Component Analysis (PCA) for the scyphozoan genera which
have available information regarding maximum length of the species and
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the species, and minimum, maximum and average chlorophyll a in each type of
location of the species (Table S2; 38/60 genus). Filled shapes indicate
‘blooming species’ and empty ones indicate ‘non-blooming species’.

itself does not guarantee the appearance of a bloom within a certain
year, this being also affected by other factors. Furthermore, as species
can record different behaviors in relation to temperature and salinity, a
single model cannot be constructed to predict the response of the class
Scyphozoa as a whole and it is important to consider each species
independently.

These two parameters also act in a coordinated way establishing the
biogeographical distribution for each species, the distribution found
today being an image that can be modified in a more or less close climate
change scenario. On the other hand, it must be borne in mind that not all
the scyphozoan species are benefiting from the global warming trend
and some of them are prone to see their habitat reduced. As an example,
Periphylla periphylla shows a distribution limited by an upper limit of
7 °C, and Cyanea lamarckii and Chrysaora melanaster Brandt, 1835 by an
upper limit of 13 °C (Fig. 3).

4.2. Nourishment: food availability, overfishing, nutrient loads and
eutrophication

Food availability and overfishing are recorded as bloom promoting
factors in 21.30% of the reviewed papers, while eutrophication and
nutrient loads are reported in 13.89% of them. In both cases, evidence is
provided in 2.78% from the total of the analyzed publications. When the
maximum, minimum and mean chlorophyll a recorded through a decade
in the locations of the scyphozoan species were analyzed, we did not find
an influence of this factor on the distribution of blooming and non-
blooming jellyfish (Fig. 6, Table 3).

Our results indicate that blooming and non-blooming species dis-
tribution is not affected by the concentration of chlorophyll a, but this
might be indicative of complex bottom-up and top-down interactions.
On one hand, a higher nutrients or food availability generally is directly
related with the abundance of the species benefiting from them, being
the abundance of gelatinous plankton greater in upwelling areas
(Suchman et al., 2012). This effect has also been found specifically for
the Scyphozoa class. We can mention how Rhizostoma pulmo shows a
significant relationship with the nitrate inputs in a coastal lagoon that
undergoes a severe eutrophication process (Pérez-Ruzafa et al., 2002;
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Table 3

Pairwise and SIMPER analysis performed for each Order of scyphozoan for the
factor ‘Bloom’ (Blooming versus Non-Blooming group), at genus and species
level, using the available information on maximum length of the species, min-
imum, maximum and main temperature, salinity and depth of detection of the
species, and minimum, maximum and mean chlorophyll a in the type location in
the consulted databases (38/60 genera, 78/223 species).

Genera as samples

Source P (perm) Unique perms P (MC)

Rhizostomeae 0.1266 7669 0.1323

Semaeostomeae 0.0160 9056 0.0176

Coronatae 0.0302 35 0.0177

Variable Blooming Non-blooming Contribution
Mean Mean

Rhizostomeae

Min depth (m) 27.1 171 45.21%

Main depth (m) 40.4 214 24.12%

Max depth (m) 112 258 20.70%

Semaeostomeae

Min depth (m) 0 789 43.19%

Main depth (m) 260 667 23.28%

Max depth (m) 775 1600 13.93%

Min temp (°C) 10.4 12.7 6.85%

Main temp (°C) 17.4 17.5 4.52%

Coronatae

Min depth (m) 0 328 59.40%

Main depth (m) 685 1190 16.92%

Min temp (°C) 12.8 8.46 6.45%

Main temp (°C) 18.1 15.4 5.93%

Max depth (m) 3670 2270 4.39%

Species as samples

Source P (perm) Unique perms P (MQC)

Rhizostomeae 0.0004 9941 0.0030

Semaeostomeae 0.7676 9903 0.5655

Coronatae 0.5691 1901 0.5450

Variable Blooming Non-blooming Contribution
Mean Mean

Rhizostomeae

Max length (cm) 37.8 13.7 91.29%

Semaeostomeae

Max length (cm) 49 30.8 57.96%

Min temp (°C) 10.4 12.7 21.01%

Main temp (°C) 17.4 17.5 12.36%

Coronatae

Min temp (°C) 12.8 8.46 42.89%

Main temp (°C) 18.1 15.4 39.61%

Max length (cm) 6.4 5.52 12.5%

Fernandez-Alias et al., 2020), Nemopilema nomurai polyps are reported
to exhibit a higher asexual reproduction rate when there is a high
plankton availability in laboratory (Sun et al., 2015), or Stomolophus
meleagris needs rapidly available food to survive after the strobilation
takes place (Giron-Nava et al., 2015). On the other hand, in the Mar
Menor coastal lagoon, under a high nutrient input scenario, blooms of
three scyphozoan species (Aurelia sp., Cotylorhiza tuberculata and Rhi-
zostoma pulmo) segregate over time maintaining, together with ich-
thyoplankton, low levels of chlorophyll a (Pérez-Ruzafa et al., 2002;
Fernandez-Alias et al., 2020). This poses a scenario in which the effect of
chlorophyll a concentration can easily be concealed as it occurs in our
analysis and in long-term studies (Vanwalraven et al., 2015; Stone et al.,
2019).

Even though, the importance of the bottom-up effect seems partic-
ularly important during the polyp and strobila stages, having been the
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quantity and quality of the food proved to control and modulate the
intensity of blooms under the appropriate temperature regime (Schiariti
et al,, 2014; Wang et al., 2015; Wang and Li, 2015; Goldstein and
Steiner, 2020; Marques et al., 2020). Here, it should be noted that most
of those observations have been made for the Aurelia genus, being it
smaller than the average size of the blooming species from Rhizosto-
meae and Semaeostomeae orders (Table 3; Scorrano et al., 2017;
Fernandez-Alias et al., 2020; Marques et al., 2020). It can be inferred
that larger species will need a higher amount of nutrients as they need to
satisfy growth rates that exceed 4 mm/day (Kikinger, 1992; Lopez-
Martinez et al., 2020; Leoni et al., 2021). Considering that our results
suggest that larger species are more likely to bloom (Fig. 6, Table 3),
which is probably linked to an increase of the gonadosomatic index with
size (Fernandez-Alias et al., 2020), it seems plausible that the existence
of complex bottom-up and top-down relationships within the trophic net
control and modulate the intensity of a bloom (Pérez-Ruzafa et al., 2002;
Stone et al., 2019; Marques et al., 2020) being them blurred in long term
analysis.

The complex equilibrium between the top-down and bottom-up in-
teractions (Boero et al., 2008) might also be fragile since, through
eutrophication processes, the dominance of jellyfish blooms can even-
tually shift to an algae and dinoflagellate dominance (Boero, 2015;
Pérez-Ruzafa et al., 2019). However, it cannot be ruled out that the
decline or disappearance of jellyfish in these cases may be accelerated or
caused by human interferences in the reproduction strategies and
further studies are needed to elucidate these relationships.

A less studied effect that might also regulate the intensity of the
blooms is the predation and mortality that may exists on non-medusa
stages. There are some intrinsic difficulties to the study of those stages
since, in most places and occasions, polyps have not been found in the
field and early stage ephyrae and planulae cannot be seen without the
aid of a microscope. Even though, nudibranchs, amphipods, pycnogo-
nids and decapods have been reported to be the main jellyfish polyp
predators (Lucas et al., 2012; Takao et al., 2014). Here it should be noted
that the resistance structures formed at the pedal disc of the polyps,
named podocysts, can help to survival of the polyps under food scarcity
and predation periods; thus contributing to bloom formation (Arai,
2008). Ishii et al. (2004) reported that, when ephyrae are preyed upon
by naturally present zooplankton, a death rate of up to 99% of newly
released ephyrae can be achieved and, although there is a gap in the
knowledge about predation on planulae, from an experimental study of
Kuplik et al. (2015) it can be inferred that this stage can also be
predated.

4.3. Biotope: habitat, invasions and construction of submerged structures

In the group ‘Biotope’ we have found habitat, invasions and con-
struction of submerged structures as the main factors related to the ex-
istence and proliferation of jellyfish.

Habitat is recorded in 11.11%, and evidences indicating the influ-
ence of the habitat over population dynamics are provided in 1.85% of
the reviewed papers. It is not an inducer of strobilation, but it facilitates
the conditions for strobilation when it provides solid settlement and
slow water renewal rate conditions. In our opinion, this category could
be highly underestimated since, in the analyzed works, 110 allusions
have been found to coastal areas (in which blooms were detected, are
used for a jellyfish fishery or are used to collect blooming individuals)
compared to 6 allusions in open or deep waters (Fig. 5). Moreover, our
analysis reveals that the main difference between blooming and non-
blooming genera is the depth in which they inhabit (Fig. 6, Table 3).
Minimum, main and maximum depth of jellyfish detection are pointed
as the most influential factors and, more specifically, genera which are
able of living in the first 27.1 m of the water column are more likely to
bloom (Table 3).

Most blooms are registered in semienclosed areas, semienclosed
bays, coastal lagoons, marine lakes, fjords, harbours, estuaries, bights
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and marshes. These habitats, considered as more suitable to host jelly-
fish blooms, show significant thermal oscillations, throughout the year
but also daily, due to the reduced connection with the open sea and their
naturally stressed system conditions (Umgiesser et al., 2014). As
mentioned above, sudden temperature fluctuations coincide with stro-
bilation events, and it has also been reported that genetic pathway is
activated due to these changes (Fuchs et al., 2014; Brekhman et al.,
2015; Fernandez-Alias et al., 2020). So, this naturally fluctuating and
heterogeneous behavior of these systems explains in part the presence of
blooms mainly in semienclosed areas, followed by open coastal areas,
and their absence in deep waters (Fig. 5).

It may be argued that monitoring of open waters includes additional
difficulties that could limit the detection of blooming events. However,
in semienclosed areas jellyfish are able of overcoming the water
movement and produce swarming events (Hamner and Hauri, 1981; Pitt
and Kingsford, 2000; Ugland et al., 2014; Fernandez-Alias et al., 2020)
while in open waters the distribution of jellyfish is mainly driven by the
movement of water masses and currents (El Rahi et al., 2020; Kitajima
et al., 2020). In addition, those studies that measure the distance to the
coast suggest that the closer to the coast the greater the probability of
finding jellyfish (Sparks et al., 2001) and insist that blooming scypho-
zoan species are mostly collected near shore (Schiariti et al., 2018).

Blooms of deep-sea species do not seem to occur, and different ex-
planations for this situation can be suggested. The first would be related
to the own characteristics of the species found in these environments
and their inability to perform bloom events, the second would assume
that there are species that can carry out blooming events in deep waters,
but these have not yet been recorded due to the depth in which they
occur, and, finally, the last explanation suggest that deep-sea jellyfish
could only bloom when find conditions that are optimal for them, in very
specific and sometimes difficult-to-detect situations, as is the case of
Periphylla periphylla, a typically deep-water inhabitant, that is capable of
blooming in semienclosed fjords, where it appears in shallow waters and
even in the surface (Riemann et al., 2006). In deep-water environments,
an important abundance of corpses of Crambionella orsini (Vanhoffen,
1888), a shallow water species, that falls along the continental shelf
when it is dying, has also been recorded (Billett et al., 2006).

We are more inclined to the third explanation, as it is proven that the
thermal amplitude and accumulation of nutrients, the two main drivers
involved in the blooming events, are greater in semienclosed areas than
in open waters and higher depths (Smith, 1994).

The relationship observed between abrupt changes in temperature
and strobilation (Fernandez-Alias et al., 2020) could eventually affect
the distribution of jellyfish populations. Thus, blooms and populations
are going to be increasing in abundance and number in the tropics and
subtropics, but reduced in the polar areas, which correspond to the
increase-decrease temperature standard deviation predicted for those
areas (Vincze et al., 2017; Bathiany et al., 2018). This implies that not
only terrestrial zones in poor countries, but also their marine ecosys-
tems, are going to be deeply affected by climate change in this sense
(Bathiany et al., 2018).

Invasions from alien species are registered in 9.26% and proved in
3.70% of all the articles that have to do with the term ‘biotope’. We have
no doubt that some species such as Cassiopea spp. and Aurelia spp. have
increased their range of distribution, but since we have only considered
‘the proven facts’ in those papers in which the pathway of invasions are
determined, there is a great gap between what is hypothesized and what
is proven. Within this point it has only been proved that the trans-
location of a species into a habitat suitable to host a bloom can lead to a
massive proliferation of the introduced species (Bolton and Graham,
2006).

Species translocation and alien species invasion are not strobilation
inductors, but have a great influence on increasing jellyfish abundance
in terms of habitat functioning (Richardson et al., 2009). There may be
areas in which the conditions to promote the bloom of a certain species
are optimal but reaching them is beyond its swimming capacity. That
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distance can only be covered by jellyfish translocated in ballast waters,
strong currents, through recently opened channels or as polyps in ‘living
rocks’, platforms or navigational structures (Bolton and Graham, 2006;
Graham et al., 2003; Johnson et al., 2005; Richardson et al., 2009;
Sakinan, 2011; Galil et al., 2013).

Only one work could be found, carried out by Killi et al. (2020), that
performs a risk screening of the potential invasiveness of gelatinous
zooplankton, taking into account biological aspects to be able to identify
“potential invaders” but leaving in the background the identification of
places at risk of invasion. This work points the size of the species as an
indicative feature of the invasiveness potential, being it coincident with
the evolution of blooming species towards larger sizes (Fig. 6, Table 3).

Similar considerations can be made for the category ‘Construction of
submerged structures’. There are articles that provide images of polyps
growing on submerged artificial structures (Malej et al., 2012; Wang and
Sun, 2015), but they do not provide statistical analysis comparing these
structures with hard natural substrates in the same environmental
conditions. In this line, Duarte et al. (2013) proposed that the detection
of polyps after the deployment of artificial substrate in habitats where
previous surveys yielded no detection is indicative of their preference
for artificial structures. Moreover, two experiments were carried out
yielding that artificial substrates provide a similar or better spot for
planulae settlement than the natural ones (Duarte et al., 2013). It is
important to bear in mind that these structures can also facilitate and/or
increase the connectivity between populations with the consequent ef-
fects on the distribution of some species and the colonization of new
environments.

As final remark we can conclude that i) the percentage of blooming
scyphozoan species has increased up to 25% during the last decade,
which means going from a list of 31 species producing blooms to an
updated list of 55 species, ii) temperature and food availability are the
main factors modelling the intensity of a bloom, iii) semienclosed,
shallow water environments are more likely to host a bloom, iv) larger
species capable of living near surface hold a higher blooming potential
and v) the interspecific variability in the response towards environ-
mental factors suggest that the prediction model should be constructed
species-habitat-specific.

CRediT authorship contribution statement

Alfredo Fernandez-Alias: Conceptualization, Investigation, Formal
analysis, Data curation, Writing — original draft, Writing — review &
editing, Validation. Concepcion Marcos: Data curation, Writing —
original draft, Writing — review & editing, Validation. Angel Pérez-
Ruzafa: Conceptualization, Data curation, Writing — review & editing,
Validation.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

This study was conducted as part of the Ph. D. dissertation of AFA
and was supported by 21449/FPI1/20, Fundacién Séneca. Regién de
Murcia (Spain).

This work has received financial support from the project on
“Monitoring and predictive analysis of the ecological state evolution of
the Mar Menor lagoon ecosystem and prevention of impacts
(2020-2021)” financed by the General Directorate of the Mar Menor of
the Regional Ministry of Water, Agriculture, Livestock Farming, Fish-
eries and Environment of the Autonomous Community of the Region of
Murcia.

We acknowledge the valuable comments provided by three

13

Marine Pollution Bulletin 173 (2021) 113100
anonymous reviewers which greatly contributed to improve this paper.
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.marpolbul.2021.113100.

References

Anderson, M.J., Gorley, R.N., Clarke, K.R., 2008. PERMANOVA-+ for PRIMER: Guide to
Software and Statistical Methods. PRIMER-E, Plymouth, UK.

Arai, M.N., 2001. Pelagic coelenterates and eutrophication: a review. Hydrobiologia 451,
69-87. https://doi.org/10.1023/A:1011840123140.

Arai, M.N., 2008. The potential importance of podocysts to the formation of scyphozoan
blooms: a review. In: Jellyfish blooms: causes, consequences, and recent advances,
pp. 241-246.

Avian, M., Ramsak, A., Tirelli, V., D’Ambra, I., Malej, A., 2016. Redescription of Pelagia
benovici into a new jellyfish genus, mawia, gen. Nov., and its phylogenetic position
within pelagiidae (Cnidaria: scyphozoa: Semaeostomeae). Invertebr. Syst. 30 (6),
523-546. https://doi.org/10.1071/1S16010.

Bamstedt, U.L.F., Sotje, 1., Tiemann, H., Martinussen, M.B., 2020. Fecundity and early
life of the deep-water jellyfish Periphylla periphylla. J. Plankton Res. 42 (1), 87-101.
https://doi.org/10.1093/plankt/fbz076.

Banha, T.N.S., Morandini, A.C., Renan, P., 2020. Scyphozoan jellyfish (Cnidaria,
Medusozoa) from Amazon coast: distribution, temporal variation and length-weight
relationship. J. Plankton Res. 42, 767-778. https://doi.org/10.1093/plankt/
fbaa056.

Bathiany, S., Dakos, V., Scheffer, M., Lenton, T.M., 2018. Climate models predict
increasing temperature variability in poor countries. Sci. Adv. 4 (5), 1-11. https://
doi.org/10.1126/sciadv.aar5809.

Behera, P.R., Raju, S.S., Jishnudev, M.A., Ghosh, S., Saravanan, R., 2020. Emerging
jellyfish fisheries along central south east coast of India. Ocean oastal Manag. 191,
105183 https://doi.org/10.1016/j.ocecoaman.2020.105183.

Bellido, J.J., Baez, J.C., Souviron-Priego, L., Ferri-Yanez, F., Salas, C., Lopez, J.A.,
Real, R., 2020. Atmospheric indices allow anticipating the incidence of jellyfish
coastal swarms Mediterranean marine. Science 21 (2), 289-297. https://doi.org/
10.12681/mms.20983.

Benfield, M.C., Graham, W.M., 2010. In situ observations of Stygiomedusa gigantea in
the Gulf of Mexico with a review of its global distribution and habitat. J. Mar. Biol.
Assoc. U. K. 90 (6), 1079-1093. https://doi.org/10.1017/50025315410000536.

Billett, D.S.M., Bett, B.J., Jacobs, C.L., Rouse, I.P., Wigham, B.D., 2006. Mass deposition
of jellyfish in the deep Arabian Sea. Limnol. Oceanogr. 51 (5), 2077-2083. https://
doi.org/10.4319/10.2006.51.5.2077.

Boco, S.R., Metillo, E.B., 2018. Observations on the specific associations found between
scyphomedusae and commensal fish and invertebrates in the Philippines. Symbiosis
75 (1), 69-79. https://doi.org/10.1007/513199-017-0513-4.

Boero, F., 2015. The future of the Mediterranean Sea ecosystem: towards a different
tomorrow. Rend. Fis. Acc. Lincei 26, 3-12. https://doi.org/10.1007/s12210-014-
0340-y.

Boero, F., Bouillon, J., Gravili, C., Miglietta, M.P., Parsons, T., Piraino, S., 2008.
Gelatinous plankton: irregularities rule the world (sometimes). Mar. Ecol. Prog. Ser.
356, 299-310.

Bolton, T.F., Graham, W.M., 2006. Jellyfish on the rocks: bioinvasion threat of the
international trade in aquarium live rock. Biol. Invasions 8 (4), 651-653. https://
doi.org/10.1007/s10530-005-2017-z.

Brekhman, V., Malik, A., Haas, B., Sher, N., Lotan, T., 2015. Transcriptome profiling of
the dynamic life cycle of the scypohozoan jellyfish Aurelia aurita. BMC Genomics 16
(1), 74. https://doi.org/10.1186/512864-015-1320-z.

Brodeur, R.D., Sugisaki, H., Hunt, G.L., 2002. Increases in jellyfish biomass in the Bering
Sea: implications for the ecosystem. Mar. Ecol. Prog. Ser. 233, 89-103. https://doi.
org/10.3354/meps233089.

Brotz, L., Cheung, W.W.L., Kleisner, K., Pakhomov, E., Daniel, P., 2012. Increasing
jellyfish populations: trends in large marine ecosystems. Hydrobiologia 690, 3-20.
https://doi.org/10.1007/s10750-012-1039-7.

Browne, J.G., Pitt, K.A., Cribb, T.H., Browne, J.G., 2020. DNA sequencing demonstrates
the importance of jellyfish in life cycles of lepocreadiid trematodes. J. Helminthol.
94, €182 https://doi.org/10.1017/50022149X20000632.

Bujang, N., Hassan, A.N.A., 2017, 1830, 080009 https://doi.org/10.1063/1.4980993.

Canepa, A., Fuentes, V., Sabatés, A., Piraino, S., Boero, F., Gili, J.M., 2014. Pelagia
noctiluca in the Mediterranean Sea. In: Pitt, K.A., Lucas, C.H. (Eds.), Jellyfish
Blooms. Springer, Netherlands, pp. 237-266. https://doi.org/10.1007/978-94-007-
7015-7.

Condon, R.H., Duarte, C.M., Pitt, K.A., Robinson, K.L., Lucas, C.H., Sutherland, K.R.,
Mianzan, H.W., Bogeberg, M., Purcell, J.E., Decker, M.B., Uye, S., Madin, L.P.,
Brodeur, R.D., Haddock, S.H.D., Malej, A., Parry, G.D., Eriksen, E., Quinones, J.,
Acha, M., Harvey, M., Arthur, J.M., Graham, W.M., 2013. Recurrent jellyfish blooms
are a consequence of global oscillations. Proc. Natl. Acad. Sci. 110 (3), 1000-1005.

Chi, X., Mueller-Navarra, D.C., Hylander, S., Sommer, U., Javidpour, J., 2019. Food
quality matters: interplay among food quality, food quantity and temperature
affecting life history traits of Aurelia aurita (Cnidaria: Scyphozoa) polyps. Sci. Total
Environ. 656, 1280-1288. https://doi.org/10.1016/j.scitotenv.2018.11.469.

Chuan, C.H., Venmathi Maran, B.A., Yap, T.K., Cheong, K.C., Syed Hussein, M.A.,
Saleh, E., Tan, S.H., 2020. First record of jellyfish Anomalorhiza shawi light, 1921


https://doi.org/10.1016/j.marpolbul.2021.113100
https://doi.org/10.1016/j.marpolbul.2021.113100
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260433180347
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260433180347
https://doi.org/10.1023/A:1011840123140
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260433573267
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260433573267
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260433573267
https://doi.org/10.1071/IS16010
https://doi.org/10.1093/plankt/fbz076
https://doi.org/10.1093/plankt/fbaa056
https://doi.org/10.1093/plankt/fbaa056
https://doi.org/10.1126/sciadv.aar5809
https://doi.org/10.1126/sciadv.aar5809
https://doi.org/10.1016/j.ocecoaman.2020.105183
https://doi.org/10.12681/mms.20983
https://doi.org/10.12681/mms.20983
https://doi.org/10.1017/S0025315410000536
https://doi.org/10.4319/lo.2006.51.5.2077
https://doi.org/10.4319/lo.2006.51.5.2077
https://doi.org/10.1007/s13199-017-0513-4
https://doi.org/10.1007/s12210-014-0340-y
https://doi.org/10.1007/s12210-014-0340-y
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260504548021
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260504548021
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260504548021
https://doi.org/10.1007/s10530-005-2017-z
https://doi.org/10.1007/s10530-005-2017-z
https://doi.org/10.1186/s12864-015-1320-z
https://doi.org/10.3354/meps233089
https://doi.org/10.3354/meps233089
https://doi.org/10.1007/s10750-012-1039-7
https://doi.org/10.1017/S0022149X20000632
https://doi.org/10.1063/1.4980993
https://doi.org/10.1007/978-94-007-7015-7
https://doi.org/10.1007/978-94-007-7015-7
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260505010487
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260505010487
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260505010487
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260505010487
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260505010487
https://doi.org/10.1016/j.scitotenv.2018.11.469

A. Ferndndez-Alias et al.

(Cnidaria: Scyphozoa) and its associated organisms in SabahMalaysia, 35, 101232.
https://doi.org/10.1016/j.rsma.2020.101232.

Cooke, W.J., 1984. New scyphozoan records for Hawaii: Anomalorhiza shawi (Light,
1921) and Thysanostoma loriferum (Ehrenberg, 1835); with notes on several other
rhizostomes. Proc. Biol. Soc. Wash. 97 (3), 583-588.

Corrales-Ugalde, M., Morales-Ramirez, A., 2017. New record of Stellamedusa ventana
Raskoff & Matsumoto, 2004 in the Eastern Tropical Pacific. Mar. Biodivers. 49 (1),
515-519. https://doi.org/10.1007/s12526-017-0781-5.

Crawford, R.E., 2016. Occurrence of a gelatinous predator (Cyanea capillata) may affect
the distribution of Boreogadus saida, a key Arctic prey fish species. Polar Biol. 39 (6),
1049-1055. https://doi.org/10.1007/s00300-015-1779-8.

Cruz-Rivera, E., El-Regal, M.A., 2016. A bloom of an edible scyphozoan jellyfish in the
Red Sea. Mar. Biodivers. 46 (2), 515-519. https://doi.org/10.1007/s12526-015-
0381-1.

Daly Yahia, M.N., Batistic, M., Luci¢, D., Fernandez de Puelles, M.L., Licandro, P.,
Malej, A., Molinero, J.-C., Siokou-Frangou, 1., Zervoudaki, S., Prieto, L., Goy, J., Daly
Yahia-Kefi, O., 2010. Are the outbreaks of Pelagia noctiluca (Forsskal, 1775) more
frequent in the Mediterranean basin? In: Gislason, A., Gorsky, G. (Eds.), Proceedings
of the joint ICES/CIESM workshop to compare zooplankton ecology and
methodologies between the Mediterranean and the North Atlantic (WKZEM), ICES
Cooperative Research Report, pp. 8-14.

Daryanabard, R., Dawson, M.N., 2008. Jellyfish blooms: Crambionella orsini (Scyphozoa:
Rhizostomeae) in the Gulf of Oman, Iran, 2002-2003. J. Mar. Biol. Assoc. U. K. 88
(3), 477-483. https://doi.org/10.1017/50025315408000945.

Dawson, M.N., Martin, L.E., Penland, L.K., 2001. Jellyfish swarms, tourists, and the
Christ-child. Hydrobiologia 451, 131-144. https://doi.org/10.1023/A:
1011868925383.

De Souza, M.R., Dawson, M.N., 2018. Redescription of Mastigias papua (Scyphozoa,
Rhizostomeae) with designation of a neotype and recognition of two additional
species. Zootaxa 4557 (4), 520-536. https://doi.org/10.11646/zootaxa.4550.4.12.

Decker, M.B., Brown, C.W., Hood, R.R., Purcell, J.E., Gross, T.F., Matanoski, J.C.,
Bannon, R.O., Setzler-Hamilton, E.M., 2007. Predicting the distribution of the
Scyphomedusa Chrysaora quinquecirrha in Chesapeake Bay. Mar. Ecol. Prog. Ser.
329, 99-113. https://doi.org/10.3354/meps329099.

Deidun, A., Gauci, A., Sciberras, A., Piraino, S., 2018. Back with a bang - an unexpected
massive bloom of Cassiopea andromeda (Forskaal, 1775) in the Maltese Islands, nine
years after its first appearance. Biolnvasions Rec. 7 (4), 399-404. https://doi.org/
10.3391/bir.2018.7.4.07.

Di Camillo, C.G., Betti, F., Bo, M., Martinelli, M., Puce, S., Bavestrello, G., 2010.
Contribution to the understanding of seasonal cycle of Aurelia aurita (Cnidaria :
Scyphozoa) scyphopolyps in the northern Adriatic Sea. J. Mar. Biol. Assoc. U. K 90
(6), 1105-1110. https://doi.org/10.1017/50025315409000848.

Dong, J., Jiang, L.X., Tan, K.F., Liu, H.Y., Purcell, J.E., Li, P.J., Ye, C.C., 2009. Stock
enhancement of the edible jellyfish (Rhopilema esculentum Kishinouye) in Liaodong
Bay, China: a review. Hydrobiologia 616, 113-118. https://doi.org/10.1007/
510750-008-9592-9.

Dong, Z., Liu, D., Keesing, J.K., 2010. Jellyfish blooms in China: dominant species, causes
and consequences. Mar. Pollut. Bull. 60, 954-963. https://doi.org/10.1016/j.
marpolbul.2010.04.022.

Dong, Z., Wang, L., Liu, Q., Sun, T., 2018. Effects of salinity and temperature on the
recruitment of Aurelia coerulea planulae. Mar. Biol. Res. 14 (5), 454-461. https://
doi.org/10.1080/17451000.2018.1459725.

Doya, C., Chatzievangelou, D., Bahamon, N., Purser, A., De Leo, F.C., Juniper, S.K.,
Thomsen, L., Aguzzi, J., 2017. Seasonal monitoring of deep-sea megabenthos in
Barkley Canyon cold seep by internet operated vehicle (I0V). PLoS ONE 12 (5),
1-20. https://doi.org/10.1371/journal.pone.0176917.

Drazen, J.C., Robison, B.H., 2004. Direct observations of the association between a deep-
sea fish and a giant scyphomedusa. Mar. Freshw. Behav. Physiol. 37 (3), 209-214.
https://doi.org/10.1080,/10236240400006190.

Duarte, C.M., Pitt, K.A., Lucas, C.H., Purcell, J.E., Uye, S.I., Robinson, K., Brotz, L.,
Decker, M.B., Sutherland, K.R., Malej, A., Madin, L., 2013. Is global ocean sprawl a
cause of jellyfish blooms? Front. Ecol. Environ. 11 (2), 91-97. https://doi.org/
10.1890/110246.

Edelist, D., Guy-Haim, T., Kuplik, Z., Zuckerman, N., Nemoy, P., Angel, D.L., 2020.
Phenological shift in swarming patterns of Rhopilema nomadica in the Eastern
Mediterranean Sea. J. Plankton Res. 42 (2), 211-219. https://doi.org/10.1093/
plankt/fbaa008.

El Rahi, J., Weeber, M.P., El Serafy, G., 2020. Modelling the effect of behavior on the
distribution of the jellyfish Mauve stinger (Pelagia noctiluca) in the Balearic Sea
using an individual-based model. Ecol. Model. 433, 109230 https://doi.org/
10.1016/j.ecolmodel.2020.109230.

Feng, S., Zhang, G.T., Sun, S., Zhang, F., Wang, S.W., Liu, M.T., 2015a. Effects of
temperature regime and food supply on asexual reproduction in Cyanea nozakii and
Nemopilema nomurai. Hydrobiologia 754 (1), 201-214. https://doi.org/10.1007/
$10750-015-2279-0.

Feng, S., Zhang, F., Sun, S., Wang, S., Li, C., 2015b. Effects of duration at low
temperature on asexual reproduction in polyps of the scyphozoan Nemopilema
nomurai (Scyphozoa: Rhizostomeae). Hydrobiologia 754 (1), 97-111. https://doi.
org/10.1007/s10750-015-2173-9.

Feng, S., Wang, S.W., Sun, S., Zhang, F., Zhang, G.T., Liu, M.T., Uye, S.I., 2018.
Strobilation of three scyphozoans (Aurelia coelurea, Nemopilema nomurai, and
Rhopilema esculentum) in the field at Jiaozhou BayChina, 591 (October), 141-153.
https://doi.org/10.3354/meps12276.

Feng, S., Lin, J.N., Sun, S., Zhang, F., Li, C.L., Xian, W.W., 2020. Combined effects of
seasonal warming and hyposalinity on strobilation of Nemopilema nomurai polyps.
J. Exp. Mar. Biol. Ecol. 524, 151316 https://doi.org/10.1016/j.jembe.2020.151316.

14

Marine Pollution Bulletin 173 (2021) 113100

Fernandez-Alias, A., Marcos, C., Quispe, J.I., Sabah, S., Pérez-Ruzafa, A., 2020.
Population dynamics and growth in three scyphozoan jellyfishes, and their
relationship with environmental conditions in a coastal lagoon. Estuar. Coast. Shelf
Sci. 243, 106901 https://doi.org/10.1016/j.ecss.2020.106901.

Fitt, W.K., Costley, K., 1998. The role of temperature in survival of the polyp stage of the
tropical rhizostome jellyfish Cassiopea xamachana. J. Exp. Mar. Biol. Ecol. 222,
79-91. https://doi.org/10.1016/50022-0981(97)00139-1.

Fossd, J.H., 1992. Mass occurrence of Periphylla periphylla (Scyphozoa, Coronatae) in a
Norwegian fjord. Sarsia 77 (3-4), 237-251. https://doi.org/10.1080/
00364827.1992.10413509.

Frolova, A., Miglietta, M.P., 2020. Insights on Forming Jellyfish (Class: Scyphozoa) in the
Gulf of Mexico: environmental tolerance ranges and limits suggest differences in
habitat preference and resistance to climate change among congeners. Front. Mar.
Sci. 7, 93. https://doi.org/10.3389/fmars.2020.00093.

Fu, Z., Xing, Y., Gu, Z., Liu, C., Chen, S., 2019. Effects of temperature, salinity and
dissolved oxygen on excystment of podocysts in the edible jellyfish Rhopilema
esculentum Kishinouye, 1891. Indian J. Fish. 66 (4), 69-77. https://doi.org/
10.21077/ijf.2019.66.4.91762-09.

Fuchs, B., Wang, W., Graspeuntner, S., Li, Y., Insua, S., Herbst, E., Dirksen, P., Bohm, A.
M., Hemmrich, G., Sommer, F., Domazet-LoSo, T., Klostermeier, U.C., Anton-
Erxleben, F., Rosenstiel, P., Bosch, T.C.G., Khalturin, K., 2014. Article regulation of
polyp-to-jellyfish transition in Aurelia aurita. Curr. Biol. 24, 263-273. https://doi.
org/10.1016/j.cub.2013.12.003.

Fuentes, V., Straehler-Pohl, 1., Atienza, D., Franco, ., Tilves, U., Gentile, M., Acevedo, M.,
Olariaga, A., Gili, J.M., 2011. Life cycle of the jellyfish Rhizostoma pulmo
(Scyphozoa: Rhizostomeae) and its distribution, seasonality and inter-annual
variability along the Catalan coast and the Mar Menor (Spain, NW Mediterranean).
Mar. Biol. 158, 2247-2266. https://doi.org/10.1007/s00227-011-1730-7.

Galil, B.S., Kumar, B.A., Riyas, A.J., 2013. Marivagia stellata Galil and Gershwin, 2010
(Scyphozoa: Rhizostomeae: Cepheidae), found off the coast of Keralalndia, 2 (4),
317-318. https://doi.org/10.3391/bir.2013.2.4.09.

Galil, B.S., Gershwin, L.A., Zorea, M., Rahav, A., Rothman, S.B.S., Fine, M.,
Lubinevsky, H., Douek, J., Paz, J., Rinkevich, B., 2017. Cotylorhiza erythraea
Stiasny, 1920 (Scyphozoa: Rhizostomeae: Cepheidae), yet another erythraean
jellyfish from the Mediterranean coast of Israel. Mar. Biodivers. 47 (1), 229-235.
https://doi.org/10.1007/512526-016-0449-6.

Gasca, R., Loman-Ramos, L., 2014. Biodiversidad de Medusozoa (Cubozoa, Scyphozoa e
Hydrozoa) en México. Rev. Mex. Biodivers. 85 (suppl.), 154-163. https://doi.org/
10.7550/rmb.32513.

Gershwin, L.A., 2016. Jellyfish: A Natural History. University of Chicago Press, Chicago.

Girén-Nava, A., Lopez-Sagastegui, C., Aburto-Oropeza, O., 2015. On the conditions of the
2012 cannonball jellyfish (Stomolophus meleagris) bloom in Golfo de Santa Clara: a
fishery opportunity? Fish. Manag. Ecol. 22, 261-264. https://doi.org/10.1111/
fme.12115.

Goldstein, J., Steiner, U.K., 2020. Ecological drivers of jellyfish blooms - the complex life
history of a 'well-known' medusa (Aurelia aurita). J. Anim. Ecol. 89 (3), 910-920.
https://doi.org/10.1111/1365-2656.13147.

Goy, J., Morand, P., Etienne, M., 1989. Long-term fluctuations of Pelagia noctiluca
(Cnidaria, Scyphomedusa) in the western Mediterranean Sea. Prediction by climatic
variables. Deep Sea Res. Part I Oceanogr. Res. Pap. 36 (2), 269-279. https://doi.org/
10.1016/0198-0149(89)90138-6.

Graham, W.M., Pages, F., Hamner, W.M., 2001. A physical context for gelatinous
zooplankton aggregations: a review. In: Jellyfish blooms: ecological and societal
importance, pp. 199-212.

Graham, W.M., Martin, D.L., Felder, D.L., Asper, V.L., Perry, H.M., 2003. Ecological and
economic implications of a tropical jellyfish invader in the Gulf of Mexico. Biol.
Invasions 5, 53-69.

Gruber, D.F., Phillips, B.T., Marsh, L., Sparks, J.S., 2018. In situ Observations of the
Meso-Bathypelagic Scyphozoan, Deepstaria enigmatica (Semaeostomeae:
Ulmaridae). Am. Mus. Novit. 2018 (3900), 1-14.

Gueroun, S., Molinero, J.C., Piraino, S., Daly Yahia, M.N., 2020. Population dynamics
and predatory impact of the alien jellyfish Aurelia solida (Cnidaria, Scyphozoa) in
the Bizerte Lagoon (southwestern Mediterranean Sea). Mediterr. Mar. Sci. 21 (1),
22-35.

Guevara, B.E.K., Dayrit, J.F., Haddad, V., 2017. Seabather’s eruption caused by the
thimble jellyfish (Linuche aquila) in the Philippines. Clin. Exp. Dermatol. 42 (7),
808-810. https://doi.org/10.1111/ced.13196.

Gul, S., Moazzam, M., Morandini, A.C., 2015. Crowned jellyfish (Cnidaria: Scyphozoa:
Rhizostomeae: Cepheidae) from waters off the coast of Pakistan, northern Arabian
Sea. Check List 11 (1), 3-6. https://doi.org/10.15560/11.1.1551.

Hamner, W.M., Dawson, M.N., 2009. A review and synthesis on the systematics and
evolution of jellyfish blooms: advantageous aggregations and adaptive assemblages.
Hydrobiologia 616, 161-191. https://doi.org/10.1007/510750-008-9620-9.

Hamner, W.M., Hauri, L.R., 1981. Long-distance horizontal migrations of zooplankton
(Scyphomedusae: Mastigias). Limnol. Oceanogr. 26 (3), 414-423. https://doi.org/
10.4319/10.1981.26.3.0414.

Hernroth, L., Grondahl, F., 1983. On the biology of Aurelia aurita (L .) 1 . Release and
growth of Aurelia aurita (L .) ephyrae in the Gullmar Fjord , Western Sweden , 1982
— 83. Ophelia 22 (2), 189-199. https://doi.org/10.1080/00785326.1983.10426595.

Herring, P.J., Widder, E.A., 2004. Bioluminescence of deep-sea coronate medusae
(Cnidaria: Scyphozoa). Mar. Biol. 146, 39-51. https://doi.org/10.1007/500227-004-
1430-7.

Holland, B.S., Dawson, M.N., Crow, G.L., Hofmann, D.K., 2004. Global phylogeography
of Cassiopea (Scyphozoa: Rhizostomeae): molecular evidence for cryptic species and
multiple invasions of the Hawaiian Islands. Mar. Biol. 145, 1119-1128. https://doi.
org/10.1007/500227-004-1409-4.


https://doi.org/10.1016/j.rsma.2020.101232
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260435143422
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260435143422
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260435143422
https://doi.org/10.1007/s12526-017-0781-5
https://doi.org/10.1007/s00300-015-1779-8
https://doi.org/10.1007/s12526-015-0381-1
https://doi.org/10.1007/s12526-015-0381-1
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260501370360
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260501370360
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260501370360
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260501370360
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260501370360
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260501370360
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260501370360
https://doi.org/10.1017/S0025315408000945
https://doi.org/10.1023/A:1011868925383
https://doi.org/10.1023/A:1011868925383
https://doi.org/10.11646/zootaxa.4550.4.12
https://doi.org/10.3354/meps329099
https://doi.org/10.3391/bir.2018.7.4.07
https://doi.org/10.3391/bir.2018.7.4.07
https://doi.org/10.1017/S0025315409000848
https://doi.org/10.1007/s10750-008-9592-9
https://doi.org/10.1007/s10750-008-9592-9
https://doi.org/10.1016/j.marpolbul.2010.04.022
https://doi.org/10.1016/j.marpolbul.2010.04.022
https://doi.org/10.1080/17451000.2018.1459725
https://doi.org/10.1080/17451000.2018.1459725
https://doi.org/10.1371/journal.pone.0176917
https://doi.org/10.1080/10236240400006190
https://doi.org/10.1890/110246
https://doi.org/10.1890/110246
https://doi.org/10.1093/plankt/fbaa008
https://doi.org/10.1093/plankt/fbaa008
https://doi.org/10.1016/j.ecolmodel.2020.109230
https://doi.org/10.1016/j.ecolmodel.2020.109230
https://doi.org/10.1007/s10750-015-2279-0
https://doi.org/10.1007/s10750-015-2279-0
https://doi.org/10.1007/s10750-015-2173-9
https://doi.org/10.1007/s10750-015-2173-9
https://doi.org/10.3354/meps12276
https://doi.org/10.1016/j.jembe.2020.151316
https://doi.org/10.1016/j.ecss.2020.106901
https://doi.org/10.1016/S0022-0981(97)00139-1
https://doi.org/10.1080/00364827.1992.10413509
https://doi.org/10.1080/00364827.1992.10413509
https://doi.org/10.3389/fmars.2020.00093
https://doi.org/10.21077/ijf.2019.66.4.91762-09
https://doi.org/10.21077/ijf.2019.66.4.91762-09
https://doi.org/10.1016/j.cub.2013.12.003
https://doi.org/10.1016/j.cub.2013.12.003
https://doi.org/10.1007/s00227-011-1730-7
https://doi.org/10.3391/bir.2013.2.4.09
https://doi.org/10.1007/s12526-016-0449-6
https://doi.org/10.7550/rmb.32513
https://doi.org/10.7550/rmb.32513
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260438554715
https://doi.org/10.1111/fme.12115
https://doi.org/10.1111/fme.12115
https://doi.org/10.1111/1365-2656.13147
https://doi.org/10.1016/0198-0149(89)90138-6
https://doi.org/10.1016/0198-0149(89)90138-6
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439311492
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439311492
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439311492
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439338120
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439338120
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439338120
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439383356
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439383356
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439383356
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439396355
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439396355
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439396355
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260439396355
https://doi.org/10.1111/ced.13196
https://doi.org/10.15560/11.1.1551
https://doi.org/10.1007/s10750-008-9620-9
https://doi.org/10.4319/lo.1981.26.3.0414
https://doi.org/10.4319/lo.1981.26.3.0414
https://doi.org/10.1080/00785326.1983.10426595
https://doi.org/10.1007/s00227-004-1430-7
https://doi.org/10.1007/s00227-004-1430-7
https://doi.org/10.1007/s00227-004-1409-4
https://doi.org/10.1007/s00227-004-1409-4

A. Ferndndez-Alias et al.

Holst, S., Sotje, 1., Tiemann, H., Jarms, G., 2007. Life cycle of the rhizostome jellyfish
Rhizostoma octopus (L.) (Scyphozoa, Rhizostomeae), with studies on cnidocysts and
statoliths. Mar. Biol. 151, 1695-1710. https://doi.org/10.1007/500227-006-0594-8.

1I'inskii &amp, E.N., Zavolokin, A.V., 2011. The distribution and abundance of
scyphomedusae (Scyphozoa) of the family Ulmaridae in the pelagic zone of the Sea
of Okhotsk and the Sea of Japan. Russian Journal of Marine Biology 37 (5), 335-341.
https://doi.org/10.1134/51063074011050063.

Ishii, H., Kojima, S., Tanaka, Y., 2004. Survivorship and production of Aurelia aurita
ephyrae in the innermost part of Tokyo BayJapan, 51 (1), 26-35.

Isinibilir, M., Yilmaz, I.N., Demirel, N., 2015. New records of jellyfish species in the
Marmara Sea. Ital. J. Zool. 82 (3), 425-429. https://doi.org/10.1080/
11250003.2015.1040858.

Johnson, D.R., Perry, H.M., Graham, W.M., 2005. Using nowcast model currents to
explore transport of non-indigenous jellyfish into the Gulf of Mexico. Mar. Ecol.
Prog. Ser. 305, 139-146. https://doi.org/10.3354/meps305139.

Kawahara, M., Uye, S., Ohtsu, K., lizumi, H., 2006. Unusual population explosion of the
giant jellyfish Nemopilema nomurai (Scyphozoa: Rhizostomeae) in East Asian
waters. Mar. Ecol. Prog. Ser. 307, 161-173.

Keesing, J.K., Gershwin, L.A., Trew, T., Strzelecki, J., Bearham, D., Liu, D., Wang, Y.,
Zeidler, W., Onton, K., Slawinski, D., 2016. Role of winds and tides in timing of
beach strandings, occurrence, and significance of swarms of the jellyfish Crambione
mastigophora (Mass, 1903) (Scyphozoa: Rhizostomeae: Catostylidae) in north-
western Australia. Hydrobiologia 768 (1), 19-36. https://doi.org/10.1007/510750-
015-2525-5.

Khalturin, K., Shinzato, C., Khalturina, M., Hamada, M., Fujie, M., Koyanagi, R.,
Kanda, M., Goto, H., Anton-Erxleben, F., Toyokawa, M., Toshino, S., Satoh, N., 2019.
Medusozoan genomes inform the evolution of the jellyfish body plan. Nat. Ecol.
Evol. 3 (5), 811-822. https://doi.org/10.1038/541559-019-0853-y.

Khong, N.M.H., Yusoff, F.M., Jamilah, B., Basri, M., Maznah, I., Chan, K.W.,
Nishikawa, J., 2016. Nutritional composition and total collagen content of three
commercially important edible jellyfish. Food Chem. 196, 953-960. https://doi.org/
10.1016/j.foodchem.2015.09.094.

Kienberger, K., Prieto, L., 2018. The jellyfish Rhizostoma luteum (Quoy & Gaimard,
1827): not such a rare species after all. Mar. Biodivers. 48 (3), 1455-1462. https://
doi.org/10.1007/512526-017-0637-z.

Kienberger, K., Riera-Buch, M., Schonemann, A.M., Bartsch, V., Halbauer, R., Prieto, L.,
2018. First description of the life cycle of the jellyfish Rhizostoma luteum
(Scyphozoa: Rhizostomeae). PLoS ONE 13 (8), 1-24. https://doi.org/10.1371/
journal.pone.0202093.

Kikinger, R., 1992. Cotylorhiza tuberculata (Cnidaria: Scyphozoa) - life history of a
stationary population. Mar. Ecol. 13 (4), 333-362.

Killi, N., Tarkan, A.S., Kozic, S., Copp, G.H., Davison, P.1., Vilizzi, L., 2020. Risk screening
of the potential invasiveness of non-native jellyfishes in the Mediterranean Sea. Mar.
Pollut. Bull. 150, 110728 https://doi.org/10.1016/j.marpolbul.2019.110728.

Kitajima, S., Hasegawa, T., Nishiuchi, K., Kiyomoto, Y., Taneda, T., Yamada, H., 2020.
Temporal fluctuations in abundance and size of the giant jellyfish Nemopilema
nomurai medusae in the northern East China Sea, 2006-2017. Mar. Biol. 167 (6), 75.
https://doi.org/10.1007/5s00227-020-03682-1.

Kremer, P., Costello, J., Kremer, J., Canino, M., 1990. Significance of photosynthetic
endosymbionts to the carbon budget of the Scyphomedusa Linuche unguiculata.
Limnol. Oceanogr. 35 (3), 609-624. https://doi.org/10.4319/10.1990.35.3.0609.

Kuplik, Z., Kerem, D., Angel, D.L., 2015. Regulation of Cyanea capillata populations by
predation on their planulae. J. Plankton Res. 37 (5), 1068-1073. https://doi.org/
10.1093/plankt/fbv064.

Larson, K.J., 1992. Riding Langmuir circulations and swimming in circles: a novel form
of clustering behavior by the Scyphomedusa Linuche unguiculata. Mar. Biol. 112,
229-235. https://doi.org/10.1007/BF00702466.

Larson, R.J., 1987. First report of the little-known scyphomedusa Drymonema
dalmatinum in the Caribbean Sea, with notes on its biology. Bull. Mar. Sci. 40 (3),
437-441.

Leoni, V., Molinero, J.C., Meffre, M., Bonnet, D., 2021. Variability of growth rates and
thermohaline niches of Rhizostoma pulmo’s pelagic stages (Cnidaria: Scyphozoa).
Mar. Biol. 168 (7), 1-19.

Lilley, M.K.S., Houghton, J.D.R., Hays, G.C., 2009. Distribution, extent of inter-annual
variability and diet of the bloom-forming jellyfish Rhizostoma in European waters.
J. Mar. Biol. Assoc. U. K. 89 (1), 39-48. https://doi.org/10.1017/
S0025315408002439.

Lopez-Martinez, J., Arzola-Sotelo, E.A., Nevarez-Martinez, M.O., Alvarez-Tello, F.J.,
Morales-Bojorquez, E., 2020. Modeling growth on the cannonball jellyfish
Stomolophus meleagris based on a multi-model inference approach. Hydrobiologia
847, 1399-1422. https://doi.org/10.1007/510750-020-04182-5.

Lucas, C.H., 1996. Population dynamics of Aurelia aurita (Scyphozoa) from an isolated
brackish lake, with particular reference to sexual reproduction. J. Plankton Res. 18
(6), 987-1007.

Lucas, C.H., 2001. Reproduction and life history strategies of the common jellyfish,
Aurelia aurita, in relation to its ambient environment. Hydrobiologia 451, 229-246.

Lucas, C.H., Graham, W.M., Widmer, C., 2012. Jellyfish life histories: role of polyps in
forming and maintaining scyphomedusa populations. Adv. Mar. Biol. 63, 133-196.
https://doi.org/10.1016/B978-0-12-394282-1.00003-X.

Lynam, C.P., Gibbons, M.J., Axelsen, B.E., Sparks, C.A.J., Coetzee, J., Heywood, B.G.,
Brierley, A.S., 2006. Jellyfish overtake fish in a heavily fished ecosystem. Curr. Biol.
16 (13), 492-493. https://doi.org/10.1007/500227-006-0429-7.

Malej, A., Kogovsek, T., Ramsak, A., Catenacci, L., 2012. Blooms and population
dynamics of moon jellyfish in the northern Adriatic. Cah. Biol. Mar. 53 (3), 337-342.

15

Marine Pollution Bulletin 173 (2021) 113100

Mamish, S., Durgham, H., 2016. First record of the new alien sea jelly species Marivagia
stellata Galil and Gershwin, 2010 off the Syrian coast. Mar. Biodivers. Rec. 9, 23.
https://doi.org/10.1186/541200-016-0029-2.

Marques, A.C., Haddad, V., Rodrigo, L., Marques-Da-Silva, E., Morandini, A.C., 2014.
Jellyfish (Chrysaora lactea, Cnidaria, Semaeostomeae) aggregations in southern
Brazil and consequences of stings in humans. Lat. Am. J. Aquat. Res. 42 (5),
1194-1199. https://doi.org/10.3856/vol42-issue5-fulltext-23.

Marques, R., Bonnet, D., Carre, C., Roques, C., Darnaude, A.M., 2020. Trophic ecology of
a blooming jellyfish (Aurelia coerulea) in a Mediterranean coastal lagoon. Limnol.
Oceanogr. 66 (1), 141-157. https://doi.org/10.1002/In0.11593.

Martin, J.W., Gershwin, L.A., Burnett, J.W., Cargo, D.G., Bloom, D.A., 1997. Chrysaora
achlyos, a remarkable new species of scyphozoan from the Eastern Pacific. Biol. Bull.
193, 8-13. https://doi.org/10.2307/1542731.

Martin, L.E., Dawson, M.N., Bell, L.J., Colin, P.L., 2006. Marine lake ecosystem dynamics
illustrate ENSO variation in the tropical western Pacific. Biol. Lett. 2, 144-147.
https://doi.org/10.1098/rsbl.2005.0382.

Masilamoni, J., Jesudoss, K., Nandakumar, K., Satpathy, K., Nair, K., Azariah, J., 2000.
Jellyfish ingress: a threat to the smooth operation of coastal power plants. Curr. Sci.
79 (5), 567-569.

Matsumoto, G.I., Raskoff, K.A., Lindsay, D.J., 2003. Tiburonia granrojo n.sp., a
mesopelagic scyphomedusa from the Pacific Ocean representing the type of a new
subfamily (class Scyphozoa: Order Semaeostomeae: Family Ulmaridae: Subfamily
Tiburoniinae subfam. nov.). Mar. Biol. 143, 73-77. https://doi.org/10.1007/
500227-003-1047-2.

Milisenda, G., Martinez-Quintana, A., Fuentes, V.L., Bosch-Belmar, M., Aglieri, G.,
Boero, R.R., Piraino, S., 2018. Reproductive and bloom patterns of Pelagia noctiluca
in the Strait of Messina, Italy. In: Estuar. Coast. Shelf Sci. 201, pp. 29-39. https://
doi.org/10.1016/j.ecss.2016.01.002.

Miyake, H., Iwao, K., Kakinuma, Y., 1997. Life History and Environment of Aurelia
aurita. South Pacific Study 17 (2), 273-287.

Miyake, H., Lindsay, D.J., Kitamura, M., Nishida, S., 2005. Occurrence of the
Scyphomedusa Parumbrosa polylobata Kishinouye, 1910 in Suruga BayJapan, 52
(1), 58-66.

Mobher, D., Liberati, A., Tetzlaff, J., Altman, D.G., The PRISMA Group, 2009. Preferred
reporting items for systematic reviews and meta-analyses: The PRISMA statement.
PLoS Medicine 6 (7), e1000097. https://doi.org/10.1371/journal.pmed.1000097.

Moller, H., 1980. Population dynamics of Aurelia aurita Medusae in Kiel Bight, Germany
(FRG). Mar. Biol. 60, 123-128.

Nagata, R.M., Haddad, M.A., Nogueira, M., 2009. The nuisance of medusae (Cnidaria,
Medusozoa) to shrimp trawls in central part of southern Brazilian Bight, from the
perspective of artisanal fishermen. Pan-Am. J. Aquat. Sci. 4 (3), 312-325.

Nishikawa, J., Ohtsuka, S., Mulyadi, M., Mujiono, N., Lindsay, D.J., Miyamoto, H.,
Nishida, S., 2015. A new species of the commercially harvested jellyfish
Crambionella (Scyphozoa) from central Java, Indonesia with remarks on the
fisheries. J. Mar. Biol. Assoc. U. K. 95 (3), 471-481. https://doi.org/10.1017/
$002531541400157X.

Omori, M., Nakano, E., 2001. Jellyfish fisheries in southeast Asia. Hydrobiologia 451,
19-26. https://doi.org/10.1023/A:1011879821323.

Omori, M., Ishii, H., Fujinaga, A., 1995. Life history strategy of Aurelia aurita (Cnidaria,
Scyphomedusae) and its impact on the zooplankton community of Tokyo Bay. ICES
J. Mar. Sci. 52, 597-603.

Osborn, D.A., Silver, M.W., Castro, C.G., Bros, S.M., Chavez, F.P., 2007. The habitat of
mesopelagic scyphomedusae in Monterey Bay, California. Deep Sea Res. Part I
Oceanogr. Res. Pap. 54 (8), 1241-1255. https://doi.org/10.1016/j.dsr.2007.04.015.

Pages, F., 2000. Biological associations between barnacles and jellyfish with emphasis on
the ectoparasitism of Alepas pacifica (Lepadomorpha) on Diplulmaris malayensis
(Scyphozoa). J. Nat. Hist. 34 (11), 2045-2056. https://doi.org/10.1080/
002229300750022349.

Pérez-Ruzafa, A., Gilabert, J., Gutiérrez, J.M., Fernandez, A.I., Marcos, C., Sabah, S.,
2002. Evidence of a planktonic food web response to changes in nutrient input
dynamics in the Mar Menor coastal lagoonSpain, 475 (476), 359-379.

Pérez-Ruzafa, A., Campillo, S., Fernandez-Palacios, J.M., Garcia-Lacunza, A., Garcia-
Oliva, M., Ibanez, H., Navarro-Martinez, P.C., Pérez-Marcos, M., Pérez-Ruzafa, I.M.,
Quispe-Becerra, J.1., Sala-Mirete, A., Sdnchez, O., Marcos, C., 2019. Long-term
dynamic in nutrients, chlorophyll a, and water quality parameters in a coastal lagoon
during a process of eutrophication for decades, a sudden break and a relatively rapid
recovery. Front. Mar. Sci. 6, 1-23. https://doi.org/10.3389/fmars.2019.00026.

Perissinotto, R., Taylor, R.H., Carrasco, N.K., Fox, C., 2013. Observations on the bloom-
forming jellyfish Crambionella stuhlmanni (Chun, 1896) in the St Lucia
EstuarySouth Africa, 54 (1), 161-170. https://doi.org/10.5733/afin.054.0110.

Piraino, S., Aglieri, G., Martell, L., Mazzoldi, C., Melli, V., Milisenda, G., Scorrano, S.,
Boero, F., 2014. Pelagia benovici sp.nov. (Cnidaria, Scyphozoa): a new jellyfish in
the Mediterranean Sea. Zootaxa 3794 (3), 455-468. https://doi.org/10.2989/
1814232X.2011.572336.

Pitt, K.A., Kingsford, M.J., 2000. Geographic separation of stocks of the edible jellyfish
Catostylus mosaicus (Rhizostomeae) in New South Wales, Australia. Mar. Ecol. Prog.
Ser. 196, 143-155.

Pitt, K.A., Kingsford, M.J., 2003. Temporal and spatial variation in recruitment and
growth of medusae of the jellyfish, Catostylus mosaicus (Scyphozoa: Rhizostomeae).
Mar. Freshw. Res. 54 (2), 117-125. https://doi.org/10.1071/MF02110.

Pitt, K.A., Lucas, C.H., Condon, R.H., Duarte, C.M., Stewart-Koster, B., 2018. Claims that
anthropogenic stressors facilitate jellyfish blooms have been amplified beyond the
available evidence: a systematic review. Front. Mar. Sci. 5, 1-11. https://doi.org/
10.3389/fmars.2018.00451.


https://doi.org/10.1007/s00227-006-0594-8
https://doi.org/10.1134/s1063074011050063
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260440465553
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260440465553
https://doi.org/10.1080/11250003.2015.1040858
https://doi.org/10.1080/11250003.2015.1040858
https://doi.org/10.3354/meps305139
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260508342719
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260508342719
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260508342719
https://doi.org/10.1007/s10750-015-2525-5
https://doi.org/10.1007/s10750-015-2525-5
https://doi.org/10.1038/s41559-019-0853-y
https://doi.org/10.1016/j.foodchem.2015.09.094
https://doi.org/10.1016/j.foodchem.2015.09.094
https://doi.org/10.1007/s12526-017-0637-z
https://doi.org/10.1007/s12526-017-0637-z
https://doi.org/10.1371/journal.pone.0202093
https://doi.org/10.1371/journal.pone.0202093
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260509268616
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260509268616
https://doi.org/10.1016/j.marpolbul.2019.110728
https://doi.org/10.1007/s00227-020-03682-1
https://doi.org/10.4319/lo.1990.35.3.0609
https://doi.org/10.1093/plankt/fbv064
https://doi.org/10.1093/plankt/fbv064
https://doi.org/10.1007/BF00702466
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260441043519
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260441043519
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260441043519
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260441094677
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260441094677
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260441094677
https://doi.org/10.1017/S0025315408002439
https://doi.org/10.1017/S0025315408002439
https://doi.org/10.1007/s10750-020-04182-5
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260509422307
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260509422307
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260509422307
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf9905
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf9905
https://doi.org/10.1016/B978-0-12-394282-1.00003-X
https://doi.org/10.1007/s00227-006-0429-7
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260441133659
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260441133659
https://doi.org/10.1186/s41200-016-0029-2
https://doi.org/10.3856/vol42-issue5-fulltext-23
https://doi.org/10.1002/lno.11593
https://doi.org/10.2307/1542731
https://doi.org/10.1098/rsbl.2005.0382
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260442197695
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260442197695
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260442197695
https://doi.org/10.1007/s00227-003-1047-2
https://doi.org/10.1007/s00227-003-1047-2
https://doi.org/10.1016/j.ecss.2016.01.002
https://doi.org/10.1016/j.ecss.2016.01.002
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260443212195
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260443212195
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260444035191
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260444035191
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260444035191
https://doi.org/10.1371/journal.pmed.1000097
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260444544398
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260444544398
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260445132752
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260445132752
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260445132752
https://doi.org/10.1017/S002531541400157X
https://doi.org/10.1017/S002531541400157X
https://doi.org/10.1023/A:1011879821323
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260445169773
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260445169773
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260445169773
https://doi.org/10.1016/j.dsr.2007.04.015
https://doi.org/10.1080/002229300750022349
https://doi.org/10.1080/002229300750022349
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260424173275
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260424173275
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260424173275
https://doi.org/10.3389/fmars.2019.00026
https://doi.org/10.5733/afin.054.0110
https://doi.org/10.2989/1814232X.2011.572336
https://doi.org/10.2989/1814232X.2011.572336
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260502181158
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260502181158
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260502181158
https://doi.org/10.1071/MF02110
https://doi.org/10.3389/fmars.2018.00451
https://doi.org/10.3389/fmars.2018.00451

A. Ferndndez-Alias et al.

Prieto, L., Astorga, D., Navarro, G., Ruiz, J., 2010. Environmental Control of Phase
Transition and Polyp Survival of a Massive-Outbreaker Jellyfish. PLoS ONE 5 (11),
e13793. https://doi.org/10.1371/journal.pone.0013793.

Prieto, L., Armani, A., Macias, D., 2013. Recent strandings of the giant jellyfish
Rhizostoma luteum Quoy and Gaimard, 1827 (Cnidaria: Scyphozoa: Rhizostomeae)
on the Atlantic and Mediterranean coasts. Mar. Biol. 160 (12), 3241-3247. https://
doi.org/10.1007/500227-013-2293-6.

Purcell, J.E., Atienza, D., Fuentes, V., Olariaga, A., Tilves, U., Colahan, C., Gili, J.M.,
2012. Temperature effects on asexual reproduction rates of scyphozoan species from
the northwest Mediterranean Sea. In: Purcell, J., Mianzan, H., Frost, J.R. (Eds.),
Jellyfish Blooms IV. Springer, Dordrecht, pp. 169-180.

Purcell, J.E., Baxter, E.J., Fuentes, V.L., 2013. Jellyfish as products and problems of
aquaculture. In: Allan, G., Burnell, G. (Eds.), Advances in Aquaculture Hatchery
Technology. Woodhead Publishing Series in Food Science, Technology and
Nutrition, pp. 404-430. https://doi.org/10.1533/9780857097460.2.404.

Quinones, J., Mianzan, H., Purca, S., Robinson, K.L., Adams, G.D., Acha, M.E., 2015.
Climate-driven population size fluctuations of jellyfish (Chrysaora plocamia) off
Peru. Mar. Biol. 162 (12), 2339-2350. https://doi.org/10.1007/500227-015-2751-4.

Quinones, J., Chiaverano, L.M., Ayon, P., Adams, G.D., Mianzan, H.W., Marcelo, Acha E.,
2018. Spatial patterns of large jellyfish Chrysaora plocamia blooms in the northern
Humboldt upwelling system in relation to biological drivers and climate. ICES J.
Mar. Sci. 75 (4), 1405-1415. https://doi.org/10.1093/icesjms/fsy004.

Radchenko, K.V., 2013. New data on the distribution and feeding habits of jellyfish in the
Northwest Pacific. Russ. J. Mar. Biol. 39 (7), 509-520. https://doi.org/10.1134/
$1063074013070043.

Ramanathan, V., Feng, Y., 2009. Air pollution, greenhouse gases and climate change:
global and regional perspectives. Atmos. Environ. 43, 37-50. https://doi.org/
10.1016/j.atmosenv.2008.09.063.

Raskoff, K.A., Matsumoto, G.I., 2004. Stellamedusa ventana, a new mesopelagic
scyphomedusa from the eastern Pacific representing a new subfamily, the
Stellamedusinae. J. Mar. Biol. Assoc. U. K. 84, 37-42. https://doi.org/10.1017/
$0025315404008884h.

Richardson, A.J., Bakun, A., Hays, G.C., Gibbons, M.J., 2009. The jellyfish joyride:
causes, consequences and management responses to a more gelatinous future.
Trends Ecol. Evol. 24 (6), 312-322. https://doi.org/10.1016/j.tree.2009.01.010.

Riemann, L., Titelman, J., BAmstedt, U., 2006. Links between jellyfish and microbes in a
jellyfish dominated fjord. Mar. Ecol. Prog. Ser. 325, 29-42. https://doi.org/
10.3354/meps325029.

Rizman-Idid, M.M., Farrah-Azwa, A.B., Chong, V.C., 2016. Preliminary taxonomic survey
and molecular documentation of jellyfish species (Cnidaria: Scyphozoa and cubozoa)
in Malaysia. Zool. Stud. 55, 35 https://doi.org/10.6620/75.2016.55-35.

Rodrigues, T., Dominguez-Perez, D., Almeida, D., Matos, A., Antunes, A., 2020.
Medusozoans reported in Portugal and its ecological and economical relevance. Reg.
Stud. Mar. Sci. 35, 101230 https://doi.org/10.1016/j.rsma.2020.101230.

Rosa, S., Pansera, M., Granata, A., Guglielmo, L., 2013. Interannual variability, growth,
reproduction and feeding of Pelagia noctiluca (Cnidaria: Scyphozoa) in the Straits of
Messina (Central Mediterranean Sea): linkages with temperature and diet. J. Mar.
Syst. 111-112, 97-107. https://doi.org/10.1016/j.jmarsys.2012.10.001.

Ruiz, J., Prieto, L., Astorga, D., 2012. A model for temperature control of jellyfish
(Cotylorhiza tuberculata) outbreaks: a causal analysis in a Mediterranean coastal
lagoon. Ecol. Model. 233, 59-69. https://doi.org/10.1016/j.
ecolmodel.2012.03.019.

Russell, F.S., 1959. Some observations on the scyphomedusa Atolla. J. Mar. Biol. Assoc.
U. K. 38, 33-40. https://doi.org/10.1017/50025315400015563.

Ruzicka, J.J., Daly, E.A., Brodeur, R.D., 2016. Evidence that summer jellyfish blooms
impact Pacific Northwest salmon production. Ecosphere 7 (4), 1-22. https://doi.org/
10.1002/ecs2.1324.

Sakinan, S., 2011. Recent occurrence of indopacific jellyfish Rhopilema nomadica in
North-Eastern Levantine Sea. In: First National Workshop on Jellyfish and Other
Gelatinous Species in Turkish Marine Waters. Turkish Marine Research Foundation,
pp. 58-65.

Sanz-Martin, M., Pitt, K.A., Condon, R.H., Lucas, C.H., Novaes de Santana, C., Duarte, C.
M., 2016. Flawed citation practices facilitate the unsubstantiated perception of a
global trend toward increased jellyfish blooms. Glob. Ecol. Biogeogr. 25 (9),
1039-1049. https://doi.org/10.1111/geb.12474.

Schiariti, A., Kawahara, M., Uye, S., Mianzan, H.W., 2008. Life cycle of the jellyfish
Lychnorhiza lucerna (Scyphozoa: Rhizostomeae). Mar. Biol. 156 (1), 1-12. https://
doi.org/10.1007/s00227-008-1050-8.

Schiariti, A., Morandini, A.C., Jarms, G., von Glehn Paes, R., Franke, S., Mianzan, H.,
2014. Asexual reproduction strategies and blooming potential in Scyphozoa. Mar.
Ecol. Prog. Ser. 510, 241-253. https://doi.org/10.3354/meps10798.

Schiariti, A., Dutto, M.S., Pereyra, D.Y., Siquier, G.F., Morandini, A.C., 2018. Medusae
(Scyphozoa and Cubozoa) from southwestern Atlantic and subantarctic region
(32-60°S, 34-70°W): Species composition, spatial distribution and life history traits.
Lat. Am. J. Aquat. Res. 46 (2), 240-257. https://doi.org/10.3856/vol46-issue2-
fulltext-1.

Schneider, G., Behrends, G., 1994. Population dynamics and the trophic role of Aurelia
aurita medusae in the Kiel Bight and western Baltic. ICES J. Mar. Sci. 51, 359-367.

Scorrano, S., Aglieri, G., Boero, F., Dawson, M.N., Piraino, S., 2017. Unmasking Aurelia
species in the Mediterranean Sea: an integrative morphometric and molecular
approach. Zool. J. Linnean Soc. 180, 243-267. https://doi.org/10.1111/z0j.12494.

Segura-Puertas, L., Orduna-Novoa, K., De La Cotera, E.H., 2008. Further observations on
the strobilation of the coronate scyphozoan Linuche unguiculata (thimble jellyfish).
Hidrobiologica 18 (1 SUPPL.), 49-52.

16

Marine Pollution Bulletin 173 (2021) 113100

Smith, N.P., 1994. Water, salt and heat balance of coastal lagoons. In: Kjerfve, B. (Ed.),
Coastal lagoon processes, 60. Elsevier Oceanography Series, pp. 69-101. https://doi.
0rg/10.1016/50422-9894(08)70009-6.

Sgrnes, T.A., Aksnes, D.L., Bdmstedt, U., Youngbluth, M.J., 2007. Causes for mass
occurrences of the jellyfish Periphylla periphylla: a hypothesis that involves optically
conditioned retention. J. Plankton Res. 29 (2), 157-167. https://doi.org/10.1093/
plankt/fbm003.

Sotje, 1., Jarms, G., 2009. Derivation of the reduced life cycle of Thecoscyphus zibrowii
Werner, 1984 (Cnidaria, Scyphozoa). Mar. Biol. 156, 2331-2341. https://doi.org/
10.1007/500227-009-1261-7.

Sparks, C.A.J., Buecher, E., Brierley, A.S., Axelsen, B.E., Boyer, H., Gibbons, M.J., 2001.
Observations on the distribution and relative abundance of the scyphomedusan
Chrysaora hysoscella (Linne, 1766) and the hydrozoan Aequorea aequorea (Forskal,
1775) in the northern Benguela ecosystem. Hydrobiologia 451, 275-286.

Stone, J.P., Steinberg, D.K., Fabrizio, M.C., 2019. Long-term changes in gelatinous
Zooplankton in Chesapeake Bay, USA: environmental controls and interspecific
interactions. Estuar. Coasts 42 (2), 513-527. https://doi.org/10.1007/512237-018-
0459-7.

Stoner, E.W., Layman, C.A., Yeager, L.A., Hassett, H.M., 2011. Effects of anthropogenic
disturbance on the abundance and size of epibenthic jellyfish Cassiopea spp. Mar.
Pollut. Bull. 62 (5), 1109-1114. https://doi.org/10.1016/j.marpolbul.2011.03.023.

Suchman, C.L., Brodeur, R.D., Daly, E.A., Emmett, R.L., 2012. Large medusae in surface
waters of the Northern California Current: variability in relation to environmental
conditions. In: Purcell, J., Mianzan, H., Frost, J.R. (Eds.), Jellyfish Blooms IV.
Springer, Dordrecht, pp. 113-125.

Sun, M., Dong, J., Purcell, J.E,, Li, Y., Duan, Y., Wang, A., Wang, B., 2015. Testing the
influence of previous-year temperature and food supply on development of
Nemopilema nomurai blooms. Hydrobiologia 754, 85-96. https://doi.org/10.1007/
$10750-014-2046-7.

Sun, T., Dong, Z., Li, Y., 2018. Versuriga anadyomene, a newly recorded scyphozoan
jellyfish (Scyphozoa: Rhizostomeae) in Chinese waters. J. Oceanol. Limnol. 37,
266-272. https://doi.org/10.1007/500343-018-7273-8.

Swift, H.F., Gémez, Daglio L., Dawson, M.N., 2016. Three routes to crypsis: Stasis,
convergence, and parallelism in the Mastigias species complex (Scyphozoa,
Rhizostomeae). Mol. Phylogenet. Evol. 99, 103-115. https://doi.org/10.1016/j.
ympev.2016.02.013.

Syazwan, W.M., Rizman-Idid, M., Low, L.B., Then, A.Y.H., Chong, V.C., 2020a.
Assessment of scyphozoan diversity, distribution and blooms: implications of
jellyfish outbreaks to the environment and human welfare in Malaysia. Reg. Stud.
Mar. Sci. 39, 101444 https://doi.org/10.1016/j.rsma.2020.101444.

Syazwan, W.M., Low, L.B., Rizman-Idid, M., 2020b. First record in peninsular Malaysia
and morphological redescription of Lychnorhiza malayensis (Scyphozoa:
Rhizostomeae: Lychnorhizidae). Raffles Bull. Zool. 68 (March), 32-49. https://doi.
org/10.26107/RBZ-2020-0004.

Takao, M., Uye, S.I., 2018. Effects of low salinity on the physiological ecology of planulae
and polyps of scyphozoans in the East Asian Marginal Seas: potential impacts of
monsoon rainfall on medusa population size. Hydrobiologia 815 (1), 165-176.
https://doi.org/10.1007/5s10750-018-3558-3.

Takao, M., Okawachi, H., Uye, S.I., 2014. Natural predators of polyps of Aurelia aurita s.
1. (Cnidaria: Scyphozoa: Semaeostomeae) and their predations rates. Plankon
Benthos Res. 9 (2), 105-113.

Toyokawa, M., Furota, T., Terazaki, M., 2000. Life history and seasonal abundance of
Aurelia aurita medusae in Tokyo BayJapan, 47 (1), 48-58.

Tseng, L., Chou, C., Chen, Q., Hwang, J., 2015. Jellyfish assemblages are related to
interplay waters in the southern east China Sea. Cont. Shelf Res. 103, 33-44. https://
doi.org/10.1016/j.csr.2015.04.025.

Ugland, K.I., Aksnes, D.L., Klevjer, T.A., Titelman, J., Kaartvedt, S., 2014. Lévy night
flights by the jellyfish Periphylla periphylla. Mar. Ecol. Prog. Ser. 513, 121-130.
https://doi.org/10.3354/meps10942.

Umgiesser, G., Ferrarin, C., Cucco, A., De Pascalis, F., Bellafiore, D., Ghezzo, M., Bajo, M.,
2014. Comparative hydrodynamics of 10 Mediterranean lagoons by means of
numerical modeling. J. Geophys. Res. Oceans 119, 2212-2226. https://doi.org/
10.1002/2013JC009512.

Vanwalraven, L., Langenberg, V., Dapper, R., Witte, J.I., Zuur, A.F., Van Derveer, H.,
2015. Long-Term patterns in 50 years of scyphomedusae catches in the western
Dutch Wadden Sea in relation to climate change and eutrophication. J. Plankton Res.
37 (1), 151-167. https://doi.org/10.1093/plankt/fbu088.

Vincze, M., Dan, Borcia 1., Harlander, U., 2017. Temperature fluctuations in a changing
climate: an ensemblebased experimental approach. Sci. Rep. 7 (1), 1-9. https://doi.
org/10.1038/541598-017-00319-0.

Violi¢, 1., Kogovsek, T., Pestori¢, B., Maci¢, V., Mili¢, Beran L., Luci¢, D., 2019. Recent
changes (2013-2017) in scyphomedusan fauna in the Boka Kotorska bay,
Montenegro (southeast adriatic). Acta Adriat. 60 (1), 25-40. https://doi.org/
10.32582/aa.60.1.2.

Wang, N., Li, C., 2015. The effect of temperature and food supply on the growth and
ontogeny of Aurelia sp. 1 ephyrae. Hydrobiologia 754 (1), 157-167. https://doi.org/
10.1007/510750-014-1981-7.

Wang, Y.T., Sun, S., 2015. Population dynamics of Aurelia sp.1 ephyrae and medusae in
Jiaozhou BayChina, 754 (1), 147-155. https://doi.org/10.1007/s10750-014-2021-
3.

Wang, Y.T., Zheng, S., Sun, S., Zhang, F., 2015. Effect of temperature and food type on
asexual reproduction in Aurelia sp.1 polyps. Hydrobiologia 754 (1), 169-178.
https://doi.org/10.1007/510750-014-2020-4.

Waryani, B., Siddiqui, G., Ayub, Z., Khan, S.H., 2015. Occurrence and temporal variation
in the size-frequency distribution of 2 bloom-forming jellyfishes, Catostylus perezi


https://doi.org/10.1371/journal.pone.0013793
https://doi.org/10.1007/s00227-013-2293-6
https://doi.org/10.1007/s00227-013-2293-6
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260426485427
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260426485427
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260426485427
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260426485427
https://doi.org/10.1533/9780857097460.2.404
https://doi.org/10.1007/s00227-015-2751-4
https://doi.org/10.1093/icesjms/fsy004
https://doi.org/10.1134/S1063074013070043
https://doi.org/10.1134/S1063074013070043
https://doi.org/10.1016/j.atmosenv.2008.09.063
https://doi.org/10.1016/j.atmosenv.2008.09.063
https://doi.org/10.1017/S0025315404008884h
https://doi.org/10.1017/S0025315404008884h
https://doi.org/10.1016/j.tree.2009.01.010
https://doi.org/10.3354/meps325029
https://doi.org/10.3354/meps325029
https://doi.org/10.6620/ZS.2016.55-35
https://doi.org/10.1016/j.rsma.2020.101230
https://doi.org/10.1016/j.jmarsys.2012.10.001
https://doi.org/10.1016/j.ecolmodel.2012.03.019
https://doi.org/10.1016/j.ecolmodel.2012.03.019
https://doi.org/10.1017/S0025315400015563
https://doi.org/10.1002/ecs2.1324
https://doi.org/10.1002/ecs2.1324
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260446488540
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260446488540
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260446488540
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260446488540
https://doi.org/10.1111/geb.12474
https://doi.org/10.1007/s00227-008-1050-8
https://doi.org/10.1007/s00227-008-1050-8
https://doi.org/10.3354/meps10798
https://doi.org/10.3856/vol46-issue2-fulltext-1
https://doi.org/10.3856/vol46-issue2-fulltext-1
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428163379
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428163379
https://doi.org/10.1111/zoj.12494
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428262578
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428262578
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428262578
https://doi.org/10.1016/S0422-9894(08)70009-6
https://doi.org/10.1016/S0422-9894(08)70009-6
https://doi.org/10.1093/plankt/fbm003
https://doi.org/10.1093/plankt/fbm003
https://doi.org/10.1007/s00227-009-1261-7
https://doi.org/10.1007/s00227-009-1261-7
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428287507
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428287507
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428287507
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428287507
https://doi.org/10.1007/s12237-018-0459-7
https://doi.org/10.1007/s12237-018-0459-7
https://doi.org/10.1016/j.marpolbul.2011.03.023
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428341638
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428341638
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428341638
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260428341638
https://doi.org/10.1007/s10750-014-2046-7
https://doi.org/10.1007/s10750-014-2046-7
https://doi.org/10.1007/s00343-018-7273-8
https://doi.org/10.1016/j.ympev.2016.02.013
https://doi.org/10.1016/j.ympev.2016.02.013
https://doi.org/10.1016/j.rsma.2020.101444
https://doi.org/10.26107/RBZ-2020-0004
https://doi.org/10.26107/RBZ-2020-0004
https://doi.org/10.1007/s10750-018-3558-3
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260429299797
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260429299797
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260429299797
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260431275738
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260431275738
https://doi.org/10.1016/j.csr.2015.04.025
https://doi.org/10.1016/j.csr.2015.04.025
https://doi.org/10.3354/meps10942
https://doi.org/10.1002/2013JC009512
https://doi.org/10.1002/2013JC009512
https://doi.org/10.1093/plankt/fbu088
https://doi.org/10.1038/s41598-017-00319-0
https://doi.org/10.1038/s41598-017-00319-0
https://doi.org/10.32582/aa.60.1.2
https://doi.org/10.32582/aa.60.1.2
https://doi.org/10.1007/s10750-014-1981-7
https://doi.org/10.1007/s10750-014-1981-7
https://doi.org/10.1007/s10750-014-2021-3
https://doi.org/10.1007/s10750-014-2021-3
https://doi.org/10.1007/s10750-014-2020-4

A. Ferndndez-Alias et al.

(L. Agassiz, 1862) and Rhizostoma pulmo (Cuvier, 1800), in the Indus Delta along
the coast of SindhPakistan, 39, 95-102. https://doi.org/10.3906/z00-1401-13.

Williams, E.H., Bunkley-Williams, L., Lilyestrom, C.G., Larson, R.J., Engstrom, N.A.,
Ortiz-Corps, E.A.R., Timber, J.H., 2001. A population explosion of the rare/tropical
subtropical purple sea mane, Drymonema dalmatinum, around Puerto Rico in the
summer and fall of 1999. Caribb. J. Sci. 37 (1-2), 127-130.

17

Marine Pollution Bulletin 173 (2021) 113100

Zakai, D., Galil, B.S., 2001. New records: new scyphozoan records for the Gulf of Elat:
Thysanostoma loriferum (Ehrenberg, 1835) and Carybdea alata (Stiasny, 1939).
Israel J. Zool. 47 (3), 295-296. https://doi.org/10.1092/7bv7-lqn4-wjdl-wxfg.

Zavodnik, D., 1987. Spatial aggregations of the swarming jellyfish Pelagia noctiluca
(Scyphozoa). Mar. Biol. 94, 265-269. https://doi.org/10.1007/BF00392939.


https://doi.org/10.3906/zoo-1401-13
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260432415795
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260432415795
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260432415795
http://refhub.elsevier.com/S0025-326X(21)01134-6/rf202110260432415795
https://doi.org/10.1092/7bv7-lqn4-wjdl-wxfg
https://doi.org/10.1007/BF00392939

	Larger scyphozoan species dwelling in temperate, shallow waters show higher blooming potential
	1 Introduction
	2 Material and methods
	2.1 Blooming species list of the Scyphozoa class and bloom driving forces
	2.2 Blooming species temperature frame and habitat characteristics
	2.3 Blooming against non-blooming species
	2.3.1 Genera as samples
	2.3.2 Species as samples


	3 Results
	3.1 Jellyfish blooming species and factors directing the blooms
	3.2 Temperature frame and habitat for blooming species
	3.3 Blooming against non-blooming species

	4 Discussion and conclusions
	4.1 Physical forcing: temperature and salinity
	4.2 Nourishment: food availability, overfishing, nutrient loads and eutrophication
	4.3 Biotope: habitat, invasions and construction of submerged structures

	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


