Table S1. Papers published on the topic of ‘jellyfish blooms’ that contain statements that link anthropogenic stressors to increases or decreases in jellyfish
populations. The statements analysed and the affirmation attributed to each statement is included.
Paper
[1]

Abbreviation
BENE15

[2]

BOER15

[3]

CHIA15

[4]

CONL15A

[5]

DUAR15

[6]

FENG15

[7]

FENG15A

Statement/s linking jellyfish blooms to anthropogenic stressors
“Although the drivers of increasingly frequent jellyfish blooms are not fully understood, they likely involve a combination
of global climate events and local anthropogenic stressors. Climate events include global warming, which may positively
affect jellyfish population processes and vital rates (Purcell et al. 2012; Lucas & Dawson 2014).” AND “Local drivers that
may cause jellyfish blooms include (but are not limited to) changes in food web structure owing to the depletion of
potential predators and competitors from over-fishing, human modification of coastal habitats, including the proliferation
of artificial structures that may provide habitats for jellyfish benthic stages, shipping and eutrophication (Purcell 2012;
Duarte et al 2012; Boero 2013). Several studies have reported the coincidence of greater abundances of jellyfish with warm
conditions and experiments have shown how increasing temperatures may enhance asexual production in several gelatinous
species (Purcell et al 2012; Lucas et al. 2014).” AND “In addition to climate change, other potentially important drivers of
jellyfish outbreaks, such as fertilizers and organic pollution, habitat modification and overfishing are increasing globally in
coastal regions (reviewed in Purcell 2012). Although all these potential causes of jellyfish outbreaks have been
acknowledged (Boero 2013), a comprehensive understanding of the influence of individual drivers and their potential
syndergistic or antagonistic interactions have remained elusive.”
“No modeling led to predict the regime shift from fish to jellyfish, whose causes are probably manifold, from climate
change to overfishing: an increasingly gelatinous future is ahead of us (Boero 2013).”
“Interest has grown in population increases in response to climatic fluctuations, over-harvesting of fisheries, pollution,
eutrophication and hypoxia, introduction of exotic species, habitat modification, or a combination of such factors
(reviewed in Purcell 2012).”
“Environmental and ecosystem changes, such as overfishing, global warming, eutrophication, and marine construction,
have been argued as causes for such prominent increases in populations of A. aurita in various coastal waters of East Asia
(Dong et al. 2010, Uye 2011).”
“The putative drivers include human activities, including global warming, eutrophication, overfishing, and coastal sprawl
(Purcell 2012, Duarte et al 2013). However, the role of these pressures should be considered hypothetical….”
“…which have been attributed to the anthropogenic coastal environmental changes such as climate change, overfishing,
eutrophication, development of aquaculture, and habitat modification (Attrill et al 2007; Purcell et al 2007; Richardson et al
2009; Purcell 2012).” AND “Several studies have documented that warm temperatures probably will enhance the jellyfish
populations (reviewed in Purcell 2005; Kogovsek et al 2010; Lynam et al. 2011; Purcell 2012).”
“….and might be linked to climate change, overfishing, eutrophication, agriculture, or habitat modification arising from
human disturbances along the coast (Purcell 2005; Purcell et al. 2007; Uye 2008; Richardson et al. 2009; Uye 2011; Purcell
2012).” AND “As one of the most important human stresses, global warming may increase the population of jellyfish and
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change the timing and length of their seasons and distributions (Purcell 2012). Various studies have reported positive
correlations between jellyfish abundance and water temperature (reviewed in Purcell et al 2007; Purcell 2012). Greater
abundance of Chrysaora quinquecirrha in Chesapeake Bay was recorded in warm conditions (Decker et al. 2007). Aurelia
aurita and Cyanea spp. in the southern part of the North Sea and in the Irish Sea were more abundant during warm years
(Lynam et al. 2010, 2011). High Chrysaora plocamia biomass was associated with El Nino events occuring in warm "El
Viejo" regimes (Mianzan et al 2014).” AND “Global warming may increase the jellyfish population size (Purcell, 2012).”
“In recent years, there has been emerging concern wordwide regarding massive jellyfish blooms and their relationship to
environmental degradation and climatic change (Mills 2001; Parsons & Lalli 2002; Purcell 2005; Purcell et al. 2007).”
“In addition to commerical harvesting, anthropogenic pressures such as climate change, hypoxia, and coastal development
may positively benefit jellyfish (Parsons & Lalli 2002; Purcell et al. 2007; Richardson et al. 2009; Purcell 2012).” AND
“These….” [referring to pollution, eutrophication anthropogenic impacts to shoreline areas in previous paragraph] “…very
conditions are also hypothesized to benefit jellyfish because they are more tolerant than forage fish to these states (Parsons
& Lalli 2002; Purcell et al. 2007; Richardson et al. 2009).” AND “Extensive commercial harvest of forage fish has been
implicated as a cause of declines in forage fish abundance.....as well as increases in jellyfish biomass resulting from release
from predation (Purcell & Arai 2001) or competition (Daskalov 2002).”
“These gelatinous blooms are considered symptoms of environmental problems, including eutrophication, and associated
effects such as hypoxia, commercial over-harvesting of fish and invertebrates, habitat modification, species introductions,
and global climate changes (Mills 1995; Purcell & Arai 2001).”
“It has been suggested that anthropogenic drivers, such as fisheries and habitat modification, climate change and
environmental degradation resulting in eutrophication, hypoxia and reduced optical conditions, may be contributing
towards increased jellyfish abundances and more frequent blooms, at least locally, with potential negative consequences
for, e.g. fisheries, tourism, industry and recreational activities (reviewed in Purcell et al. 2007).”
“Numerous studies discuss the potential factors responsible for these massive blooms, such as ........ climate changes
(Mills 2001; Lynam et al. 2006), overfishing (Lynam et al. 2006; Richardson et al. 2009), and the introduction of alien
species (Brodeur et al. 2002); Matveev et al. 2012).”
“These trends have been blamed on the increasing influence of anthropogenic stressors, such as eutrophication, overfishing, establishment of artificial hard substrata, climate change and species translocations, which has led to the
paradigm that GZ will increase in the future (Richardson et al. 2009; Purcell 2012).”
“Xu et al. (2013) indicated that eutrophication and high seawater temperature in late spring and early summer in the YS
and northern ECS would be responsible for outbreak of N. nomurai.”
“Indeed, many factors have been put forward to explain the (perceived) increase in jellyfish abundance in specific regions
during the last decades: fisheries (Mills 2001), temperature increase (Holst 2012a; Lucas et al. 2012; Purcell et al. 2012;
Webster and Lucas 2012), eutrophication (Purcell 2012; Purcell et al. 2013) and ocean acidification (Winans and Purcell
2010; Gattuso et al. 2013)....”
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“Previous studies have suggested that temperature elevation, increase of food supply by eutrophication, elimination of
competitors and predators by hypoxia, and increase of attachment sites on marine structures favor reproduction of
polyps to build a larger population (e.g. Duarte et al. 2013; Han and Uye 2010; Ishii et al. 2008).”
“Paradoxically, the expansion of breakwaters, jetties and seawalls in coastal areas also promotes large suitable substrates
for jellyfish polyp settlement, thereby promoting the foundation of jellyfish outbreaks (Purcell 2012; Duarte et al. 2013;
Boero 2013; Makabe et al. 2014). AND Consequently, by expanding the availability of settlement substrates, ocean sprawl
is hypothesized as a major cause of jellyfish outbreaks (Duarte et al. 2013). AND This is in agreement with the expected
influence that increasing coastal constructions have on promoting jellyfish outbreaks through enlarging settling structures
(Duarte et al. 2013; Qiu 2014; Makabe et al. 2014).”
“Although overfishing, coastal habitat degradation and climate change are amongst the most probable drivers (Purcell
2012)….”
“Numerous factors may increase jellyfish abundances: over-fishing that may decrease their predators and competitors;
eutrophication, which can lead to hypoxia that is detrimental to fish but not jellyfish, and proliferation of artifical
structures that are potential substrates for scyphistomae (harbours, aquaculture, oil platforms) (reviewed in Purcell et al.
2007; Duarte et al. 2013). In addition climate change may favour blooms of some species. For instances, changes in
Chrysaora melanaster biomass were related to biophysical indices (surface-water temperature, wind mixing and ice
cover) in the eastern Bering Sea (Brodeur et al. 2008). Another key anthropogenic cause of increased jellyfish is
translocation of species into new habitats (no ref provided).”
“Finally, the rise in sea temperature and the modification in ocean productivity due to CC have already led to jellyfish
proliferation (Purcell 2005).”
“Evidence suggests that jellyfish blooms can become larger or more frequent as a consequence of anthropogenic
pressures, including climate change (Purcell 2005; Lynam et al. 2011; Robinson and Graham 2014), habitat modification
(Lo et al. 2008; Duarte et al 2012), cultural eutrophication (Oguz 2005), the expansion of hypoxic waters (Purcell et al.
2001; Graham 2001; Riisgard et al 2012), and overfishing (Roux et al. 2013).”
“Recently, for example in (Haraldsson et al. 2012), a third trail of reasoning has been added by discussing and
mathematically analyzing the effects of water quality. As fish depend on good visibility conditions for hunting, eutrophic
oceans may favor jellyfish.”
“Although there is some evidence to suggest that various anthropogenic factors, such as global warming, eutrophication,
overfishing, and marine constructions, could be important drivers for the recent increase and expansion of N. nomurai
blooms (Purcell et al. 2007; Richardson et al. 2009; Uye 2011; Duarte et al 2013), the mechanisms associated with these
phenomena are unclear, thus making it difficult to predict the timing or size of future blooms.”
“Scientists have speculated that the warming of the oceans is a vital component in the success of these jellyfish blooms
(Kawahara et al 2013).” AND “A number of stressors that include natural ecological fluctuations, anthropogenic activity
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(e.g., eutrophication; Arai 2001; Richardson et al. 2009), overfishing, habitat modification, chemical pollution, and
introduction of exotic species in the marine environment (Hay 2006; Purcell 2007; Richardson et al 2009) are suggested
causes of these blooms.” AND “Pollution and permanent parking of vessels in the Mandovi river of Panaji is also giving
rise to toxic jellyfish blooms, causing problems for the fishing industry (Nagvenkar 2012).” AND “In China, increased
number of marine construction where polyps settle and decreased currents (retention) in bays has led to a higher than
usual abundance of moon jellies (Dong et al. 2012).”
“Several environmental factors have been used to explain jellyfish blooms, including a decrease in the number of
predators (Uye and Ueta 2004), overfishing (Jackson et al. 2001; Pauly et al. 2009; Richardson et al 2009), eutrophication
(Mills 2001; Liu and Diamond 2005), hydrographic changes (Cheng et al. 2005), artificial constructions (Uye 2008; Dong et
al. 2010), global warming (Purcell et al. 2007; Richardson et al. 2009; Purcell 2012), and climate change (Dong et al. 2010).
A growing body of evidence has indicated that several human activities have increased the frequency of blooms, including
shipping, aquaculture, industrialization in and around coastal areas, and the outcomes of policies on coastal protection
management (Duarte et al. 2013). These studies have reported that ocean sprawl could promote jellyfish blooms in
coastal waters.”
“Global warming, overfishing, eutrophication, habitat modification and transport of non-indigenous species cumulatively
affect the ecosystem and intensify the natural fluctuations in jellyfish abundance (Mills 2001; Purcell et al. 2007;
Richardson et al. 2009).”
“There is growing concern that gelatinous zooplankton mass occurrences are increasing in magnitude and frequency
(Gibbons and Richardson 2009) due to habitat modification, eutrophication, climate change and overfishing (Mills 2001;
Purcell 2012).”
“It has been suggested that anthropogenic causes, such as eutrophication (Purcell 2012), climate change (Purcell 2005;
Attrill et al. 2007), overfishing (Daskalov et al. 2007), aquaculture (Lo et al. 2008), marine construction (Duarte et al.
2012), biological invasion (Mills 2001; Graham et al. 2003; Graham and Bayha 2007), and aquarium exchange (Bolton and
Graham 2006) are related to increasing jellyfish blooms.”
“Studies suggest that the increase and expansion of A. aurita blooms are related to climate change, eutrophication, ocean
acidification, overfishing, and increasing availability of anthropogenic hard substrate (Parsons & Lalli, 2002; Richardson et
al. 2009; Duarte et al. 2013; Miller & Graham 2012; Janβen et al. 2013).” AND “Anthropogenic factors such as
eutrophication, species translocation, habitat modifications due to marine construction, and empty niches due to removal
of higher predators also could have led to the development of jellyfish blooms (Purcell et al. 2007; Uye 2011; Malej et al.
2012).”
“It is a well-known fact that jellyfish typically feed on the same kind of prey as many adult or larval fishes do; therefore, it
is possible that energy that previously went into the production of fishes may be switched over to the production of

Probable

Definite

Possible

Possible

Possible

Possible

[31]

WEI15A

[32]

XIE15

[33]

YILM15

[34]

BAGH14

[35]

BATT14

[36]

BARZ14

[37]

BLAC14

[38]

BROD14

[39]

DEDO14
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pelagic cnidarians or ctenophores (Mills 1995). The introduction of nonindigenous species of jellyfishes into coastal
ecosystems has also resulted in the population explosion of such species (Mills 2001).”
“The increase of jellyfish bloom has been a wordwide problem and the possible causes for this phenomenon have been
reviewed by Dong et al. (2010) and Purcell (2012). Generally speaking, global warming and human activity (e.g.
overfishing, eutrophication, aquaculture and coastal construction) are thought to be the mechanism of the increasing
jellyfish blooms.”
“The causes of jellyfish blooms are still uncertain but heavily related to the anthropogenic impact (Purcell et al 2007;
Richardson et al. 2009) such as overfishing (Brodeur et al. 2002; Lynam et al. 2006, Purcell & Arai 2001), eutrophication
(Arai 2001), climate change (Brodeur et al. 2008), habitat modification (Lo et al. 2008; Miyake et al. 2002) and alien
invasion (Dawson et al. 2005; Graham and Bayha 2007; Kideys 2002).”
“The climate-related changes in abundance and community structure of marine plankton (Hays et al. 2005) caused a
trend towards gelatinous top predators as a result of eutrophication (Arai 2001), overfishing (Lynam et al. 2006), climate
change (Purcell 2005) and marine invasions (Shiganova 1998).”
“The south-western Caspian Sea reflects the same trend that is observed in other marine environments: a declining
biodiversity accompanied by a spreading of invader species such as Acartia sp. and gelatinous zooplankton (comb
jellyfish), caused mainly by anthropogenic activities such as modifications of river flows and eutrophication (Purcell et al.,
2007; Richardson, 2008; Occhipinti-Ambrogi & Ambrogi, 2009).”
“They may be related to an alteration of marine ecosystems, both of climatic and anthropogenic nature, as global warming,
overfishing (Goy et al., 1989) or accidental introduction of a non-indigenous species (Kideys, 1994; Shiganova, 1997).”
“Jellyfish populations have swelled in recent years as a result of overfishing, eutrophication, climate change and habitat
modifications (Purcell et al., 2007; Richardson et al., 2009).”
“A reduction in competitive pressure from pilchards, and increased prey resources may have contributed to the
establishment of the M. atlantica population. Similar structural changes in the Irish Sea ecosystem following a decline in
the herring (Clupea harengus) population have been linked to the increased frequency of cnidarian material present in CPR
samples after 1970 (Lynam et al., 2011).”
“In some productive pelagic ecosystems, overfishing of small pelagic fishes over the last few decades has been implicated
as a cause of many of these massive blooms (Lynam et al., 2006; Uye, 2011; Roux et al., 2013).”
“Interest in jellyfish grew considerably in recent years as a result of "anomalous" proliferations seen with increasing
frequency in all seas and the new appearance of invasive species in temperate seas (Brotz et al., 2012), linked to multiple
causes such as climate change, overfishing and pollution (Purcell et al., 2007; Purcell, 2012; Boero et al., 2008).”
“Regardless of whether recent increases in the frequency of jellyfish blooms are due to climate change or natural
oscillations in populations (Condon et al. 2013), warming waters have been correlated with increased abundance of
scyphozoan jellyfish in some marine systems (Han & Uye, 2010; Holst, 2012; Lynam et al., 2004).”
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“A number of anthropogenic perturbations have been suggested as possible causes of abnormal jellyfish mass occurrence,
including global warming, eutrophication, overfishing, and the increase of artificial hard substrates (reviewed in Purcell et
al., 2007; Richardson et al., 2009; Purcell, 2012).”
“Following increased water temperatures during the last decades, mass occurrences of various jellyfish blooms (including
P. periphylla) have been reported with increasing frequency (Condon et al. 2013; Gibbons & Richardson 2013; Duarte et
al. 2012).”
“Consequently, there is concern that anthropogenic impacts through fisheries overharvesting, eutrophication of coastal
waters and marginal seas, non-native species introduction, and climate change could trigger increased jellyfish blooms in
some locations (Purcell et al., 2007).”
“In addition to climate change, other suggested causes for increased jellyfish numbers - at least on a local scale - include
overfishing, eutrophication, deteriorated light environments, species introductions and subsurface construction (reviewed in
Purcell et al., 2007; Richardson et al., 2009).”
“The population size of gelatinous organisms is hypothesised to increase in the future if anthropogenic stressors such as
nutrient inputs, overfishing, proliferation of coastal and offshore constructions and climate change will further change
pelagic ecosystems worldwide (Purcell, 2012).”
“Purcell et al., (2007) proposed that eutrophication could cause the phytoplankton community to shift from a diatom- to a
flagellate-based food web, which favored size reduction of the zooplankton community and could lead to jellyfish blooms.”
“The possible causes of increase in jellyfish population have several speculations, including climate change, overfishing,
eutrophication, invasions, marine construction and so on (Arai, 2001; Mills, 2001; Purcell, 2005; Hay, 2006; Graham &
Bayha, 2007).”
“They are also consistent with previous studies that suggest several coastal bloom-forming and oceanic GZ species,
including Aurelia spp., Chrysaora quinquecirrha, Cyanea capillata, Mnemiopsis leidyi and Pleurobrachia bachei, tolerate
hypoxia (30% air saturation, <1.4 ml O2/l) and even severely hypoxic (<0.35 ml O2/l) conditions (Thuesen et al., 2005).
Furthermore, extreme abundances of the scyphozoan Crambionella orsini have been observed within the oxygen minimum
zone (<0.35 ml O2/l) on the upper slopes off the coast of Oman (Billett et al., 2006). This agrees with several other studies
that suggest increased cnidarian and thaliacean biomass is associated with warmer SST (e.g. the Mediterranean, Kogovsek
et al., 2010; the North Atlantic, Gibbons & Richardson, 2009), although trends are not universal.....”
“Major causes for the increase have been hypothesized to be a result of climate change (Attrill et al., 2007; Holst, 2012;
Kogovsek et al., 2010) and also may result from various human impacts on the ocean such as eutrophication, overfishing
and modification of the coastal geomorphology (Purcell, 2012; Richardson et al., 2009; Uye, 2011).” AND “The expansion
of similar artefacts in coastal areas worldwide is likely contributing to the global increase of jellyfish outbursts (Duarte et
al., 2013).”
“Possible causes for recent outbreaks have been speculated to be related to increased ocean temperature by global warming,
increased zooplankton prey by eutrophication, increased polyp attachment sites offered by anthropogenic marine
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construction and decreased zooplanktivorous fish stocks by over-fishing (e.g. Arai, 2001; Graham, 2001; Purcell, 2005;
Lynam et al., 2006; Richardson et al.. 2009).”
“Fluctuations in jellyfish abundance have potentially been linked with …..pH (Attrill et al., 2007),…..eutrophication
(Purcell et al., 2007) and habitat modification (Richardson et al.. 2009).” AND “These factors may also be related to
increases in abundance associated with opportunistic expansion, following decreased predatory pressure as a result of
declining fish abundance due to commercial fisheries (Pauly et al., 1998; Mills, 2001; Lynam et al., 2006).”
“The causes of these blooms are still unknown (Honda et al., 2005), although fisheries' overexploitation, increasing sea
water temperature, increased eutrophication, and marine pollution have been suggested as major factors (Kawahara et al.,
2006; Uye. 2008; Shiraki et al., 2008; Yoon et al., 2008; Dong et al., 2010; Buckland et al., 2001).”
“The idea that jellyfish populations may be enhanced by human perturbations of the ocean (e.g. fisheries, nutrient and
substrate additions, species introduction, climate change) has received substantial attention (Richardson et al., 2009; Brotz
et al., 2012; Purcell, 2012), but remains controversial (see Condon et al., 2012; Condon et al., 2013).”
“The main results of our experiments show that with increasing temperature and food supply the rate of asexual
reproduction of several species is increased. These conditions are major symptoms of the deterioration in marine
environments caused by several anthropogenic actions that favour jellyfish (viz. Purcell et al., 2007; Richardson et al.,
2009).”
“Recent studies on the ecology of jellyfish has evidenced the increase of these organisms in various parts of the world for
multiple reasons such as the removal of top predators, coastal pollution, invasions, global warming, overfishing (Mills,
2001; Purcell et al., 2007; Condon et al., 2013)” AND “Although global changes including warming temperatures (Purcell
et al., 2007; Purcell, 2012), which enhance production, feeding and growth rates of jellyfish (Purcell, 2005), may provide
satisfactory conditions for jellyfish blooms, overfishing of jellyfish competitors (Daskalov et al., 2007) would also
contribute to that.”
“While recent meta-analyses show that numerous areas experience recurrent oscillations in jellyfish blooms (lasting
approx. 20 years) (Condon et al., 2013), there are indications that ocean warming, over-fishing, aquaculture, eutrophication
and coastal development are causing increased gelatinous zooplankton populations in many other regions (Link & Ford,
2006; Purcell et al., 2007; Utne-Palm et al., 2010; Purcell, 2012).”
“It has been suggested that the P. periphylla mass occurrences, combined with the absence of fish, have developed because
of a gradual increase in the light attenuation of the Norwegian coastal water (Eiane et al., 1999; Sornes et al., 2007; Aksnes
et al., 2009).”
“The causes of jellyfish bloom are still unknown although several factors, such as increase in seawater temperature,
fisheries overexploitation and marine pollution, are considered as major causal factors or at least mediating factors (Arai,
2001; Purcell, 2005; Graham & Bayha, 2007; Purcell et al., 2007; Uye, 2008; Richardson et al., 2009; Condon et al.,
2013).”
“Reviews have proliferated recently speculating that jellies have benefited from human-caused changes, including climate
change, eutrophication, overfishing, coastal construction, and species introductions (Purcell, 2012).”
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“Climate, navigation, uncontrolled fishing, and eutrophication of coastal areas contributed to the considerable increase in
the biomass of gelatinous predators over the last few years (Purcell, 2005, Purcell et al., 2007).”
“Second, several authors hypothesized that jellyfish and, more broadly, gelatinous zooplankton, may have benefitted from
the trophic reorganization driven by both ocean warming and removal of top predators by overfishing (Purcell, 2005;
Lynam et al., 2006; Attrill et al., 2007).”
“The slight overall increase since the 1970s is correlated with global changes, including increased human activity along the
coastline that could facilitate or amplify increases in jellyfish. These global changes include warming temperatures (Purcell
et al., 2007; Purcell, 2012), which enhance production, feeding and growth rates of jellyfish (Purcell, 2005), overfishing of
competitors of jellyfish (Daskalov et al., 2007), an increased supply of planktonic food for jellyfish associated with
eutrophication of coastal waters (Parsons & Lalli, 2002), and the spread of hypoxia, to which jellyfish exhibit greater
tolerance than most other metazoans (Purcell, 2012, Vaquer-Sunyer & Duarte, 2008). The proliferation of artificial
structures associated with human activities has also been argued to promote blooms of meroplanktonic medusae by
increasing suitable hard substrate for their benthic polyps (Duarte et al., 2013).”
“Multiple explanations have been suggested for possible drivers of the apparent increase of jellyfish blooms in many
coastal waters around the globe, including the depletion of predators and competitors of jellyfish by overfishing, accidental
translocations, eutrophication of coastal waters, changes in freshwater flows, human modification of coastal
geomorphology, and climate change (Mills, 2001; Purcell et al., 2007; Purcell, 2012).”
“This potential increase has been variously attributed to human-mediated environmental change in the Anthropocene:
fishing, ocean warming, hypoxia, habitat modification and coastal development, eutrophication and accompanied in some
instances by alien introductions (Purcell et al., 2007; Richardson et al., 2009; Purcell, 2012).”
“The shift from fish-dominated to gelatinous dominated can be caused by overexploitation of fish (Lynam et al. 2006) and
climate-related environmental change (Mills 2001; Purcell and Decker 2005; Richardson 2008).”
“The recent and recurrent nature of the blooms suggests that anthropogenic environmental conditions conducive to
outbreaks (e.g. over-fishing, global warming, eutrophication and increase of marine construction) have prevailed for some
time in Chinese coastal waters, the seeding and nursery grounds of this jellyfish species (Uye, 2008).”
“Furthermore, a proposed increase in the occurrence of gelatinous zooplankton species due to climate shifts (Purcell et al.,
2010) suggests an increased importance of these species as regulators of prey communities as well.”
“Evidence suggests that a variety of human activities such as seafood harvesting, eutrophication, the introduction of alien
species, coastal and offshore hard substrate infrastructure (ports, rigs, aquaculture) and climate change may benefit jellyfish
populations (Purcell, 2012).” AND “The artificial structures offering substrate for the settlement of polyps are increasing
rapidly and stimulating jellyfish proliferation (Duarte et al., 2013).”
“Several causes, such as climate change and anthropogenic effects, have been suggested for ecosystem changes and
corresponding jellyfish population increases (Mills, 1995, 2001).”
“There is mounting evidence that populations fluctuate with climatic cycles and that temperate species may increase their
abundances, spatial, and seasonal distributions in a warming climate (Purcell, 2005).” AND “This further 'fishing down'
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removes competitors of jellyfish, possibly increasing their success (e.g., Purcell et al., 2007, Purcell, 2012)”. AND
“Aquaculture operations also can have several potentially beneficial effects on jellyfish populations at local scales (Purcell,
2005). Lo et al., (2008) discuss how increased nutrients around the farms, due to excess fish food and waste products,
could create eutrophic conditions that may favour jellyfish over fish, such as smaller zooplankton that are less beneficial
foods for fish and decreased dissolved oxygen and water clarify (Arai, 2001; Purcell et al., 2007).”
“Various explanations were offered as possible drivers for increased blooms, including overfishing, eutrophication,
accidental translocations, proliferation of artificial structures in coastal environments, and global warming (e.g. Parsons &
Lalli, 2002; Purcell, 2011; Holst & Jarms, 2007; Brodeur et al., 2008; Richardson et al., 2009).” AND “Recently, many
commercial fisheries have been diminished and seemingly replaced by jellyfish. For example, in the Benguela current
system, the jellyfish biomass of Chrysaora hysoscella (Linnaeus, 1766) and Aequorea forskalea (Forsskal, 1775) increased
while pelagic fish biomass decreased during the last four decades (Lynam et al., 2006). A similar situation was described
for the East China and Yellow seas, where the fisheries decline was associated with jellyfish increase (Dong et al., 2010).”
“Recently, e.g. in Haraldsson et al., (2012) a third trail of reasoning has been added by discussing and mathematically
analyzing the effects of water quality. As fish depend on good visibility conditions for hunting, eutrophic oceans may favor
jellyfish.”
“Increased jellyfish production in marine ecosystems is perhaps a symptom of larger ecosystem degradation due to coastal
eutrophication and overfishing (Caddy, 1993; Mills, 1995).”
“Although climatic regime shifts are thought to be responsible for the fluctuations of jellyfish populations (Brodeur et al.,
2008; Condon et al., 2012; Lynam et al., 2010), various anthropogenic impacts to the marine environment, such as global
warming, eutrophication, overfishing and marine constructions, are also argued to be drivers of the recent increase and
expansion of jellyfish blooms (Duarte et al., 2013; Purcell et al., 2007; Richardson et al., 2009; Uye, 2011).”
“Previous studies have suggested that anthropogenic environmental changes, for example eutrophication, habitat
modification, overfishing, and global warming are responsible for these recent outbreaks (Purcell et al., 2007; Uye, 2009;
2011).” AND “Changes in the food web may reduce the size of the zooplankton community, leading to more favorable
conditions for jellyfish than for fish (Purcell et al., 2007; Richardson et al., 2009; Purcell, 2012).” AND “Moreover,
eutrophication with enhanced organic matter production may contribute to the frequent occurrence and greater intensity of
hypoxia/anoxia in coastal waters (Chai et al., 2006), which would probably benefit jellyfish rather than fish (Purcell,
2012).” AND “Global warming is regarded as important factor affecting increases in jellyfish outbreaks (Purcell et al.,
2007; Richardson et al., 2009).” AND “Kawahara et al., (2006) speculated that the ecosystem changes associated with
eutrophication may be responsible for the enhancement of giant jellyfish populations.”
“Several factors have been proposed to explain their occurrence including eutrophication (Arai, 2001), an increase in hard
substrates for polyp attachment (Parsons & Lalli, 2002; Holst & Jarms, 2007), exotic translocations (Purcell et al., 2001),
overfishing (Pauly et al., 2002) and climate change (Purcell, 2005).” AND “One hypothesis proposed for increasing
jellyfish outbreaks is increased artificial hard substrates for polyp attachment in coastal areas (Parsons & Lalli, 2002).”
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“There are convincing arguments that several anthropogenic influences, such as eutrophication (Purcell et al., 1999),
climate effects (Purcell, 2005), overfishing (Lynam et al., 2006) and more hard substrate in the marine environment (Holst
& Jarms, 2007) favour an increase of jellyfish populations.”
"As such, the increasingly warmer temperatures observed in the Mediterranean Sea may have facilitated the increased
populations of this species (Molinero et al., 2005; Daly Yahia et al., 2010). Jellyfish belonging to the genus Aurelia have
also been shown to benefit from warmer temperatures through increased growth (Widmer, 2005) and enhanced asexual
reproduction (Purcell, 2007; Liu et al., 2009; Purcell et al., 2009; Han & Uye, 2010) which could be involved in the
increases observed in some Aurelia populations in the Mediterranean. Of course, increased temperatures may be
detrimental to other species of jellyfish, as could be the case with the observed decline of the ctenophore Pleurobrachia
rhodopsis in the north-western Mediterranean during the late 1980s (Molinero et al., 2008b). Some mechanisms involve
cultural eutrophication, whereby increased nutrient input of anthropogenic origin may create conditions that favour jellyfish
over other organisms (Purcell et al., 1999; Arai, 2001). Curiously, R. pulmo directly consumes diatoms in the Mar Menor,
and may benefit from increased production due to eutrophication (Perez-Ruzafa et al., 2002; Lilley et al., 2009). As polyps
of C. tuberculate appear highly influenced by temperature, it is suspected that blooms of this jellyfish will be increasingly
recurrent in the Mar Menor under global warming scenarios (Prieto et al., 2010).”
"There are also suggestions that jellyfish may benefit from anthropogenic pressures on the marine environment (Mills,
1995, 2001, Purcell et al., 2007, Pauly et al., 2009, Richardson et al., 2009, Purcell, 2012). Suggested causes include
eutrophication, overfishing, global warming, habitat modification, aquaculture, salinity changes, ocean acidification and, of
course, translocation." AND "...whereas recent increased blooms of Aurelia sp. in Tokyo Bay, Japan are more likely due to
the effects of eutrophication (Nomura & Ishimaru, 1998; Ishii et al., 2008).”
“Nutrient over-enrichment, among other anthropogenic causes, may also contribute to the proliferation of jellyfish blooms
in East Asian coastal waters (Purcell et al., 2007; Dong et al., 2010). A comparative study suggests that a link exists
between elevated ambient nutrient levels and the abundance and size of the epibenthic jellyfish Cassiopea spp (Stoner et
al., 2011). If nutrient loads added to the coastal zone are rich in N and P but poor in Si, non-siliceous phytoplankton may
proliferate and replace diatoms, a situation more favorable for jellyfish than for fish (Richardson et al., 2009).”
“Although some recent reports of mass occurrences suggest a variety of human-related causes, such as eutrophication,
climate change, overharvesting of fish, and translocations (e.g. Mills, 2001; Pauly et al., 2003; Purcell et al., 2007;
Richardson et al., 2009 and the references within it), others have found no evidence of unnatural blooms- for example, of
Crambionella orsini (e.g. Daryanabard & Dawson, 2008) - or have shown decreases in the numbers of jellyfish and salps
(Mills, 2001; Lavaniegos & Ohman, 2003; Brodeur et al., 2008).”
“Previous case studies on coasts elsewhere indicated coastal eutrophication and increased substrate suitable for jellyfish
larval settlement to be an important contributor to the A. aurita blooms (Arai, 2001; Mills, 2001; Lo et al., 2008).”
“These increases result in a simultaneous negative impact on tourism, aquaculture and fisheries (Mills, 2001) and have
been potentially attributed to climate change (Brodeur et al., 1999; Purcell, 2005), eutrophication (Arai, 2001) and
overfishing (Purcell & Arai, 2001; Hay, 2006; Lynam et al., 2011).”
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“Jellyfish mass occurrence and apparent shifts from fish- to jellyfish-dominated systems have been linked to numerous
factors such as fisheries (Brodeur et al., 2002; Lynam et al., 2006; Daskalov et al., 2007), aquaculture (Lo et al., 2008),
eutrophication (Parsons & Lalli, 2002; Purcell et al., 2007), hypoxia (Decker et al., 2004; Thuesen et al., 2005) and water
clarify (Aksnes, 2007; Sornes et al., 2007). Furthermore, increased jellyfish abundances have been linked to climate
change, including temperature increase (Purcell et al., 2007; Lynam et al., 2011), enhanced stratification (Richardson et al.,
2009) and decreased pH (Richardson & Gibbons, 2008). Finally, translocations of species have also been seen as
contributors to jellyfish blooms (Graham & Bayha, 2007).”
“Jellyfish blooms were correlated with hydroclimatic and environmental factors, and consequently, climatic changes,
eutrophication, and overfishing were detected as probable causes for increasing mass occurrences (Purcell , 2005; Purcell,
2012; Attrill et al., 2007; Purcell et al., 2007; Molinero et al., 2008; Kogovesek et al., 2010; Licandro et al., 2010).”
“Mass outbreaks of jellyfish since the 1960s, caused by global warming, environmental pollution, the construction of
marine structures, and deteriorating marine resources, have had a huge influence worldwide, triggering significant social
and economic problems (Arai, 2001; Parsons & Lalli, 2002; Yasuda, 2004).”
“Synergies between human-related perturbations in marine ecosystems (i.e. eutrophication, overfishing and habitat
modification) and climate changes have been shown as plausible causal factors of the jellyfish increase (Richardson et al.,
2009).”
“Potential (direct or indirect) causal relationships between mass occurrences and anthropogenic disturbances such as
eutrophication (Arai 2001; Ishii 2001), overfishing (Lynam et al., 2006; Daskalov et al., 2007; Pauly et al., 2009),
translocations (Reusch et al., 2010), habitat modification (Purcell et al., 2007; Lo et al., 2008) as well as hydroclimatic
variability (Lynam et al., 2004; 2010; Purcell, 2005; Molinero et al., 2008; Richardson et al., 2009) have received the most
attention.”
“Climate scenarios along with overfishing in some traditional fishing areas may contribute to further increases in jellyfish
outbreaks (Barausse et al., 2011).” AND “among these, species translocation, overfishing and eutrophication were
convincingly linked to jellyfish blooms (Richardson et al., 2009).” AND “Finally, habitat modifications in particular
marine constructions which offer suitable hard substrate to polyps may accelerate the proliferation of jellyfish blooms
(Duarte et al., in press).”
“A number of hypotheses have been considered to explain pelagic jellyfish biomass increases, including: introduction to
exotic environments (Graham and Bahya, 2007); eutrophication (hypoxia) (Arai, 2001; Graham, 2001; Parsons & Lalli,
2002; Purcell et al., 2001); food web alteration (Condon et al., 2012; Pauly et al., 1998; Purcell & Arai, 2001); and climate
variability and change (Costello et al., 2006; Purcell, 2005).”
“Literature highlights different reasons for causes of "abnormal true blooms" of jellyfish, including anthropogenic sources
(eutrophication), fishing pressure (overfishing), aquaculture, construction (human modification of aquatic habitats, altering
coastal waters and circulation), climate change, and invasions (translocations) (Purcell et al., 2007; Richardson et al., 2009;
Purcell, 2012).”
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“It has been hypothesized that increasing hypoxia in coastal habitats will give jellyfish a competitive advantage over fish,
as jellyfish are more tolerant to low dissolved oxygen levels (Richardson et al., 2009).” AND “Additionally, Shoji et al.,
(2010) reported that abundance of moon jellyfish increased in bottom waters with low dissolved oxygen levels.”
“Reviews have proliferated recently speculating that jellies have benefited from human-caused changes, including climate
change, eutrophication, overfishing, coastal construction, and species introductions (Purcell et al. 1999, 2001, 2007; Arai
2001; Mills 2001; Pauly & Palomares 2001; Purcell 2005; Graham & Gayha 2007; Richardson et al. 2009; Dong et al.
2010; Uye 2010).” AND “When the populations of forage fish are reduced by fishing, zooplanktivorous jellies have
flourished, presumably owing to reduced competition for food, as for Mnemiopsis leidyi ctenophroes in the Black Sea
(Daskalov et al. 2007).” AND “The authors…” [Daskalov et al. 2007] “…conclude that observed increases in jellies (first
of Aurelia aurita medusa in 1977-1980 and second of M. leidyi ctenophores in 1989-1994 – were “triggered by intense
fishing resulting in system-wide trophic cascades””. AND “Accumulating evidence suggests that high N:P ratios shift the
phytoplankton community from a diatom- to a flagellate-based food web, which may favour jelly blooms (Purcell et al.
2007)”. AND “In Bermuda, the sizes and densities of Cassiopea spp. medusa and the nutrient concentrations were greater
where human densities were high than where they were low (Stoner et al. 2001). This study is, to my knowledge, the first
direct test of eutrophication effects on jelly populations. These studies suggest that zooxanthellate medusa may flourish in
habitats with high inputs of organic matter.” AND “Increased jellyfish populations have been attributed to salinity changes
in semi enclosed bodies of water owing to climate varitaions as well as human perturbations (Purcell et al. 2007).” AND
“Analysis of CPR data on plankton and nematocysts plus temperature from 1949-2005 and cod spawning stock biomass in
the North Sea showed that the decline of cod (presumably due at least in part to overfishing), which coincided with a
temperature increase in the mid-1980s, caused a trophic cascade that led to “a proliferation of jellyfish” after the mid-1980s
(Kirby et al. 2009).” AND “Oguz et al. (2008) concluded that a combination of overfishing, nutrient enrichment, and
climate shift to a warm regime was involved in the 1989-1990 anchovy collapse and outbreak of M. leidyi.”
“The current debate on the causes of such phenomena emphasize the role of synergistic effects of overfishing,
eutrophication, climate changes, translocation, and habitat modification as potential underlying mechanisms triggering
favourable conditions for jellyfish populations (Mills, 2001; Purcell, 2005; Hay, 2006; Molinero et al., 2008; Richardson et
al., 2009).” AND “Such long-term records, although not continuous, have shown that there is an increase in abundance of
some hydrozoan medusa species in the last decade (Benovic et al., 2005; Lucic et al., 2009a), which is probably associated
with the increase of the average temperature and its subsequent influence on the plankton structure, although other factors,
such as intensified sampling efforts should not be excluded (Lucic et al., 2009a).”
“Various causes have been proposed for this increase, for example, over-fishing, global warming or eutrophication (Uye,
2008).”
“It is known that jellyfish and ctenophores can thrive in areas with high anthropogenic impacts such as overfishing,
eutrophication and habitat modification (Mills, 2001; Purcell et al., 2007; Richardson, 2008; Richardson et al., 2009).
Moreover, temperate jellyfish species like M. leidyi can benefit from the effects of global warming (Purcell, 2005).”
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“This attention is largely the result of jellyfish and ctenophore blooms that have caused ecological and economic losses,
which are linked intrinsically to overfishing, eutrophication, climate change, and species invasions (reviewed in Purcell et
al., 2007). Thus, climate change has been reported to be one of the possible reasons for the increasing frequency and
intensity of jellyfish blooms, which has been locally indicated in many sea areas. For example, climate-related increases of
jellyfish frequency suggest a more gelatinous future for the North Sea (Attrill et al., 2007).”
“However, other publications suggest that it would be the collapse of the fish populations due to overfishing the cause of
the decrease of natural predators of jellyfish, such are tuna or tortises, and therefore, the explosion of jellyfish populations
(Hong et al., 2008*; Richardson et al., 2009).” *mis-cited as “Jiang et al., 2008”
“It has been suggested that, in different places, jellyfish abundance may have increased in response to eutrophication,
overfishing, and/or climate change (Arai 2001; Mills 2001; Purcell 2005; Richardson et al 2009).”
“There is concern that climate change (Purcell, 2005; Brodeur et al., 2008), overfishing (Lynam et al., 2006),
eutrophication of coastal waters (Arai, 2001), and the development of artificial structures along coastlines (e.g. marinas,
aquaculture facilities, see Lo et al., 2008) can result in a proliferation of gelatinous organisms with dramatic impacts on
human activities (Mills, 2001; Purcell et al., 2007; Richardson et al., 2009).”
“The proximate causes for these changes are unknown, but likely include a combination of factors, including
eutrophication, overharvesting of fish, climate variations, accidental introductions or translocations, increased polyp
abundances, and habitat modifications (Purcell et al. 2007; Condon & Steinberg 2008).”
“Observations from around the world suggest that human activities resulting in species introductions, overfishing,
eutrophication, climate change and habitat degradation could lead to more prominent blooms, as well as sustained biomass
increases of jellyfish (reviewed by Mills, 2001, Purcell et al., 2007, Richardson et al., 2009).”
“It is thought that environmental changes in Chinese coastal waters such as eutrophication, overfishing and global warming
are the causes of the recent massive blooms of N. nomurai (Uye, 2008).”
“The number of jellyfish has been exponentially increasing due to changes in marine environments such as the water
temperature increases induced by global warming (Brodeur et al., 2008; Attrill et al., 2007; Oiso et al., 2005).”
“It has been suggested that targeted removal of the larger fish remaining in ecosystems may cause a progressive pattern of
fishing down the food chain until systems are dominated by invertebrates, such as jellyfish (Hay, 2006; Daskalov et al.,
2007).” AND “In addition, climatic changes and the increase in the number of anthropogenic structures in the sea may
result in greater jellyfish abundances (for a review, see Purcell et al., 2007).” AND “One of the biggest concerns regarding
gelatinous zooplankton is that overfishing, often of planktivorous fish (Richardson et al., 2009), may result in increases in
gelatinous zooplankton abundance.”
“In response to increased nutrient inputs generated by agricultural and tourism activities, summer proliferations began in
the mid 1990s for both species, especially C. tuberculata (46 million individuals in summer 1997; Perez Ruzafa et al.,
2002).”
“The cumulative effects of mounting shipping traffic, global warming, ocean acidification, eutrophication, and exploitation
of marine living resources have recently favoured their spreading, settlement and sometimes domination of local food webs
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(Mills, 2001; Byers, 2002).” AND “Therefore, considering that fisheries either contribute directly to increased jellyfish
populations or are being impacted by jellyfish or both (e.g. Oguz et al., 2008a)...”
“While it is sometimes difficult to ascertain mechanisms driving pelagic jellyfish blooms, it has been suggested that several
anthropogenic disturbances are likely involved. These include overfishing (Purcell & Arai, 2001; Lynam et al., 2006),
nutrient loading (Arai, 2001; Lo & Chen, 2008), marine construction (Lo et al., 2008; Hoover & Purcell, 2009),
introduction of exotic species (Mills, 2001) increased sedimentation (Arai, 2001) and global climate change (Brodeur et al.,
2008).”
“Gelatinous zooplankton of many kinds are receiving increased recognition for their various important ecological roles
amidst suggestions that they may benefit from various human-caused deterioration of marine environments, particularly
nutrient loading, overfishing, climate change, and introductions (Shiganova & Bulgakova, 2000; Parsons & Lalli, 2002;
Purcell, 2005; Purcell et al., 2007).”
“Mounting evidence indicates that the environmental changes caused by intensive human activity (e.g. eutrophication,
overfishing, translocations, habitat modification, etc.) and climate change are all contributors to jellyfish blooms (Arai,
2001; Purcell, 2005; Graham & Bayha, 2007; Purcell et al., 2007; Uye, 2008; Richardson et al., 2009).” AND “The cause
of Cyanea blooms in the Chinese seas is still a puzzle, but overfishing, eutrophication and increased seawater temperature
and salinity were regarded as potentially important factors (Ge & He, 2004; Xian et al., 2005).” AND “However, previous
case studies in other countries indicated that coastal eutrophication could be an important contributor to the A. aurita
blooms (Arai, 2001; Mills, 2001).” AND “Eutrophication is considered to be one of important factors contributing to
increased jellyfish abundance and blooms (Mills, 2001; Diaz & Rosenberg, 2008).” AND “Therefore, some studies
suggested that overfishing might help facilitate the jellyfish outbreaks (Purcell et al., 2007; Lynam et al., 2005; 2006;
Richardson et al., 2009).” AND “The increased availability of hard substrate habitats caused by human activities may
benefit jellyfish populations, for example, the novel habitats from aquaculture (e.g., live and dead shellfish, rafts,
calcareous debris and farm materials) potentially provide more hard substrate for benthic polyp proliferation (Holst &
Jarms, 2007; Purcell, 2007; Richardson et al., 2009; Lo et al., 2008).” AND “Global warming might also lead to increasing
populations of jellyfish because it could affect the distribution, growth and ephyrae production of medusae (Richardson et
al., 2009).”
“Potential causes have been investigated in different places of the world, and factors such as temperature (Purcell et al.,
1999; Purcell, 2005), salinity (Purcell et al., 1999; Purcell, 2005), pH (Attril. et al., 2007), North Atlantic Oscillation
(NAO) (Lynam et al., 2004; Purcell, 2005; Attrill et al., 2007) and the light regime (Sornes et al., 2007; Lo et al., 2008)
have been addressed.”
“Many of these commercially important fish feed on the same plankton food as jellyfish (Arai, 1997; Arai, 1988, Purcell &
Arai, 2001) and their dramatic decline would therefore probably improve conditions for jellyfish and open up food
resources (Hay, 2006). Moreover, eutrophication is often associated with low dissolved oxygen levels and increased
turbidity, conditions more favorable to jellyfish than to energetic visual predators such as fish (Purcell et al., 2007). Finally,
oceanic warming, caused by climate change, is incriminated in the increase in jellyfish numbers. It has been shown that

Probable

Possible

Possible

Possible

Probable

[113]

FUEN10

[114]

LICA10

[115]

MCNA10

[116]

PANA10

[117]

PILL10

[118]

PRIE10

[119]

ROOH10

[120]

TOUZ10

[121]

WINA10

warmer temperatures increase asexual reproduction and the ratio of jellyfish to polyps in some hydrozoan species (Purcell,
2005).”
“The extraordinary success of M. leidyi in the Black, Azov, and Caspian seas has been attributed to the lack of predators in
combination with the deteriorated conditions for fish populations in those waters due to eutrophication, pollution, and over
fishing (e.g., Purcell et al., 2001; Oguz, 2005).” AND “In the NW Mediterranean sea, over-fishing is believed to be one
reason that gelatinous zooplankton seem to be increasing in abundance in recent decades (Gili & Pages, 2005).”
“…these outbreaks have been attributed variously to alterations in the trophic structure of marine ecosystems owing to
overfishing, and to hydroclimatic effects, since sea temperature can influence jellyfish life cycles and reproductive output
(Purcell et al., 2007; Boero et al., 2008).”
“In some marine ecosystems, gelatinous zooplankton (e.g. ctenophores, salps, medusae, siphonophores) appear to be
increasing in abundance and may be undergoing shifts and/or expansions in their historical seasonal distribution, possibly
taking advantage of regime shifts from pollution, overfishing and other major environmental change (Mills, 1995; Sullivan
et al., 2001; Mills, 2001; Purcell, 2005; Purcell et al., 2007).” AND “Recent increases in ctenophore abundance have been
attributed to various marine ecosystem alterations, including localized warming of seawater masses and the removal of
ctenophore predators, such as butterfish, and competitors, such as zooplanktivorous fishes, from overfishing (Mills, 1995;
Purcell et al., 2001; Sullivan, 2001; Costello et al., 2006; Link & Ford, 2006; Purcell et al., 2007).”
“The mechanisms behind these increases in gelatinous populations are open to speculation but may include climate change
(Brodeur et al., 1999; Atkinson et al., 2004; Lynam et al., 2004; 2005; Purcell & Decker, 2005; Purcell, 2005; Link &
Ford, 2006; Attrill et al., 2007), species introductions (Shiganova, 1998; Mills, 2001; Graham & Bayha, 2007),
eutrophication (Purcell et al., 1999; Arai, 2001; Zian, 2005), removal of commercially important fish stocks (Parsons &
Lalli, 2002; Lynam et al., 2006), or some interaction of these factors (Purcell et al., 2007 cited in Brodeur et al., 2008).”
“Among anthropogenic causes, the removal of predatory fish by coastal fisheries has been linked to population explosions
of jellyfish, due to reduced predation pressure (Xian et al., 2005; Purcell et al., 2007).”
“A number of causes have been proposed to account for the occurrence of gelatinous zooplankton (both jellyfish and
ctenophore) blooms, such as eutrophication (Arai, 2001), increases in artificial hard substrata for attachment of polyps
(Parsons & Lalli, 2002; Holst & Jarms, 2007), exotic translocations (Purcell et al., 2001), overfishing (Pauly et al., 2002),
and climate change (Purcell, 2005).”
“Overfishing, eutrophication and global warming have also been suggested as triggering factors for explosions in both
native and introduced waters (Mills, 2001; Lynam et al., 2006: Bilio & Niermann, 2004; Purcell, 2005).”
“Jellyfish have increased in numbers during the last 20 years, possibly as a consequence of global warming, overfishing
and eutrophication (Mills, 2001; Purcell, 2005; Richardson et al., 2009).”
“Many anthropogenic influences may be contributing to recent jellyfish blooms, including global warming, reduction of
fish stocks, and eutrophication (reviewed in Purcell et al., 2007).” AND "In general, gelatinous zooplankton appear to
tolerate, and perhaps benefit from, changes humans have brought to the oceans, such as eutrophication, hypoxia, pollution,
and overfishing (Mills, 2001; Purcell, 2005; Purcell et al., 2007).”
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“Thus, it was suggested that the increase in the numbers of scyphomedusae Chrysaora quinquecirrha and Aurelia aurita in
the Gulf of Mexico was a consequence of the increased trophic flow due to eutrophication and overfishing (Graham,
2001).”
"…and environmental correlations with blooming proposed for eutrophication (Arai, 2001), overfishing (Mills, 2001;
Brodeur et al., 2002), and species introductions (Graham et al., 2003; Holland et al., 2004; see also Purcell et al., 2007).”
“However, there is no agreement about the underlying cause of the bloom increases and a number of hypotheses have been
advanced, including alien translocations (Purcell et al., 2001), eutrophication (Arai, 2001), an increase in hard substrata for
polyp attachment in the case of cnidarians (Parsons & Lalli, 2002), overfishing (Banse, 1990; Pauly et al., 2002; Link &
Ford, 2006) and climate change (Brodeur et al., 1999; Purcell, 2005; Link & Ford, 2006).” AND “Many shelf populations
of fishes are, or have been, heavily exploited, and it would appear that some populations of jellyfish have expanded in size
to take advantage of the vacant ecological space (e.g. Lynam et al., 2006).”
“Blooms are one aspect of a metagenic life cycle of alternating asexual and sexual reproduction but are also enhanced by
human activities through species introductions, commercial fishing activity, or coastal eutrophication (Arai, 2001; Mills,
2001; Purcell et al., 2007).” AND “It is seemingly strange that huge populations of Chrysaora species can be maintained
worldwide, year to year, with abundances increasing locally along open continental shelves in response to increases in food
due to eutrophication (Arai, 2001) or decreases in competitors due to overfishing (Mills, 2001; Brodeur et al., 2002; Lynam
et al., 2006).” AND “Increases in the abundance and distribution of Cassiopea have been related to anthropogenic species
introductions (Holland et al., 2004).” AND “Overfishing promotes blooms of Chrysaora (Lynam et al., 2006) and Cyanea
(Xian et al., 2005).”
“In Taiwan, aquaculture rafts enhanced A. aurita jellyfish populations, probably because of increased substrate availability,
shading, and restricted water exchange in a coastal lagoon (Lo et al., 2008).”
“Jellyfish populations may be increasing in biomass at existing sites, undergoing range expansions into new areas and in
addition non-native invasive species may proliferate, with all these processes contributing to overall increases in jellyfish
prevalence (Mills, 2001).”
“The blooms may be related to the combinations of several factors (Purcell et al., 2000), including climate change,
especially warming (Uye & Ueta, 2004; Purcell, 2005; Attrill et al., 2007), eutrophication (Arai, 2001), overfishing
(Zaitsev, 1992; Kideys & Gucu, 1995; Ishii & Bamstedt, 1998), and addition of hard surfaces to coastal waters (Lo et al.,
2009).”
“Jellyfish appear to have a competitive advantage over fish in hypoxic conditions (Sagasti et al., 2001). Such adaptation
can lead to the dominance of jellyfish in a highly stressed ecosystem, as reported for example by Lynam et al., (2006) for
the Benguela upwelling ecosystem.”
“Available evidence suggests a suite of human activities might act separately and potentially synergistically to result in
outbreaks of some jellyfish species (Fig. 2).” [Caption for Figure 2 cites the following sources for summary of the impacts
of habitat modification (Lo et al. 2008), translocations (Graham & Bayha 2007), overfishing (Bakun & Weeks 2006),
eutrophication (Purcell et al. 2007), and climate change (Purcell et al. 2007) on jellyfish outbreaks.] AND “For example, in
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the productive northern Benguela upwelling system off the coast of Namibia, intense fishing has decimated sardine stocks,
and this once-productive fisheries system is now dominated by jellyfish such as Chrysaora (Lynam et al 2006). It is likely
that the collapse of the sardine stocks lowered the predation pressure on jellyfish and increased their available food
resources (Bakun & Weeks 2004; Bakun & Weeks 2006).” AND “Major jellyfish outbreaks have followed
overexploitation and collapse of a locally dominant, small filter-feeding fish stock (e.g. anchovy, sardine or herring) in
situations where another rapidly responding, similar fish species is not available as an adequate replacement. For example,
in the northern Benguela upwelling system, where intense fishing decimated sardine stocks and jellyfish now dominate
(Lynam et al. 2006).” AND “When translocated ctenophores exploded in abundance following the anchovy collapse in the
Black Sea (Shiganova 1998), there was no obvious replacement. A similar episode of anchovy collapse and ctenophore
explosion occurred in the Caspian Sea (Daskalov 2007) and, following a similar general pattern, there was a decade-long
increase in jellyfish abundance in the Bering Sea (Brodeur et al. 2008) following a lasting decline in herring abundance.”
AND “Coastal eutrophication encourages phytoplankton blooms that can ultimately lead to jellyfish outbreaks (Purcell et al
2001).” AND “It has been hypothesised that such a food web supports fewer fish, marine mammals, turtles and seabirds
because of the smaller average food size and longer food chain (Cushing 1989) and is more favourable for jellyfish than for
fish (Parsons & Lalli 2002).” AND “Such ‘dead zones’ are thought to favour jellyfish (Graham 2001) because of their
lower oxygen and food demands compared with those of commercially valuable fish and shellfish.” AND “Such flagellatedominated food webs might be more favourable for jellyfish than for fish (Parsons & Lalli 2002).” AND “Purcell et al.
(2007) found that the abundance of 11 out of the 15 temperate jellyfish species that they reviewed increased as waters
warmed. Gibbons and Richardson (2008) showed that variations in jellyfish abundance over 50 years in the oceanic North
Atlantic are temperature dependent, with more jellyfish occurring in warmer years.” AND “Some jellyfish, especially
ctenophores, are robust to ballast water exchange, and have often increased in abundance once translocated to new areas
where the dominant planktivorous fish in the system has been removed (Daskalov et al. 2007). For example, following the
anchovy stock collapse in the Black Sea, apparently due to overfishing, the abundance of the ctenophore Mnemiopsis,
which had been introduced some years earlier, abruptly exploded to dominate the pelagic ecosystem (Zaitsev 1992).” AND
“For example, the spotted jellyfish Phyllorhiza punctata from the Pacific Ocean has become a nuisance following its
translocation into the Gulf of Mexico (Graham and Bahya 2007).” AND “These are characteristic of opportunistic ‘weed
species’ and would appear to give jellyfish an edge over fish in environments stressed by climate change, eutrophication
and overfishing (Bakun & Weeks 2006).”
“Blooms of cnidarian medusae are becoming increasingly common and occur either despite, or in response to, an array of
environmental factors considered unfavorable to many other organisms, including eutrophication, climate change and
overfishing (Brodeur et al., 1999; Arai, 2001; Mills, 2001; Purcell, 2005; Purcell et al., 2007; Richardson et al., 2009).”
“These studies suggest several potential causal relationships between jellyfish mass occurrence and anthropogenic
perturbations, such as global warming, eutrophication, overfishing (Mills, 1995; CIESM, 2001; Purcell et al., 2001; 2007;
Daskalov, 2002; Parsons & Lalli, 2002; Purcell, 2005; Tatsuki, 2005) or the increase of available hard substrates (e.g.
dams, artificial reefs, shells from bivalve aquaculture), enhancing the chance for suitable planula settlement and subsequent
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DARY08
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HONG08

[135]

LAMP08

Lo et al.
(2008)

LO08

[136]

MARI08

[137]

ROOH08

[138]

ATTR07

[139]

MOLL07

[140]
[141]

PITT07
PURC07

ephyra production (Pages, 2001; Holst & Jarms, 2007).” AND “Human activities, especially overfishing, can force marine
food webs toward the increase of jellyfish abundances (CIESM, 2001; Mills, 2001; Purcell et al., 2001; Niermann, 2004;
Lynam et al., 2005; Xian et al.,2005; Hay, 2006; Daskalov et al., 2007).”
“Jellyfish blooms are considered a symptom of species introduction, over-fishing, eutrophication, and climate change
(Mills, 2001; Purcell, 2005; Hay, 2006).”
“In some areas, over-fishing has altered community structure suggesting that trophic controls may have allowed jellyfish
blooms, whereas in other areas recent shifts in climate and ocean condition may have driven these unprecedented increases
in jellyfish abundance (Purcell, 2005; Xian et al., 2005).”
“For example, it has been suggested that jellyfish replace bony fish in some ecosystems in response to climate change
(Mills, 2001; Purcell et al., 2007).”
“Concerns that jellyfish populations are increasing have stimulated speculation about the possible causes, including climate
change, eutrophication, overfishing, invasions, marine construction, and water diversion (e.g. Arai, 2001; Mills, 2001;
Oguz, 2005a, b; Purcell, 2005; Hay, 2006; Graham & Bayha, 2007).” AND “Attrill et al., (2007) confirmed a significant
negative correlation between nematocyst occurrence in continuous plankton recorder (CPR) samples and pH (range 8.08.3) during the period 1971-1995, and suggested that pelagic cnidarians may benefit from this change because of the
detrimental effects of high pH on calcifying organisms....” AND “Environmental conditions that seem to favour jellyfish
have high nutrients, but low Si:N ratios, characteristic of eutrophic coastal waters (Sommer et al., 2002).”
“In particular, it was stated that as Cnidaria feed high on marine food chains and therefore they can compete with fishes for
food, massive removal of top-predator fishes by commercial fishing efforts could open up food resources for jellyfish
(Mills, 2001). In addition, models indicated that the predicted pH decrease in oceans with rising CO2 could induce longterm jellyfish increase over the next 100 years (Attrill et al., 2007).”
“The explosion of Mnemiopsis leidyi in the Caspian Sea shortly after its introduction could be linked with the inability of
kilka to compete with this ctenophore for zooplankton prey following intensive overfishing activities at the end of the 1991
- 2001 period (Bilio & Niermann, 2004; Daskalov & Mamedov, 2007).” AND “Previous studies have indicated
overfishing, eutrophication and climate changes (global warming) as possible factors triggering population explosions in
both native and introduced comb jellies (Mills, 2001; Bilio & Niermann, 2004; Purcell, 2005; Lynam et al., 2006).”
“Alternatively, increasing jellyfish frequency may be as an opportunistic response to the reduction in other commercially
caught predators (Hughes et al., 2005).”
“Eutrophication has been suggested to be an important environmental factor for increasing mass occurrence of jellyfish,
possibly accelerated in combination with overfishing (Mills, 2001). Jellyfish are tolerant to low dissolved oxygen
concentrations (Purcell et al., 2001; Rutherford & Thuesen, 2005) and they are therefore likely to take over oxygen
depleted waters previously inhabited by zooplanktivorous fish.”
“In some cases this has resulted from the introduction of invasive species (Shiganova, 1998, Graham et al., 2003)…”
“Recent concerns that jellyfish populations are increasing have stimulated speculation about possible causes including
climate change, eutrophication, overfishing and invasions (e.g. Arai 2001, Mills 2001, Oguz 2005a,b, Purcell 2005, Hay
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[142]

PURC07A

[143]

LINK06

[144]

LYNA06

[145]

FERN05

[146]

XIAN05

2006, Graham & Bayha 2007).” AND “Warming of the oceans may increase many populations of gelatinous species and
also shift the population distributions poleward, as seems to be occurring for the ctenophore Mnemiopsis leidyi (Sullivan et
al. 2001, Faasse & Bayha 2006, Hansson 2006).” AND “With continued climate warming, the NAO is predicted to move
into a stronger positive phase (Osborn 2004), which according to Attrill et al. (2007) would lead to a greater abundance of
jellyfish.” AND “Attrill et al. (2007) showed a significant positive correlation of nematocyst occurrence in CPR samples
with decreasing pH (range 8.0-8.3) during 1971-1995, and speculated that non-calcifying gelatinous organisms might
benefit from detrimental effects of low pH on calcifying organisms.” AND “High N:P ratios shift the phytoplankton
community away from diatoms towards flagellates and jellyfish (Nagai 2003).” AND “Fishing may positively affect
pelagic cnidarian ctenophore populations by removing predators of the gelatinous species (reviewed in Purcell & Arai
2001, Arai 2005).” AND “Mills (2001) suggested that increases in the siphonophores Nanomia cara in the Gulf of Maine
could be due to reduction of zooplanktivorous fish species there. Reduction of zooplanktivorous fish populations was
implicated when ctenophores and jellyfish replaced fish in the Black Sea and the Benguela Current (Shiganova 1998,
Daskalov 2002, Oguz 2005b, Lynam et al. 2006).” AND “Jackson et al. (2001) and Daskalov et al. (2007) discuss how
overfishing of one resource after another, in combination with other ecosystem damage, may lead to greater jellyfish and
ctenophore populations.” AND “Changes in water flow to the Black Sea were suggested to contribute to changes favouring
jellyfish and ctenophores (e.g. Oguz 2005b).” AND “The great success of the introduced ctenophore, Mnemiopsis leidyi, in
the Black Sea was probably due to many factors, including previous ecosystem damage (reviewed in Oguz 2005a, b),
overfishing (e.g. Shiganova 1998, Daskalov 2002), climate variations (e.g. Oguz 2005a) and the initial absence of a
controlling predator (Purcell et al. 2001c).”
“Similarly, the most recent reports of unusual occurrences of jellyfish are associated with increasing ocean temperatures in
those regions (Uye & Uyeta, 2004, S. Uye unpubl.).” AND “Warming ocean temperatures may have several positive effets
on jellyfish populations. (1) both long-term population correlations and experimental data show increased jellyfish
populations in warm conditions (reviewed by Purcell, 2005).” AND “Thus, warmer ocean temperatures may increase the
numbers of jellyfish in the future (Attrill et al., 2007).”
“These increases have been variously attributed to eutrophication, water mass warming, and overfishing (Purcell et al.,
2001, Shiganova et al., 2001, Sullivan et al. 2001, Brodeur et al., 2002, Gucu, 2002, Weisse et al., 2002, Purcell, 2005).”
“An implied endpoint of this 'fishing down marine food webs' is a proliferation of previously suppressed gelatinous
plankton (jellyfish; Pauly et al., 2002) thriving on the food no longer consumed by fish.” AND “Jellyfish biomass has
increased substantially in several locations worldwide, perhaps as a consequence of fishing (Mills, 2001).”
“A decade later, the jellyfish blooms started in response to the increased nutrient inflow and lagoon eutrophication (Perez
Ruzafa & Arcos, 2004). Although the jellyfish blooms can also depend upon the overfishing of their predators or global
warming (Arai, 2001; Mills, 2001), in the Mar Menor the nutrient loading and inherent eutrophication processes seem to be
the most probable cause of their successful development.”
“Removal of predator fish throughout the world's oceans by commercial fishing efforts (Pauly et al., 1998) allows jellyfish
populations to expand (Mills & Sommer, 1995), with concomitant blooms.”
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[147]

PURC05

[148]

LYNA04

[149]

MILL01

“Bilio & Niermann (2004) proposed that over-fishing of the anchovy stock coincided with climate-induced changes in the
food base, causing collapse of the anchovy population, which allowed proliferation of ctenophores.”
“Jellyfish abundance is increasing in numerous marine ecosystems worldwide, perhaps as a consequence of "regime shifts"
associated with climatic change, increasing fishing pressure, or both (Goy et al., 1989; Brodeur et al., 1999; Brierley et al.,
2001; Mills, 2001).” AND “Arai (2001) demonstrated that scyphomedusae might benefit from eutrophication and
suggested that the high abundance of C. lamarckii WND might be linked to eutrophication there.” AND “Because jellyfish
have the potential to play an important role in ecosystem control or to proliferate following high fishing effort (Purcell &
Arai, 2001)....”
“Although environmental degradation typically leads to species loss, eutrophication can apparently also sometimes lead to
increases of jellyfish in local environments; such cases typically involve only single species and may sometimes in fact be
non-native species (see Arai, 2000).” AND “Decreasing levels of oxygen (hypoxia) in some bodies of water, often
associated with eutrophication, may also favour increases in jellyfish populations (Purcell et al., 2001b).” AND “Perhaps
directly related to the loss of this and other fishes, and to increasing eutrophication, the Black Sea has experienced severe
outbreaks of three different species of ‘jellyfish’ in the past 3 decades (Zaitsev & Mamaev, 1997).” AND “…but at the
same time, the resident population of Aurelia aurita began to increase, perhaps in response to the generally increasing
salinity, as large amounts of incoming freshwater were diverted for irrigation (Studenikina et al., 1991).” AND “Benovic et
al., (1987) report a decrease in hydromedusa abundance and species richness in the northern Adriatic, which they believe
correlates with declining water quality resulting from increasingly eutrophic nearshore conditions.”
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Table S2. Sources cited by papers listed in Table S1 as evidence that anthropogenic stressors cause increases or decreases in jellyfish populations, including
the type of study cited and (where applicable) the species studied in the cited source.
Source cited
[150]
[151]
[152]
[153]
[154]
[138]
[155]
[156]
[157]
[158]
[159]
[160]
[132]
[161]
[162]
[163]
[164]
[165]
[166]
[167]
[79]
[168]
[169]
[170]
[62]
[171]
[172]
[173]

Abbreviation
AKSN07
AKSN09
ARAI01
ARAI05
ATKI07
ATTR07
BAKU04
BAKU06
BANS90
BARA11
BILI04
BILL06
BOER08
BOER13
BOLT06
BRIE01
BROD99
BROD02
BROD08
BUCK01
BROT12A
BYER02
CADD93
COND08
COND13
COST06
COST06A
DALY10

Type of study
Correlative field
Correlative field
Review
Review
Meta-analysis
Correlative field
Review
Review
Review
Model
Review
Mensurative field
Review
Review
Review
Mensurative field
Correlative field
Correlative field
Correlative field
Other (statistical
textbook)
Meta-analysis
Review
Review
Correlative field
Meta-analysis
Correlative field
Mensurative field
Correlative field

Species studied in cited source
Jellyfish not studied
Periphylla periphylla
Various
Salps

Mnemiopsis
Crambionella orsoni
Various
Various
Chrysaora hysocella, Aequorea aequorea
Chrysaora melanaster, Cyanea capillata, Pacellophora
camtschatica, Aurelia labiata, Aequorea aequorea
Chrysaora melanaster
Chrysaora melanaster
Jellyfish not studied
Various
Jellyfish not studied
Mnemiopsis
Mnemiopsis
Various
Mnemiopsis
Mnemiopsis
Pelagia noctiluca

[174]
[175]
[176]
[177]
[178]
[179]
[180]
[110]
[82]
[63]
[181]
[124]
[64]
[182]
[183]
[184]
[185]
[186]
[187]
[188]
[84]
[189]
[190]

DASK02
DASK07
DASK07A
DAWS05
DECK04
DECK07
DIAZ08
DONG10
DONG12
DUAR13
EIAN99
GIBB09
GIBB13
GOY89
GRAH01
GRAH03
GRAH07
GUCU02
HAN10
HANS06
HARA12
HAY06
HOLL04
HOLS07

[191]

Model
Correlative field
Model
Phylogenetic
Experimental lab
Model
Review
Review
Mensurative field
Experimental field
Mensurative field
Correlative field
Review
Correlative field
Correlative field
Mensurative field
Review
Model
Experimental lab
Observational
Model
Review
Phylogenetic
Experimental lab

HOLS12
[192]
[126]
[193]
[194]
[195]
[196]
[197]
[134]

HOOV09
HUGH05
ISHI98
ISHI08
JACK01
JANB13
JIAN08

Experimental lab
Experimental lab
Review
Mensurative field
Experimental lab
Review
Mensurative field
Model

Mnemiopsis
Mnemiopsis
Mnemiopsis
Aurelia sp.
Mnemiopsis
Chrysaora quinquecirrha
Jellyfish not studied
Aurelia sp. Cyanea nozakii, Nemopilema nomurai
Aurelia sp.
Chrysaora quinquecirrha, Cotylorhiza tuberculata
Periphylla periphylla
Various
Pelagia noctiluca
Chrysaora quinquecirrha, Aurelia sp.
Phyllorhiza punctata
Menmiopsis
Aurelia sp.
Mnemiopsis
Aurelia sp., Cyanea capillata
Cassiopea
Aurelia sp. Cyanea capillata, Cyanea lamarckii, Chrysaora
hysocella
Aurelia sp. Cyanea capillata, Cyanea lamarckii, Chrysaora
hysocella
Aurelia sp.
Aurelia sp.
Aurelia sp.
Aurelia sp.
Aurelia sp.

[198]
[66]
[199]
[200]
[201]
[202]
[203]

KAWA06
KAWA13
KIDE94
KIDE95
KIDE02
KIRB09
KOGO10

Descriptive lab
Experimental lab
Review
Mensurative field
Review
Correlative field
Correlative field

[114]
[127]
[143]
[204]
[128]
[205]
[206]
[88]
[48]
[207]
[148]
[208]
[144]
[209]
[210]
[49]
[89]
[211]
[212]
[149]
[213]
[214]
[215]
[216]
[217]
[218]

LICA10
LILL09
LINK06
LIU05
LIU09
LO08
LO08A
LUCA12
LUCA14
LUCI09
LYNA04
LYNA05
LYNA06
LYNA10
LYNA11
MAKA14
MALE12
MATV12
MIAN14
MILL01
MILL95
MILLA
MIYA02
MOLI05
MOLI08
MOLI08A

Correlative field
Review
Mensurative field
Review
Experimental lab
Experimental field
Correlative field
Review
Meta-analysis
Mensurative field
Correlative field
Correlative field
Correlative field
Correlative field
Correlative field
Experimental field
Mensurative field
Molecular
Correlative field
Review
Review
Mensurative field
Mensurative field
Correlative field
Model
Correlative field

Nemopilema nomurai
Nemopilema nomurai
Menmiopsis, Aurelia sp.
Rhopilema nomadica
Mnemiopsis, Beroe ovata
Various
Aurelia sp., Chryaora hysocella, Cotylorhiza tuberculata,
Rhizostoma pulmo
Pelagia noctiluca
Rhizostoma pulmo, Rhizostoma octopus

Aurelia sp.
Aurelia sp.
Aurelia sp.
Various
Various
Various
Aurelia sp. Cyanea capillata, Cyanea lamarckii
Aurelia sp., Cyanea capillata
Chrysaora hysocella, Aequorea forskalea
Aurelia sp. Cyanea spp.
Aurelia sp., Cyanea capillata, Cyanea lamarckii
Aurelia sp.
Aurelia sp.
Aurelia sp.
Chrysaora plocamia
Various
Maeotias inexspectata, Blackfordia virginica
Aurelia sp.
Various
Various

NAGA03
[219]
[220]
[221]
[222]
[223]
[224]
[225]
[226]
[227]
[228]
[229]
[230]
[231]
[129]
[232]
[233]
[118]
[234]
[235]
[236]
[237]
[147]
[238]
[141]
[239]
[240]
[93]
[241]
[242]
[243]
[130]
[244]
[245]

NAGV12
NIER04
NOMU98
OCCH09
OGUZ05
OGUZ05A
OGUZ08
OISO05
PARS02
PAUL98
PAUL02
PAUL03
PAUL09
PERE02
PERE04
PRIE10
PURC99
PURC01
PURC01A
PURC01B
PURC05
PURC05A
PURC07
PURC09
PURC10
PURC12
QIU14
REUS10
RICH08
RICH09
RIIS12
ROBI14

Correlative field
News commentary
Unable to access
Correlative field
Not in English
Review
Review
Model
Medical
Review
Meta-analysis
Review
Review
Review
Correlative field
Review
Experimental lab
Review
Review
Review
Review
Review
Correlative field
Review
Mensurative field
Mensurative field
Review
News commentary
Phylogenetic
Review
Review
Review
Experimental lab

Aurelia sp. Cyanea nozakii, Dactylometra pacifica, Beroe ovata,
salps

Aurelia sp.

Mnemiopsis
Porpita porpita

Cotylorhiza tuberculata, Rhizostoma pulmo
Cotylorhiza tuberculata
Chrysaora quinquecirrha, Pelgia noctiluca

Menmiopsis, Chrysaora quinquecirrha
Aurelia sp.
Various

Mnemiopsis

Aurelia sp., Mnemiopsis
Mnemiopsis

[246]
[247]

ROUX13
RUTH05

Review
Experimental lab

Chrysaora hysocella, Aequorea forskalea
Aurelia sp., Cyanea capillata, Phacellophora camtschatica,
Aequorea victoria, Polyorchis penicillatus, Clytia gregaria,
Euphysa flammea, Eutonina indicans, Halitholus, Sarsia,
Muggiaea atlantica
Obelia bicuspidate
Mnemiopsis
Mnemiopsis
Aurelia sp., Mnemiopsis, Beroe ovata
Mnemiopsis

[248]
[249]
[250]
[251]
[252]
[253]
[254]
[255]
[256]
[108]
[257]

SAGA01
SHIG97
SHIG98
SHIG00
SHIG01
SHIR08
SHOJ10
SOMM02
SORN07
STON11
STUD91

Experimental lab
Review
Review
Mensurative field
Review
Unable to access
Correlative field
Review
Mensurative field
Correlative field
Review

[258]

SULL01

Correlative field

Mnemiopsis

SULL01
TATS05
THUE05

Correlative field
Unable to access
Experimental lab

Mnemiopsis

[259]
[260]
[261]
[262]
[263]
[264]
[265]
[266]
[267]
[146]
[268]
[269]

UTNE10
UYE04
UYE08
UYE11
WEBS12
WEIS02
WIDM05
XIAN05
YASU04
YOON

Mensurative field
Social survey
Review
Review
Experimental lab
Mensurative field
Experimental field
Correlative field
Unable to access
Correlative field

Aurelia sp.
Periphylla periphylla
Cassiopea sp.
Mnemiopsis

Aurelia sp., Phacellophora camtschatica, Chrysaora
quinquecirrha
Aequorea forskalea, Chrysaora hysoscella
Aurelia sp., Chrysaora melanaster
Nemopilema nomurai
Nemopilema nomurai, Aurelia sp.
Aurelia sp.
Mnemiopsis
Aurelia sp.
Sandeiria malayensis
Nemopilema nomurai

[270]
[271]

ZAIT92
ZAIT97

Review
Review

Mnemiopsis
Mnemiopsis
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