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Abstract
Although there are various indications and claims that jellyfish have been increasing at a
global scale in recent decades, a rigorous demonstration to this effect has never been
presented. As this is mainly due to scarcity of quantitative time series of jellyfish abundance
from scientific surveys, an attempt is presented here to complement such data with nonconventional information from other sources. This was accomplished using the analytical
framework of fuzzy logic, which allows the combination of information with variable
degrees of cardinality, reliability, and temporal and spatial coverage. Data were aggregated
and analysed at the scale of Large Marine Ecosystem (LME). Of the 66 LMEs defined thus
far, which cover the world’s coastal waters and seas, trends of jellyfish abundance
(increasing, decreasing, or stable/variable) were identified (occurring after 1950) for 45, with
variable degrees of confidence. Of these 45 LMEs, the overwhelming majority (31 or 69%)
showed increasing trends. Recent evidence also suggests that the observed increases in
jellyfish populations may be due to the effects of human activities, such as overfishing,
global warming, pollution, and coastal development. Changing jellyfish populations were
tested for links with anthropogenic impacts at the LME scale, using a variety of indicators
and a generalized additive model. Significant correlations were found with several
indicators of ecosystem health, as well as marine aquaculture production, suggesting that
the observed increases in jellyfish populations are indeed due to human activities and the
continued degradation of the marine environment.
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1. Introduction
1.1

Definition of ‘Jellyfish’
Throughout this analysis, the term jellyfish (used interchangeably with jellies), refers to

gelatinous zooplankton including medusae of the phylum Cnidaria (scyphomedusae,
hydromedusae, cubomedusae, and siphonophores) and planktonic members of the phylum
Ctenophora. Thaliaceans of the order Salpida - pelagic tunicates known as salps - will also
be included due to their gelatinous nature, pulsed life cycles, and apparent response to
changing oceanic conditions (Loeb et al. 1997; Atkinson et al. 2004; Lee et al. 2010).
Pyrosomes and doliolids could arguably be included in such a definition of jellyfish as well.
However, time-series data on these organisms are especially sparse, and this dearth of
information prevented their inclusion in the analysis.
Other gelatinous zooplankton such as appendicularians, molluscs, and chaetognaths
are not included due to their different size, life history, ecological role, carbon-to-weight
ratio, and the fact that they are generally not considered jellyfish (e.g., definitions in
Mianzan & Guerrero 2000; Graham & Bayha 2007; Richardson et al. 2009).
Pleustonic jellyfish, such those belonging to the genera Physalia, Porpita, and Velella,
have also been excluded because their local distribution is heavily influenced by wind
patterns (Mackie 1974). As such, locations reporting these species are frequently implicated
in claims of “unprecedented” blooms and mass beach strandings lacking a historical
context.
The term jellyfish will be used to refer to both single and multiple species. This is a
common practice in the literature, as opposed to the less colloquial, but possibly more
accurate jellyfishes. Combined, there are roughly 1500 species of pelagic cnidarians,
ctenophores, and thaliaceans that have been described (Purcell et al. 2007), and likely
thousands more that have yet to be discovered.
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1.2

Problem Statement
While many jellyfish populations fluctuate with climatic cycles (Purcell 2005), recent

evidence suggests that jellyfish may also be synanthropic, i.e., benefiting from human
interactions with the oceans, and thus may be increasing globally (Mills 2001; Purcell et al.
2007; Pauly et al. 2009b; Richardson et al. 2009). However, a lack of long-term datasets in
most ecosystems makes abundance trends uncertain, and the links with human impacts
tend to be correlative or anecdotal. While previous global reviews of jellyfish populations
(e.g., Mills 2001; Chudnow 2008) show evidence of numerous localized increases, the
perceived global, or even widespread, increase in jellyfish still lacks a rigorous foundation.
As such, the goal of this study will be to establish an analytical framework that will facilitate
the comparison of trends in jellyfish populations around the globe in order to determine
whether or not they are indeed changing, as well as the extent of any such changes. To
compensate for the lack of available scientific datasets on jellyfish, this framework must be
designed in such a way to include a wide variety of information that covers different
temporal and spatial scales. In addition, this information will have variable degrees of
reliability, and as such, the relative strength of any conclusions stemming from the analysis
must be captured.
If jellyfish populations are indeed showing signs of change, these changes will be
evaluated and discussed in relation to anthropogenic impacts and other causal mechanisms
in the marine environment.
1.3

Challenges of Studying Jellyfish Populations
Establishing abundance trends for jellyfish is difficult due to a number of factors.

There is a dearth of historical information on jellyfish, as they were usually damaged or not
recorded when caught in routine bottom trawl or zooplankton surveys (Pugh 1989; Hay
2006). In fact, the latter often used gear designed to either exclude jellyfish from plankton
samples (e.g., Heinle 1965) or were based on methodologies which explicitly recommended
their removal before analysis (e.g., Dovel 1964; Burrell & van Engel 1970). For example, a
classic manual on zooplankton sampling published by UNESCO (1968) mentions jellyfish
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only once, to dismiss them, i.e., “Gelatinous organisms and other animals […] will occur in
the catches and these must be considered separately from the main sample.”
Moreover, jellyfish are difficult to sample even when targeted (Omori & Hamner 1982;
Pierce 2009). As a results of their neglect in routine surveys and marine samples in general,
jellyfish were perceived as a bothersome, but unimportant component of marine ecosystems
(Pauly et al. 2009b), which then justified their further neglect. Despite recent advances in
research and understanding of jellyfish ecology at local scales, such knowledge is rarely
used to evaluate possible causes or consequences of jellyfish blooms at larger scales, or to
make predictions (Purcell 2009).
Jellyfish are also understudied due to their peculiar life cycles, which can result in
extremely high variability in abundance, peaking in the form of ‘blooms’ (Mills 2001; Purcell
et al. 2007; Boero et al. 2008; Dawson & Hamner 2009; Hamner & Dawson 2009). All
cubozoans, as well as many hydrozoans and scyphozoans have a bipartite life history,
consisting of a sessile polyp phase and a planktonic mesdusa phase. Herein, many polyps
reproduce asexually through the process of strobilation, producing multiple ephyrae which
join the zooplankton community (Arai 1997) and rapidly grow to become medusae
(Palomares & Pauly 2009). For some species, the polyps may asexually bud more polyps or
form dormant cysts capable of resisting harsh environmental conditions (Arai 2009). These
characteristic life history traits make jellyfish uniquely suited to high variability
environments as they can survive when conditions are unfavourable and rapidly reproduce
when conditions become favourable again (Boero et al. 2008; Richardson et al. 2009).
Siphonophores, ctenophores, and salps lack a polyp phase, but can also reproduce rapidly
under favourable conditions (Purcell et al. 2007; Alldredge & Madin 1982). Such varied
reproductive strategies make it extremely difficult to assess jellyfish populations. Indeed,
even if few surveys have been conducted to quantify medusa abundance, very little, if
anything, is known about their polyps (Mills 2001).
Although jellyfish have become increasingly popular in public aquariums in recent
years, most jellies are difficult to culture due to the fact that they will not survive in
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traditional fish tanks, but rather require different tank designs and equipment (Widmer
2008). As such, jellyfish have also been understudied in the laboratory.
The lack of jellyfish population datasets that cover large temporal and spatial scales
limits the conclusions that can be drawn about jellyfish on a global scale. To compensate for
this in the present analysis, methods were adopted and designed to allow for the inclusion
of a wide variety of input types, including anecdotal data.
1.4

Impacts of Jellyfish Blooms
In recent years, more attention is being paid to jellyfish, especially as they directly

interfere with human activities (reviewed by Purcell et al. 2007; Richardson et al. 2009), i.e.,
through: stings (beach closures, tourism impacts, injuries, deaths); clogging intakes (coastal
power plants, mining operations, shipping, military operations, aquaria); interference with
fishing (clogged and split nets, spoiled catch, stung fishers, damaged gear, capsized boats);
aquaculture (fish deaths, pens fouled by polyps); and marine biological surveys (e.g.,
interference with trawls and acoustic surveys). Although such events are generally not
included in the analysis (see Section 2.1.4), they may results in untold millions of dollars in
losses (e.g., Graham et al. 2003; Kawahara et al. 2006; Anonymous 2007b). Preventative
measures are also increasing, and threats from jellyfish stings have spawned the
development of new products for prevention and treatment of envenomations, including
swim nets (www.nojellyfish.com, Provenzano et al. 1983), stinger suits
(www.stingersuits.com), post-sting gel (www.stingmate.com), and first aid kits
(www.bodyquip.net/Jellyfish_Sting_jellyfix.html). A lotion combined with sunscreen to
prevent jellyfish stings has also been developed (www.buysafesea.com) which has been
shown to be effective for some species (Kimball et al. 2004; Boulware 2006) but not others
(Burnett 2005).
Jellyfish can also have ecosystem impacts that are difficult to quantify, such as indirect
effects on fisheries resources via: predation of zooplankton, predation on fish eggs and
ichthyoplankton, and as a vector for parasites (reviewed by Purcell & Arai 2001). These
effects may be dramatic, such as in the Black Sea, where intense competition by the invasive
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ctenophore Mnemiopsis leidyi has been blamed for the collapse of the anchovy (Engraulis
encrasicolus) fishery (Kideys 1994), although overfishing is more likely (Niermann 2004). In
fact, it was probably a combination of these two factors, neither of which are likely to be
able to effect such a severe stock collapse individually (Oguz et al. 2008). In any case,
mesozooplankton, ichthyoplankton, and fish eggs all declined following the M. leidyi
blooms, and the collapse of the anchovy stocks affected higher trophic levels of the Black
Sea food web (Shiganova et al. 2004a). Consumption rates support the notion that blooms of
jellyfish may have massive predation potential, making them capable of collapsing entire
zooplankton populations (Niermann 2004). Similar effects have also been observed in Kiel
Bight, where mesozooplankton and larval herring abundance were reported to be
significantly lower during years of high Aurelia abundance (Möller 1984; Schneider &
Behrends 1994). Examples such as the Baltic and Black Seas illustrate that jellyfish blooms
have the potential to modify the entire zooplankton community and trophic structure of
ecosystems (Behrends & Schneider 1995; Purcell et al. 2001b; Shiganova et al. 2004a).
Predation effects due to large blooms of jellyfish can also ripple through multiple
trophic levels, affecting primary production (e.g., Pitt et al. 2007; Kideys et al. 2008) and
microbial processes (e.g., Hansson & Norrman 1995; Condon et al. 2011b). The role of
jellyfish blooms in biogeochemical cycles is uncertain, but may be very significant (e.g.,
Billett et al. 2006; Condon et al. 2011b). In addition, jellyfish are potentially good indicators
of ecosystem and climatic changes (Hays et al. 2005; Hay 2006).
Despite recent alarm, jellyfish are a natural presence in healthy ecosystems and have
been blooming for hundreds of millions of years (Hagadorn et al. 2002; Young & Hagadorn
2010). Jellyfish have many important ecological functions. Recent investigations and
calculations demonstrate that jellyfish likely play an important role in the mixing of ocean
layers (Katija & Dabiri 2009; Leshansky & Pismen 2010). In addition, jellyfish are food for
more than 100 fish species, as well as dozens of species of sea birds, sea turtles, and parasitic
amphipods (Pauly et al. 2009b). Medusae may also serve as a food source for benthic and
even sessile animals, including adult crabs (Towanda & Thuesen 2006) and solitary corals
(Alamaru et al. 2009). Jellyfish can also serve as refugia habitat for many species of fish
5

(Purcell & Arai 2001), and may carry a variety of associated organisms. Such associations
may be parasitic (amphipods), commensal (crabs and shrimp), or even mutualistic (crabs)
(Towanda & Thuesen 2006). Dolphins have also been observed using jellyfish for several
playful behaviours (e.g., Turner 2009; Edwards 2011), presumably for skill development;
however, such activities are not well understood. Regardless, it is clear that these
relationships provide only a glimpse of the complex interactions between jellyfish and other
fauna in the marine realm.
Some jellyfish also benefit humans, notably as food (Hsieh et al. 2001), and potentially
for use in drugs (Sugahara et al. 2006; Ohta et al. 2009). Products derived from jellyfish have
also been used for animal feed, fertilizers, cement additives, processed foods, and cosmetics.
However, it can be a challenge to make these products economically viable, and the use of
jellyfish for such purposes is still very small compared to the harvesting of jellyfish for
direct human consumption. The discovery, isolation, and development of a fluorescent
protein from jellyfish led to a revolution in biotechnology (Zimmer 2005) and a Nobel Prize
(Coleman 2010). However, such proteins are now synthesized in the laboratory. A deeper
investigation of jellyfish mechanics has also inspired the development of new medical
devices (Anonymous 2010f) and has informed the design of more efficient underwater
vehicles (Dabiri 2011), with possible applications for the U.S. Navy (Walter 2011).
Unfortunately, it appears such benefits are minor compared to the direct and indirect
negative consequences of jellyfish blooms.
1.5

Anthropogenic Causes of Increasing Jellyfish Populaitons
As mentioned, jellyfish have bloomed for hundreds of millions of years (Hagadorn et

al. 2002; Young & Hagadorn 2010) and are a natural presence in healthy ecosystems. Many
jellyfish populations are known to fluctuate with oceanic climate (review in Purcell 2005).
However, there are more recent suggestions that jellyfish are synanthropic, and may
therefore benefit from anthropogenic pressures on the marine environment (Mills 1995,
2001; Purcell et al. 2007; Pauly et al. 2009b; Richardson et al. 2009). While these mechanisms
will be discussed in detail, it should be noted that, with the exception of translocation, no
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anthropogenic activities have actually been demonstrated to cause any blooms, and the
limited evidence for such inferences are based on correlations (Purcell et al. 2007).
1.5.1

Invasive Species
Invasive species of jellyfish have been reported in numerous locations around the

globe. In some cases, their presence has dramatic ecological and economic consequences. In
addition, it is likely that far more invasions have occurred than have been documented due
to incomplete treatment, unusual life histories, and species crypsis (Holland et al. 2004;
Dawson et al. 2005; Graham & Bayha 2007). The unique life history of many jellyfish is
important to their invasiveness in a variety of ways (Graham & Bayha 2007). Inconspicuous
benthic stages make detection and monitoring of invasions difficult. Without prior
detection, a large bloom of invasive jellyfish could appear suddenly, but may actually
represent an established polyp colony. As well, invasions can occur though either ballast
water (planulae, medusae) or hull fouling (polyps). Many jellyfish polyps and cysts are
resistant to harsh conditions (Boero et al. 2008; Arai 2009) and may therefore have an
increased chance of surviving transport to new ecosystems. The ability of numerous
jellyfish to reproduce asexually suggests that a successful invasion could occur from a single
benthic organism. Indeed, examples exist where representative samples taken from large
blooms of invasive jellyfish are all the same sex (e.g., Graham et al. 2003), potentially
indicating just such an event. Invasive species of jellyfish will be identified and discussed
throughout this analysis, which will help to illuminate the global extent of invasions.
1.5.2

Warming
The vast majority of the world’s coastal ecosystems and seas have experienced an

increase in temperature over the last 50 years (Belkin 2009), and global temperatures are
forecast to continue increasing (IPCC 2007). Temperature is known to influence jellyfish in
many ways, especially during reproductive phases. Purcell et al. (2007) list the small
number of temperate species of jellyfish that have been studied, and note that the majority
(18 of 24) increase with warmer temperatures. In some cases, warmer temperatures may
increase reproductive output, trigger reproductive phases earlier, increase distribution, or
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increase survival. Conversely, warmer temperatures may be detrimental for other jellyfish
species living near their thermal maxima. Unfortunately, little information exists on
jellyfish populations in equatorial or Arctic regions, so there may be undetected decreases of
some species in these areas. Moreover, warmer temperatures may result in the expansion of
other jellyfish populations into waters that were previously inhospitable.
Warmer temperatures appear to be linked to increased reproductive output for several
jellyfish species. The sea nettle Chrysaora quinquecirrha produces more eggs when
temperatures are warmer (Purcell & Decker 2005). This species also appears to be tolerant
of very high temperatures. In Chesapeake Bay, medusae of C. quinquecirrha have been
known to survive temperatures up to 30°C, and their encysted polyps up to 32°C (Purcell et
al. 1999a). Laboratory studies also indicate that temperature appears to influence asexual
reproduction of moon jellyfish in the genus Aurelia. Han & Uye (2010) found that the
number of buds produced by each polyp increased significantly with temperature; however,
increased light intensity may reverse this effect (Liu et al. 2009). Warmer temperatures also
appear to increase strobilation of Aurelia spp., including a higher proportion of polyps
strobilating, earlier onset of strobilation, increased number of cycles of strobilation, and
more ephyrae produced per polyp (Purcell 2007; Purcell et al. 2009; Liu et al. 2009). A. labiata
ephyrae also exhibit greater growth in the laboratory under warmer temperatures (Widmer
2005). Another scyphomedusan, Cotylorhiza turberculata, also showed similar responses to
warmer temperatures, including quicker planulae settlement, faster reproduction, and a
higher proportion of polyps strobilating (Prieto et al. 2010).
Some jellyfish populations may suffer high mortality if exposed to cold temperatures
for prolonged periods, suggesting increased survival with warmer temperatures. For
example, young ephyrae of the notorious stinger Pelagia noctilua show reduced survival at
temperatures below 8°C (Rottini-Sandrini 1982; Avian et al. 1991), an important fact given
the holoplanktonic life history of this species. P. noctiluca appears to have increased in the
Mediterranean Sea (see Section 2.3.26), potentially due to increasingly mild winters
(Molinero et al. 2005; Yahia et al. 2010). Survival of other jellyfish species with benthic stages
may also be sensitive to low temperatures, as is the case for Cotylorhiza tuberculata which has
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increased in Mar Menor, Spain (Prieto et al. 2010, also see Section 2.3.26). Using a simplepredator prey model, Legović (1987) demonstrated that a jellyfish population will indeed
increase if there is increased winter survival due to warmer temperatures.
Increased temperatures may also allow some jellyfish populations to increase in
distribution. Warmer waters may explain the increased presence of cubomedusae observed
in the southeastern U.S.A. (see Section 2.3.9) and northeastern Australia (see Section 2.3.35).
In the Antarctic, it appears that salps are increasing, possibly due to the negative effects of
decreased sea ice on krill populations (see Section 2.3.46).
Temperature has also been shown to trigger strobilation for numerous species (e.g.,
Calder 1973; Hofmann et al. 1978; Lotan et al. 1994; Lucas 2001; Miyake et al. 2002; Kawahara
et al. 2006; Prieto et al. 2010), which could mean that jellyfish in seasonal environments will
appear earlier. In the Dutch Wadden Sea, the day of first appearance is dramatically earlier
than it was decades ago for numerous species of jellies (see Section 2.3.22). In Narragansett
Bay, Rhode Island, the ctenophore Mnemiopsis leidyi increased through the 1980s and 1990s,
with the timing of first occurrence and peak blooms shifting earlier by a staggering two
months (see Section 2.3.10). This species also appears to thrive in newly invaded
environments during warmer years (Faasse & Bayha 2006; Hansson 2006). In the southern
North Sea, two ctenophore species showed a dramatic phonological shift to permanent
earlier appearances, correlated with an increase in winter and spring temperatures (Schlüter
et al. 2010).
Jellyfish may also persist longer with warmer waters, as the onset of a cooler season
signals the decline of adult medusae in many temperate areas. An increase in the Aurelia
population in the western Seto Inland Sea in Japan may be due to warmer temperatures, as
the duration of occurrence for these jellies has increased considerably, with occasional
observations of over-wintering medusae (Uye & Ueta 2004).
Not all species of jellies thrive in warmer temperatures. Cold-water species will
presumably decrease with warmer waters, and most jellyfish are expected to have upper
temperature thresholds. Indeed, Aurelia polyp mortality increases under continuous high
temperatures (Liu et al. 2009), and medusae of the tropical Mastigias sp. declined
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dramatically in response to warmer temperatures in a marine lake (Dawson et al. 2001). In
the late 1980s, numerous species of jellyfish increased in the northwestern Mediterranean
Sea (see Section 2.3.26). However, the ctenophore Pleurobrachia rhodopsis, which shows an
affinity for lower temperatures, declined during the same time period (Molinero et al.
2008b). In the Bering Sea, the population of the sea nettle Chrysaora melanaster increased
dramatically during a period of warmer temperatures, but then appeared to decline
somewhat under even hotter conditions (see Section 2.3.4). Confounding effects of
temperature are also likely for the giant jellyfish, Nemopilema nomurai in East Asia. For this
species, warmer temperatures may increase polyp production (Whiteman 2011) and trigger
strobilation (Kawahara et al. 2006). However, the large medusae appear to show some
affinity for cooler water masses (Ding & Cheng 2007).
While the effects of warming on jellyfish are not universal, it appears that in many
cases, moderate warming may lead to increased jellyfish populations. This suggests that
jellyfish may increase under scenarios of global warming. In addition, localized sources of
warming, such as thermal effluents, could have similar effects. Nonetheless, the
mechanisms involved are not always straightforward. For example, warmer temperatures
may strengthen stratification, which has been shown to decrease the probability of finding
large aggregations of salps in the western Mediterranean Sea (Ménard et al. 1994). Not
surprisingly, there is still much to be learned about the potentially important effects of
temperature on jellyfish, both from experiments in the laboratory and in situ observations.
1.5.3

Eutrophication
Eutrophication is most often described as an increase in the input of nutrients

(primarily nitrogen and phosphorus) to a body of water (Arai 2001). This may occur
naturally (e.g., upwelling, river input); however, modern discussion of ‘cultural’
eutrophication concerns nutrient sources of anthropogenic origin. Such sources include
excess fertilizer from agriculture, dumping of sewage, and effects of logging. The
deposition of reactive nitrogen as a result of fossil fuel burning is also a significant
contributing factor (Nixon 1995). If nutrients are limiting, such increased input will result in

10

more phytoplankton, often in the form of algal blooms. The subsequent decay of these
blooms often leads to reduced concentrations of dissolved oxygen, and in extreme cases,
hypoxic and anoxic ‘dead zones’. There are now over 400 of these regions worldwide, and
they have been increasing exponentially since the 1960s (Diaz & Rosenberg 2008).
Eutrophication may benefit jellyfish in a number of ways. Increased nutrients can
simply create more primary and secondary production, increasing the amount of food
available to jellyfish polyps and medusae. Rates of asexual reproduction for some species of
jellyfish are influenced by nutrition (Arai 1997; Purcell et al. 1999b), and therefore increased
food availability could lead to an increased abundance of jellies. Aurelia polyps have been
shown to asexually bud more polyps at higher food concentrations (Han & Uye 2010),
possibly leading to larger blooms. In Mar Menor, a Spanish coastal lagoon, new
populations of the large scyphomedusa Rhizostoma pulmo appear to be thriving due to their
unusual ability to feed directly on diatoms, and therefore benefit from the increasing
eutrophication of the lagoon (Pérez-Ruzafa et al. 2002; Lilley et al. 2009, also see Section
2.3.26). Using a simple predator-prey model, Legović (1987) concluded that jellyfish
populations can increase due to higher nutrient input.
Eutrophication can also decrease water clarity. As jellyfish are mainly tactile
predators, they may have an advantage over visual predators (such as fish) in turbid waters.
Perhaps the most tangible example of this effect is from several Norwegian fjords, where
jellyfish now dominate systems that were once occupied by fish (see Sections 2.3.21 and
2.3.22). In the most severe cases in these fjords, the change appears to be due to decreased
visibility, potentially from cultural eutrophication (Eiane et al. 1999; Sørnes et al. 2007).
As mentioned, eutrophication can also result in lower concentrations of dissolved
oxygen (DO). Although jellyfish are generally less abundant in hypoxic waters, many types
of jellies are tolerant to low DO concentrations (reviewed in Purcell et al. 2001a; Thuesen et
al. 2005). Such conditions are typically detrimental to other animals, and may reduce
survival or impair function, such as the ability to escape from predators (e.g., Breitburg et al.
1997). Therefore, jellyfish may have an advantage over fish and other organisms in regions
with periodic or persistent hypoxia (Purcell et al. 1999a; 2001a; Arai 2001). Laboratory
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experiments under low DO conditions have begun to confirm such hypotheses, including
increased predation by jellyfish on ichthyplankton due to a diminished prey escape
response (Shoji et al. 2005b), as well as jellyfish out-competing fish for prey (Shoji et al.
2005a).
Eutrophication appears to be linked to the increase in Aurelia populations observed in
the Seto Inland Sea, Japan (see Section 2.3.40). In Hiroshoma Bay, medsuae were more
abundant in coastal areas with lower concentrations of DO in bottom layers, compared to
other zooplankton (Shoji et al. 2010). Hypoxic conditions may also explain the success of the
ctenophore Mnemiopsis leidyi in Chesapeake Bay, which appears to be much more tolerant of
low DO concentrations than the rest of the zooplankton community (Keister et al. 2000).
Other species of jellyfish also appear to show an affinity for eutrophic waters. The
hydromedusae Aglantha digitale and Rathkea octopunctata showed increasing population
gradients towards the more polluted inner waters of Oslofjord, Norway (Beyer 1968), which
may be due to the distribution of their copepod prey (Smedstad 1972). In these areas,
bottom waters are anoxic, and the success of the two species of hydromedusae may be
facilitated by the fact that they are holoplanktonic and do not require substrate for
reproduction (Purcell et al. 2001a).
In the northern Gulf of Mexico, excess nutrients from the Mississippi River and
numerous other estuaries results in widespread seasonal hypoxia (Rabalais et al. 1994).
Jellyfish in this region are monitored using trawls (see Section 2.3.8), and the sea nettle
Chrysaora quinquecirrha appears to have expanded into hypoxic waters in the 1990s. The
frequency of hypoxia explained almost 60% of the variation in the catch rate (Purcell et al.
2001a). Despite this correlation, a full understanding of the mechanisms involved in this
ecosystem remains elusive. When jellyfish were viewed in situ using a video profiler, they
were rarely found in the hypoxic bottom layer (Purcell et al. 2001a). As Graham (2001)
notes, while hypoxia does not appear to directly cause distributional shifts in C.
quinquecirrha, it may create an environment that promotes success of this species. As such,
the continued intensification of seasonal hypoxia in the Gulf of Mexico may forecast further
increases in jellyfish abundance and distribution.
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Eutrophication has also been blamed, at least in part, for some of the changes that
have occurred in the Black Sea. The northwestern shelf receives discharge from two of
Europe’s largest rivers – the Danube and the Dnieper. Including several other rivers, the
Black Sea receives discharge from a drainage basin over 5 times the area of the sea itself,
including industrial and agricultural areas of 9 countries (Mee 1992). The Black Sea is
anoxic below 150-200m, making roughly 90% of its volume virtually devoid of oxygen
(Sorokin 1983). While the large northwestern shelf lies above 200 m and the surface waters
of the Black Sea are biologically extremely productive, continued eutrophication has
resulted in widespread hypoxic events. This eutrophication, combined with several other
stressors (see Section 1.5.9), has been blamed for the increased Aurelia populations observed
in the 1960s, 1970s, and 1980s (Kideys 1994). In the open area of the Black Sea, Aurelia
planulae were found in high densities in the hypoxic waters where almost no other
plankton was present (Vinogradov et al. 1985). The ctenophore Pleurobrachia pileus also
appears to tolerate relatively low oxygen conditions in the Black Sea (Mutlu & Bingel 1999;
Vinogradov et al. 1985).
Eutrophication also been linked to increasing jellyfish populations in other parts of the
world. In the East China Sea and the Yellow Sea, some blame increased scyphomedusae
populations on eutrophication, and countermeasures have been proposed, including
wetland conservation and seaweed planting (Guan et al. 2007). A similar situation exists in
Barnegat Bay, New Jersey, U.S.A., where populations of sea nettles (Chrysaora sp.) have
increased in recent decades (see Section 2.3.10). Eutrophication is also suspected of playing
a role in the increased populations of Aurelia observed in Limfjorden, Denmark (see Section
2.3.22).
Like medusae, jellyfish polyps may have a competitive advantage over other
organisms due to a tolerance for low DO concentrations. Polyps of Chrysaora quinquecirrha
have survived and reproduced asexually during prolonged exposure to hypoxic conditions
in laboratory experiments (Condon et al. 2001). In Tokyo Bay, notable increases in the
Aurelia population first occurred during the 1960s, when industrial and civic pollution
caused increased eutrophication (Nomura & Ishimaru 1998; Ishii 2001; Han & Uye 2010).
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The bottom layer of Tokyo Bay is now hypoxic in summer, which may eliminate
competition for habitat with other sessile organisms. Indeed, Ishii et al. (2008) found that
polyps cultured from this population will grow and bud more polyps under low DO or
even hypoxic conditions. The authors note that most suitable substrate in all areas except
the bottom layer of the innermost part of the bay is occupied by other organisms, such as
mussels, barnacles, and ascidians. As such, they conclude that the hypoxic conditions in
Tokyo Bay provide polyps with otherwise unavailable habitat, with a consequent increase in
the medusae population. Similar processes may be occurring in Korea, where increasing
Aurelia populations are causing escalating problems for power plants and fisheries in
several eutrophic bays and inlets (Han & Uye 2010).
Not all jellyfish respond to hypoxia in the same way. The benthic stages of many
hydrozoans are sensitive to low oxygen concentrations, and hypoxia has been blamed for
the reduced diversity of hydromedusae in the Adriatic Sea (Benović et al. 1987; 2000). As
Arai (2001) concludes in a review of jellyfish and eutrophication, typically the diversity of
jellyfish decreases, but the biomass of select species may increase.
Eutrophication can impact the phytoplankton community directly, with potentially
significant consequences for the rest of the food chain. If a shift takes place from a diatomdominated community to a non-diatom community (e.g., flagellates), energy could be
shunted from a diatom-copepod-fish food chain to a flagellate-mesozooplankton-jellyfish
food chain (Parsons & Lalli 2002; Sommer et al. 2002; Nagai 2003). Testing such hypotheses
should be a priority, including analyses of current data sets, as well as ecosystem models
and future research. Of course, there will also be exceptions to such trophic interactions, as
jellyfish are an exceptionally diverse group of animals (see Section 1.1), with a similarly
diverse range of prey. Some jellyfish also have algal symbionts (e.g., jellies Cassiopea and
Phyllorhiza), or may even consume phytoplankton directly, including both flagellates (e.g.,
salps; Chrysaora hysoscella) and diatoms (e.g, Rhizostoma pulmo in Mar Menor).
Jellyfish of the genus Cassiopea are commonly called ‘upside-down jellyfish’, as they
spend much of their time inverted on the sea floor. These jellies harbour photosynthetic
zooxanthellae, and are generally found in shallow lagoons. There are several examples
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where Cassiopea spp. appear to have increased with eutrophication, including Florida (see
Section 2.3.8), the Bahamas (see Section 2.3.9), and Hawaii (see Section 2.3.13.1). While these
increases may be due to eutrophication, they could also be as a result of dredging, whereby
sea grasses are removed, thus creating available habitat for Cassiopea medusae (Arai 2001).
Despite the numerous examples of jellyfish occurring and increasing in eutrophic
waters, the relationships between eutrophication and jellyfish remain poorly understood.
Causal links involving eutrophication are difficult to demonstrate, due primarily to
confounding impacts and a lack of historical data. Nonetheless, it appears that in many
cases, eutrophication may result in an increase in jellyfish biomass, albeit with an associated
reduction in jellyfish species diversity (Arai 2001).
1.5.4

Overfishing
Fishing and overfishing can cause profound changes in marine ecosystems, including

alterations to faunal communities, trophic structure, production, habitat, biodiversity, as
well as ecosystem function and stability (Pauly et al. 2002). In some cases, it appears that
overfishing may also lead to increased jellyfish populations. Many fish are predators and/or
competitors of jellyfish, and therefore removing large amounts of fish from a system may
release jellyfish from predation and/or competition (Purcell & Arai 2001; Purcell et al. 2007;
Pauly et al. 2009b). Using a simple predator-prey model, Legović (1987) concluded that
jellyfish populations may increase as a result of reducing the number of jellyfish predators
and competitors (i.e., through fishing).
Fishing down marine food webs is a phenomenon whereby the largest, high trophic
level fish are reduced initially, followed by a gradual shift toward smaller, lower trophic
level fish and invertebrates (Pauly et al. 1998). Indeed, ‘fishing down’ appears to be
widespread (Pauly & Palomares 2005), and the mean trophic level of all fisheries catch is
considered to be a good indicator of ecosystem health (Pauly & Watson 2005). The extreme
result of this process is a near absence of profitable fisheries, and a dominance of planktonic
organisms, including jellyfish (Pauly et al. 2009a).
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Although the cause and effect relationships between the dramatic changes in the Black
Sea in recent decades remain contentious, an increasing amount of evidence suggests that
the collapse of the anchovy fishery (Engraulis encrasicolus) and numerous other fish stocks
were due to overfishing, and subsequently may have facilitated the dramatic blooms of the
invasive ctenophore Mnemiopsis leidyi (Niermann 2004). Fisheries in the Black Sea show a
long history of fishing down the food web. Numerous fish species, especially those of high
trophic level, have become rare or absent in recent decades, and current fisheries are
dramatically different from those of the 1970s. In fact, the mean tropic level of commercial
fisheries catches in Romanian waters declined from 3.21 in 1965-1970 to 2.96 in 2001-2005
(Bǎnaru et al. 2010). Mackerel (Scomber scombrus) are known predators of jellyfish in the
Black Sea, and their stock collapses in the 1970s due to overfishing may have released
Aurelia from predation (Zaitsev 1992). Along the Turkish coast, the use of purse seines
increased dramatically after 1970, rapidly depleting stocks of large, valuable, pelagic species
such as bonito and mackerel (Gücü 2002). As a result, increasing effort shifted to the
anchovy fishery, which, aided by government subsidies, had also collapsed by 1990 (Gücü
2002). It was precisely at this time that the massive blooms of M. leidyi occurred, despite the
observation of specimens for several years prior (Shiganova 1998). Thus, it would seem that
overfishing may have played a significant role in creating conditions that facilitated
increasing jellyfish populations in the Black Sea over the last several decades. This
hypothesis has been corroborated by ecosystem model simulations, which suggest that
fishing down the food web and overfishing of small pelagic species cleared fish from their
ecological niche, thus allowing jellyfish to thrive (Gücü 2002). An eerily similar tale appears
to be playing out in the Caspian Sea, where the recent invasion and large blooms of M. leidyi
coincided with a collapse of the kilka (Clupeonella sp.) fishery (Roohi et al. 2010).
Ecosystems in Asia also show signs of fishing down the food web and increasing
jellyfish populations. Overfishing has been blamed for the increase of jellyfish observed in
the Seto Inland Sea of Japan (Nagai 2003; Uye & Ueta 2004; Uye 2010). In the East China
and Yellow Seas, increases in jellyfish occurred simultaneously with declines in fisheries
(Hong et al. 2008). Using an ecosystem model of the East China Sea, Hong et al. (2008)
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identify a positive feedback loop, or “jellyfish spiral” (see Section 1.7) whereby jellyfish
come to dominate the ecosystem. In the model, the spiral is triggered by trawl fishing for
Stromatidae - predators and competitors of jellyfish. Indeed, the large 2003 bloom of
Nemopilema nomurai coincided with changes in fish species dominance and depressed stocks
of Stromatidae (Dong et al. 2010; Ding & Cheng 2005). Peng & Zhang (1999) also note that
fish were replaced by the jellyfish Cyanea nozakii in major fishing grounds of the East China
Sea in the late 1990s.
Impacts due to overfishing are also suspected of playing a role in the observed
increases of jellyfish populations in the Benguela Current LME (see Section 2.3.28). Fishingdown effects and the collapse of the sardine and hake fisheries in the 1960s appear to have
forecast a new regime for this ecosystem, where jellyfish now outnumber fish (Lynam et al.
2006; Bakun & Weeks 2006; Pauly 2010; Utne-Palm et al. 2010). Indeed, this ecosystem now
appears to have ‘switched’ to an alternate state, with a dramatically different faunal
community (see Section 1.7 for further discussion).
As with most factors that have been proposed to lead to increased jellyfish
populations, linkages are difficult to demonstrate and there are numerous exceptions.
Many regions of the world have experienced dramatic overfishing, evidenced by a reduced
mean trophic level and the collapse of stocks, without a concurrent increase in jellyfish
populations (Bilio & Niermann 2004). Thus, it would seem that the mechanisms involved
are highly complex and inter-related, and what occurs in one ecosystem is not necessarily
reflected in another.
1.5.5

Bottom-Trawling
Bottom-trawling has also been suggested as a factor that could lead to increased

jellyfish populations, through mechanisms similar to eutrophication (see Section 1.5.3). As
discussed, jellyfish may benefit from eutrophic waters due to increased availability of
production at low trophic levels, increased turbidity, and lower levels of dissolved oxygen.
Bottom-trawling may lead to similar conditions, as it can destroy benthic communities
composed of filter feeders and deposit feeders. These communities tend to keep the water
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column oligotrophic by suppressing phytoplankton and detritus, as well as preventing resuspension of sediments. With the loss of these communities, the water column may
become increasingly eutrophic and the sediments less consolidated, facilitating the resuspension of particles and nutrients by storms and by trawling itself, further aggravating
the problem (Pauly et al. 2009b).
The dramatic ecological changes observed in the Black Sea over the last several
decades have primarily been attributed to eutrophication, overfishing, and species
invasions. However, there is some evidence to suggest that bottom-trawling should also be
on the list. The coastal waters of Romania, near the productive Danube Delta, were only
fished using stationary nets in shallow waters through the 1960s and 1970s (Bǎnaru et al.
2010). In 1980, bottom-trawling began in this region, and was much more efficient at
extracting fish from the sea. Not surprisingly, trawl catches increased steadily through the
1980s, but declined drastically after 1990, along with a dramatic change in species
composition (Bǎnaru et al. 2010). Consistent with hypotheses about how bottom-trawling
can lead to more jellyfish, some of the many ecological changes observed in the Black Sea
include increased episodes of hypoxia and anoxia, increased turbidity, and the decline of
benthic species diversity (Zaitsev & Mamaev 1997).
In all likelihood, there was no single cause for the changes observed in the Black Sea,
but rather it was a combination of anthropogenic impacts and meterological factors that led
to the dramatic sequence of events observed in recent decades (also see Sections 1.5.9 and
2.3.47). Indeed, it seems likely that bottom-trawling also played a role in forcing these
ecological changes.
1.5.6

Increased Substrate
Many jellyfish have a sessile polyp phase of their life history (see Section 1.3), which

attaches to a hard substrate. In the natural environment, such substrate can include rocks,
submerged trees, or the shells of benthic molluscs and other animals. In marine
environments that have been developed by humans, the amount of hard substrate increases
dramatically, and can include boats, docks, wharfs, marinas, breakwaters, sea walls,
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platforms, artificial reefs, debris, and many other structures. If habitat for polyps is a
limiting factor for jellyfish populations, then increased substrate provided by humans could
result in an increase in medusae abundance. Polyps from numerous species appear to show
an affinity for anthropogenic materials, such as plastic and glass, over natural materials
(Holst & Jarms 2007; Hoover & Purcell 2009). Many jellyfish polyps also appear to show a
preference for the shaded side of structures, possibly to avoid burial by sedimentation, as
well as mortality due to solar irradiation (Svane & Dolmer 1995; Holst & Jarms 2007).
Natural shaded structures are relatively rare in marine environments, whereas
anthropogenic structures are often floating, and therefore provide a multitude of shaded
habitat. In addition, these floating structures often have no connection with the benthos,
potentially allowing settled polyps to escape predation from benthic predators such as
nudibranchs.
One spectacular example comes from a marina in Washington State, U.S.A., where
there is an estimated population of 100 million Aurelia labiata polyps living on the underside
of dock floats (Purcell et al. 2009). As these polyps can produce an average of 10 ephyrae
each, this is a potential addition of hundreds of millions of jellyfish to the ecosystem that
presumably would not be there otherwise (see Section 2.3.5 for further discussion).
In the Gulf of Mexico, both C. quinquecirrha and A. aurita have sessile polyp stages that
attach to hard substrates. While natural substrates, such as oyster reefs, are expected to be
relatively constant over time, artificial substrates have increased dramatically with the
expansion of oil and gas development. There are over 6000 operating and discontinued oil
and gas structures in the northern Gulf, with the highest concentrations on the Louisiana
shelf (Graham 2001). As most of these structures extend throughout the entire water
column, they likely provide suitable habitat for thriving polyp colonies, potentially
contributing to increases in medusae populations. Despite this hypothesis, no polyps have
been identified or documented attached to oil and gas structures in the Gulf of Mexico to
date.
Jellyfish polyps are typically very small, and are therefore likely underreported.
Nonetheless, jellyfish polyps have been documented on anthropogenic structures in
19

numerous locations around the world, including Japan, Australia, the Mediterranean, and
North America (Duarte et al. 2011, also see Section 2.3). In many of these locations, jellyfish
are perceived to have increased in abundance.
1.5.7

Aquaculture
Aquaculture, or more specifically mariculture, may benefit jellyfish in several ways.

Operations typically provide increased nutrients to the surrounding waters due to excess
feed and excrement, and the previously discussed effects of eutrophication may result (see
Section 1.5.3). In addition, the nets and pens of many aquaculture operations may provide
suitable substrate for jellyfish polyps (see Section 1.5.6).
By far the most convincing example of aquaculture operations affecting jellyfish
abundance comes from Tapong Bay in Taiwan. Extensive aquaculture operations over
several decades led to increasing eutrophication of this coastal lagoon, with concurrent
blooms of Aurelia sp. However, in 2002, the removal of all aquaculture operations resulted
in the total absence of jellyfish blooms thereafter, suggesting that aquaculture may be solely
responsible for the jellyfish blooms in this bay (Lo et al. 2008, also see Section 2.3.34 for
further discussion).
There are also aquaculture operations and hatcheries that intentionally attempt to
increase jellyfish production for harvesting and human consumption. In Liaodong Bay,
China, hundreds of millions of juvenile Rhopilema esculentum are released from hatcheries
each year, in the hopes of harvesting them as adults (Dong et al. 2009). While some
economic success has been achieved with such programs, recent blooms tend to be of less
desirable species, and efforts are shifting toward pond culture of jellyfish (You et al. 2007).
1.5.8

Other Factors
Other factors that can be influenced by human activity are also likely to have

important impacts on jellyfish populations, such as salinity and ocean acidification. While
many jellyfish species appear to be tolerant of a wide range in salinity, they may also be
highly influenced by it. In years of low precipitation, increased salinity may result in large
populations of Chrysaora quinquecirrha medusae in Chesapeake Bay (Cargo & King 1990).
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Based on data collected from 2003-2005, Ding & Cheng (2007) conclude that various water
masses in the East China Sea and Yellow Sea, identified by temperature and salinity, may
affect the abundance and distribution of Nemopilema nomurai. For some species, such as
Aurelia labiata, changes in salinity may have significant influence reproduction, especially
when the effects of temperature are also taken into account (Purcell 2007). In addition,
evidence suggests that some scyphozoan polyps are able to survive a wide range of
salinities (Prieto et al. 2010; Holst & Jarms 2010). Changes in salinity due to climate change
scenarios are expected to be highly localized and difficult to predict. As the effects of
salinity on most jellyfish species are not well understood, it remains to be seen how salinity
will affect jellyfish populations in the future.
Ocean acidification is occurring as a result of increasing anthropogenic CO2 emissions,
with a reduction of ocean pH occurring at a rate not seen in millions of years (Feely et al.
2004). This change is likely to portend serious consequences for marine biota, especially
organisms that build shells and skeletons of calcium carbonate (Orr et al. 2005). If organisms
that are competitors of jellyfish are negatively affected by ocean acidification, jellyfish may
benefit as a result. Attrill et al. (2007) found a significant correlation between jellyfish
abundance and lower pH in the North Sea; however, this relationship disappeared when the
analysis was extended over a larger region (Richardson & Gibbons 2008).
The direct effects of lower pH waters on jellyfish are not well understood. The polyps
of some species, including a scyphozoan and a cubozoan, appear to be tolerant of low pH
conditions (Anonymous 2009a; Winans & Purcell 2010). Many jellyfish medusae have
statocysts - sensory organs which can detect gravity and therefore assist in orientation (Arai
1997). These organs contain statoliths, which are crystals that contain calcium (Becker et al.
2005). Winans & Purcell (2010) found that the statoliths of Aurelia labiata ephyrae were not
reduced in number, but were significantly smaller when the parent polyps were reared in
low pH conditions. However, it is unknown how such changes will affect medusa fitness or
survival, and the overall effects of ocean acidification on jellyfish populations remain
uncertain.
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1.5.9

Synergistic Effects
In many locations with increasing jellyfish populations, a combination of factors may

be to blame. For example, a typical harbour can provide numerous advantages for jellyfish,
including eutrophic conditions, increased substrate, warm thermal effluents, and a
continuous supply of invasive species. Compounded by the effects of overfishing, these
factors may operate synergistically (Purcell et al. 2007). Depending on the environment in
question, a specific combination of factors may be required to create conditions for more
jellyfish, rather than any particular stressor in isolation. Further complicating these effects is
the fact that different life stages of jellyfish will likely be influenced by different factors. For
example, jellyfish polyps are likely to be impacted by temperature, hypoxia, and habitat
modification. Alternatively, medusae are more likely to be affected by the effects of
overfishing and eutrophication. As such, the mechanisms involved with anthropogenic
impacts and jellyfish populations may be highly inter-related and therefore difficult to
isolate.
The Black Sea ecosystem has been dramatically impacted by human activity,
especially since the 1960s (Mee 1992). Anthropogenic activities including shipping, mining,
damming of rivers, increased nutrient loading, and the dumping of toxic wastes have led to
the Black Sea being called “one of the most polluted and mismanaged semi-enclosed seas in
the world” (Oguz & Velikova 2010). Compounded by overfishing (Daskalov 2002) and
bottom-trawling (Bǎnaru et al. 2010), these impacts led to dramatic changes in the Black Sea
ecosystem, including increased eutrophication, the collapse of numerous fish stocks, and
extreme shifts in zooplankton communities. The large blooms and successful establishment
of the invasive ctenophore Mnemiopsis leidyi in the 1980s have been implicated in both
causing the dramatic ecological changes as well as being a consequence of these changes
(Niermann 2004). Furthermore, it remains possible that climatic changes were responsible
for the observed shifts in the zooplankton community; the same year M. leidyi formed
unprecedented blooms, a regime shift was evident in the Black Sea which saw a dramatic
shift to warmer temperatures.
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The Black Sea may be more vulnerable to human impacts than other seas due to a very
high enclosure index (99.6%) and the influence of a large catchment area (Bǎnaru et al. 2010).
Indeed, it appears that there is no single cause of the dramatic changes observed in the Black
Sea ecosystem, but rather a combination of factors including pollution, eutrophication,
overfishing, species invasions, and climatic events are all inter-related. This system
represents an important case study of the just how severe the consequences of
anthropogenic impacts on marine systems can be. Instead of an ecosystem ‘recovery’, as
suggested by some authors (e.g., Shiganova 1998; Kideys 2002), others propose that the
Black Sea shelf ecosystem has exhibited three alternative states since the 1960s, and that the
current ‘post-eutrophication’ state “differs considerably from the pristine state and does not
truly represent a recovery” (Oguz & Velikova 2010).
In Chesapeake Bay, eutrophication coincided with a collapse of the oyster population
due to overharvesting and disease, as well as the collapse of zooplantivorous fish stocks
(e.g., menhaden) - all factors which have been blamed for ecosystem degradation and
increasing ctenophore populations in the region (Purcell et al. 1999a; Jackson 2008; Pauly et
al. 2009b). Model results suggest a recovery of the oyster population would dramatically
reduce gelatinous biomass in Chesapeake Bay (Ulanowicz & Tuttle 1992). Interestingly, the
decline in abundance of the sea nettle Chrysaora quinquecirrha may have been due to the
collapse of the oyster population, as oyster shells provide substrate for C. quinquecirrha
polyps (Breitburg & Fulford 2006). Consequently, ctenophore populations, which lack a
polyp phase and are prey of C. quinquecirrha, have dramatically increased in Chesapeake
Bay (see Section 2.3.10).
Examples such as the Black Sea and Chesapeake Bay illustrate the fact that the
mechanisms affecting jellyfish populations can be highly varied. In addition, different
ecosystems and different species of jellyfish may not necessarily respond to impacts in the
same way. As such, disaggregating the effects of temperature, eutrophication, climatic
variations, coastal development, and fishing on jellyfish populations may remain untenable
for most ecosystems.
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1.6

Regime Shifts
Outbreaks of jellyfish are often reported alongside of other ecological changes. While

the cause and effect relationships among these changes are debated, the influence of
environmental conditions should not be ignored. In the Black Sea, numerous ecological
changes have taken place in recent decades. The extreme blooms of the invasive ctenophore
Mnemiopsis leidyi coincided with the collapse of the anchovy (Engraulis encrasicolus) fishery
in the late 1980s. Interestingly, M. leidyi had been observed in the Black Sea since 1982, but
its population did not explode until 1989 (Shiganova 1998), perhaps because environmental
conditions were not suitable in the mid-1980s. 1989 marked a dramatic shift to warmer
temperatures from a cold regime in the Black Sea. Cold winter temperatures in 1988/1989
resulted in increased mixing and more nutrients in the surface waters (Niermann 2004). The
transition to warm temperatures in 1989 coincided precisely with the outbreak of M. leidyi
and the collapse of the anchovy fishery. Indeed, it appears that while the changes observed
in the Black Sea ecosystem appear linked to anthropogenic impacts, the influence of
meteorological conditions cannot be denied.
Many neighbouring regions also experienced dramatic changes at similar time,
including the North Sea, the Baltic Sea, and the north Atlantic, suggesting the influence of
widescale meterological phenomena (Niermann et al. 1999). Indeed, the North Atlantic
Oscillation (NAO) index has shown highly positive values since the regime shifts in the late
1980s.
Multiple regime shifts also coincide with the dramatic changes observed in the
jellyfish population of the Bering Sea. The change from the 1980s regime to the 1990s was
marked by warmer temperatures, and coincided with increased jellyfish biomass and
distribution (Brodeur et al. 2008a). The subsequent shift to another regime after 1999
showed even warmer temperatures, but jellyfish biomass dropped. In the case of the Bering
Sea, it would seem that warmer temperatures do not necessarily mean more jellyfish, but
regime shifts may cause dramatic changes in the jellyfish population (Brodeur et al. 2008a,
also see Section 2.3.4). Regime shifts have also been linked to changing jellyfish populations
in the Irish Sea, but the effects are difficult to isolate from other factors, such as overfishing
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(Lynam et al. 2011, also see Section 2.3.24). Not surprisingly, it appears that
climatologically-induced regime shifts can strongly influence jellyfish populations;
however, these effects are difficult to separate from other confounding factors.
As mentioned, anthropogenic impacts can dramatically alter ecosystems. In some
cases, it appears that these impacts and their associated results may actually be the trigger
for a regime shift, rather than climate forcing. In addition, these shifts may represent an
alternate stable state, maintained through mechanisms such as positive feedback loops.
These phenomena will be discussed in reference to jellyfish in the next section.
1.7

The Jellyfish Spiral
As discussed, there are numerous anthropogenic activities that may lead to conditions

that are more favourable for jellyfish than fish. In some cases, these conditions may allow
jellyfish populations to grow, even over short time periods. Many jellyfish have the ability
to prey directly upon fish eggs and ichthyoplankton (Cowan & Houde 1993; Purcell et al.
1999a; Purcell & Arai 2001), and consumption may increase under hypoxic conditions (Shoji
et al. 2005b). This predation can be dramatic, and, in combination with competition, may
result in reduced fish survival and recruitment (e.g., Möller 1984; Lynam et al. 2005b).
Therefore, a population of jellyfish that has increased due advantageous conditions from
anthropogenic stressors may continue to dominate and prevent the recovery of fish
populations, even if such stressors diminish. These phenomena have been referred to as the
“jellyfish joyride” (Richardson et al. 2009) and the “jellyfish spiral” (Uye & Ueta 2004).
An ecosystem model from the East China Sea confirms this hypothesis, whereby
overfishing may trigger a positive feedback loop, resulting in dominance by jellyfish (Hong
et al. 2008). In the Seto Inland Sea, there has been an increase of Aurelia in recent decades,
which may be due to both overfishing and warmer winter temperatures (Uye & Ueta 2004).
In turn, the jellyfish are thought to exert top-down control on the ecosystem, resulting in an
apparently alternate state that is dominated by jellyfish.
Other ecosystems also appear to have “switched” to a jellyfish phase. In the Benguela
Current upwelling system, the collapse of abundant fish stocks has coincided with a
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dramatic increase in jellyfish populations (also see Section 2.3.28). Bakun & Weeks (2006)
discuss a predator-prey function, whereby prey may “breakout” of a predator pit and
increase in abundance beyond the point where the prey’s population size is controlled by
top-down forcing. For such a breakout to occur, the prey must increase its production or
decrease its mortality; or both. The 1960s witnessed the collapse of the sardine fishery in
this highly productive region, followed also by declines in hake and mackerel. This may
have facilitated an explosion in the herbivorous zooplankton population due to releases
from competition and predation, and hence an explosion in the jellyfish population which
preys on zooplankton, ultimately allowing jellyfish to escape from their own predator pits.
An increased abundance of jellies then consumes fish eggs and larvae, holding them in a
new predator pit, and resulting in an alternative ecosystem state with high jellyfish biomass
and few fish. In addition, excess primary production exported to the benthos may provide
additional food items for jellyfish (Flynn & Gibbons 2007), as well as an increased frequency
of sulphur eruptions and hypoxic events (Bakun & Weeks 2004; Weeks et al. 2004).
Combined, these mechanisms may serve to maintain conditions suitable for jellyfish to
dominate.
Breitburg & Fulford (2006) discuss another possible jellyfish spiral in Chesapeake Bay,
involving oysters, ctenophores and scyphozoans. In recent decades, Chrysaora quinquecirrha
abundance has declined, possibly due to overfishing and disease of oysters, which are
important substrate for C. quinquecirrha polyps. The decline of C. quinquecirrha may have
potentially released the ctenophore Mnemiopsis leidyi from predation, which has increased in
abundance. In turn, M. leidyi prey upon oyster larvae, and may therefore inhibit recovery of
the oyster population. To add to the situation, the lack of oysters in the bay reduces the
filtering capacity, ultimately reinforcing the eutrophic and hypoxic conditions.
In the Black Sea, it is likely that the anchovy fishery collapsed due to overfishing
rather than from predation or competition with Mnemiopsis leidyi (Gücü 2002; Niermann
2004). However, the presence of M. leidyi may have suppressed the recovery of fish stocks
through these mechanisms (Bilio & Niermann 2004). Regardless, reduced fishing pressure
eventually resulted in a partial recovery of the anchovy stock in the Black Sea in the 1990s
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(Bilio & Niermann 2004), suggesting that the jellyfish spiral was not so strong that recovery
of fish stocks was impossible. It is assumed that, under natural conditions, a stock of small
pelagic fish can successfully compete with jellyfish for the same resources, given that fish
are quicker and more active (Gücü 2002). Thus, reducing fishing pressure has the potential
to not only help fish stocks recover, but also to suppress jellyfish abundance, and should
therefore be considered as an important management tool in controlling jellyfish
populations (Bilio & Niermann 2004).
Trophic cascades involving jellyfish can also result in positive feedback loops.
Limfjorden is a system in Denmark which connects the North Sea with the Kattegat. This
system became highly eutrophic through the 1960s and 1970s, largely due to agricultural
runoff. This has led to widespread hypoxia in bottom waters and the loss of large mussel
beds and demersal fish populations, as well as a concurrent increase in the Aurelia
population (see Section 2.3.22). The large population of jellyfish now consumes extensive
amounts of herbivorous zooplankton, with a concomitant increase in phytoplankton. In
turn, phytoplankton blooms reinforce the oxygen depletion in this system, resulting in high
mortality of mussels, which further exacerbates the problem (Møller & Riisgård 2007a;
Riisgård et al. 2011).
There is also evidence of similar trophic cascades in other areas, whereby jellyfish
reduce the standing stock of herbivorous zooplankton, resulting in increased
phytoplankton. Examples include a fjord in British Columbia (Huntley & Hobson 1978),
Narragansett Bay in Rhode Island (Deason & Smayda 1982), and the Kiel Bight in the
western Baltic Sea (Schneider & Behrends 1998). This process has also been demonstrated in
mesocosm experiments, with a resultant increase in a noxious photoplankton. Pitt et al.
(2007) conducted field-based experiments in Australia, where results suggested that
predation by Catostylus mosaicus on copepods subsequently released the heterotrophic
dinoflagellate Noctiluca scintillans from competition. N. scintillans has a global distribution
and is notorious for forming noxious blooms known as ‘red tides’. Thus, it would appear
that in certain cases, jellyfish may promote the formation of red tides.
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Although these impacts of jellyfish on ecosystems are not well understood, the
examples discussed above suggest that jellyfish may have significant influence over
ecosystem processes, and can trigger trophic cascades and positive feedback loops that
result in alternate ecosystem states. Developing a better understanding of these
mechanisms and relationships should be a priority for researchers and modellers alike, as it
appears that jellyfish have the potential to be “ecosystem engineers” (Breitburg et al. 2010).
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2

The Jellyfish Index

2.1
2.1.1

Methods
Large Marine Ecosystem Approach
In order to examine and compare changes in jellyfish populations, data were stratified

by Large Marine Ecosystem (LME). First introduced at the 1984 annual meeting of the
American Association for the Advancement of Science (AAAS), the LME framework defines
boundaries based on ecological criteria rather than economic or political criteria (Sherman &
Hempel 2009). LMEs may extend from nearshore areas, including river basins and
estuaries, out to the seaward boundaries of continental shelves or coastal currents (Sherman
& Tang 1999). When defining the physical extent of the LME boundaries, four ecological
parameters are considered:
i.

bathymetry;

ii.

hydrography;

iii.

productivity;

iv.

trophic relationships.

These ecological measures are highly inter-related and each LME is defined by a distinct
combination of factors. LMEs can range from 150,000 km2 to more than 5 million km2. To
date, 66 LMEs have been described in terms of these parameters (see
www.seaaroundus.org). As the majority of recently reported changes in jellyfish
populations around the globe occur in coastal waters or semi-enclosed seas (Mills 2001;
Purcell et al. 2007), the LME framework provides a suitable stratification scheme for
examining these changes.
2.1.2

1950 Baseline
In order to examine changes in jellyfish populations, a baseline must be selected. For

the purposes of this analysis, changes were only considered if they occurred after 1950,
notably because this was the first year for which the newly founded Food and Agriculture
Organization of the United Nations (FAO) published its annual compendium of global
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fisheries catches (which now include jellyfish), part of an effort by the United Nations to
“quantify the world” (Ward et al. 2004). The past 60 years have also seen a dramatic
increase in the global human population, along with concomitant impacts on marine
environments around the globe (Halpern et al. 2008). In addition, many of the changes
reported in jellyfish populations are from recent decades (Mills 2001; Purcell et al. 2007) and
thus a 1950 baseline provides the contrast required for comparison and testing of such
reports. Finally, many of the anthropogenic factors that have been suggested as causes of
recent increases in jellyfish populations are quantifiable after 1950, notably because many
are derived from FAO data (e.g., Watson et al. 2004) and have been re-expressed at the LME
scale (see Section 0).
2.1.3

The Jellyfish Chronicles
The data used in this analysis were aggregated into chronicles. Each chronicle consists

of one or more pieces of supporting evidence and has an associated Abundance Trend and
Confidence Index (which is calculated from scores for spatial, temporal, and reliability
components). These chronicles were aggregated by LME and then combined using rule sets
and a fuzzy expert system to generate a Jellyfish Index for each LME. Details for all
chronicles included in the analysis are found in Appendix A.
Multiple pieces of evidence covering similar temporal and spatial scales were
included as one chronicle. Only data that referred to changes (or lack thereof) over several
years or greater were included. Therefore, isolated references to “lots of jellyfish” or “more
jellyfish than last year” would not qualify for inclusion due to low temporal coverage,
whereas a reference to “more jellyfish in recent years” would be included. The same
rationale applied for decreases, relatively stable populations, or those showing high
variability.
Increasing or decreasing trends were reported to occur only if they were sustained.
Thus, a population of jellies showing a prolonged increase followed by a similar decrease
was classified as “stable/variable” (see Section 2.1.5). Chronicles with no recent data (post-
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2000) were given a lower temporal score to reflect the uncertainty of whether the identified
trend has continued or not (see Section 2.1.6).
2.1.4

Data Not Included
While all direct commentary or measurements indicating changes (or lack thereof) in

jellyfish populations over several years or more were included in the analysis, indirect
evidence was not. Such indirect evidence includes impacts of jellyfish on human activities
such as sting events, clogging of intake pipes for power generation, shipping or mining
operations, as well as interference with aquaculture operations. Although changes in the
frequency of these events may indicate changes in jellyfish populations (Purcell et al. 2007),
they can also be a consequence of changes in sampling effort. For example, a jellyfish bloom
that interferes with an industrial operation may actually represent a stable jellyfish
population if the industrial operation is new to the region, rather than an actual increase in
the jellyfish population (Mills 2004). Therefore, isolated interference events with industrial
operations have been excluded from the analysis.
Individual events related to direct interference of fishing activities were also excluded.
However, an exception was made for information that referred to the changing frequency of
such events, as it is assumed to be a strong indication of a change in jellyfish abundance.
For example, fishers in some locations reported catching an increasing amount of jellyfish
bycatch over years or decades. As fishers generally have a keen understanding of the
marine environment, such statements are assumed to be reliable. In addition, it is unlikely
that these fishers have dramatically increased their effort over these time frames. In fact, it
is expected they would improve their ability to avoid catching jellyfish over time (e.g.,
Kendall 1990; Matsushita & Honda 2006; Nagata et al. 2009), and therefore any increases in
bycatch are likely the result of increased jellyfish populations.
As mentioned, sting data were generally not included in the analysis, as it is also
problematic due to a number of factors. An increase in the number of people participating
in marine activities can be assumed to increase encounter rates (Macrokanis et al. 2004). In
addition, data showing an increase in sting events may simply be a reflection of increased
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reporting (Gershwin et al. 2010). As such, an increase in sting events may not necessarily
represent an increase in the amount of jellyfish present. Conversely, awareness and
education campaigns, as well as the use of jellyfish deterrents or countermeasures, can lead
to a decrease in sting events without a concomitant reduction of the jellyfish population
(Gershwin et al. 2010). Therefore, sting data has been excluded from the analysis, except
where it may reveal temporal changes (e.g., increase in the stinger season) or spatial changes
(e.g., increased distribution of jellyfish).
2.1.5

Abundance Trend
Each chronicle was assigned an Abundance Trend of increasing (+1), decreasing (-1), or

stable/variable (0). This was identified by considering changes of integrated biomass, which
is affected by both abundance and presence. Therefore, increases (or decreases) in any of
overall biomass, frequency of occurrence, or duration of occurrence were all considered to
be indications of an increase (or decrease). As such, more frequent blooms, larger blooms,
longer-lasting blooms, and range expansions (and their converses) are all included. When
there was knowledge of multiple species over similar scales, the overall biomass of jellyfish
within the ecosystem was considered. In addition, small, non-abundant hydromedusae
were scored lower (see section 2.1.6) due to the fact that they are less likely to affect the
overall biomass of jellyfish in the ecosystem.
Supporting evidence for each chronicle consisted of either qualitative or quantitative
information. Chronicles with qualitative data as their primary source were classified based
on the description of the jellyfish population in question (Table 2.1). For chronicles with
quantitative records, such as multi-year datasets with values for relative abundance or
biomass, a general linear regression analysis was performed. If the slope of the linear
regression (abundance against time) was positive and significantly different from zero (p <
0.05), the dataset was considered to represent an increase. Conversely, a significant negative
slope constituted a decrease. If the slope of the linear regression was not statistically
significant, the dataset was classified as stable/variable. For further discussion regarding
the classification of abundance trends, see Section 2.3.1.
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Table 2.1 Abundance Trend Rule Set
Abundance Trend
-1
0
+1

2.1.6

Change
Decrease
Stable / Variable
Increase

Definition
Decrease in overall bi omass, relati ve abundance,
frequency of occ urrence or durati on of occurrence
Stable or n o obvi ous tren d
In crease in overall bi omass, relati ve abun dance,
frequency of occ urrence or durati on of occurrence

Scoring Chronicles
Each chronicle was scored according to a set of rules based on temporal coverage

(Time Score, Table 2.2), spatial coverage (Space Score, Table 2.3), and reliability (Reliability
Score, Table 2.4). Reliability for invasive species was scored differently (see Section 2.1.7).
These scores were used as inputs for calculating the overall Confidence Index of each
chronicle (see Section 0).
Table 2.2 Time Score Rule Set
Time Score
Low
Medium
High
Very High

Definition
Multi year tren d < 5 years; recent an d un repeated bl oom th at has n ot
occ urred previ ousl y; unclear ti meframe; n o recent data (post -2000)
Sh ort term (5 -9 years)
Medi um term (10 -14 years)
Lon g term (>= 15 years)

Table 2.3 Space Score Rule Set
Space Score
Low
Medium
High
Very High

Definition
Sin gular l oc ati on or small regi on within LME (< 200 km wi de)
Large regi on or two di sparate l ocati on s within LME (> 200 km apart)
Th ree or more di sparate l ocati on s within LME ; wi descale sampling in at
least half of LME
Wi descale samplin g of LME

Table 2.4 Reliability Score Rule Set
Reliability Score
Low

Medium
High
Very High

Definition
Li feguard or NGO c ommen tary; s pecies unlikely to c on tri bute
signi ficantl y to bi omass; high uncertainty; d oc umented anth ropogenic
pol yp habi tat
Marine professi onal c ommentary ( e.g ., fi sher)
Marine scienti st c ommentary; syn thesized kn owledge ; ‘booken d’ (i.e.,
n on -c ontin uous) scientific data
Scien tific data of n umerous or dominant species; w ell-doc umented
frequency of bl ooms
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2.1.7

Invasive Species
Invasive species were considered to represent those that have been declared as non-

indigenous by experts. The presence of invasive species of jellyfish was assumed to
represent an increase in jellyfish biomass (Abundance Trend = 1). With this assumption, it is
clearly important to understand if an invasive species is truly established, as some invaders
can appear briefly in a particular area and may not be detected thereafter. Knowledge of
such events was assumed to represent no change in a jellyfish population (Abundance Trend
= 0), rather than an increase, as the excess biomass due to the invader presumably vanishes
if the species is no longer detected. However, it should be noted that the possibility of
repeated detection persists in these cases due to potential establishment by cryptic polyps or
successive invasions, as is likely with Phyllorhiza sp. in the South Brazil Shelf LME (see
Section 2.3.18).
The possibility also exists that invasive species of jellies could cause a reduction in
native jellyfish biomass. However, no evidence of such an event was found. Even in the
case of the Black Sea, where invasion by the ctenophore Mnemiopsis leidyi coincided with a
decline of the native Aurelia population, there still appears to be a long-term increase in
Aurelia abundance (see Section 2.3.47).
Chronicles that pertained to invasive species were scored similarly to other chronicles
on the basis of time and space, but differently for reliability. The contribution to an increase
in jellyfish biomass due to an invader was weighted by the Invasive Reliability Score in order
to provide a more accurate estimate of the total change in jellyfish biomass (Table 2.5). The
assumptions and weighting factors were designed with the intention of avoiding an
overemphasis due to invasive species. Nonetheless, it should be noted that the invasive
jellyfish accounted for in this review represent a conservative estimate, as it is likely that far
more invasions have occurred than have been documented due to incomplete treatment,
unusual life histories, and species crypsis (Holland et al. 2004; Dawson et al. 2005; Graham &
Bayha 2007).
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Invasive species were separated for analysis, allowing assessment of their contribution
to the results. Consistent with the baseline selected for the analysis, species that invaded
regions prior to 1950 were excluded.
Table 2.5 Invasive Reliability Score Rule Set
Reliability Score
Low

Definition
Uncertainty of invasiveness or species is unlikely to contribute significantly to biomass
(e.g., small hydromedusae)
Medium
Documented invasive species or newly-blooming species (without knowledge of other
species in ecosystem) or unsuccessful establishment*
High
Thriving invasive species
Very High
Known dominant species
* Note: Abundance Trend = 1 in all invasive cases except for unsuccessful establishment (where Abundance Trend =
0 and Invasive Reliability Score = Medium)

2.1.8

Fuzzy Expert System
Scores and chronicles were combined using a series of rule sets and fuzzy logic (see

Figure 2.1 for a schematic diagram of the fuzzy expert system used in the analysis, using the
North Sea LME as an example). Fuzzy set theory, originally developed by Zadeh (1965), is
now firmly established in engineering and science (e.g., Lee 1990; van der Werf & Zimmer
1998; Cheung et al. 2007). Fuzzy models are increasingly being used for ecological
applications (Jørgensen 2008), and a review of such models in ecosystem studies is available
in Adriaenssens et al. (2004). Fuzzy set theory allows the representation of variables
according to a gradation or degree of membership, rather than the classic true and false
membership of conventional Boolean sets. In addition, fuzzy logic allows a conclusion to be
reached with an associated gradation or degree of belief. As such, fuzzy set theory and logic
provide an ideal system for combining information of variable cardinality and confidence.
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Figure 2.1 Schematic diagram of the fuzzy expert system with the North Sea LME as an example

Variables with differing degrees of confidence were combined using the ‘MYCIN’
method, an asymptotic accumulation of the degree of belief, after Buchanan & Shortliffe
(1984). This knowledge accumulation method is not affected by the order in which evidence
is combined, and can be defined as:
Degree of beliefn+1 = Evidencen + ((1-Evidencen) * Evidencen-1)
where Degree of beliefn+1 is the membership in the conclusion after combining the
membership from Evidencen and Evidencen+1. The membership for any number of pieces of
evidence can thus be combined to yield a final membership (i.e., degree of belief) in the
conclusion.
The 3 scores for each jellyfish chronicle (Time Score, Space Score, and Reliability Score)
were combined using a fuzzy rule set, or combination matrix, to yield a Confidence Index
(Table 2.6). The combination matrix used treats all 3 scores equally, and therefore
represents all possible combinations of scores. Thus, each chronicle has an associated
Abundance Trend representing the direction of change for the jellyfish population in
question, and a Confidence Index representing the degree of belief. For details for all
chronicles included in the analysis, see Appendix A.
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Table 2.6 Score Combination Matrix
Score A
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Medi um
Medi um
Medi um
Medi um
Medi um
Medi um
Hi gh
Hi gh
Hi gh
Very Hi gh

Score B
Low
Low
Low
Low
Medi um
Medi um
Medi um
Hi gh
Hi gh
Very Hi gh
Medi um
Medi um
Medi um
Hi gh
Hi gh
Very Hi gh
Hi gh
Hi gh
Very Hi gh
Very Hi gh

Score C
Low
Medi um
Hi gh
Very Hi gh
Medi um
Hi gh
Very Hi gh
Hi gh
Very Hi gh
Very Hi gh
Medi um
Hi gh
Very Hi gh
Hi gh
Very Hi gh
Very Hi gh
Hi gh
Very Hi gh
Very Hi gh
Very Hi gh

Confidence Index
Low
Low
Medium-Low
Medium-Low
Medium-Low
Medium
Medium
Medium
Medium-High
Medium-High
Medium
Medium-High
Medium-High
Medium-High
High
High
High
High
Very High
Very High

Within each LME, chronicles that had the same Abundance Trend were combined to
yield a Belief Index. This was derived by converting the Confidence Indexes for each chronicle
into a membership (degree of belief) according to Table 2.7, and subsequently combining
these memberships using MYCIN.
Table 2.7 Membership Rule Set
Confidence Index
Low
Medium-Low
Medium
Medium-High
High
Very High

Degree of Belief
(per chronicle)
0.0156
0.0313
0.0625
0.1250
0.2500
0.5000

The resulting Belief Indexes for each Abundance Trend were used to select an
appropriate Belief Profile according to Table 2.8.
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Table 2.8 Belief Profile Selection Rule Set
Belief Index
0
0.01 – 0.09
0.10 – 0.19
0.2 – 0.34
0.35 – 0.49
0.50 – 0.59
0.60 – 1

Belief Profile
None
Low
Medium-Low
Medium
Medium-High
High
Very High

The Belief Profiles used in the fuzzy expert system are membership functions designed
to represent the degree of belief over a continuous scale of -100 to +100, with negative scores
representing declining jellyfish populations and positive scores representing increasing
populations (see Figure 2.2). These asymmetrical Belief Profiles therefore provide a
representation of the accumulated evidence for each particular trend, including both the
quantity and the relative certainty of the evidence. Within each LME, one profile was
selected for each Abundance Trend, as long as there was supporting evidence (i.e., Belief Index
> 0). Thus, an LME could have 1, 2, or 3 profiles as inputs for the fuzzy expert system,
depending on whether or not there were chronicles supporting each Abundance Trend.
Figure 2.2 Fuzzy Input Profiles

The Belief Profiles were combined using the MYCIN method to yield a final Degree of
Belief Profile for each LME. This profile contains information about the evidence within each
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LME over all Abundance Trends. To calculate a final Jellyfish Index, the centroid-weighted
method (Cox 1999) was used to ‘defuzzify’ the final profile.
2.1.9

Uncertainty
The confidence in the Jellyfish Index was quantified by the degree of belief at the

centroid value (the Confidence Factor) and the associated values at Degree of Belief = 0.25 (the
Confidence Limits). The difference between the Confidence Limits is defined as the Confidence
Interval. If a particular profile did not reach a Degree of Belief = 0.25 due to lack of evidence
(e.g., Gulf of California LME), the upper and lower limits of the confidence interval were
selected where the degree of belief falls to zero. Using these two measures of uncertainty
(the Confidence Factor and the Confidence Interval) provides information about both the
strength of the data within an LME and how consistent the observed trend is (if any). In a
sense, these can be interpreted similar to measures of ‘accuracy’ and ‘precision’. That is to
say, a high Confidence Factor represents a robust conclusion, and hence can be interpreted as
accurate. Similarly, a small Confidence Interval would indicate that the chronicles included in
a particular LME exhibit similar trends, and are therefore precise. The combination of these
two measures ultimately defines the overall confidence in the Jellyfish Index for each LME,
and thus we can define a Confidence Quotient, equal to the Confidence Factor divided by the
Confidence Interval. Conclusions with a Confidence Quotient > 1 were classified as high
certainty, while those with a Confidence Quotient < 1 were classified as low certainty.
Based on the Belief Profiles used in the analysis (see Figure 2.2), Jellyfish Indexes could
range from a minimum of -70 to a maximum of +70. LMEs with a Jellyfish Index of greater
than +10 were classified as increases, while those with a Jellyfish Index less than -10 were
classified as decreases. LMEs with a Jellyfish Index between -10 and +10 were classified as
stable/variable, indicating they did not show an increasing or decreasing trend. These
thresholds were chosen in order to ensure there was sufficient evidence to suggest a trend.
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2.2
2.2.1

Results
The Jellyfish Index
In total, 133 chronicles were included in the analysis, spread over 45 LMEs. Of the 45

LMEs, 31 (69%) showed increasing trends, while only 2 (4%) showed decreasing trends. The
remaining 12 LMEs (27%) were classified as stable/variable, showing neither increasing nor
decreasing trends.
Out of the 31 LMEs exhibiting increases, 12 were classified as high certainty
(Confidence Quotient > 1), and 19 were classified as low certainty (Confidence Quotient < 1). Of
the 12 LMEs with stable/variable trends, 3 were of high certainty and 9 were of low
certainty. The Humboldt Current LME was the only system to exhibit a decrease associated
with a high certainty.
The results are similar when normalized by area. Accounting for the size of the LMEs,
24% of the total area included represented regions with increases of high certainty, while
increases of low certainty represented 46%. Stable/variable regions represented 25% of the
total area included, while the remaining 5% was associated with decreases.
Results for all LMEs, including invasive species and excluding overfishing of jellyfish
are shown in Table 2.9 and a map of the results is presented in Figure 2.3. The Belief Indexes
used for each LME in the analysis are included in Appendix B. When examined separately,
these Belief Indexes illustrate the degree of evidence for chronicles based on native species
compared to those based on invasive species, as well as those representing overharvesting
of jellyfish.
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Table 2.9 Results including native and invasive species
LME ID

LME Name

Trend
Conclusion

Conclusion
Certainty

Jellyfish
Index

Confidence
Quotient

Confidence
Factor

Lower
Limit

Upper
Limit

Interval

1

East Bering Sea

Increase

2

Gulf of Alaska

Stable/variable

High

61.84

1.47

Low

7.06

0.80

0.83

34.50

91.00

56.50

0.58

-35.00

37.24

3

California Current

Increase

Low

25.55

72.24

0.63

0.73

-31.25

85.00

116.25

4
5

Gulf of California

Increase

Low

Gulf of Mexico

Increase

Low

35.87

0.13

0.13

0.00

100.00

100.00

14.13

0.75

0.65

-35.00

51.25

86.25

6

Southeast US Continental Shelf

Increase

7

Northeast US Continental Shelf

Increase

Low

14.13

0.75

0.65

-35.00

51.25

86.25

High

52.52

1.58

0.83

43.75

96.25

52.50

8

Scotian Shelf

9

Newfoundland-Labrador Shelf

Stable/variable

High

0.00

1.07

0.67

-31.25

31.25

62.50

Stable/variable

High

0.00

1.54

0.83

-27.00

27.00

54.00

10
11

Insular Pacific-Hawaiian

Increase

High

54.84

1.13

0.67

25.63

85.00

59.37

Pacific Central-American Coastal

Increase

Low

41.74

0.77

0.30

12.50

51.25

38.75

12

Caribbean Sea

Increase

Low

13.60

0.81

0.31

3.00

41.26

38.26

13

Humboldt Current

Decrease

High

-42.80

1.26

0.71

-91.00

-34.50

56.50

14

Patagonian Shelf

Increase

Low

47.90

0.87

0.50

17.50

75.00

57.50

15

South Brazil Shelf

Stable/variable

Low

7.06

0.80

0.58

-35.00

37.24

72.24

16

East Brazil Shelf

Increase

Low

35.87

0.13

0.13

0.00

100.00

100.00

18

West Greenland Shelf

Decrease

Low

-35.87

0.13

0.13

-100.00

0.00

100.00

21

Norwegian Sea

Increase

Low

41.74

0.70

0.27

12.50

51.25

38.75

22

North Sea

Increase

Low

35.89

0.22

0.30

-40.67

96.25

136.92

23

Baltic Sea

Increase

Low

14.13

0.75

0.65

-35.00

51.25

86.25

24

Celtic-Biscay Shelf

Increase

Low

36.94

0.44

0.56

-37.50

91.00

128.50

25

Iberian Coastal

Stable/variable

Low

7.06

0.80

0.58

-35.00

37.24

72.24

26

Mediterranean Sea

Increase

Low

43.95

0.22

0.30

-37.50

96.25

133.75

28

Guinea Current

Increase

Low

35.87

0.13

0.13

0.00

100.00

100.00

29

Benguela Current

Increase

High

54.84

1.15

0.67

26.63

85.00

58.37

30

Agulhas Current

Stable/variable

Low

0.00

0.71

0.50

-35.00

35.00

70.00

31

Somali Coastal Current

Stable/variable

Low

0.00

0.44

0.33

-37.50

37.50

75.00

32

Arabian Sea

Increase

Low

14.13

0.75

0.65

-35.00

51.25

86.25

34

Bay of Bengal

Increase

Low

14.57

0.52

0.58

-37.24

75.00

112.24
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LME ID

LME Name

Trend
Conclusion

Conclusion
Certainty

Jellyfish
Index

Confidence
Quotient

Confidence
Factor

Lower
Limit

Upper
Limit

Interval

35

Gulf of Thailand

Increase

36

South China Sea

Stable/variable

Low

35.87

0.13

Low

8.86

0.56

0.13

0.00

100.00

100.00

0.44

-37.50

40.67

78.17

40

Northeast Australian Shelf

41

East Central Australian Shelf

Increase

Low

35.87

0.13

Stable/variable

Low

0.00

0.71

0.13

0.00

100.00

100.00

0.50

-35.00

35.00

70.00

42
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Southeast Australian Shelf

Stable/variable

Low

8.86

East China Sea

Increase

High

70.00

0.56

0.44

-37.50

40.67

78.17

1.90

1.00

43.75

96.25

48

Yellow Sea

Increase

High

52.50

61.84

1.47

0.83

34.50

91.00

56.50

49

Kuroshio Current

Increase

50

Sea of Japan

Increase

High

35.34

1.13

0.67

25.63

85.00

59.37

High

61.84

1.47

0.83

34.50

91.00

56.50

51

Oyashio Current

52

Sea of Okhotsk

Increase

Low

32.81

0.38

0.48

-35.00

91.00

126.00

Increase

High

61.84

1.47

0.83

34.50

91.00

56.50

53
60

West Bering Sea

Increase

High

61.84

1.47

0.83

34.50

91.00

56.50

Faroe Plateau

Stable/variable

High

0.00

1.54

0.83

-27.00

27.00

54.00

61

Antarctic

Increase

High

61.84

1.47

0.83

34.50

91.00

56.50

62

Black Sea

Increase

High

70.00

1.90

1.00

43.75

96.25

52.50

63

Hudson Bay

Stable/variable

Low

0.00

0.44

0.33

-37.50

37.50

75.00

42

Figure 2.3 Map of results including native and invasive species of jellyfish

Red = increase (high certainty); orange = increase (low certainty); green = stable/variable; blue = decrease; grey = no data. Circles
represent discrete chronicles with relative sizes reflecting the Confidence Index. Circle locations are approximate, as some were
shifted to avoid overlap; the circle for the Antarctic LME summarizes circumpolar observations
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2.2.2

Effects of Invasive Species
Invasive species were separated from the analysis in order to examine their impact on

the results (for results with native species only, see Table 2.10). Invasive species of jellyfish
were reported in 21 LMEs. In 8 of these LMEs, the inclusion of invasive species had a
negligible contribution to the results, and did not affect the Jellyfish Index.
The inclusion of invasive species can be considered responsible for the conclusion of
low certainty increases in 4 LMEs (Gulf of Mexico, Southeast U.S. Continental Shelf,
Caribbean Sea, and Baltic Sea), as the exclusion of invaders changed the classification of
these LMEs from increasing to stable/variable. Similarly, invaders can be considered
responsible for the low certainty increase reported in the East Brazil Shelf LME, as there
were no data for native species. The Insular Pacific-Hawaiian LME exhibited an increase
due to native species; however, the inclusion of invasive species increased the certainty of
the conclusion to high. In the remaining LMEs, the inclusion of invasive species increased
the Jellyfish Index by variable amounts, but did not alter the conclusions.
Several invasive species of jellyfish from disparate taxonomic groups were reported in
numerous locations, including scyphozoans Aurelia spp. and Phyllorhiza punctata;
hydrozoans Blackfordia virginica, Maeotias marginata, and Turritopsis spp.; as well as the
infamous ctenophore Mnemiopsis leidyi.
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Table 2.10 Results with native species only (effects of invasive species excluded; only those LMEs that had invasive species are shown)
LME ID

LME Name

Trend
Conclusion

Conclusion
Certainty

Jellyfish
Index

Confidence
Quotient

Confidence
Factor

Lower
Limit

Upper
Limit

Interval

3

California Current

Increase

Low

19.82

0.73

0.78

-31.25

75.00

106.25

5

Gulf of Mexico

6

Southeast US Continental Shelf

Stable/variable

Low

7.06

0.80

0.58

-35.00

37.24

72.24

Stable/variable

Low

7.06

0.80

0.58

-35.00

37.24

7

72.24

Northeast US Continental Shelf

Increase

High

52.52

1.58

0.83

43.75

96.25

52.50

10

Insular Pacific-Hawaiian

Increase

Low

47.90

0.87

0.50

17.50

75.00

57.50

11

Pacific Central-American Coastal

Increase

Low

35.87

0.09

0.09

0.00

100.00

100.00

12

Caribbean Sea

Stable/variable

Low

0.00

0.17

0.17

-50.00

50.00

100.00

13

Humboldt Current

Decrease

High

-61.84

1.47

0.83

-91.00

-34.50

56.50

14

Patagonian Shelf

Increase

Low

47.90

0.87

0.50

17.50

75.00

57.50

15

South Brazil Shelf

Stable/variable

Low

0.00

0.71

0.50

-35.00

35.00

70.00

16

East Brazil Shelf

No data

21

Norwegian Sea

Increase

Low

41.74

0.70

0.27

12.50

51.25

38.75

22

North Sea

Increase

Low

35.89

0.22

0.30

-40.67

96.25

136.92

23

Baltic Sea

Stable/variable

Low

0.00

0.71

0.50

-35.00

35.00

70.00

25

Iberian Coastal

Stable/variable

Low

0.00

0.71

0.50

-35.00

35.00

70.00

26

Mediterranean Sea

Increase

Low

31.02

0.54

0.66

-37.50

85.00

122.50

42

Southeast Australian Shelf

Stable/variable

Low

8.86

0.56

0.44

-37.50

40.67

78.17

47

East China Sea

Increase

High

70.00

1.90

1.00

43.75

96.25

52.50

48

Yellow Sea

Increase

High

61.84

1.47

0.83

34.50

91.00

56.50

49

Kuroshio Current

Increase

High

35.34

1.13

0.67

25.63

85.00

59.37

62

Black Sea

Increase

High

61.84

1.47

0.83

34.50

91.00

56.50
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2.2.3

Effects of Jellyfish Overexploitation
Interestingly, several of the chronicles that were classified as decreases in the analysis

(Abundance Trend = -1) concerned jellyfish species that have been harvested for food, science,
or unique proteins, and have subsequently declined, possibly as a result of overfishing.
However, only 4 chronicles had a primary source of evidence that directly attributed a
decrease to overexploitation. As such, these chronicles were treated separately in the
analysis (Table 2.11). In the Arabian Sea LME, the inclusion of overfishing of jellies reduced
the Jellyfish Index sufficiently to alter the trend conclusion from increasing to stable/variable
(both conclusions of low confidence). Including of overfishing of jellyfish for the Bay of
Bengal LME resulted in no change to the Jellyfish Index. The South China Sea and East
Central Australian Shelf LMEs showed a reduced Jellyfish Index when overfishing of jellies
was included; however, this reduction was not sufficient enough to classify these LMEs as
decreases, and are therefore still classified as stable/variable (Abundance Trend = 0). Thus, it
can be said that in the majority of locations where overfishing of jellyfish could be
identified, it did not alter the conclusions of the analysis.
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Table 2.11 Results with effects of jellyfish overfishing added (only those LMEs with jellyfish overharvesting are shown)
LME ID

LME Name

Trend
Conclusion

Conclusion
Certainty

Jellyfish
Index

Confidence
Quotient

Confidence
Factor

Lower
Limit

Upper
Limit

Interval

32

Arabian Sea

Stable/variable

Low

7.19

0.61

0.54

-37.24

51.25

88.49

34

Bay of Bengal

36

South China Sea

Increase

Low

14.57

0.52

0.58

-37.24

75.00

112.24

Stable/variable

Low

0.00

0.41

0.33

-40.67

40.67

41

East Central Australian Shelf

81.34

Stable/variable

Low

-7.06

0.69

0.50

-37.24

35.00

72.24
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2.3

Discussion
This study represents the first rigorous demonstration that jellyfish populations

appear to be increasing in coastal ecosystems worldwide, as previously suspected (Mills
2001; Purcell et al. 2007; Pauly et al. 2009b; Richardson et al. 2009). Of the 45 LMEs included
in the analysis, 31 (69%) showed increasing trends, while only 2 (4%) showed decreasing
trends. The remaining 12 LMEs (24%) were classified as stable/variable, with no obvious
trend. These results suggest that while increases of jellyfish populations are not universal,
they are both numerous and widespread. Regarding the 21 LMEs that were not included,
most were from the Arctic (11), Australia (4), and the South Pacific (3).

Therefore, the

results represent extensive spatial coverage of the world’s coastal ecosystems. While only
36% of the conclusions are of high certainty, the majority of these (12 of 16) were in LMEs
that showed increasing trends. In addition to demonstrating that jellyfish populations are
increasing in numerous ecosystems around the world, this also underscores the fact that
information on jellyfish abundance is poor over much of the globe. As such, we must strive
to learn more about these fascinating and important creatures, especially given the fact that
they seem to be one of the few groups of organisms that appear to be benefiting from the
continued anthropogenic impacts on the world’s biosphere.
2.3.1

Defining an ‘Increase’
Information used in the analysis was weighted by time, space, and reliability in order

to reflect the relative contribution to a change in jellyfish populations within each LME. As
a consequence of the methods used and the inclusion of anecdotal data, the results reflect
the degree of belief that any particular jellyfish population has changed or not, rather than
the magnitude of those changes. Therefore, observations of ‘more’ jellyfish may not
necessarily mean there are truly ‘more jellyfish’ if the observations are not normalized by
effort. Nonetheless, it is expected that these factors are correlated, as changes of larger
magnitude are assumed to be more noticeable and thus have more supporting evidence.
Only after accepting this assumption should conclusions from this analysis be identified as
‘increases’ and ‘decreases’ in colloquial language.
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Jellyfish populations are extremely variable on both temporal and spatial scales due to
their peculiar ecology (see Section 1.3). Thus, even LMEs showing pronounced increases in
jellyfish populations with ‘high certainty’ may also experience dramatic declines over short
timescales. For example, the trend in the East Bering Sea LME is classified as an increase
due to the results of a regression analysis, but jellyfish in the Bering Sea declined
dramatically after 2000 (Brodeur et al. 2008b). Despite this decline, jellyfish abundance in
this LME appears sustained above the levels observed in the 1980s, and the increase remains
significant (see Section 2.3.4). Other long-term studies also show high variability, such as
the 38-year dataset from Peru (Quiñones et al. 2010b). Jellyfish populations in that system
appear tightly correlated with El Niño events; however, the data appear to exhibit a decline
(see Section 2.3.16). Even the well-documented increase in blooms of the giant jellyfish
(Nemopilema nomurai) in East Asia is not persistent, as blooms do not occur every year (Uye
et al. 2010). With these cyclical patterns of jellyfish populations, trends may turn out to be
ephemeral, and an apparent long-term pattern may collapse with updated data. An
example is the population of cannonball jellyfish (Stomolophus meleagris) in the southeastern
United States, which appeared to show a decline over the last decade, but then rebounded
strongly in recent years (see Section 2.3.9). Clearly then, increases or decreases may actually
represent a trend during only part of a cycle, and may reverse over a longer timeframe.
Also, with such high variability, poor sampling frequency could dramatically affect
the results. To account for these concerns, attempts were made to ensure chronicles used in
the analysis were up to date wherever possible, thus reflecting changes to present day. As
well, all chronicles were scored based on the time-span covered, and therefore information
covering longer timescales had more influence on the results. On the contrary, those
chronicles without up-to-date information were also given the lowest possible temporal
score. Nonetheless, datasets of jellyfish abundance spanning multiple decades are sparse,
and therefore the results only represent a rough estimate of true jellyfish population
dynamics.
Secondly, the fact that jellyfish are typically part of the zooplankton makes them
vulnerable to changes in oceanic current patterns. The presence or absence of a bloom may
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be simply due to relocation, and thus an increase observed in one location may be
concomitant with a decrease in another location. If the increase is observed but the decrease
is not, one comes to the false conclusion that jellyfish have increased. Whenever there was
evidence of such an explanation, the chronicle was not included. An example would be a
recent quote from of a fisher in Florida who said he was seeing more sea nettles (Chrysaora
sp.) than in the preceding decades. However, it is possible that this was due to the
relocation of a population that is normally observed elsewhere in the Gulf of Mexico
(Spinner 2010). Even without knowledge of such events, the analysis is not overly sensitive
to this pitfall, as only multi-year data from the same location were used. As chronicles were
either up-to-date or scored with low reliability, increases due to spatial redistributions
would have to be sustained. In addition, chronicles based on information over short time
periods or from single locations were also scored lower, thereby minimizing the effect on
the results.
There is also the possibility of a reporting bias, whereby newsworthy blooms or
increases in jellyfish are reported, but absences and stable or declining populations are not.
While this understandable bias is likely to overestimate increases, the methods used in this
analysis were designed to minimize this effect. Episodic blooms were not included unless a
temporal component of at least several years could be identified. In addition, these
temporal components were scored based on their relative duration, ensuring that
information covering longer time-spans had more influence on the results than information
that spanned less than a decade. Interference events with human activities, which are
typically newsworthy, were also not included unless the information was in a clear
historical context (see Section 2.1.4). In addition, all information was up to date wherever
possible, ensuring any apparent trends were sustained. If updated and recent material
could not be found, the chronicle in question was scored lower and therefore had less
influence on the results. Finally, much of the anecdotal information used in the analysis was
gleaned from targeted interviews. As numerous responses in these interviews indicated
stable populations, they are assumed to represent a relatively unbiased source of
information where scientific data are lacking.
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2.3.2

Invasive Species
Invasive species of jellyfish were reported in 21 of 45 LMEs found in this analysis (47%

of the systems included). For the most part, invasive species were not responsible for the
observed increases reflected in the results. However, the widespread detections
demonstrate that jellyfish are truly global invaders of significant concern. Thriving
populations of invasive jellyfish in systems like the Mediterranean and Black Seas should
serve as warnings for other ecosystems around the globe, and it is likely that far more
invasions have occurred than are reported (see Section 1.5.1).
2.3.3

Taxonomic Concerns
The term ‘jellyfish’, according the definition used here (see Section 1.1), refers to

specimens from several phyla (Cnidaria, Ctenophora, and Chordata). Such organisms are
obviously extremely distant phylogenetic relatives, and therefore grouping them under an
umbrella term such as ‘jellyfish’ is problematic. Firstly, the use of such an idiom ignores
proper taxonomy. The changes evident in the results of this analysis should not only be
viewed in their entirety, but also in the context of ecology and evolution. Without proper
taxonomic resolution, a deeper and more meaningful understanding of the mechanisms and
consequences involved may be unattainable (Haddock 2004). Secondly, using a broad
category also runs the risk of inferring attributes of a larger group of organisms based only
on a handful of species. Such ‘errors of commission’ (Dawson 2010) could inhibit robust
conclusions if they are not made in the light of evolution. Generalizations concerning such a
broad group of organisms will certainly have exceptions (Bayha & Dawson 2010), and we
must be careful not to ignore these differences by focusing only on commonalities.
Despite these concerns, there is also value in generalized results. Notwithstanding
their phylogenetic diversity, jellyfish share many similarities. As demonstrated in this
analysis, one such similarity is a recent trend of increasing abundance. If such trends are
indeed caused by anthropogenic factors (see Sections 1.5 and 3), raising awareness of the
issues and developing a deeper understanding of the mechanisms involved should be
priorities. Wherever possible, jellyfish included in this analysis were identified to species.
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Hopefully, this will facilitate analysis and discussion from both specific and general
perspectives.
2.3.4

LME #1 – East Bering Sea1
Knowledge of jellyfish abundance in this LME is unique, due to a long-term dataset

from the Resource Assessment and Conservation Engineering (RACE) Division of the
Alaska Fisheries Science Center (Brodeur et al. 1999; Brodeur et al. 2002; Brodeur et al. 2008a).
This time series consists of bottom-trawl surveys beginning in 1975, with continuous annual
measurements since 1979. Data were collected for 356 stations each summer, producing
total biomass estimates for six geographic regions. Jellyfish were not identified to species
for most of the record. However, recent taxonomic survey data suggest the biomass is
primarily composed of Chrysaora melanaster, which is indigenous to the Bering Sea (Brodeur
et al. 2002; Brodeur et al. 2008a). During the day, this species is found within a narrow depth
range of 30-40 m (Brodeur 1998; Brodeur et al. 2002), suggesting that bottom-trawls would
only catch jellyfish during deployment and retrieval. As such, this sampling method vastly
underestimates the number of jellyfish present and does not allow for the calculation of
estimates of absolute biomass. However, as sampling has been consistent throughout most
of the study, the record does provide an index of relative abundance for which trends can be
identified (Brodeur et al. 2002; Brodeur et al. 2008a).
The Bering Sea time series shows a dramatic increase in jellyfish biomass throughout
the 1990s with a peak in 2000, followed by a sharp decline (Brodeur et al. 2008a). Between
2001 and 2009, the population was variable but appeared to somewhat stabilize at levels
below those of the 1990s, but above those of the 1970s and ‘80s. However, 2009 showed
another increase to levels comparable to the mid-1990s (Decker et al. 2009). Linear
regression over the entire dataset shows a significant increase (R2 = 0.23, p = 0.006),
indicating a variable but sustained long-term increase in jellyfish abundance in this LME
since the 1970s.

1

Numbers preceding each LME denote the identity (ID) used by the Sea Around Us Project database
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The onset of both the rapid increase and decrease coincide with recent regime shifts in
the Bering Sea (Brodeur et al. 2008a). In addition to the increase in biomass, the jellyfish
from this dataset exhibited a significant range expansion beginning in 1991 (Liu et al. 2011).
Distribution expanded northwesterly to the middle of the shelf in the 1990s and into the
shallow inner shelf during the year 2000 peak (see Fig. 4 in Brodeur et al. 2008a). The shift to
the 1990s regime was characterized by warmer summertime SST than the 1980s regime
(Hunt et al. 2002), coinciding with a steep increase in jellyfish biomass. However, after the
1999 regime shift, the eastern Bering Sea showed even warmer summer SST and reduced
winter ice coverage, which coincided with the precipitous decline in jellyfish (Brodeur et al.
2008a). Thus, it should be noted that warmer temperatures do not necessarily mean an
increase in jellyfish (Brodeur et al. 2008a), as has been demonstrated for the majority of
species investigated (reviewed in Purcell et al. 2007).
Correlations with biotic and abiotic factors varied over time and space, highlighting
the fact that jellyfish population dynamics can be complicated and regional. As usual,
virtually nothing is known about the field ecology of the polyps (Mills 2001; Brodeur et al.
2008a).
As the Bering Sea is relatively unpolluted, Brodeur et al. (2008a) suggest that the only
probable causes for changes in jellyfish populations are climate and fishing. More
specifically, the authors hypothesize that complex bottom-up changes affected the
reproduction, survival, and growth of large jellyfish. While a correlation with regime shifts
is evident, the association with fish and other marine populations is indiscernible (O'Harra
2004), and the current understanding of the ecosystem dynamics remains limited. With
continued warming predicted for this LME, further northward range expansion of the
jellyfish population is expected (Brodeur et al. 2008a).
2.3.5

LME #2 – Gulf of Alaska
Small-mesh trawls have been conducted by the National Marine Fisheries Service and

the Alaska Department of Fish and Game in the Gulf of Alaska since 1953. These trawls
were conducted mainly along the Alaskan Peninsula to identify concentrations of
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commercially exploitable shrimp. The standardization of trawling gear and methods in
1972 allows comparison of annual data. Anderson & Piatt (1999) compared catch per unit
effort (CPUE) data for a wide variety of zooplankton from 6812 trawls over the period 19731996. Data presented for jellyfish (scyphozoa) show low to moderate levels in the 1970s, a
dramatic increase in biomass in the mid to late 1980s, and a moderate decline in the 1990s.
With the fact that CPUE levels from the 1990s are on the order of 2 to 10 times higher than
those of the 1970s, it can be said that jellyfish have increased in the region over this time
period. Linear regression over the time series also reveals a significant, positive slope.
However, without recent data it cannot be concluded that this trend has continued so this
chronicle is assigned a Time Score = Low. Due to a tight coupling between populations of
many taxa with physical oceanographic conditions, the authors of this study argue that the
Gulf of Alaska ecosystem is regulated to a large degree by ‘bottom-up’ processes. They also
point out that the coherence of population trends for many ecologically disparate taxa
(including both commercially exploited and non-targeted species) supports a common cause
such as climate change. This powerful dataset, yet another from fisheries research, sheds
light on the complex nature of jellyfish ecology and ecosystem dynamics. An updated
version of the dataset should be of great interest to medusologists.
Canada’s Department of Fisheries and Oceans (DFO) has been collecting zooplankton
data off the British Columbia coast for decades. Regions studied include a survey line
known as ‘Line P’, which consists of 26 stations extending from the mouth of Juan de Fuca
Strait to Ocean Station Papa, located at 50°N and 145°W. Zooplankton tows are collected
from 150 m to the surface, typically three times per year. Surveys are also conducted over
and offshore of the continental shelf of Vancouver Island, and in the Strait of Georgia (see
below). However, most of these surveys will intentionally avoid large scyphomedusae, and
may throw out samples that have chance encounters with large jellies (M. Galbraith, DFO,
pers. comm., Nov. 2010). Combined measurements of ctenophores, hydromedusae,
scyphomedusae, and siphononphores show large interannual variations, but no obvious
trend (Abundance Trend = 0) over the period 1983-2010 in all B.C. regions, including Line P,
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stations along the continental shelf off Vancouver Island, and further north toward Hecate
Strait (data provided by Galbraith 2010).
Prince William Sound is the site of the 1989 ‘Exxon Valdez’ oil spill, and is home to a
diverse ecosystem that depends largely on forage fish. Several projects were launched after
the 1989 spill to assess the impact on forage fish, which included aerial and acoustic surveys,
as well as seining and underwater video for target verification. Aggregations of Aurelia
labiata were visible during these surveys conducted over three consecutive summers in the
mid-1990s. Purcell et al. (2000) present their results for surveys from 1995, 1996, and 1997,
where a total of 995 jellyfish aggregations were observed. Abundance of jellyfish in the
aggregations followed a seasonal pattern, generally peaking in July and August of each
year. Dramatic interannual variation in relative abundance was observed, with moderate
density levels in 1995, a 2-fold increase in 1996, followed by low densities in 1997. The
authors note that 1996 was characterized by deep mixing and also had high densities of
zooplankton and hydromedusae. In contrast, 1997 was unusually warm due to a strong El
Niño, and showed low densities of zooplankton and hydromedusae. This dataset was
extended by an additional two years, when it was noted that in 1998, an even larger number
of Aurelia aggregations were observed than for any of the three previous years (see Purcell
2003 and references therein) but were virtually absent in 1999 (Purcell et al. 2000). Further
studies in Prince William Sound also showed high interannual variation in jellyfish
populations (Purcell 2003), although may not be useful for identifying abundance trends as
they did not include large aggregations of medusae.
At the southern end of this LME is a region known as the Salish Sea, consisting of the
Georgia Strait, Puget Sound, and the Juan de Fuca Strait. Knowledge of jellyfish in this
region is reasonably high, and provides an important example of the high variability of
jellyfish populations across space and taxa. Mills (1981) presents seasonal distributions
more than 50 species of jellyfish from Friday Harbor on San Juan Island, compiled over 4
years (1976-1980). No reference is made to interannual variations in abundance; however,
seasonal distributions were noted to show “surprisingly little” variation between years. The
author also notes numerous species of hydromedusa-producing polyps on the underside of
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dock floats and boat hulls around Friday Harbor, including Bougainvillia ramosa, Sarsia spp.,
and Obelia spp. , which suggests artificial structures could be contributing to increased
habitat for jellyfish polyps in this region. This idea is supported by a study from Purcell et
al. (2009) of Aurelia labiata polyps under the floating docks at Cornet Bay Marina on
Whidbey Island, Washington. This small marina has approximately 60 slips for recreational
vessels. Studies from 15 sites within the marina over 3 years (2004-2006) show an average
coverage of 58% by A. labiata polyps, with an average density of 9.3 cm-2. Extrapolating this
density over the entire 685 m2 of the floating docks suggests a colony of roughly 100 million
individual polyps. In the first year of observation (2004), the number of discs per
strobilating polyp averaged about 10, indicating that polyps have the potential to produce
numerous ephyrae. The fraction of polyps that strobilated each year varied by site and date;
however strobilation was observed during all years. As the Cornet Bay Marina was
originally constructed in the 1950s and expanded numerous times since, it can be said that
this location has produced an increasing amount of artificial habitat since its creation. With
a colony of 100 million polyps, many of which can produce an average of 10 ephyrae, this
anthropogenic habitat likely now contributes hundreds of millions of jellyfish to the
ecosystem each year that otherwise would not be there. With the exception of a few
aquaculture operations in other ecosystems, this is perhaps the most quantitative and welldefined example to date of how coastal development may contribute to increases in jellyfish
populations. Such artificial habitat may be especially well suited for jellyfish polyps as they
have been shown to prefer artificial plastic substrates both in the laboratory (Holst & Jarms
2007; Hoover & Purcell 2009) and in situ at this site (Hoover & Purcell 2009). Floating docks
may also provide a refuge from benthic predators of polyps as they are unable to reach the
floating substrate. During the course of the study, no large predators, such as nudibranchs,
were observed under the floats.
Ctenophores, siphonophores, and medusae have been recorded by Fisheries and
Oceans Canada zooplankton surveys in Georgia Strait since 1991. Except for a couple of
notable peaks in the late 1990s, jellyfish biomass data show no obvious trend between 1991
and 2006 in the surface layer (L. Li, UBC, pers. comm., Nov. 2010).
56

Hydromedusae were sampled in the spring over a 5 year period in 2 locations on the
east coast of Vancouver Island in British Columbia (also a part of the Salish Sea). While the
intent was to study the impact of Aequorea victoria on larval herring, densities of jellyfish
were calculated for each year. Summarized in Purcell & Arai (2001), the data again suggest
extreme interannual variation, with densities varying by up to three orders of magnitude
from one year to the next. Physical data are also available from one of the sampling sites,
with mean jellyfish densities showing a significant positive correlation with both
temperature and salinity (Purcell 2005).
Another jellyfish dataset of jellyfish abundance comes from Roscoe Bay, British
Columbia, where measurements of the Aurelia labiata population have been taken
periodically for 10 years. An index of relative abundance shows extreme interannual
variation and no obvious trend (D. Albert, UBC, pers. comm., July 2010).
There are some indications that medusae populations have recently increased near
Vancouver, British Columbia. Residents reported seeing unprecedented strandings of
Cyanea capillata along beaches in 2008 (Sutherland 2008) and others have noticed apparent
increases of C. capillata and Aequorea sp. in 2008 and 2009 (M. Neale, Van. Aqua., pers.
comm., Oct. 2009). However, a dramatic change in jellyfish populations was observed in
Indian Arm in summer 2010. In contrast to the previous two years, virtually no C. capillata
were seen. However, Aurelia labiata were at their highest abundance in at least 10 years.
Then, in 2011, an unusually cold spring resulted in a later-than-usual plankton bloom, and
virtually no jellyfish were seen until very late in the season, when A. labiata and C. capillata
began to increase in abundance.
Aequorea victoria was heavily harvested in Friday Harbor, Washington in order to
extract and purify the proteins aequorin and green fluorescent protein (GFP). From the
1960s to the 1990s, between 25,000 and 125,000 Aequorea medusae were harvested nearly
every year (Mills 2001). Aequorea sp. have since declined steadily in the region throughout
the last two decades, with current abundances barely in the hundreds (Mills 2001; 2004).
However, this does not appear to be the case in the southern part of Puget Sound, where
populations of Aequorea victoria may actually be increasing (E. Thuesen, ESC, pers. comm.,
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Nov. 2010). Mills (2001) has also noted a decline in Polyorchis pencillatus in this region,
another species which has been collected for research purposes.
Such diverse examples of jellyfish population changes in the Salish Sea demonstrate
the complexity of jellyfish population dynamics, even over small spatial scales. Changes
over the last decade include increases in anthropogenic polyp habitat, declines of both
harvested and non-harvested jellyfish, and recent blooms of other species. As this evidence
does not demonstrate a consistent trend, this chronicle is labeled variable (Abundance Trend
= 0) with high uncertainty (Reliability Score = Low).
2.3.5.1

Invasive Species in LME #2 – Gulf of Alaska

While not included as a separate chronicle due to the additional knowledge from the
region and the likely small contribution to biomass of this species, established populations
of the hydrozoan Cladonema radiatum have been reported from the Salish Sea (USGS 2011).
2.3.6

LME #3 – California Current
Plankton samples along the California coast have been collected and analyzed by the

California Cooperative Oceanic Fisheries Investigations (CalCOFI) since 1949, and sampling
continues today. Lavaniegos & Ohman (2007) present detailed results of select taxa for both
the Central California (CC) stations and the Southern California (SC) stations for the period
1951-2005. Calycophoran siphonophores showed a significant increase in both CC and SC,
whereas salps showed a significant decrease in SC only. To gain an overall picture of the
gelatinous biomass from this dataset, the analysis was modified to include all members of
Ctenophora, hydromedusa, siphonophora, and Salipida. As per Lavaniegos & Ohman
(2003), pooled data from springtime night tows were used. Updated to 2006, data from
CalCOFI (2010) show a significant increase in jellyfish density in SC, with 5 of the 6 highest
abundances occurring in the last decade (see Figure 2.4). Pooled samples for the Central
Station were also available, although there is a gap in data collection from 1986 to 2002. In
this region, salps show extreme peaks in 1961, 1980, and 1982. However, there is no trend in
the overall data, as densities for 2003-2006 are on the order of those prior to 1986 (see Figure
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2.5). As such, the two CalCOFI stations were treated as separate chronicles for the purposes
of this analysis, with differing Abundance Trends.
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Figure 2.4 Jellyfish populations off southern California (CalCOFI 2010)
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Figure 2.5 Jellyfish populations off central California (CalCOFI 2010)
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Similar research has been conducted further south in this LME, off Baja California.
Lavaniegos (2009) presents results for cruises conducted by the Mexican Research of the
California Current program (IMECOCAL) for the period 1997-2007. Results were divided
into 2 geographic areas – Northern Baja California (NBC) and Central Baja California (CBC).
Results reveal that both tunicates (appendicularians, doliolids, salps, and pyrosomes) and
“carnivores” (chaetognaths, siphonophores, medusae, ctenophores, and heteropods)
showed a significant increase in NBC, whereas “carnivores” showed a significant increase in
CBC and tunicates showed no significant trend. While these groups include many
organisms that are classified as jellyfish in this analysis, they also include organisms that are
not (see Section 1.1). Therefore, the results must be included with caution, as organisms
such as chaetognaths are shown to be highly abundant taxa in this LME (Lavaniegos &
Ohman 2007), and are possibly responsible for the observed trends. As such, data from this
study are classified as an increase (Abundance Trend = 1) over the entire study area (Space
Score = Medium), albeit with high uncertainty (Reliability Score = Low).
Numerous studies have also been conducted in Monterey Bay, located along the
central Californian coast. The abundance and distribution of two hydromedusae were
analyzed using data from the Monterey Bay Aquarium Research Institute’s (MBARI)
remotely operated vehicle (ROV). Presented by Raskoff (2001), the study encompasses 9
years of data (1990-1998) and includes two El Niño events (1991/1992 and 1997/1998). The El
Niño events were clearly evident through a visualization of water masses entering the bay,
using the calculation of spiciness2. Both of these events strongly affected the abundance and
distribution of both hydromedusan species. Mitrocoma cellularia showed a sudden increase
in abundance, as well as an increased depth range, during both El Niño events, while its
abundance and range was much more limited in the time between events. Conversely, the
abundance of Colobonema sericeum dropped to very low levels during the events, while it
was found in high numbers between events. While the responses from these two species to

The measurement of spiciness combines the dynamic interaction of temperature and salinity. Low
temperature, low salinity water has a low spiciness, whereas warm, salty water has a high spiciness
2
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the El Niño events are clearly dramatic, it remains unclear whether they are due to
tolerance, reproduction, or transport.
A number of siphonophores have also been studied in Monterey Bay. Robison et al.
(1998) present results for 257 ROV transects including over 10,000 observations of the
physonect siphonophore Nanomia bijuga. The time series encompassed only three years of
data and the authors found no significant differences in abundance between years. A
similar sample of 295 ROV transects included 1755 calycophoran siphonophores. Again,
there was no significant difference in overall abundance over the three year study period
(Silguero & Robison 2000). While these surveys show no obvious trend for hydromedusa
and siphonophore populations through the 1990s, other populations of jellyfish in Monterey
Bay appear to be changing. Irregular seasonality and increased duration of occurrence has
been noted for several species in Monterey Bay (Tucker 2010). There is also suspicion that
Aurelia populations have increased in Monterey Bay in recent decades (W.M. Graham, DISL,
pers. comm., May 2010). Unfortunately, the data to verify such suspicions have not been
published or released by MBARI, and the anecdotal data were offered with considerable
caution and uncertainty. Given the high uncertainty and somewhat contrasting
information, Monterey Bay is not included as a separate chronicle in the analysis, and
jellyfish abundance in this LME is probably better estimated using the more robust datasets.
Hopefully, the powerful dataset maintained by MBARI will see more analysis and
publication of jellyfish data in the near future.
A series of sampling cruises were conducted in the spring and summer of 1981 off of
the coasts of Oregon and southern Washington. While the primary goal of these cruises was
to study juvenile salmonids, large volumes of jellyfish were also collected and analyzed.
Results are presented by Shenker (1984). A total of 263 purse seine sets were collected.
However, several sets contained so many medusae that the net was split and the samples
were lost. Scyphomeduse were “very abundant” throughout the survey, dominated by
Chrysaora fuscescens which occurred in over 82% of all samples. Other scyphomeduse
included Aurelia spp., Cyanea capillata, and Phacellophora camtschatica, which were all
reported as “widely distributed, but abundant only in discrete locations.” Hydromedusae,
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including Aequoria spp. and Eutonina indicans, were also collected but were not quantified
due to the fact that they were generally extruded through the seine mesh during net
retrieval. C. fuscescens was found in relatively low densities in May, with much higher
concentrations in June, July, and August, especially nearer to inshore stations. Calculated
densities of collected samples ranged as high as 1.8 L of medusae per 100 m3 and 50 mgCm-3,
suggesting that C. fuscescens is a major component of the summer neritic plankton
community in the northern California Current LME.
Two decades later, scyphomeduse were again sampled in the northern California
Current LME. Suchman & Brodeur (2005) present results for cruises from Newport, Oregon
to Crescent City, California as part of the US Global Ocean Ecosystems (GLOBEC) program.
A total of 365 successful trawls were made over four cruises in June and August of both
2000 and 2002. Large medusae were widely distributed throughout the study area, with
Chrysaora fuscescens being the dominant species. Other species of varying abundance
included Aurelia labiata, Phacellophora camtschatica, and Aequorea sp. As usual, distribution
was not even across sampling stations and varied by month and year. Highlighting the
difficulty in quantifying abundance estimates for jellyfish, a large proportion of the total
catch of each species was usually concentrated in relatively few stations. Actual abundance
estimates were likely higher than those calculated (discussed in Suchman & Brodeur 2005).
Correlation analysis of a variety of environmental variables showed that latitude, and either
water depth or distance from shore explained the distribution of medusae on all cruises. As
C. fuscenens is most abundant close to shore during the summer, it was suspected that it
would inhabit primarily cold, upwelled water. While this was the case for the largest
catches, C. fuscenens was actually found across a wide range of temperatures and salinities,
with both variables proving to be poor predictors of habitat.
Calculations of maximum biomass concentrations for C. fuscenens were 64 mgCm-3 in
2000 and 28 mgCm-3 in 2002, comparable with Shenker’s (1984) estimate of 50 mgCm-3 in
1981. The authors also note that triennial groundfish trawl surveys off the U.S. west coast
since 1980 show no consistent trend in jellyfish abundance, other than declines during El
Niño years. With no apparent trend from the fisheries surveys, as well as the similarity of
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the aforementioned biomass concentrations, the authors conclude that there is “no evidence
that abundance or distribution of C. fuscescens has substantially changed over the past 20
years off the coast of Oregon.” As such, this chronicle is rated as stable/variable (Abundance
Trend = 0). However, Brodeur et al. (2008b) have suggested that habitat dynamics are
changing to favour jellyfish over fish in this region due to the expansion of anoxic and
hypoxic zones along the Oregon shelf. Chan et al. (2008) note that a five-decade dataset
shows little evidence of hypoxia prior to 2000, but there have been recent increases in both
the frequency and severity of hypoxic events along the shelf due to changes in winds that
drive upwelling. In 2006, anoxia was observed at inner-shelf stations associated with the
complete absence of all fish and near-complete mortality of macroscopic benthic
invertebrates (Chan et al. 2008). As many jellyfish are tolerant of low-oxygen conditions and
may outcompete fish in these situations (Purcell et al. 2001a), the California Current LME
could see an increase in jellyfish in the years to come (Brodeur et al. 2008b).
2.3.6.1

Invasive Species in LME #3 – California Current

There are reports from several locations in the California Current LME of invasions by
jellyfish, likely due to translocation from shipping activities. Three species of invasive
hydromedusae, all native to the Black Sea, have been observed in the San Francisco Estuary
system (Mills & Rees 2000). Maeotias marginata was first collected in 1992, with medusae
populations in the thousands in 1993, indicating a probable establishment of at least several
years prior (Mills & Sommer 1995). Other reports suggest that M. marginata may have been
present in the San Francisco Bay estuary system as far back as 1959 (Mills & Rees 2000).
While this species may be confined near river systems due to intolerance of high salinities, it
has been found in more than one river in the San Francisco Estuary and has the potential to
expand its range by transport of sessile polyps (Rees & Gershwin 2000). Initial invasion
may have been by a solitary polyp, as all early collections of medusae were male. The
inability for these medusae to reproduce sexually appears inconsequential due to the
prolific asexual reproduction by polyps (Mills & Sommer 1995). Interestingly, a few female
medusae were found in the Napa River in 1998 (Rees & Gershwin 2000).
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Blackfordia virginica was first collected in the San Francisco Estuary in 1970, with the
discovery of polyps densely covering living, invasive barnacles in 1997 (Mills & Rees 2000).
Collections in 1993 included both male and female medusae (Mills & Sommer 1995). Larger
females were found to be producing eggs, and size distributions suggested hydroids were
continuously budding medusae throughout the summer. This species has also been found
in one other location in the California Current LME. First observed in Coos Bay, Oregon in
1998, thousands were seen in 1999 (Mills & Rees 2000). Unidentified species of Moerisia
have also been found in the San Francisco Estuary since at least 1993 (Mills & Rees 2000).
While the presence of this species was more sporadic, it does seem to have impressive
reproductive capacity through asexual budding of polyps. In laboratory culture, budding
polyps grew to dense colonies within months (Rees & Gershwin 2000). Another culture
grew to over 200 individuals from a singular polyp (originally misidentified) and its budded
offspring (Mills & Sommer 1995).
Evidence suggests that a number of cryptic species have also invaded San Francisco
Bay. Greenberg et al. (1996) note that Aurelia sp. have been blooming annually in Foster City
lagoon since they were first noticed in 1988. Based on morphological and allozyme
evidence, the authors conclude that the Aurelia sp. found in Foster City are an isolated
population of an introduced species, possibly originating from Japan. The hydrozoan
Cladonema sp. may have also been introduced from East Asia. Specimens were not directly
collected from the field; however, medusae from two different aquaria in 1979 and 1981 lead
Rees (1982) to conclude that a nonindigenous species of Cladonema may have invaded the
Bay area.
Another invasive hydrozoan was noted in nearby Bodega Harbor in the late 1990s. A
hydroid of Amphinema sp. was collected from floats in the harbor and was cultured to
produce medusae which were raised to maturity (Rees 2000). This species was not detected
during numerous intensive surveys of the area between 1971 and 1980 (Rees 1975, 2000).
Phyllorhiza punctata also appears to be a successful invader in this LME. Collected in
Mission Bay in 1981, this species now appears established in San Diego Bay (Larson &
Arneson 1990; Graham & Bayha 2007).
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2.3.7

LME #4 – Gulf of California
Knowledge of jellyfish in this LME is sparse; however, a fishery for the cannonball

jellyfish Stomolophus meleagris has developed here over the last decade, as fishers sought
additional income due to lower revenues from the shrimp and squid fisheries (Ocampo et al.
2010). This fishery may harvest anywhere from 1,000 to 15,000 tonnes of jellyfish each year
in the state of Sonora (Ocampo et al. 2010). Despite this, populations of S. meleagris around
Sonora appear to have increased in recent years (L. Ocampo, CIBNOR, pers. comm., Sept.
2010).
2.3.8

LME #5 – Gulf of Mexico
Data from the United States National Marine Fisheries Service (NMFS) Southeast Area

Monitoring and Assessment Program (SEAMAP) were analyzed by Graham (2001). The
data contained biannual (spring and summer) shrimp and groundfish trawl surveys,
divided into ten statistical regions in the northern Gulf of Mexico. In total, over 10,000
individual trawls were included in the analysis. Two species of scyphomedusae were
presented in the study, both of which are abundant and widely distributed in the region.
Chrysaora quinquecirrha typically peak in the summer months, whereas Aurelia aurita peak in
the fall. Thus, the biannual seasonal trawl data are well-suited for analyzing the abundance
of these two species. Numerical trawl data were normalized, allowing comparison between
years as a standardized catch. As jellyfish were not the target species and bottom-trawls do
not sample the entire water column evenly, the data provide an index of relative abundance,
rather than estimates for absolute biomass. Data for C. quinquecirrha and A. aurita spanned
11 and 13 years respectively.
Interannual variations in regional densities up to an order of magnitude occurred for
both species, and were frequent for A. aurita. Statistically significant long-term increases
were found for 2 of the 10 regions for C. quinquecirrha; however, additional regions showed
dramatic cycling between presence and absence. Shifts in distribution for this species were
also significant in some areas, with a trend toward offshore waters in 4 of the 10 regions.
While there was no significant temporal correlation between hypoxia and C. quinquecirrha
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populations in the two regions of numerical increase, there was substantial spatial overlap
(see Section 1.5.3 for further discussion).
Long-term increases in A. aurita were more widespread, occurring in 6 of the 10
regions. Several neighbouring regions showed increases up to an order of magnitude
through the 1990s. Distributional shifts offshore were less widespread, occurring in 3 of 10
regions. However, this dataset was visited more recently and updated through 2006, and
abundance of A. aurita has returned to pre-increase levels comparable to the 1980s (W.M.
Graham, DISL, pers. comm., May 2010). Therefore, this chronicle was classified as
stable/variable (Abundance Trend = 0). Although the details were not available at the time of
writing, data since 2007 are again showing signs of increasing abundances (K. Robinson,
DISL, pers. comm., Feb. 2011).
There is anecdotal evidence to suggest that populations of Cassiopea spp. have
increased in areas with intensive coastal development in this LME. Fitt & Costley (1998)
note that while there has been little monitoring of populations over time, “many canals and
near-shore areas in the Florida Keys have become filled with adult medusae during the past
ten years where apparently few if any existed before.” Anecdotal reports indicate the
continued spread of this epibenthic jellyfish in developed areas of the keys, with
distributions showing high spatial variability (L. Chiaverano, DISL, pers. comm., Nov.
2010). It now appears there are at least 3 different species of Cassiopea in the Florida Keys,
with considerable morphological variation among locations (Chiaverano et al. 2010).
Abundance of Cassiopea spp. may have also increased in a coastal lagoon in Cancun, Mexico,
that is highly impacted from coastal development (Arai 2001 and references therein).
Florida’s Gulf Coast has also been witness to unusually large blooms of Pelagia
noctiluca over the last several years (Alvarez 2011; Kuo 2011; Taylor 2011). Although this
species is more common in the eastern Atlantic and Mediterranean Sea, it is unclear if the
recent blooms in the Gulf of Mexico are a new phenomenon, as there were also blooms of
this species in the Gulf of Mexico in the late 1990s (Raines 2011).
Another unusual jellyfish event took place in this LME in 2000. Williams et al. (2001)
report a “population explosion” of Drymonema sp. from Louisiana to Florida that persisted
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for several months. This jellyfish had not been noted previously in the Gulf of Mexico and
the authors consider it an “invader” of tropical origin. However, the taxonomy of this
group has recently been investigated and these specimens are now described as belonging
to the species D. larsoni, which is distributed in the Caribbean (Bayha & Dawson 2010). As
such, its presence in the Gulf of Mexico likely represents a range expansion or shift, rather
than a true invasion. In addition, these jellies are known to disappear for decades before
blooming again (Bayha & Dawson 2010), so they may have historically escaped detection in
many locations. While specimens have been observed in the Gulf of Mexico almost
annually since 2000, there were none seen in 2010, despite considerable effort (K. Bayha,
DISL, pers. comm., Nov. 2010). Therefore, this species has been excluded from the analysis
until a more complete understanding of its population dynamics can be developed.
2.3.8.1

Invasive Species in LME #5 – Gulf of Mexico

Graham et al. (2003) report an invasion of a large population of Phyllorhiza punctata in
2000 along the northern Gulf of Mexico. Sampling of the population included 13 small-boat
trips, six aerial surveys, and one large vessel survey. The large vessel survey examined an
aggregation in Lake Borgne, spanning 150 km2. Estimated abundance for this aggregation
alone was over 5 million medusae weighing nearly 35,000 tonnes. In total, an estimated 10
million large medusae occupied the Mississippi Sound region in 2000 (Bolton & Graham
2004). While 2000 marked this spectacular bloom, confirmed reports indicate that this
species may have been present since 1993 (Graham et al. 2003). This species has
subsequently been observed in Louisiana in several years since 2000, including 2001
(Graham et al. 2003), 2004 (Johnson et al. 2005), and 2007 (Britt 2007), as well as 2006 in Texas
(Barord et al. 2007). These repeat observations suggest additional invasions or a newlyestablished population of P. punctata in the Gulf of Mexico. Interestingly, the invaders
possessed no photosymbiotic zooxanthallae and had a bleached appearance, unlike their
native counterparts in the tropic western Pacific. Despite the lack of photosynthetic
symbionts, P. punctata collected in the northern Gulf were considerably larger than
described populations from other parts of the world. This adaptation is especially
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concerning, as it suggests that this species can move between vastly different productivity
regimes (Graham et al. 2003). In addition, meduase analyzed for sex were all male,
suggesting the initial bloom may be the result of an invasion by a solitary individual. This is
potentially an example of how invasive jellyfish can thrive in a new environment from the
introduction of a single polyp or cyst.
2.3.9

LME #6 – Southeast U.S. Continental Shelf
Numbers of the cubomedusae Carybdea marsupialis have apparently “skyrocketed” in

North Carolina waters over the past few years (Anonymous 2009a). This is potentially the
same species that has been blooming in increasing numbers and areas along the Florida
coast over the last decade (Anonymous 1998, 2010g). Other species, such as sea nettles of
the genus Chrysaora, may also be blooming unusually in North Carolina (James 2010) and
Florida (Asuaje 2010). However, the identity of the species in question has not been
confirmed (P. Anderson, WLMB, pers. comm., Dec. 2010). Species identification is often
problematic in the popular media. For example, a bloom responsible for over 2,000 stings in
Florida’s Volusia County over the 2011 Independence Day holiday weekend were often
reported as moon jellyfish (Aurelia sp.) (e.g., Anonymous 2011d). However, photographs
and other media reports identify them as sea nettles (Chrysaora sp.) (e.g., Burbank 2011).
Interestingly, there was an unusually large bloom of Pelagia noctiluca along central
Florida’s Brevard County in 2011, which stung over 1800 people around the Memorial Day
holdiay (Kuo 2011; Alvarez 2011). This species is rarely found in the coastal waters of the
eastern U.S.A., but may have been transported there from the Gulf of Mexico, where
populations have been observed for the past two years (Taylor 2011).
The cannonball jellyfish, Stomolphus meleagris, has been identified as a major
component of overall biomass in this LME and is the target of a developing fishery. Starting
in 2001, S. meleagris have been recorded separately from other species by the SEAMAP
South Atlantic Coastal Survey, which consists of over 100 tows per season from North
Carolina to Florida (SCDNR 2005). As the entire survey area is sampled only once per
season, aggregations of S. meleagris can obviously escape detection due to their patchy
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variability over time. However, the consistent sampling methods and the wide spatial
coverage of the surveys provide a useful index of relative abundance. Hendrix & Boylan
(2010) and Petersen (2011) present annual density measurements of S. meleagris for 20012010, which are high at the beginning and end of the decade, but depressed through the
middle years (Abundance Trend = 0). The data for 2011 had not been published at the time of
writing. However, abundances were reportedly some of the highest on record, at times
clogging the sampling nets (Petersen 2011). As mentioned, this species is the target of a
developing fishery, with harvests over the past 10 years averaging a modest 300 tonnes
(FAO 2011).
There is interesting evidence to suggest that populations of Cassiopea spp. have
increased in this LME, which also points to anthropogenic impacts as the cause. Stoner et al.
(2011) compared populations of Cassiopea spp. at sites adjacent to areas of dense human
population with those of uninhabited sites on Abaco Island, Bahamas. Although the
analysis does not contain a time series of abundance data, it is some of the most convincing
evidence to date that the populations of a species of jellyfish are directly affected by
anthropogenic impacts. The results showed a significant increase in both abundance and
individual size for Cassiopea spp. that were adjacent to areas populated by humans. There
was also a significant correlation with total phosphorus in the water, suggesting that the
mechanism involved may include increased nutrient input from anthropogenic sources
supporting symbiotic zooxanthellae found in these jellyfish (Stoner et al. 2011).
2.3.9.1

Invasive Species in LME #6 – Southeast U.S. Continental Shelf

The invasive Phyllorhiza punctata has been reported in more than one location in this
LME. Graham et al. (2003) note this species was first detected in Florida’s Indian River
Lagoon in 2001. It was detected in the same location again in 2002 and 2009, as well as
several other locations in Florida (Anonymous 2009c; Waymer 2009). This species has also
been reported as far north as North Carolina (Britt 2007).
Turritopsis dohrnii has been present in Fort Pierce, Florida, since at least 2006 (Miglietta
& Lessios 2009). This invasion is not noted as a separate chronicle as it overlaps with the
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chronicle used for P. punctata. However, the presence of this species is noteworthy, as
Turritopsis spp. have become increasingly invasive around the globe. This is possibly due to
their unique ability to reverse their life cycle through the process of transdifferentiation,
potentially increasing the chances of being transported through ballast water (Miglietta &
Lessios 2009; Miglietta et al. 2007). There is also reportedly an established population of the
invasive Blackfordia virginica in South Carolina (USGS 2011).
The hydromedusa Phialella falklandica may also be invasive in this LME. Kramp
(1970a) notes that this jellyfish was collected in the late 1960s near the Bahamas. Previously,
this species was only known to occur in New Zealand and South America. However, the
author only describes the new distribution as “interesting”, and also notes that species may
have been collected nearby in Florida in the late 19th century. The invasiveness and
establishment of this jellyfish remains unclear in this LME, and therefore it has been
excluded from the analysis.
2.3.10 LME #7 – Northeast U.S. Continental Shelf
Link & Ford (2006) analyzed stomach content data of the spiny dogfish (Squalus
acanthias) from the Northeast Fisheries Science Center (NEFSC) bottom trawl survey
program. Standardized sampling methods in 1981 allow the comparison of over 40,000
spiny dogfish stomachs from a wide range of locations within the Northeast U.S.
Continental Shelf LME. At least 1000 stomachs were analyzed throughout each year.
Stomach contents were examined immediately after the catch was sorted on deck,
eliminating concerns surrounding preservation and rapid digestion. As S. acanthias do not
appear to masticate ctenophores, but rather ingest them whole, these prey items are readily
identifiable in the stomach contents. While Ctenophora prey items were not identified to
species, they are assumed to be any combination of Mnemiopsis leidyi, Pleurobrachia pileus, or
Bolinopsis infundibulum.
There was a significant increase by a factor of 2 to 8 in the frequency of occurrence of
ctenophores over the study period. This increase was also widespread, showing expansion
both northward and southward in the LME. There was no significant trend over the study
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period for either percent composition or gross consumption of ctenophores in the stomach
contents. Consistent with the knowledge that spiny dogfish are omnivores and
opportunistic feeders, this suggests that feeding on ctenophores is a routine, non-selective
process that is primarily dependent on encounter probability. Therefore, examining
frequency of occurrence in stomach contents should provide a good indicator for relative
abundance of Ctenophora (Link 2004; Link & Ford 2006). This long-term and widespread
dataset is a unique and important component of knowledge regarding jellyfish populations.
It provides an extremely strong indication that ctenophore populations have increased in
this LME. As will be discussed, this finding is supported by other studies in bays located in
the region.
Chesapeake Bay is the largest estuary in the United States. It is home to the sea nettle
Chrysaora quinquecirrha and the ctenophore Mnemiopsis leidyi, both of which can form large
populations in the summer. Cargo & King (1990) present an index of relative abundance
derived from daily summer sight counts of C. quinquecirrha. The 26 year dataset (1960-1986)
shows dramatic interannual variation with count densities varying from 0 to 320 m-2. There
was no obvious long-term trend over the study. Purcell & Decker (2005) present densities
for the same species as well as M. leidyi from 1987-1990 and 1995-2000. During the study
period, either the scyphomedusan (C. quinquecirrha) or the ctenophore (M. leidyi) dominated
the bay. Over the course of the 10 years with data, C. quinquecirrha dominated half of the
time (1987-1990, 1995) and M. leidyi dominated the other half (1996-2000). As ctenophore
densities showed a significant increase during the second half of the study period, and since
ctenophore densities were typically one to four orders of magnitude higher than medusae
densities, it can be said that jellyfish biomass increased over the course of the study.
Up the coast from Chesapeake Bay is Narragansett Bay, where there is further
evidence that ctenophore populations are increasing. Sullivan et al. (2001) present data from
a 1999 study on M. leidyi abundance, combined with 14 years of data from both published
and unpublished reports, dating back to 1950. Comparison with these historical accounts
showed that peak densities of M. leidyi greater than 1 cm in length were 2-3 times higher in
1999 than in the early 1970s. In addition, dates of first appearance and peak blooms had
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shifted earlier by an alarming 2 months. It appears that these changes in phenology can be
attributed to climatic warming, especially in the shallow embayments of Narragansett Bay
(Costello et al. 2006). Recent data show more variability in this M. leidyi population, with
high abundances of individuals (>1 cm) until 2005, when abundances appeared to decline
precipitously (Rynearson 2010). The year 2007 had a summer with virtually no ctenophores,
potentially due to predation by Beroe spp. the previous fall (Rynearson 2010). Abundances
appear to have remained relatively low since 2005, with the exception of a large spike of
specimens less than 1 cm in size in 2008, which reached a peak density of over 877
individuals per m3. Despite the apparent decline since 2005, this chronicle was still
classified as an increase (Abundance Trend = 1) due to the increases sustained through the
1980s, 1990s, and early 2000s, as well as the dramatic shift to peak abundances occurring
earlier in the year. However, to account for the recent decline, the Reliability Score was
reduced to Low.
Although it was not included as a separate chronicle, there is evidence to suggest an
increase in the population of M. leidyi in the estuaries of Long Island, New York.
McNamara et al. (2010) note that ctenophore abundances measured in 2006 in Great South
Bay and Peconic Bay were two to five times higher than in the 1970s and 1980s. In addition,
peak abundances occurred an astounding two months earlier than in the prior studies. In
contrast with these findings, Nuttall et al. (2011) compiled ecological data for Great South
Bay and note a decline in ctenophore biomass of about 50% from the 1980s to the 2000s. It
remains unclear why the information from these two studies is in disagreement.
Interestingly, it appears there was an even more dramatic decline in ctenophore biomass in
Great South Bay from the 1880s to the 1930s (Nuttall et al. 2011).
Barnegat Bay is a highly developed and polluted bay in New Jersey. Sea nettle
jellyfish (Chrysaora sp.) were “unheard of” prior to 2000 (Dutzik & O'Malley 2010), but they
have become increasing problematic in recent years, stinging swimmers and causing beach
closures (APP 2010; Campbell 2010). Other reports suggest these jellyfish were present in
the Bay more than a century ago, but echo the rapid increase over the past decade (e.g., Nee
2011). Recent government bills and plans have been approved in an attempt to mitigate the
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perceived causes, including limiting the amount of nutrients flowing into the bay,
upgrading storm-water basins, and closing the Oyster Creek Nuclear Generating Station 10
years ahead of schedule (Parry 2010). There have also been suggestions that the sea nettles
are proliferating due to increased anthropogenic habitat for polyps (Nee 2011). Regardless
of the causes, the sea nettle infestation in Barnegat Bay continues, with 2011 being one of the
worst years on record (Nee 2011; Moore 2011).
Several sources also point to an increase in Cyanea capillata around New York State in
recent years (e.g., Gaskell 2008; Parry 2008; Grossman 2010), including new observations
during winter months (Beeler 2011). While some of the reported locations are within 200
km of Barnegat Bay, the trend appears to extend further. In addition, this increase is a
different species and occurs on a different timescale, and was therefore recorded as a
separate chronicle, albeit with lower confidence (Confidence Index = Low). Large blooms of
Aurelia sp. have also been reported further north, such as in Boston Harbor (Ryan 2007;
O'Neil 2011). While these events were not included as a separate chronicle, there are
indications that the frequency and intensity of these blooms may be increasing, and that the
size of individual medusae may also be increasing (R. Dicker, UMB, pers. comm., Feb. 2011).
One station from the Atlantic Zooplankton Monitoring Program (AZMP) is in this
LME. The AZMP was implemented in 1998 with the aim of increasing the capacity to
understand, describe, and forecast the state of the marine ecosystem, as well as to quantify
changes (Harrison et al. 2009). The Prince-5 station, located near the mouth of the Bay of
Fundy, was sampled on at least a monthly basis. Unfortunately, data on jellyfish abundance
are only presented pooled with appendicularians, so the Reliability Score was reduced to
Low. Despite this, there appears to be no obvious trend in the jelly+appendicularia group
relative to other zooplankton groups from 1999 to 2008 (Harrison et al. 2009). The only
anomaly is a large “pulse of jellies and appendicularia” observed in the summer of 2004
(Harrison et al. 2005).
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2.3.10.1 Invasive Species in LME #7 – Northeast U.S. Continental Shelf
Several species of invasive hydromedusae have also been reported from Chesapeake
Bay. Maeotias marginata was collected in 1968 in Virginia and South Carolina, and again in
1993 in Chesapeake Bay (USGS 2011). Additional invasive hydromedusae from Chesapeake
Bay include Blackfordia virginica (Mills & Sommer 1995) and Moerisia lyonsi (Purcell et al.
1999a; Ruiz et al. 2000).
2.3.11 LME #8 – Scotian Shelf
Data from this LME are exclusively from Canada’s Department of Fisheries and
Oceans zooplankton measurements. Numerous transect lines are investigated twice a year
in this LME as part of the Atlantic Zooplankton Monitoring Program (see Fig. 1 in Harvey &
Devine 2009). Most transects show high interannual variability between 2001 and 2009, and
while some stations appear to show modest increases in recent years (e.g., TASO transect in
fall), there is no consistent trend across space or time (M. Harvey, DFO, pers. comm., Aug.
2010). As such, this chronicle was classified as stable/variable (Abundance Trend = 0). A
separate, fixed station known as Halifax-2 is also in this LME, and has been monitored for
even longer. As jellyfish abundance is only presented pooled with appendicularians, this
chronicle is assigned a Reliability Score = Low. Nonetheless, this station shows no obvious
trend over the course of the dataset (see Fig. 27 in Harrison et al. 2009). A notable spike in
abundance was observed in 2005, where total zooplankton was higher than other years,
apparently due to jellyfish and/or appendicularians.
Annual zooplankton surveys are also conducted in the Gulf of St. Lawrence, with
numerous transects in and around the estuary (see Fig. 14 in Harvey & Devine 2009).
Average abundances and biomass for data collected from 1995 to 2008 are relatively stable,
with the obvious exception of a large peak of Aglantha digitale in 2004 (see Fig. 16 in Harvey
& Devine 2009). Average biomass is larger after 2004 than it was in the preceding years;
however, the overall trend is not significant. 2003 also marks a change in sampling methods
from collection in September to October-November. Thus, the time-periods are not directly
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comparable, and within each time-period, abundances are relatively stable. Therefore, this
chronicle is classified as stable/variable (Abundance Trend = 0).
2.3.12 LME #9 – Newfoundland-Labrador Shelf
Jellyfish are not the focus of any studies in this region. However, the Atlantic
Zooplankton Monitoring Program (AZMP) of Fisheries and Oceans Canada provides some
useful data on jellyfish populations. As part of the AZMP, 4 large transects are monitored in
this LME: 3 off of Newfoundland (Southeast Grand Banks, Flemish Cap, and Bonavista) and
1 off of Labrador (Seal Island) (see Fig. 1 in DFO 2008). These transects are investigated
between 1 and 3 times per year, and collectively provide good temporal and spatial
coverage of this LME. Pepin et al. (2009) present seasonally-adjusted relative abundance
data for Aglantha digitale and the much less abundant Pelagia noctiluca for the period 19992008. Data for both species from all transects show no obvious trends over the time period.
Interestingly, the Seal Island and Southeast Grand Banks transects show a spikes of A.
digitale in 2004; however, these peaks are not evident in data from the other transects. While
A. digitale can be abundant at times, and Aurelia spp. occasionally form large blooms,
jellyfish abundance in this LME is generally assumed to be insignificant compared to other
taxa, and no long-term trends are evident (P. Pepin, DFO, pers. comm., Dec. 2009).
2.3.13 LME #10 – Insular Pacific-Hawaiian
There is considerable evidence to suggest that the box jellyfish Carybdea alata has
increased in Hawaiian waters. Although this species has been present since at least the late
19th century, abundances around the main Hawaiian Islands increased dramatically in the
late 1980s (Thomas et al. 2001). Since 1994, box jellyfish have been sighted every year on
Oahu (Crow et al. 2010), and are now a major concern for tourism at many Hawaiian
beaches due to an irritating sting. Interestingly, large influxes of these jellies tend to show a
strong correlation with the lunar cycle, peaking 9 or 10 days after the full moon, making
management of stings possible (Thomas et al. 2001).
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2.3.13.1 Invasive Species in LME #10 – Insular Pacific-Hawaiian
At least two species of Cassiopea have invaded Hawaii (Holland et al. 2004) and these
jellies are now found throughout the main Hawaiian Islands (Eldredge & Smith 2001).
Members of this unique genus of scyphomedusa typically rest bell-down on the ocean floor
with oral arms and tentacles pointing upward. Mucous containing nematocysts may also be
released to help ensnare zooplankton prey. Medusae will swim if disturbed and may
release nematocysts during avoidance (Daoust 2009). In conjunction with their semi-sessile
lifestyle, Cassiopea host photosymbiotic zooxanthellae and are therefore generally restricted
to shallow environments. Cassiopea spp. are thought to have spread to Hawaii via ships,
first to Pearl Harbour in the 1940s, and then to Honolulu Harbour by 1950 (Devaney &
Eldredge 1977). An invasion prior to 1950 would normally be excluded from this analysis
(see section 2.1.2); however, the continued spread of these jellies and possible subsequent
invasions after 1950 permit inclusion. Polyps of this species have been observed on
discarded plastic in Hawaii, and in some rare cases, the medusae can actually be
hermaphroditic (Hofmann & Hadfield 2002). Molecular analysis of Cassiopea samples from
Oahu showed two distinct lineages, geographically separated on the windward and leeward
shores of the island (Holland et al. 2004). These divergent lineages are thought to represent
two distinct invasions, one suspected from the Indo-Pacific region and the other from the
Red Sea or western Atlantic Ocean. While Cassiopea can clearly colonize new nearshore
areas, it is not a strong natural disperser (Holland et al. 2004) and removal of this species has
been successful at other locations in Hawaii (Hofmann & Hadfield 2002; Kelsey 2009). Thus,
management of these species may be possible.
The combination of molecular analysis and ocean circulation modelling has identified
an invasive species of Aurelia in Hawaii, hereafter referred to as Aurelia sp. 4. Dawson et al.
(2005) note that Aurelia sp. 4, which is endemic to Borneo and Palau, also occurs in Hawaii.
However, a current model reveals “there is no available ocean pathway that naturally
connects these zones of occurrence…” In addition, the genus Aurelia was not reported from
Hawaii prior to the 1950s, despite surveys of jellyfish starting in the 1900s. Therefore, the
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authors conclude that the occurrence of Aurelia sp. 4 in Hawaii “is most likely due to
anthropogenic translocation”.
The scyphomedusa Anomalorhiza shawi also appears to be invasive in Hawaii. Cooke
(1984) notes that this jellyfish, which is endemic to the Philippines, “was not seen before
1983” in Hawaii. Specimens of this jellyfish were collected in 1983 and 1984 in Kaneohe
Bay, and despite infrequent observations since, the observation of an adult specimen in the
same location in 2001 suggest an established, reproducing population (Lum 2001).
The highly invasive Phyllorhiza punctata also appears to be established in Hawaiian
waters. However, in their study of Juvenile Attraction Devices (JADs) on carangid fish,
Clarke & Aeby (1998) note the disappearance of this jellyfish from Kaneohe Bay, Oahu. The
primary author notes that Phyllorhiza punctata formed high densities several times during
the period 1968-1970, which was followed by a sudden disappearance in the early 1970s.
Despite this disappearance, P. punctata is present in several other locations on Oahu
(Eldredge & Smith 2001). However, it is likely that invasion occurred prior to 1950
(Eldredge & Smith 2001), and therefore this jellyfish has been excluded from the analysis.
Numerous species of cryptogenic hydrozoa have also been reported from Kaneohe Bay
(Coles et al. 2002).
2.3.14 LME #11 – Pacific Central-American Coastal
Information on jellyfish from this LME is sparse, especially in English. Aside from a
study linking hydromedusa blooms to upwelling events (Miglietta et al. 2008), the only
reported change for a native species concerns the rhizostome Stomolophus meleagris
(cannonball jellyfish). Ocaña-Luna & Gómez-Aguirre (1999) report that this jelly has
colonized and thrives in a pair of coastal lagoons in Mexico. The authors suggest that S.
meleagris occurs at lower abundances in lagoons to the north due to a strong oscillation of
the water temperatures. However, they suggest that in Oaxaca’s Lagunas Superior and
Inferior, reduced runoff due to irrigation has reduced temperature fluctuations, thereby
allowing the cannonball population to thrive. As there are no recent data on this
population, a Time Score of Low was used.
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2.3.14.1 Invasive Species in LME #11 – Pacific Central-American Coastal
There are several reports of invasive jellyfish in this LME, all concerning small
hydrozoans (Invasive Reliability Score = Low). Blackforia virginica is reported to have invaded
the lagoons of Chantuto-Pensacola, Chiapas in the 1990s (Álvarez-Silva 1999; Álvarez-Silva
et al. 2003). The invasive Turritopsis dohrnii has also been reported from Panama Bay since at
least 2006 (Miglietta & Lessios 2009). As mentioned, this tiny jellyfish has successfully
invaded a number of locations around the globe, possibly facilitated the unique ability to
reverse its life cycle through the process of transdifferentiation (Miglietta et al. 2007;
Miglietta & Lessios 2009). Several other small hydromedusae were recently reported from
this LME for the first time, including Amphinema dinema, Sarsia coccometra, and Clytia
mccradyi (Segura-Puertas et al. 2010). These jellies occur at such low abundances relative to
others that they likely make no detectable contribution to the gelatinous biomass at present,
and were therefore not included in the analysis. However, these species may become more
abundant in this LME in the future, as C. mccradyi is the most abundant jellyfish in some
coastal systems of the Caribbean (Segura-Puertas et al. 2010 and references therein).
2.3.15 LME #12 – Caribbean Sea
There is very little information on jellyfish populations in the Caribbean. Williams et
al. (2001) report an unprecedented “population explosion” of Drymonema sp. around all
coasts of Puerto Rico throughout the summer and fall of 1999. Previously, this jellyfish was
only observed around Puerto Rico in small numbers in the 1970s. Unfortunately, it is
unclear if the blooms experienced in 1999 have repeated in the last decade, and therefore
this event was not included in the analysis. In addition, jellies from this genus are known to
disappear for decades at a time before blooming again (Staisny 1940 in Williams et al. 2001;
Bayha & Dawson 2010). As species of Drymonema can prey on other jellyfish, larger
populations of jellyfish at lower trophic levels will be required to sustain it. Therefore,
sustained blooms of this species may indicate large blooms of other jellyfish species. In
addition, Drymonema may be important in regulating these blooms (Williams et al. 2001).
Recent investigations of this genus have resulted in improved taxonomy, with the
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description of a new family (Drymonematidae) and new species descriptions (Bayha &
Dawson 2010). Such investigations greatly improve the knowledge of this group of
enigmatic jellies, and should help with understanding of their population dynamics in the
future.
Williams et al. (2001) also report on other jellyfish blooms in the Caribbean. Annual
blooms of Aurelia aurita are noted around Puerto Rico; however, there is no information to
suggest if these blooms are either changing or stable. A “population explosion” of
unidentified jellyfish is also reported from the region around Bocas del Toro in Panama,
indicating such outbreaks have occurred several times in this region since 1997. While it is
unclear if these events occurred previous to 1997, a local marine expert notes there have
been no major changes in jellyfish abundance in this region over the last 10 years (G.
Jacome, STRI, pers. comm., Jan. 2011).
Measurements of the gelatinous community in Lime Cay, Jamaica were reported from
1985/1986 by Clarke (1988) and then again from 1992/1993 by Persad et al. (2003).
Abundance, biomass, and production were recorded for a number of hydromedusae and
ctenophores, although larger scyphomedusae were present but not sampled. Despite the
large fluctuations in samples within both studies, overall abundance and biomass
measurements were remarkably similar between the two, suggesting the gelatinous
community in Lime Cay may be relatively stable (Persad et al. 2003). Interestingly, there
was a dramatic spatial decline in abundance of the hydromedusae population from the
harbour to Lime Cay, while this was not the case with ctenophores. This suggests that the
nearshore habitat of the harbour may be important for jellyfish with a meroplanktonic life
cycle (Persad et al. 2003).
2.3.15.1 Invasive Species in LME #12 – Caribbean Sea
The invasive Phyllorhiza punctata was first reported from Jamaica in the late 1950s
(Vannucci 1964 in Kramp 1970b). Cutress (1973) also noted that this species occurs in
Jamaica, but a specific location was not reported. A healthy specimen of this species was
observed and photographed off the cliffs of Negril, Jamaica in October 2010 (pers. obs.).
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This species is also reported from Laguna Joyunda, Puerto Rico; however, it likely invaded
this location prior to 1950 (Graham & Bayha 2007), and therefore only the Jamaican location
was included in the analysis.
The globally invasive Turritopsis dohrnii has also been reported in this LME from at
least two locations Panama: Galeta and Bocas del Toro (Miglietta & Lessios 2009). As
discussed, this jellyfish has the unique ability to reverse its life cycle through
transdifferentiation, potentially increasing the probability that it will be successfully
transported through ballast water (Miglietta & Lessios 2009; Miglietta et al. 2007). Despite
the ability of T. dohrnii to occur in high abundance, it is relatively small in size and unlikely
to contribute significantly to the gelatinous biomass (Invasive Reliability Score = Low).
2.3.16 LME #13 – Humboldt Current
While jellyfish populations in the majority of this large LME remain understudied,
there is one excellent dataset of jellyfish abundance, once again from fisheries surveys. A
38-year record of the large scyphozoan Chrysaora plocamia from the coast of Peru was
presented by Quiñones et al. (2010b). This valuable time-series is the result of extensive
sampling performed at least twice per year along the coastline from 4° S to below 18°S. The
population of jellyfish showed high variability throughout the dataset, and there was a
strong correlation with the Peruvian Oscillation Index (POI). As the POI is the best
representation of ENSO pulses along the Peruvian coast (Quiñones et al. 2010a), jellyfish
abundance appears highly influenced by climatic oscillations in this LME, which is also one
of the most heavily fished ecosystems in the world due to the massive catches of Peruvian
anchoveta (Engraulis ringens). Despite the dramatic variation in jellyfish abundance, a linear
regression of the dataset reveals a significant negative trend, albeit with a poor fit (R2 = 0.12,
p = 0.04), and has therefore been classified as a decrease (Abundance Trend = -1).
Interestingly, abundance of C. plocamia may also influence populations and behaviour
of the endangered green turtle Chelonia mydas. A time-series of landings of C. mydas showed
a tight correlation with ENSO events, and large populations of these turtles were observed
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feeding extensively on abundant jellyfish in Peruvian waters during the 1987 El Niño event
(Quiñones et al. 2010a).
There have been several other studies of jellyfish in this region (e.g., Pagès & Orejas
1999; Pagès et al. 2001; Palma et al. 2007), but they lack a temporal component. Palma et al.
(2011) note an increase in abundance for numerous jellyfish species from 2004-2006 in the
Chiloé Interior Sea of Chile. However, it is unclear if these increases are sustained. The
authors also document several species new to Chilean waters. Unfortunately, the scarcity of
records in the region prevents recognition of non-indigenous species.
Jellyfish have also interfered with aquaculture operations in Chile, with high mortality
of farmed salmon in 2002 (Palma et al. 2007) and again in 2009/2010 (H. Mianzan, INIDEP,
pers. comm., Jan. 2010). Recent initiatives to catalogue the jellyfish of South America should
help to improve the knowledge of jellyfish dynamics in this LME (Oliveira et al. 2010).
2.3.16.1 Invasive Species in LME #13 – Humboldt Current
A species of the genus Aurelia was detected in the South East Pacific for the first time
in 2005. Information presented by Häussermann et al. (2009) from the Chilean fjord region
describes observations of several medusae and numerous scyphozoan polyps.
Morphological and molecular evidence indicate the meduase and polyps are Aurelia aurita,
which the authors infer to be invasive. This species likely arrived via offloaded ballast
water, but surprisingly, this jellyfish has not been observed in major ports nearby.
The hydromedusa Heterotiara minor was also recently identified in Chilean waters for the
first time (Palma et al. 2007). However, it is unclear if this species is invasive.
2.3.17 LME #14 – Patagonian Shelf
Data from over 1,000 plankton samples from the Buenos Aires coast were analyzed by
Genzano et al. (2008). Spanning 13 years, the dataset revealed a large bloom of Obelia
longissima in 2003. A tiny hydromedusa, Obelia was found at very low densities between
1993 and 2002, never surpassing 5 individuals per m3. In October of 2003, a bloom of this
species increased the frequency of occurrence to more than 4 times previously recorded
levels, and densities increased more than 2 orders of magnitude. Interestingly, this bloom
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was followed a few months later by large shoreline accumulations of the hydroid phase of
the same species. Medusae abundance declined in the following years (2004-2006).
However, it remained higher than in years preceding the bloom. A linear regression of the
mean densities over time recorded in this study does not result in a significant relationship.
Nonetheless, a linear regression applied to the frequency of occurrence does yield a
significant trend over time, suggesting that although the densities encountered may not be
increasing significantly, this jellyfish is definitely being encountered more often in the latter
part of the dataset. Thus, we can conclude that Obelia has increased over the course of the
study.
Recent initiatives to catalogue the diversity of jellyfish around South America will
further the understanding of jellyfish dynamics in this LME (Oliveira et al. 2010). In
addition, the abundant scyphomedusa Lychnorhiza lucerna, is now being considered for
commercial exploitation in this region (Schiariti 2008).
2.3.17.1 Invasive Species in LME #14 – Patagonian Shelf
The highly invasive Blackfordia virginica was detected in the Río de la Plata estuary for
the first time in 2000. Genzano et al. (2006) report no detection of this species from 1983 to
1999; however, in 2000 it was found in abundance with thousands of medusae per sample.
Specimens of both sex and different size classes suggest local reproduction and an
established population. This species was found again in the same estuary in 2005 and 2006,
also at very high abundances.
2.3.18 LME #15 – South Brazil Shelf
Historical knowledge of jellyfish from Brazil is poor. However, recent surveys are
rapidly cataloguing the diversity of species (e.g., Cornelius & Silveira 1997; Silveira &
Cornelius 2000; Nogueira & Haddad 2006; Nogueira et al. 2010; Oliveira et al. 2010).
Unfortunately, the lack of baseline data in this LME makes identifying abundance trends
difficult. Jellyfish researchers in the area suggest that Brazil is at least 100 years behind
Europe in understanding local jellyfish populations (Marques et al. 2003). Nonetheless,
there are some indications that native jellyfish populations may be stable in this LME,
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thanks to a study that interviewed local fishermen. Nagata et al. (2009) interviewed 48
fishers from Paraná and Santa Catarina states who regularly use trawl nets to target shrimp.
As half of the fishermen interviewed had more than 30 years of experience, a Time Score of
Very High was used. Although the communities that the interviewees called home are not
more than 200 km apart, the fishermen are assumed to fish in a large region, and thus a
Space Score of Medium was used. Interviewed between 2003 and 2007, the fishers were asked
about the nuisance of jellyfish to their trawl fishing activities. The majority of interviewees
regarded jellyfish as a nuisance to their fishing activities and more than 70% claimed
economic losses caused by jellyfish interference. Although all respondents reported
interannual fluctuations of jellyfish abundance, “they did not report any recent frequency
increase in massive occurrences of medusae.” Interestingly, one species which is blamed for
major interference with trawling activities, Lychnorhiza lucerna, may soon be the target of an
experimental fishery in nearby Argentina (Schiariti 2008).
An unusual number of Aurelia sp. was detected off of the coast near the Paraná/Santa
Catarina state border in 2005 (M. Nogueira, UFP, pers. comm., Sept. 2010). This came as a
surprise both to scientists and local fishermen, as this species had not been documented in
high abundance in the region before. However, large aggregations have not been reported
since, and thus this unique event has not been included in the analysis.
2.3.18.1 Invasive Species in LME #15 – South Brazil Shelf
While the invasive Phyllorhiza puncata has been noted in this LME on more than one
occasion, it seems to disappear after several years of detection, at least at the medusa stage.
The possibility remains that polyp colonies have successfully established in this LME.
However, the sudden disappearance of medusae after several consecutive years of presence,
as well as the long time frame between new detection events, suggests multiple invasions.
The first Brazilian specimens were recorded in the 1950s around Rio de Janeiro, São Paulo
State, and Paraná State (Kramp 1970b; Moreira 1961 in Haddad & Nogueira 2006). Briefly
very abundant, this population disappeared a few years later and medusae were not seen
again in this region until 2001, when they began to be reported annually (Haddad &
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Nogueira 2006). Abundant until 2005, this population then began to decline and no
medusae have been detected since 2007 (M. Nogueira, UFP, pers. comm., Sept. 2010). While
these fluctuations are categorized as stable/variable (Abundance Trend = 0) for analysis
purposes, the probability of subsequent invasions remains high due to the history of
invasions in the region, high shipping traffic, and the presence of this species in the nearby
East Brazil Shelf LME. In fact, Haddad & Nogueira (2006) suggest that P. punctata is likely
occurring along the entire coast of Brazil, but scattered records make the distribution
uncertain. Interestingly, recent molecular evidence suggests that the invasive populations
found in Brazil may be a separate species from other invasive Phyllorhiza populations, and
that populations in Brazil may have originated in Indonesia (Bayha et al. 2010).
Medusae of both Moerisia inkermanica and Blackfordia virginica were collected in the
Paranaguá Bay system in 2004 and 2005 (Nogueira & de Oliveira 2006). Due to a lack of
previous samples, the authors consider these species cryptogenic. However, it is likely they
are invasive given that they are native to the Black Sea, are well-known invaders, and the
area is subject to high port traffic (Nogueira & de Oliveira 2006). B. virginica was collected in
this area again in 2007 and 2008, as well as a number of other estuaries along the coast,
including the Cananéia complex, Guaratuba Bay, and Babitonga Bay (Bardi & Marques
2009b). While it is unclear if this species persists in all of these locations, individuals of both
sexes and a variety of size classes have been collected in Paranaguá Bay and Babitonga Bay,
suggesting established populations. The discovery of medusae in these new locations
provides additional support for invasions, as this species was not detected in earlier
extensive plankton studies of southern Brazil (Bardi & Marques 2009b and references
therein). Combined with the fact that it is now found only in estuaries with high shipping
traffic, it is considered invasive.
2.3.19 LME #16 – East Brazil Shelf
As mentioned, knowledge of jellyfish in Brazil is poor, and is estimated to be at least
100 years behind jellyfish knowledge in Europe (Marques et al. 2003). While recent surveys

86

are cataloguing the diversity of jellyfish in this LME (e.g., Morandini et al. 2006; Oliveira et al.
2010), there are no sources of data to identify trends in native jellyfish populations.
2.3.19.1 Invasive Species in LME #16 – East Brazil Shelf
The invasive Phyllorhiza punctata is reported from two disparate locations in this LME.
The first population, in Todos os Santos Bay in Bahia State, was reported as early as 1991
and appears to be established (Silveira & Cornelius 2000). Medusae have also been seen
further north in Fortaleza, Ceará State, apparently since 2003 (Haddad & Nogueira 2006). It
is unclear if these populations have disappeared like those further south in Brazil (see
Section 2.3.18.1), but as they represent separate populations, they are assumed to be
established. As stated, it is possible that P. punctata is occurring along the entire Brazilian
coast (Haddad & Nogueira 2006).
The invasive hydromedusan Blackfordia virginica was also reported in this LME prior
to 1963 (Parananguà 1963 in Moore 1987). However, it remains unclear if it is established.
2.3.20 LME #18 – West Greenland Shelf
Pedersen & Smidt (2000) present the results of oceanographic surveys conducted off of
southwestern Greenland by the Greenland (Danish) Fisheries Research Institute from 1950
to 1984. The only jellyfish reported (assumed dominant) was the hydromedusa Aglantha
digitale, for which a “red type” and “white type” were enumerated. An index of abundance
for A. digitale is presented from 1956 to 1982 for section S3 (southernmost section). While
there were variations in abundance across sections, the trend observed for section S3 is
assumed to apply to the entire study area. Over the course of the study, A. digitale shows a
decreasing trend through the 1960s and an increasing trend thereafter. Although this
increasing trend continues through the 1970s and into the 1980s, abundance levels did not
return to levels seen in the 1960s by the end of the study period. Therefore, the overall trend
is classified as a significant decrease (Abundance Trend = -1). Without recent data, it is
unknown whether the increasing trend has continued in recent decades and if this
population has recovered to historic levels. This LME has experienced major regime shifts
in recent decades, driven by interactions between climate and anthropogenic influences
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(Buch et al. 2004). As such, it is likely that jellyfish populations in this region have also
experienced significant changes. Due to the low spatial resolution of the data presented, the
lack of data from the past three decades, and the likelihood of recent changes, this chronicle
is classified with high uncertainty (Reliability Score = Low).
2.3.21 LME #21 – Norwegian Sea
The mesopelagic Periphylla periphylla appears to have increased in several Norwegian
fjords, where it now occurs in very high abundances. After Lurefjorden (see Section 2.3.22)
became dominated by Periphylla in the 1970s (Fosså 1992), it was followed by Halsafjorden
in the 1980s (Sørnes et al. 2007). Periphylla are normally deep-ocean jellyfish with an entirely
holopelagic lifestyle (Jarms et al. 1999), and their success in Norwegian fjords is likely due to
a combination of retention and light attenuation (Sørnes et al. 2007). Retention is achieved
by sills of the fjord basins, as well as vertical migration. As light has lethal effects on
Periphylla (Jarms et al. 2002), sufficient optical depths must be achievable for these jellyfish to
survive. The precipitous increase of this species in Norwegian fjords may be due to
decreasing light levels mediated by climatic changes and cultural eutrophication in the
North and Baltic Seas (Eiane et al. 1999; Sørnes et al. 2007). Populations of this species
continue to be discovered in fjords where it was not previously observed (Hosia 2007).
Perhaps not surprisingly, this species of jellyfish, as well as others, are now being
considering for exploitation as a commercial food fishery in Norway (Wang 2007).
There is circumstantial evidence that siphonophores may also be increasing in the
Norwegian Sea (Båmstedt et al. 1998; Fosså et al. 2003; Hosia 2007). However, the scope of
the events is unclear and will be discussed as part of the North Sea LME.
2.3.21.1 Invasive Species in LME #21 – Norwegian Sea
The invasive ctenophore Mnemiopsis leidyi was recently documented in this LME.
Underwater photographs from 2008 confirmed the identity of M. leidyi in
Trondheimsfjorden, which is at 64 °N (A. Hosia, IMR, pers. comm., Oct. 2010). As such, it
appears that the range of this highly invasive jellyfish continues to expand.
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2.3.22 LME #22 – North Sea
The Continuous Plankton Recorder (CPR) survey is one of the most temporally and
spatially extensive plankton datasets in the world. Recorders are towed behind ships of
opportunity at a depth of approximately 10 m (see Batten et al. 2003). Although the entrance
aperture for sampling is only 1.27 cm2, the survey records samples of cnidarian tissue and
nematocysts. While this device is clearly not designed to sample jellyfish, the consistent
sampling methods over time and space allow for an index of presence of Cnidaria sampled.
In the North Sea, the most common species sampled is assumed to be the hydromedusan
Aglantha digitale (Attrill & Edwards 2008). Licandro et al. (2010) analyzed CPR data from the
North Sea from 1958-2007 and found an increase in frequency of Cnidaria since the early
1980s. This is consistent with another analysis of this dataset over similar scales (Attrill et al.
2007; Attrill & Edwards 2008). While CPR data do not provide a true index of relative
abundance, and despite concerns surrounding collection and analysis methods (Haddock
2008), the increase in the frequency of occurrence of Cnidaria sampled represents an
increase in the integrated gelatinous biomass, at least for the species sampled.
An extensive survey of jellyfish abundance in the North Sea comes from yet another
fisheries dataset. Hay et al. (1990) present data on scyphomedusae bycatch collected during
the ICES International 0-group Gadoid Surveys in June and July from 1971-1986. Trawls
were fished for one hour using a standard depth profile of 20 minutes near the sea bottom,
20 minutes at the thermocline or in mid-water, and 20 minutes near the surface (5-10 m).
While this method underestimates total jellyfish biomass, the consistent methods used
throughout the study allow for comparison and an index of relative abundance. In total,
over 2000 trawls were made, catching more than 430,000 jellyfish. While much of the
northern area of the North Sea was sampled extensively, 4 sub-areas were established based
on consistent sampling and occurrence of dominant jellyfish species. Populations of
jellyfish showed high variability in all of the sub-areas over the time-series, with no
significant linear temporal trends (Lynam et al. 2004). While the findings from this dataset
do not necessarily agree with the CPR data discussed above, the surveys are thought to
sample different gelatinous communities (Haddock 2008; Lynam et al. 2010a). The trawl
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dataset was also analyzed by Lynam et al. (2004; 2005a; 2010a) who demonstrated that
jellyfish abundance was significantly correlated with several climate indices including the
North Atlantic Oscillation Index (NOAI), as well other hydrographic measurements. These
results suggest that the dominant jellyfish species in the North Sea may be highly influenced
by climatic changes.
Jellyfish populations appear to be changing in the Dutch Wadden Sea. Catch data
from a fish fyke off Texel Island in the Netherlands have been collected on a daily basis
(except during winter and mid-summer) for 50 years by the Royal Netherlands Institute for
Sea Research (NIOZ). The fyke works much like a set net, and although it was designed for
monitoring fish populations, jellyfish are also counted. Findings from the analysis on
jellyfish have not yet been published, but van Walraven (2010) presented some preliminary
results. While there has been no consistent trend in abundance trends for all jellyfish, the
ctenophore Pluerobrachia pileus appeared with greater frequency in recent decades. The
most dramatic finding from the dataset is revealed when jellyfish phenology is examined.
Numerous scyphomedusae, including Aurelia aurita, Chrysaora hysoscella, Cyanea capillata,
and Cyanea lamarcki have all shown a dramatic shift in the time of first appearance in latter
decades. In most cases, this shift is on the order of weeks or even months. This remarkable
shift in phenology may be due to water temperatures which have increased significantly in
the Wadden Sea in recent decades (Martens & van Beusekom 2008). Rhizostoma pulmo did
not show the same trend, and actually declined in abundance over the course of the study,
but this could be because it is predominantly a summer species. The last two years of data
show extreme variability, with 2009 showing low densities for most native species and a
precipitous spike in the population of the invasive ctenophore Mnemiopsis leidyi. After a
very cold winter, 2010 resulted in fewer M. leidyi and a return to higher abundances for
most native species.
As discussed in the Norwegian Sea LME (see Section 2.3.21), populations of the
holopelagic Periphylla periphylla appear to have increased in several Norwegian fjords. This
species has been reported from Lurefjorden in varying amounts since at least the 1940s, but
1973 marked a “population explosion” that was a nuisance to fishers (Fosså 1992). Since
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then, the problem has become increasingly worse (Fosså 1992), and recent measurements
show even higher abundances of Periphylla in this fjord (Youngbluth & Båmstedt 2001;
Sørnes et al. 2007). As mentioned, Periphylla is normally a mesopelagic species. Its success
in Norwegian fjords is likely due to a combination of retention and light attenuation in the
fjord basins (Sørnes et al. 2007). Climatic changes and cultural eutrophication in the Baltic
and North Seas may have increased light attenuation in these fjords in recent decades,
facilitating the increase of this unique and fascinating jellyfish (Eiane et al. 1999; Sørnes et al.
2007). In addition, Periphylla populations have recently been discovered in several fjords
where it was not observed previously (Hosia 2007). Norway is now considering a
commercial harvest of this jellyfish, as well as other species (Wang 2007).
There is circumstantial evidence to suggest that siphonophores may be increasing in
the northern part of this LME. Although the evidence did not meet the qualifications to be
included as a chronicle in the analysis, the trend is worthy of discussion. Båmstedt et al.
(1998) note a mass occurrence of Apolemia uvaria in Norwegian waters in 1997 which caused
high mortality to fish in aquaculture operations. While fishers report that the high
abundance of siphonophores is not a new phenomenon, confusion with salps may have
occurred (Båmstedt et al. 1998). More impacts on farmed salmon due to this species were
reported in 2001 (Fosså et al. 2003). A similar event involving Muggiaea atlantica occurred in
2002, the first time a mass occurrence has been described from Norway (Fosså et al. 2003).
Reports of stings came from swimmers in Denmark and Norway, and more than 1,000
tonnes of farmed salmon died as a result of lesions and suffocation (Fosså et al. 2003). While
it is unclear if these events involving siphonophores are indications of increased
populations, it seems likely that more southerly species will continue to appear as waters
warm and currents are affected (Hosia 2007).
There is also evidence to suggest that jellyfish have increased in Limfjorden, a highly
eutrophicated system in Denmark that connects the North Sea with the Kattegat. Riisgård et
al. (2011) tell a compelling story that begins with increasing nutrient input through the 1960s
and 1970s, due primarily to runoff from agricultural activities. This caused increased
eutrophication in Limfjorden, which now suffers from annual summer hypoxia that can
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cover up to 40% of the bottom. These events result in the release of toxic hydrogen sulphide
from the sediments and mass mortality of zoobenthos, including dense mussel beds and
demersal fish. The dramatic reduction in demersal fish through the 1980s was associated
with a concurrent increase in jellyfish, primarily the scyphomedusa Aurelia aurita. Predation
by these jellies on zooplankton likely reduces grazing on phytoplankton, contributing to a
positive feedback loop whereby eutrophication is exacerbated (Møller & Riisgård 2007a, also
see Section 1.7). Large blooms of jellies interfere with fisheries research trawls in Skive Fjord,
a section of Limfjorden. Hoffmann (2005) has calculated the percentage of trawls that are
not completed due to overloading of the fishing gear by jellyfish. This ‘Hoffmann -index’
(Møller & Riisgård 2007a) helps to demonstrate the large interannual variability of medusae
populations, as they can be virtually absent in some years, whereas in other years they can
interfere with more than half of the research trawls conducted.
Other factors are also important in regulating the jellyfish community in Limfjorden,
including hydrodynamics. In 2004 and 2005, intrusions of large volumes of high-salinity
waters from the North Sea coincided with an absence of Aurelia and the high abundances of
the hydromedusa Aequorea vitrina, a jelly which had not previously been recorded in
Limfjorden (Møller & Riisgård 2007b; Riisgård et al. 2011). Limfjorden has also recently
been invaded by the prolific ctenophore Mnemiopsis leidyi (see below).
The Helgoland Roads dataset is unique in that it represents a long time-series from a
single offshore station that actively samples gelatinous zooplankton, typically three times
per week (Greve et al. 2004). Analyses of interannual changes in mean annual abundance
and phenology were presented by Greve et al. (1996) covering the period from 1974-1994.
The hydromedusae Aglantha digitale and Obelia spp. both showed no obvious trend. Further
information was presented for the ctenophore Pleurobrachia pileus by Greve et al. (2004), and
additional details on the seasonality of P. pileus and Beroe gracilis can be found in Schlüter et
al. (2010). P. pileus and B. gracilis both showed dramatic phenological changes, including a
shift to permanent earlier appearances starting in 1987-1989 of 4-10 weeks, and expansions
of peak abundance into spring and summer. While this may indicate an increase in
integrated jellyfish biomass, more recent abundances of P. pileus are still well below the
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peak abundance recorded in 1984. Information is also presented for Muggiaea atlantica,
which did not appear in the zooplankton until 1989, when it was observed in extraordinary
abundance in the German Bight (Greve 1994). M. atlantica has been part of the local fauna
since then, but only sporadically and never in abundances comparable to those in 1989
(Greve et al. 2004). This detailed, long-term dataset highlights the challenges of identifying
trends in jellyfish populations (see Section 1.3). Despite the phonological changes observed
in P. pileus and B. gracilis, as well as the recent occurrences of M. atlantica, this dataset is
conservatively classified as variable (Abundance Trend = 0), due to the aforementioned
abundance of P. pileus. However, due to the possible increase of the other two species, the
Reliability Score of this chronicle is reduced to Low. A more robust statistical analysis
including all jellyfish in this valuable dataset is required before definitive conclusions can be
drawn regarding a change in gelatinous biomass.
One of the few observed declines in a species of jellyfish occurs in this LME. Attrill &
Thomas (1996) report on jellyfish recorded from samples taken at the West Thurrock Power
Station in the Thames Estuary. Samples were taken every two weeks between 1977 and
1992, until the power station was closed in 1993. The ctenophore Pleurobrachia pileus was
recorded consistently in summer over the course of the study, often occurring in blooms so
dense as to rupture sampling nets. Despite the high seasonality and some interannual
variability, P. pileus showed no obvious trend over the period sampled. In contrast, large
blooms of Aurelia aurita were observed in the first half of the dataset, but abundances were
dramatically reduced after 1984, with many years showing a virtual absence of this species.
While this rapid decline of a conspicuous scyphozoan is alarming, the lack of data after 1992
prevents robust conclusions. This decline may also simply represent a change in the
hydrodynamics of the estuary; A. aurita typically peak later in the season at this location
compared to nearby areas, which could reflect a period required for medusae to move up
the estuary (Attrill & Thomas 1996).
Although it was not included as a separate chronicle because the details were not
available at the time of writing, there is an interesting dataset from this LME that will
hopefully be available soon. Daily visual counts of Aurelia spp. and Cyanea spp. have been
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made from a quay in Arenal, Norway from 1992 to the present. The data show high
variability, thus making analysis difficult. However, there appears to be a small decrease in
Aurelia spp., with no change for Cyanea spp. (T. Falkenhaug, IMR, pers. comm., March 2011).
2.3.22.1 Invasive Species in LME #22 – North Sea
The highly invasive ctenophore Mnemiopsis leidyi appears to have successfully invaded
the North Sea and is rapidly expanding its range. This species was first observed in 2005 in
southeast Norway (Oliveira 2007) and western Denmark (Tendal et al. 2007), and then in
several locations in 2006, including the Netherlands (Faasse & Bayha 2006), Sweden
(Hansson 2006), Helgoland (Boersma et al. 2007), and many additional locations in Danish
waters (Tendal et al. 2007). It has also since been observed in western Norway (Hosia 2007).
While 2005 marked the first confirmed observation, it is likely that M. leidyi has been present
in the North Sea for much longer (Faasse & Bayha 2006; Hansson 2006; Boersma et al. 2007)
and it continues to be detected (Selander et al. 2010). In 2007, Denmark’s Limfjorden was
witness to populations of M. leidyi with densities exceeding 800 individuals m-3 and biovolumes up to 300 ml m-3, eclipsing the peak bio-volumes from the Black Sea (Riisgård et al.
2007).
2.3.23 LME #23 – Baltic Sea
Barz & Hirche (2005) report on scyphomedusae abundance and biomass in the
Bornholm Basin and compare their measurements to those published from earlier years. An
examination of abundance in August allows comparison of data back to 1994, as well as
inclusion of additional data from 2003 reported by Barz et al. (2006). Thus, four separate
abundance measurements over a 10-year span can be examined for Aurelia aurita and the
less abundant Cyanea capillata. Such a comparison reveals a stable/variable trend for these
species, with abundances in 1998 and 2002 being roughly double what they were in 1994
and 2003. The different patterns observed in 2002 and 2003 highlight the large potential for
interannual variability in this system (Barz et al. 2006; Barz & Hirche 2005). In addition, the
possible of absence of ephyrae combined with the late-arrival of medusae point to advection
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as the controlling factor for medusae in the central Baltic - a hypothesis supported by
circulation models (Barz et al. 2006).
Schneider & Behrends (1994) similarly report interannual variation for A. aurita in Kiel
Bight. Median abundance and biomass was measured and compared with earlier studies,
allowing comparisons from 1978-1993. Both abundance and biomass varied by an order of
magnitude, sometimes between consecutive years. More recent data on jellyfish
populations would allow further comparison and would be useful for fisheries managers, as
A. aurita appear to be a major predator in this region, potentially exerting top-down control
on larval herring (Möller 1984), as well as copepods and other ichthyoplankton (Möller
1979; Behrends & Schneider 1995). In these years of high A. aurita abundance, such
predation may result trophic cascades (Schneider & Behrends 1998).
2.3.23.1 Invasive Species in LME #23 – Baltic Sea
Several species of invasive jellyfish have been observed in the Baltic Sea. The highly
invasive ctenophore Mnemiopsis leidyi was first observed in this LME in the Kiel Bight in
2006, where it increased to very high abundances (Javidpour et al. 2006). The range of M.
leidyi appeared to spread further in 2007, when it was detected in several additional
locations (Kube et al. 2007; Tendal et al. 2007) including the Bornholm Basin (Haslob et al.
2007). While the population in the Bornholm Basin is likely not self-sustaining, average
autumn abundance increased from 2007 to 2009 (Schaber et al. 2011). There are also reports
that M. leidyi has spread further into the central and northern Baltic (e.g., Lehtiniemi et al.
2007). However, there is some doubt as to whether the species detected is truly M. leidyi, as
no molecular evidence has confirmed presence in more northerly locations (Gorokhova et al.
2009; Gorokhova & Lehtiniemi 2010). Therefore, a Space Score = Medium has been
conservatively assigned to this chronicle.
The species that was potentially misidentified as M. leidyi in the northern and central
Baltic is more likely Mertensia ovum. Gorokhova et al. (2009) confirmed the presence of this
species from various samples taken from numerous locations in the northern half of the
Baltic Sea, based on molecular evidence. This jellyfish is known to have a broad distribution
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at high latitudes, but had not previously been reported from the Baltic. As such, this
jellyfish is assumed invasive; however, a Reliability Score = Low was used to reflect the
uncertainty concerning the invasion (Anonymous 2009b).
The invasive hydromedusa Maeotias marginata was first detected in the Väinameri
Archipelago of the northern Baltic Sea near Estonia in 1999, with ballast water suggested as
a potential vector (Väinölä & Oulasvirta 2001). Medusae were not observed in 2000, but
sampling from 2002-2005 did reveal a couple of individuals in 2002 and 2003 (Ojaveer &
Kotta 2006). While this chronicle is scored with Confidence Index = Low due to the
confirmation of only a few individuals, the presence of this species cannot be ignored as it
has been shown to occur at high abundances in other non-indigenous locales (Mills &
Sommer 1995).
The hydromedusa Gonionemus vertens is likely also invasive in the Baltic. However,
this species was detected there well before 1950 (Leppäkoski et al. 2002) and was therefore
not included in the analysis.
2.3.24 LME #24 – Celtic-Biscay Shelf
While the Continuous Plankton Recorder (CPR) is certainly not designed to sample
jellyfish, it can be useful for identifying trends in frequency of occurrence (see Section 2.3.22
for further discussion). Licandro et al. (2010) analyzed CPR data for presence of cnidarian
tissue and nematocysts in an area spanning this entire LME. Data were divided into two
periods, 1958-2001 and 2002-2007. Mean spatial distributions were calculated for each
period, along with the associated anomaly. Waters in this LME showed an increase in the
frequency of Cnidaria in the latter period (i.e., since 2002). While this trend was evident
throughout the LME, the region of greatest increase was located off southwest Ireland (see
Fig. 2a in Licandro et al. 2010). Genetic analysis of Cnidaria samples from 2007 and 2008
revealed the dominant species was Pelagia noctiluca (Baxter et al. 2010; Licandro et al. 2010),
while four species of siphonophore were also identified. P. noctiluca lacks a polyp stage and
has a wide distribution across ocean basins (Arai 1997; Purcell 2005). This species was also
involved in a major fish kill at an aquaculture operation in 2007, resulting in the death of
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more than 250,000 fish and losses in the millions of dollars (Anonymous 2007b; Doyle et al.
2008).
Lynam et al. (2010b) analyzed annual spring survey data for juvenile gadid fish in the
Irish Sea from 1994 to 2009. Double-oblique tows were conducted and jellyfish were
separated from the catch and weighed. Ctenophores were also separated from the catch.
However, no data are presented on their abundance or biomass. Since 2007, jellyfish catch
has been separated by species and has been dominated by Aurelia aurita, Cyanea capillata,
and Cyanea lamarckii. Several other species were also detected at low abundances. Analysis
revealed an increasing linear trend in annual catch weights of jellyfish (R2 = 0.26, n = 16, p =
0.03). Frequency of occurrence data from the CPR survey showed a significant positive
correlation to jellyfish catch weights, lending strength to the validity of both datasets. The
authors conclude that “in the Irish Sea, an increase in jellyfish abundance was evident”.
Recent anecdotal reports indicate that the populations of Cyanea spp. have remained high in
2010 and 2011 around Ireland (Gittens 2011).
Lilley et al. (2009) report on abundance of the conspicuous Rhizostoma octopus over
three years (2003-2006) from aerial surveys of two “hotspots” in the Irish Sea. A third
hotspot had only two years of data, but showed a similar trend. All stations showed high
average abundances (>25 jellyfish·m-2) during 2003, followed by much lower abundances in
2004 and 2005 (2 stations only). While this could be evidence of a decline in jellyfish
biomass over the short 3 year time-period, the authors also compiled historical reports of
Rhizostoma spp. in European waters. The authors note that the reports appear to suggest an
increased frequency of large blooms in the late 20th century. However, the sporadic nature
of the reports must cast some doubt on this conclusion. Recently, there have been reports of
large blooms of this species and other jellyfish in the Irish Sea (Anonymous 2011f, 2011h),
including blooms that extend into cooler seasons than usual (Murphy 2011).
The Plymouth Marine Laboratory has been collecting weekly data on zooplankton
abundance at a coastal station known as “L4” since 1998. Located in the Western English
Channel, the L4 station is sampled using vertical net hauls from the sea floor (~55 m) to the
surface. The 20-year time-series reveals a significant decline in average abundance for
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hydromedusae (WCO 2011). However, if siphonophores are also included in the analysis,
there is no significant trend. Therefore, this chronicle is classified as stable/variable
(Abundance Trend = 0).
There is also limited knowledge of jellyfish populations in Southampton Water (C.
Lucas, NOC, pers. comm., Jan. 2011), an estuary in southern England. Abundances of
Aurelia sp. were relatively high in the 1980s and appeared to decline in the 1990s. No
Aurelia medusae were spotted in 2006 and 2007; however, in recent years the population
appears to have returned to high abundances. In addition, ctenophores of the genus
Pleurobrachia have been observed in high abundances in recent years, and appear to be in the
water column for longer periods. While the sampling for jellies in this region has not been
consistent over the years, the recent observations of high abundances suggest populations
may have increased in this location. Aurelia polyps were also discovered on mussel shells
attached to the underside of floating pontoons in the estuary in 2009 (Duarte et al. 2011). As
such, this chronicle has been classified as an increase (Abundance Trend = 1) albeit with
Confidence Index = Low.
2.3.25 LME #25 – Iberian Coastal
The Instituto Español de Oceanografía (I.E.O.) has been monitoring plankton
communities and other variables at numerous stations along the north and northwest coast
of Spain for over a decade (Valdés et al. 2007). Stations Vigo and Coruna report on
siphonophores and salps, as does Santander with the addition of medusae. While the
sampling gear used in the surveys is not designed for jellyfish and therefore must be
interpreted with caution (A. Bode, IEO, pers. comm., June 2010), consistent methods allow
for comparison of relative abundance. All stations show high variability in the density of
these groups from the mid-1990s into the mid-2000s (IEO 2010). Peak years for salps and
siphonophores are obvious, but show no significant trends over the time period (Abundance
Trend = 0).
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2.3.25.1 Invasive Species in LME #25 – Iberian Coastal
Medusae of the globally invasive Blackfordia virginica were found in high densities in
the Guadiana Estuary in 2008 (Chícharo et al. 2009). Comprehensive surveys of this estuary
from 1999 to 2003 did not detect this species, suggesting a recent invasion. While it may be
too early to indicate that this species has successfully established itself here, specimens have
been found of both sexes over a wide range of size classes. Combined with the high
abundances observed, this would suggest local reproduction (Chícharo et al. 2009). This
species was also detected nearby in the Mira Estuary in 1984 (Moore 1987). However, it is
unclear if that population has persisted.
2.3.26 LME #26 – Mediterranean Sea
Jellyfish population changes are perhaps better documented in the Mediterranean
than anywhere else, thanks primarily to a combination of long-term datasets and high
public interest due to tourism impacts.
By far the most notorious jellyfish in the Mediterranean is the mauve stinger, Pelagia
noctiluca. This scyphomedusa lacks a polyp phase, and therefore has a holoplanktonic
lifestyle that does not restrict it to coastal waters. Nonetheless, blooms of this jellyfish are
often found near shorelines, inflicting painful but non-fatal stings to tens of thousands of
seabathers each year (Anonymous 2010h). The population dynamics of this species can be
depicted as “presence-absence” (UNEP 1984, 1991), whereby blooms occur for several
consecutive years followed by periods lacking major outbreak events. A long-term dataset
constructed by Goy et al. (1989) from various sources has records of P. noctiluca dating back
to the 18th century, indicating bloom years and non-bloom years. Although some
observations were made from single locations (such as the extensive records from the
Station Zoologique in Villefranche-sur-Mer, France), most blooms that are described with
accuracy indicate a trend that appears to cover the entire western basin of the
Mediterranean (Goy et al. 1989). The analysis from 1875-1986 indicated that episodes of
bloom years showed a significant period of about 12 years. However, blooms of P. noctiluca
began to stray from this pattern in the late 1990s, and persistent blooms have occurred in the
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western Mediterranean almost annually for the last decade (Yahia et al. 2010; Anonymous
2008b, 2010c). Although the number of jellyfish observed along Spain’s Catalan coast do not
show an obvious trend over the last decade (Atienza et al. 2010), there are reportedly
increases of P. noctiluca in recent years further to the west along Costa Blanca (Anonymous
2010h). There are also reports of Rhizostoma pulmo polyps attached to concrete columns in
Badalona, Spain (Duarte et al. 2011).
When other gelatinous groups are considered - such as hydromedusae, siphonophores,
and ctenophores - the patterns of jellyfish abundance in the western Mediterranean become
more complicated. Abundance of the small, holoplanktonic hydromedusae Liriope
tetraphylla showed considerable seasonal, interannual, and decadal variation from 1966-1993
at Villefranche-sur-Mer, but there was no overall increasing or decreasing trend apparent in
the dataset (see Fig. 2 in Buecher et al. 1997). Interestingly, the abundance of L. tetraphylla
appeared to correspond negatively to that of P. noctiluca, with the strongest years for L.
tetraphylla occurring during periods when P. noctiluca was absent (Buecher et al. 1997). It
remains unclear whether this correlation is due to competition, predation, or environmental
conditions (Buecher et al. 1997; Legović 1987). García-Comas et al. (2011) analyzed the
seasonality and abundance of numerous zooplankton groups at Villefranche-sur-Mer, using
ZooScan technology which facilitated the processing of large samples. Data from 1974 to
2003 were included, and gelatinous zooplankton were divided into carnivorous medusae
and siphonophores. Both of these groups showed relatively low abundances through the
1970s along with increases through the 1980s. These results are consistent with those of
Molinero et al. (2005; 2008a; 2008b), where only select species of jellyfish were examined.
However, the increases observed in the early 1990s were not observed in the analysis of the
entire jellyfish community. Rather, the medusae and siphonophore populations continued a
near-decadal cycle by exhibiting relatively low abundance through the 1990s, followed by
returns to higher abundances in the last few years of the dataset (see Figs. 3 and 4 in GarcíaComas et al. 2011). In addition, the ctenophore Pleurobrachia rhodopis appeared to decrease in
the late 1980s (Molinero et al. 2008a), and salps showed periodic blooms but no consistent
trends (Licandro et al. 2001). This dataset highlights some of the differences between
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examining individual species versus considering entire community groups, such as jellyfish
and zooplankton. As stated by García-Comas et al. (2011), “...the analysis of broad groups
[…] does not substitute but efficiently complements the species level approach…”
The population of jellyfish appears to have increased in Mar Menor, a Spanish coastal
lagoon. This hypersaline lagoon is rather shallow (~3.5 m average depth) and is separated
from the Mediterranean by a sandy barrier with several inlets. Traditionally, this lagoon
was a singular ecosystem that supported important artisanal fisheries, as well as a small
population of Aurelia spp. (Pagès 2001). However, the lagoon has been subject to major
environmental changes due to anthropogenic disturbances, starting in the 1970s, which have
dramatically changed the ecosystem. The disturbances began with the enlargement of
several inlets to facilitate the passage of recreational boats, and have continued to include
the construction of new harbours, dredging and dumping of sand for artificial beaches,
mining operations, changes in runoff, increased eutrophication, and intensive coastal
development (Pérez-Ruzafa et al. 1991; Pagès 2001). In the mid-1980s, two new
scyphomedusae (Cotylorhiza tuberculata and Rhizostoma pulmo) were recorded in the lagoon
and began forming large blooms in the mid-1990s (Pérez-Ruzafa et al. 2002). These large
blooms have been problematic for the tourist industry ever since, and there are now efforts
to capture and remove thousands of tonnes of jellyfish from this lagoon (Pagès 2001; Conesa
& Jiménez-Cárceles 2007; Prieto et al. 2010). Nonetheless, it appears that both of these
species have completed their life cycle in Mar Menor (Fuentes et al. 2011) and continue to
thrive there. Curiously, R. pulmo directly consumes diatoms in Mar Menor, and may benefit
from increased production due to eutrophication (Pérez-Ruzafa et al. 2002; Lilley et al. 2009).
Polyps of Aurelia spp. and C. tuberculata have been reported from this lagoon attached to
artificial dock structures and marine debris (Duarte et al. 2011). As polyps of C. tuberculata
appear highly influenced by temperature, it is suspected that blooms of this jellyfish will be
increasingly recurrent in Mar Menor under global warming scenarios (Prieto et al. 2010).
The recent changes in Pelagia noctiluca populations in the western basin are not
consistent with the rest of the Mediterranean, but rather demonstrate different dynamics in
recent decades. Blooms in the Aegean Sea appear to be maintaining the aforementioned 12101

year periodicity (Yahia et al. 2010). In the Adriatic Sea, P. noctiluca was relatively rare until
1977, when it began blooming frequently (Zavodnik 1987). Blooms continued for about 10
years, until 1987, when P. noctiluca blooms in the Adriatic appeared to subside and virtually
disappear for more than a decade. However, in 2004, blooms began in this region again
(Yahia et al. 2010) and continued until 2007 (Kogovšek et al. 2010).
In addition to the periodic appearances of P. noctiluca, the Adriatic Sea shows other
signs of increasing jellyfish populations. Kogovšek et al. (2010) performed a wavelet
analysis of jellyfish blooms in the Adriatic over the last 200 years, and found that blooms
have been occurring more frequently in recent decades. Several scyphozoans were included
in the analysis, with Aurelia spp. being the most frequently reported. This species showed
periodic blooms throughout the dataset, but the frequency of these events increased during
the 1990s. While increased observations of this species may be partially due to improved
sampling techniques, major blooms of Aurelia appear to be on the rise in the Adriatic, and
have occurred annually since 2004. Rhizostoma pulmo also showed similar dynamics, with
an increased recurrence of blooms over the last two decades. However, the abundance of
this species appears to have decreased since 2006. Perhaps playing a role in the increase of
Aurelia medusae, polyps have been discovered on anthropogenic habitat in this region.
Scyphopolyps were reported in Koper Harbor, Gulf of Trieste, on the undersides of oyster
shells attached to piers (Duarte et al. 2011). Di Camillo et al. (2010) also recorded
scyphopolyps on underside portions of an iron shipwreck near Ancona, Italy, but did not
find polyps in the proximate natural environment, which includes rocky cliffs. Polyps on
the wreck were monitored at densities up to 45 polyps·cm-2 and the authors estimate 780,000
to 2,600,000 ephyrae could be released per m2.
Information presented by Malej (2001) also appears to confirm a possible increase in
“irregular events” involving jellyfish in the Northern Adriatic. With the exceptions of P.
noctiluca (discussed above) and Cotylorhiza tuberculata, numerous species of jellyfish
appeared to show an increase in the frequency of blooms through the 1970s, 1980s, and/or
1990s. These included Aurelia spp., Aequorea forskalea, Chrysaora hysoscella, Rhizostoma pulmo,
and Ctenophora. Despite the apparent increase in large scyphomedusae in the Northern
102

Adriatic, Benović et al. (1987; 2000) discuss a decline in the hydromedusan community. The
authors point to increased hypoxic and anoxic events due to anthropogenic disturbance as a
cause for decreased abundance and species diversity, primarily for meroplanktonic species.
While it is presumed that the overall biomass of jellyfish in this system has increased (see
above), the decline in meroplanktonic hydromedusan species highlights the fact that
different groups of jellyfish will respond differently to anthropogenic impacts, and some
groups may be affected negatively (Purcell et al. 1999a). Polyps of Aurelia spp. have also
been observed in the Gulf of Trieste, found on the undersides of oyster shells attached to
piers (Duarte et al. 2011).
There have been many reports of jellyfish around Malta in recent years, thanks
primarily to a recent citizen science campaign entitled “Spot the Jellyfish” (see
www.ioikids.net/jellyfish). Not surprisingly, this program has revealed large variations in
abundance, with sizeable blooms reported in 2009 and fewer sightings in 2010 (Anonymous
2010e) and 2011 (Anonymous 2011g). As problems with jellyfish have been reported from
Malta every decade since the 1950s (Deidun 2011), trends in jellyfish populations in Maltese
waters remain unclear.
2.3.26.1 Invasive species in LME #26 – Mediterranean Sea
Numerous species of invasive jellyfish appear to be thriving in the Mediterranean Sea.
The highly invasive ctenophore Mnemiopsis leidyi was first recorded in the Mediterranean in
the 1990s in the Aegean Sea near Greece (Shiganova et al. 2001; Shiganova et al. 2004b) and
Turkey (Kideys & Niermann 1994), as well as in the eastern Mediterranean near Syria
(Shiganova 1997), and in the Marmara Sea (Isinibilir et al. 2004), where a number of jellyfish
species appear to have been introduced (Isinibilir et al. 2010). M. leidyi was subsequently
discovered in the northern Adriatic in 2005 (Shiganova & Malej 2009) and in Spain in 2008
(Fuentes et al. 2010). Then, in 2009, large blooms of this invader spanned many disparate
locations in the Mediterranean, including Israel (Galil et al. 2009a), Italy (Boero et al. 2009),
and Spain (Fuentes et al. 2010). The species identity of M. leidyi from the Mediterranean has
been confirmed using molecular techniques, and given the widespread occurrence of
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simultaneous blooms, it is likely that this species has been well distributed and established
in the Mediterranean for some time (Fuentes et al. 2010). Although the abundances of many
other jellyfish were unusually low during the 2009 blooms of M. leidyi (Fuentes et al. 2010),
the large aggregations of M. leidyi suggest that the gelatinous biomass in the Mediterranean
may be increasing due to this infamous invader.
Interestingly, the reliable predator of M. leidyi - Beroe ovata - has also been found in the
Mediterranean; initially in 2004 in the Aegean Sea (Shiganova et al. 2007), then in 2005 in the
Adriatic (Shiganova & Malej 2009), and in 2011 off the coast of Israel (Galil et al. 2011).
Currently, it remains unclear to what extent B. ovata is established in the Mediterranean, and
whether it has significantly reduced the abundance of M. leidyi, as is the case for the Black
Sea (see Section 2.3.47.1).
The conspicuous scyphomedusa Rhopilema nomadica first appeared along the coast of
Israel in the mid-1970s (Galil et al. 1990) and blooms have continued to increase there ever
since (Lotan et al. 1992; 1994; Waldoks 2010; Marshall 2010). This species appears to have
extended its range to Lebanon and Syria (Lotan et al. 1994), Egypt, Turkey (Kideys & Gücü
1995), Greece (Siokou-Frangou et al. 2006), and on two occasions, even Malta (Anonymous
2011i). Blooms of R. nomadica directly interfere with fisheries, industry, and tourism,
resulting in significant economic losses (Lotan et al. 1992; Galil et al. 2010).
The invasive Phyllorhiza punctata also appears to have established a growing
population in the Mediterranean. A solitary specimen was observed in Mediterranean
waters in 1965 (Galil et al. 1990), but there have been reports of individual medusae and
large blooms from the coast of Israel since 2005 (Galil et al. 2009b). A reproducing
population of this invader also exists in a bay on a Greek island in the Ionian Sea, where it
has occurred for roughly a decade (Abed-Navandi & Kikinger 2007). In 2009, a single P.
punctata specimen was also observed near Sardinia, Italy (Boero et al. 2009), and in 2010 a
bloom of this species forced the closure of six different beaches in Spain’s Costa Brava, after
more than 100 swimmers were stung (Anonymous 2011a).
Cassiopea spp. are also suspected to be invasive in the eastern Mediterranean, having
been detected in Israel (Spanier 1989) and Lebanon (references in Galil et al. 1990). However,
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there is at least one report of Cassiopea spp. in the eastern Mediterranean before 1950 (Galil et
al. 2010), so these invasions may have occurred prior to their reporting. Regardless, it
appears the range expansion of Cassiopea spp. will continue, with recent sightings from
Malta (Schembri et al. 2010 in Galil et al. 2010) and Turkey (Çevik et al. 2006).
Yet another invasive species of jellyfish was recently discovered off the coast of Israel,
which resulted in the description of an entirely new genus. Marivagia stellata was first found
in 2006 and several recent detections suggest an established a population (Galil et al. 2010).
The cubomedusan Carybdea marsupialis has also invaded the Mediterranean Sea. First
observed in the Adriatic in the mid-1980s (Boero & Minelli 1984), this jellyfish “is now an
obnoxious stinger” in the Mediterranean (CIESM 2008) and has recently been reported from
Spain (Bordehore et al. 2011), France (Cuneo 2009), and Malta (Schembri 2010; Anonymous
2011b).
In addition to recent range expansions of invasive species, introductions of new
species continue to be documented. In 2010, the first sighting of the large scyphomedusan
Catostylus tagi, which is normally restricted to Atlantic waters, was reported from the Sicily
Channel in Italy (Nastasi 2010).
2.3.27 LME #28 – Guinea Current
No scientific data on jellyfish populations were available for the Guinea Current.
However, there are anecdotal reports suggesting jellyfish have been increasing in the region
(B. Asiedu, U. Ghana, pers. comm., Jan. 2010), and that fishers have been catching more
jellyfish in their nets over the last decade (F.K.E. Nunoo, U. Ghana, pers. comm., Feb. 2010).
2.3.28 LME #29 – Benguela Current
The Benguela Current LME is arguably the most highly productive upwelling system
in the world (Carr 2001), close to the Humboldt Current LME. The high variability
associated with this ecosystem can result in similar variability in the gelatinous community
(Gibbons & Buecher 2001). There is evidence to suggest that the Benguela Current LME has
experienced a large increase in jellyfish over the last half-century, but a lack of baseline data
inhibits drawing definitive conclusions. This historical data deficiency has led some
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scientists to question the perceived increase of jellies in this LME (e.g., Mills 2001). However,
the circumstantial evidence supporting a large increase in jellyfish appears to outweigh a
lack evidence to the contrary.
The most convincing indication of an increase is the absence of large jellyfish from the
reports of comprehensive surveys conducted in the 1950s and 1960s (Hart & Currie 1960;
Fearon et al. 1992 and references therein). While it is true that jellyfish have historically been
ignored, avoided, and discarded from plankton studies (Mills 2001), these early surveys
from the Benguela ecosystem documented small jellyfish, including hydromedusae and
ctenophores. Thus, it seems highly unlikely that conspicuous jellyfish would have been
omitted from the reports, especially if they had occurred at high levels of abundance. Today,
two large jellyfish are present in this ecosystem at very high abundances. Chyrsaora
hysoscella and Aequorea forskalea now dominate the gelatinous biomass of the Namibian coast
(Fearon et al. 1992), and it has been suggested that the gelatinous biomass now eclipses that
of fish in this ecosystem (Lynam et al. 2006).
More evidence that jellyfish have increased in this region comes from reports of
interference with fisheries. Venter (1988) notes that jellyfish have become an “increasingly
irritating nuisance” for fishers since the 1970s. An increase of jellyfish in this region now
appears to be accepted by most scientists (e.g., Brierley et al. 2001; Sparks et al. 2001; Bakun &
Weeks 2006; Utne-Palm et al. 2010). However, it is curious that this shift was not discussed
in papers that examined the ecosystem through the 1980s (e.g., Shannon et al. 1992; Gibbons
et al. 1992). Nonetheless, evidence suggests the increase in jellyfish continued in the 1990s
(Heymans et al. 2004).
Formal studies to identify changes in jellyfish populations in this LME are rare, likely
due to a lack of funding (Sparks et al. 2001). Buecher & Gibbons (2000) document a decline
in jellyfish species diversity through the 1990s in St. Helena Bay. However, there is no
indication of how this trend affected the overall gelatinous biomass and it was therefore
excluded from the analysis. There have also been suggestions of an increase in box jellyfish
off Namibia (Hartman 2011), but the details are unclear. Recent interest in cataloguing the
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gelatinous plankton of this region will undoubtedly help to identify future changes (e.g.,
Pagès et al. 1992; Gibbons & Thibault-Botha 2002; Gibbons et al. 2010).
2.3.29 LME #30 – Agulhas Current
While there are no scientific data from this LME that examine jellyfish populations
over time, limited anecdotal evidence suggests that populations are stable. The inshore
waters of KwaZulu-Natal are periodically witness to large blooms of conspicuous medusae
every three to five years. However, there are no indications that these blooms have become
larger or more frequent in at least the past 35 years (R. van der Elst, ORI, pers. comm., Jan.
2010).
An informal survey of delegates was conducted at the Marine Biodiversity workshop
of the South West Indian Ocean Fisheries Project (SWIOFP) held in Mauritius (van der Elst
2010). Respondents were asked about jellyfish “outbreaks” in their region, and were
notified of the survey in advance so they could deliberate with colleagues at their institutes.
While there were reports of periodic blooms, representatives from Mozambique, Comoros,
and Madagascar all reported that there have been no noticeable, recent changes in jellyfish
populations. Interestingly, there was a large bloom of jellyfish in Mauritius in October 2009
that had not been seen previously. A photograph of these jellies revealed that they were
mostly likely a species of Cassiopea. However, they were not included in the analysis as
Mauritius is not part of any LME.
2.3.30 LME #31 – Somali Coastal Current
As with the neighbouring Agulhas Current LME, there are no scientific data on
jellyfish from eastern Africa. However, anecdotal data suggest jellyfish populations may be
stable. As mentioned, an informal survey of delegates was conducted at the Marine
Biodiversity workshop of the South West Indian Ocean Fisheries Project (SWIOFP) held in
Mauritius (van der Elst 2010). While there were reports of periodic blooms, representatives
from Tanzania and Kenya both reported that there have been no noticeable, recent changes
in jellyfish populations.
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2.3.31 LME #32 – Arabian Sea
Interviews with 90 fishers were conducted by Ganapathiraju Pramod in September
2008 in 4 Indian states within this LME (Pramod 2010). Small-scale fishers and mechanized
trawler operators were asked about interannual and decadal changes jellyfish populations.
In three of the states (Gujarat, Maharashtra, and Karnataka) the majority of interviewees
responded that jellyfish populations were stable (G. Pramod, UBC, pers. comm., Sept. 2010).
In the state of Kerala, the majority of interviewees indicated that jellyfish had increased, as
more jellyfish were being caught in fishing nets as bycatch and more jellyfish were washing
up on shore, as well as over longer distances (G. Pramod, UBC, pers. comm., Sept. 2010).
Other evidence also supports an increase in some regions of India, with fishers from the
west coast reporting losses due to interference with jellyfish (B. Ingole, NIO, pers. comm.,
Oct. 2010), and more jellies washing up on beaches (Anonymous 2010b). The results of the
interviews by G. Pramod were included in the analysis for this LME as two separate
chronicles, each with a differing Abundance Trend and Space Score.
In 2002, a massive bloom of the scyphomedusa Crambionella orsini occurred
throughout the Persian Gulf and the Gulf of Oman. This bloom interfered with fisheries
and clogged intake pipes of desalination plants and power stations. It also resulted in a
massive flux of organic matter to the sea bed as the jellies died, exceeding the average
annual flux of organic carbon by more than an order of magnitude (Billett et al. 2006).
Dryanabard & Dawson (2008) discuss data from demersal trawls that have been conducted
since 1998 along the coast of Iran. They note that C. orsini typically occurs at very low
abundances in these trawls. With the obvious exception of 2002, there have been no recent
blooms of this species (Daryanabard & Dawson 2008; Billett et al. 2006). In addition, it
would appear that while blooms of this species are not annual, they have been occurring for
at least half a century. Erdman (1950) reports a bloom of jellyfish in the Persian Gulf
containing “more individual jellyfish […] than one could possibly count.” His description
of the jellyfish in question fits well with C. orsini. As there are no indications that C. orsini is
blooming more frequently in recent years or decades, this chronicle is classified as variable
(Abundance Trend = 0).
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Additional anecdotal reports from the Persian Gulf suggest that jellyfish populations
are increasing. Erftemeiger & Langenberg (2010) state that “outbursts of large numbers of
jellyfish are observed in what appears to be increasing quantities throughout the Gulf.”
They suggest an increase over the last 7-10 years, and point to evidence from internet blogs,
sting reports, clogged intake pipes, and interference with fisheries. While the evidence
supporting an increase is circumstantial, there are certainly reports of complaints by both
sport fishers (Picow 2010) and commercial fishers (Al-Rubiay et al. 2009), who may even
haul jellyfish to shore and dump them on beaches (Nazzal 2006). There is also a report of a
new species occurring in Dubai, but it may have been a singular event due to a hurricane
(Bardsley & Landais 2007). The species in question was reported as belonging to the genus
Aurelia, but the photographs and content of the article suggest otherwise.
While the majority of evidence seems to support an increase of jellyfish in the Gulf
(Erftemeiger & Langenberg 2010), catches of jellyfish in Bahrain tell a different story.
Established in 2003, the jellyfish fishery in Bahrain annually harvests hundreds of tonnes of
jellyfish for export to Asia (Erftemeiger & Langenberg 2010). However, catch rates in 2007
were so low that the processor estimated they had fallen by 90% (Mohammed 2008). The
decline was blamed on jellyfish moving further offshore, due to land reclamation and the
large amount of sediment used. Therefore, this decline is excluded due to the fact that it is a
suspected spatial relocation (see Section 2.3.1), in addition to the potential effects of jellyfish
harvesting. In fact, there are suggestions that overfishing of jellyfish has reduced jellyfish
populations around Karachi, Pakistan over the last 5 years (Roghay 2011).
2.3.32 LME #34 – Bay of Bengal
Anecdotal data from this LME show conflicting reports of both stable and increasing
populations. Interviews with over 100 fishers were conducted by Ganapathiraju Pramod in
September 2008 in 5 Indian states within this LME (Pramod 2010). Small-scale fishers and
mechanized trawler operators were asked about interannual and decadal changes jellyfish
populations. In three of the states (Tamil Nandu, Andhra Pradesh, Andaman & Nicobar
Islands) the majority of interviewees responded that jellyfish populations were stable (G.
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Pramod, UBC, pers. comm., Oct. 2010). In the states of Orissa and West Bengal, the majority
of interviewees indicated that jellyfish had increased, as more jellyfish were being caught in
fishing nets as by-catch and more jellyfish were washing up on shore (G. Pramod, UBC, pers.
comm., Oct. 2010). Orissa has always experienced jellyfish blooms, but reports indicate that
these blooms have been increasing in both abundance and frequency - from every 3-4 years
previously to almost annually now (G. Pramod, UBC, pers. comm., Oct. 2010). The results
of these interviews are included in the analysis for this LME as two separate chronicles, each
with a differing Abundance Trend and Space Score.
Other anecdotal evidence points to an increase of jellyfish on the east coast of India,
but the timescale is unclear, as increases have been reported in each of the past several
decades. Marine scientists point to an increase of numerous jellyfish in recent years,
especially tropical species including Limnocnida spp., Crambionella spp., and Dactylometra
quinquicirrha (B. Ingole, NIO, pers. comm., Oct. 2010). Jellyfish are also reportedly being
caught by fishers in increasing numbers (B. Ingole, NIO, pers. comm., Oct. 2010). James et al.
(1985) present catch rates of jellyfish for a 5-year period (1981-1985) and state that their
“analysis clearly shows that the medusae of Crambionella stulhmanni are becoming more
abundant year after year.” However, the authors also note that “swarms of jellyfish are a
common sight off Madras” and a linear regression performed over the short time-series
does not reveal a significant increase. Interference with power plants in this region was also
reported in the 1980s and 1990s, due primarily to D. quinquicirrha and Crambionella spp.
(Rajagopal et al. 1989; Masilamoni et al. 2000). Reports of interference and high jellyfish
abundance from earlier decades cast some doubt on more recent perceptions of increases,
and the possibility of the shifting baselines syndrome exists (Pauly 1995), especially due to
the pulsed nature of jellyfish populations (Condon et al. 2011a). Nonetheless, the opinion of
contemporary marine scientists should not be ignored, as they are often aware of the
shifting baselines syndrome. In addition, marine scientists are keenly tuned to changes in
the oceanic environment and they are often the best source of information in the absence of
scientific data. Thus, the opinions of Dr. Baban Ingole were included in the analysis with an
associated Confidence Index = Medium-Low.
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Scattered reports of jellyfish fisheries from the east coast of India confuse the issue
further. Jellyfish harvesting has existed in India for some time. However, the scale of this
harvesting is unclear, as catches are not reported to the Food and Agriculture Organization
of the United Nations (FAO). Harvesting of jellyfish along India’s east coast likely began in
the 1980s, mainly for the purpose of exporting Crambionella stuhlmanni (Kuthalingam et al.
1989). The jellyfish fishery in India is still small compared to other Asian countries.
However, India reportedly had a very large catch of C. stuhlmanni in 2003 (CMFRI 2009),
when there was also an apparent expansion, as well as harvesting of Lobonema smithii
(Murugan & Durgekar 2008). This expansion is said to be due to dwindling catches of more
valuable fish species, and provides an example of fishing down the food web (Murugan &
Durgekar 2008). The rapid expansion is also said to have caused major conflict as merchants
and fishers scrambled to compete in the fishery, and concerns over pollution from jellyfish
processing huts exacerbated the problem (Magesh & Coulthard 2004). The 2004 tsunami
reportedly caused severe damage to jellyfish fishery infrastructure in India (CMFRI 2009),
and this, in combination with declining catch rates, instigated a scaling back of the jellyfish
fishery in Tamil Nadu in 2005 (Manickaraja & Balasubramanian 2006). It appears the fishery
has expanded eastward in recent years, with catches reported from Andhra Pradesh in
recent years (CMFRI 2009). In addition, there are complaints that overharvesting of jellyfish
off the state of Orissa has resulted in a decline, a concern due to the perceived importance of
jellyfish in the diet of Olive Ridley sea turtles (Lepidochelys olivacea) (Anonymous 2007a,
2008a). While there appear to be no empirical data to back up this claim, catches of jellyfish
in Orissa may be much larger than in other parts of India (G. Pramod, UBC, pers. comm.,
Oct. 2010). While the reported decline of jellyfish due to overharvesting in Orissa conflicts
with the results of the aforementioned interviews by G. Pramod, it was included in the
appropriate phase of the analysis (see Section 2.2.3).
Government officials in Malaysia are becoming increasingly concerned with high
numbers of jellyfish in Penang waters, and the associated effects on tourism (Kwang &
Yahya 2010). Evidence of trends in jellyfish populations in this region are rare; however,
recent reports of unusual blooms in both Malaysia (e.g., Lau 2010) and Thailand (e.g.,
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Morison 2009) suggest that jellyfish may be increasing in this region. As well, there appears
to be a general consensus from interviews with locals that there are more intense and
frequent blooms in recent years along the western coast of the Malay Peninsula (M.R.B. Idid,
IBS, Jan. 2011), and recent blooms near the Straits of Malacca are surprising fishers and
causing them problems (Anonymous 2011c).
Populations of jellyfish studied at Penang National Park appear stable, but data are
only available for the past several years (S.Y. Kwang, CMCS, pers. comm., Jan. 2010).
Adding to the inconsistent trends in this region, there are also reports of declines in
harvested jellyfish species. In 2005, Malaysian jellyfish harvesters reported a “dramatic
drop in catch in recent years, believed to be due to increasing pollution” (Heng 2005). Not
surprisingly, FAO statistics add further confusion, as there was a decline in the Malaysian
harvest at this time, but Thailand recorded massive harvests in 2005 and 2006, before
dropping to zero again in 2008 (FAO 2011). Interestingly, possible declines of harvested
jellyfish species were reported in the Andaman Sea as far back as the 1970s (Soonthonvipat
1976), while FAO has no record of catches in this area before 1978 (FAO 2011).
Recent stings and tourist deaths due to box jellies in this area have also received media
attention (e.g., Wipatayotin 2008), and there are some suggestions that these events are due
to recent range expansions (e.g., Morison 2008) or increases in abundance (Anonymous
2010a). However, it is more likely that these species of jellies have long been present in the
region (Fenner et al. 2010; Phattrasaya & Morison 2008), and recent attention is more likely
due to increased media exposure (Lippmann et al. 2011). In addition, the anecdotal evidence
suggesting increases appears to refer more to the Gulf of Thailand (Suntrarachun et al. 2001).
Therefore, these events have been excluded from this LME but are discussed further in the
Gulf of Thailand LME.
2.3.33 LME #35 – Gulf of Thailand
As mentioned, the Gulf of Thailand has recently received media attention for
increased sightings of box jellyfish and the severe and sometimes fatal stings due to these
venomous jellies (Fenner & Lippmann 2009). While these reports are outside the previously
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known distribution for many of these species (e.g., de Pender et al. 2006) and may indicate a
range expansion of box jellyfish, anecdotal reports suggest an increase in abundance and
species diversity (Suntrarachun et al. 2001). However, it may be the case that these jellies
have occurred in this region for a long time (Fenner et al. 2010). Serious and fatal jellyfish
stings have occurred historically in Thailand, with the vast majority of cases likely being
unreported (Fenner & Lippmann 2009). The apparent recent increase in reports is probably
linked to the attention by foreign media due to cases involving tourists, as well as the viral
nature of the internet (Fenner & Lippmann 2009). While this suggests anecdotal reports of
increases should be questioned, they also should not be ignored. Therefore, the reports
suggesting increases of jellies in this region are included, albeit with the highest degree of
uncertainty (Confidence Index = Low).
2.3.34 LME #36 – South China Sea
One of the most interesting and convincing examples that aquaculture operations can
lead to increased jellyfish populations comes from this LME. Lo et al. (2008) report on an
“experiment” in Tapong Bay, a tropical lagoon in Taiwan. For decades, this bay has been
used extensively for aquaculture, primarily oyster raft and fish pen operations. As a result,
the bay became highly eutrophic due to increased nutrient input and reduced water
circulation. In addition, Tapong Bay was subject to frequent blooms of Aurelia aurita. In
2002, the aquaculture rafts and pens were completely removed from the bay, which resulted
in the complete disappearance of jellyfish thereafter. This remarkable correlation suggests
that the aquaculture operations were wholly responsible for the abundance of jellyfish in the
bay, and the study of variables both before and after the removal of the structures permits
exploration of the mechanisms involved. As the rafts and pens likely provided ideal habitat
for jellyfish polyps, their removal as substrate is likely the main cause for the absence of
jellyfish. The authors also note significant increases in water clarity and circulation after
removal, suggesting that the hydrodynamic effects of the rafts may have also influenced the
proliferation of jellyfish. Copepod abundance increased sixfold after removal, suggesting
that predation by fish and jellies, as well as competition from oysters may have controlled
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copepod populations. The fact that jellyfish were absent even with this increased food
source, further supports the hypothesis that the aquaculture operations were responsible for
influencing jellyfish populations. With such a tight correlation between jellyfish abundance
and aquaculture production, it seems unlikely that jellyfish were present in this bay prior to
any aquaculture operations. As such, this chronicle is scored as stable/variable (Abundance
Trend = 0), rather than as a decrease. This in situ experiment provides convincing support
for the hypothesis that increased aquaculture production around the globe may contribute
to increased jellyfish populations (Purcell et al. 2007; Lo et al. 2008; Duarte et al. 2011).
The massive power outage that affected much of the Philippines in December 1999
was apparently attributed to jellyfish clogging the intake screen of a coastal power plant
(Anonymous 1999). While this event would not normally be included as evidence of an
increase (see section 0), a report of the incident was accompanied by anecdotal evidence that
the jellyfish population in Lingayen Gulf had dramatically increased due to overfishing
(Anonymous 1999). As this claim was from an unidentified environmental group, and since
there are no recent reports on increased jellyfish populations from the region, it was
included in the analysis with a Confidence Index = Low.
In Malampaya Sound, the Philippines, Lobonema spp. are harvested and processed for
export to Korea and Japan. In this region, more than 10% of the population may directly
benefit from the jellyfish fishery. However, evidence suggests that intensive harvesting has
contributed to a decrease in jellyfish populations, at least for targeted species (PCAMRD
2008).
2.3.35 LME #40 – Northeast Australian Shelf
Quantitative information on jellyfish populations is lacking in this LME; however,
investigations of stings by cubomedusae provide some insight into changes. While a change
in the frequency of sting events does not warrant inclusion in the analysis (see Section 2.1.4),
there is evidence of both temporal and spatial increases of the stinger season in this LME.
Box jellyfish expert Dr. Jamie Seymour has commented on the dramatic change in the length
of the season for Irukandji syndrome, suggesting that it has increased by 3-4 months over
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the last several decades in Queensland, possibly due to warmer water temperatures
(Anonymous 2010d). Analysis of data from nearby Darwin Harbour (located in the
neighbouring Northern Australia Shelf LME) revealed a strong correlation between the
number of Chironex fleckeri stings and the average daily minimum SST (Jacups 2010). With
predicted warming, the length of the stinger season is likely to increase in this and
neighbouring LMEs (Jacups 2010).
Spatial distributions have also reportedly increased, with increasing cubomedusae
reports from further south in Queensland over the last 5 years (Donaghey 2009). Changes in
the seasonal and distributional patterns of cubomedusae in this LME are echoed by other
experts who suggest the dynamics in recent years are exceptionally unusual (Smail 2010).
While these trends are especially concerning from a public health perspective and may be
indicative of ecosystem changes, the contribution of cubomedusae to overall jellyfish
biomass in this LME is uncertain (Reliability Score = Low).
2.3.36 LME #41 – East Central Australian Shelf
Although it is not included in the analysis as a separate chronicle, the spatial
expansion of cubomedusae noted in the Northeast Australian Shelf LME may also be
extending into this LME. Recent reports of box jellyfish as far south as Coffs Harbor have
been called “very strange” by experts, but a lack of funding has so far prevented formal
study (Anonymous 2011e).
Surveys conducted in this LME by the Commonwealth Scientific and Industrial
Research Organisation (CSIRO) in conjunction with the University of New South Wales
revealed a large increase in the salp Thalia democratica in the waters off Sydney in 2008, with
abundances more than an order of magnitude higher than surveys dating back 70 years
(Strong 2008; Henschke 2009). However, measurements from 2009 indicate that abundances
have returned to levels closer to those measured from the 1940s, and the recent data do not
support a significant increase over historical values (K. Pitt, GU, pers. comm., May 2010).
Rather, the high biomass measured in 2008 was associated with a very large cold core eddy,
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and salp abundances outside of such formations are expected to be much lower (J. Everett,
UNSW, pers. comm., Feb. 2011).
The presence of the conspicuous scyphomedusa Catostylus mosaicus has been
monitored in a large region around Moreton Bay since 2002 as part of the Ecosystem Health
Monitoring Program (EHMP). Over the course of the dataset, C. mosaicus showed a low
presence for three years, increased presence over the next three years, followed by a
subsequent return to low abundances in recent years (K. Pitt, GU, pers. comm., May 2010).
There is also evidence that some jellyfish populations in this LME have been
eradicated due to collection for science. The upside-down jellyfish Cassiopea used to be
present in Myora Drain, an artificial tidal channel. However, numerous collections in 2007
(e.g., Bouchet 2007; Templeman & Kingsford 2010) led to the complete eradication of this
species in this location, with no specimens present since 2007 (K. Pitt, GU, pers. comm., May
2010). A similar story seems to have played out in the nearby tidal lagoon known as Pelican
Waters, where further collection for science (e.g., Mortillaro et al. 2009) has eradicated the
population (K. Pitt, GU, pers. comm., May 2010).
2.3.37 LME #42 – Southeast Australian Shelf
The conspicuous scyphomedusa Catostylus mosaicus has been monitored in Port Phillip
Bay for nearly two decades. Port Phillip Bay is a large, nearly-enclosed embayment
important for recreational and industrial uses, as well as fishery resources (DPI 2010).
Annual trawl surveys reveal pulses of C. mosaicus in 1995, 1997, 2004, 2008 and 2009, with
lower abundances or near absence in other years (Coleman 2004; K. Pitt, GU, pers. comm.,
May 2010). While there is no significant trend over the course of the dataset, it will be
interesting to see if the high abundances seen in the last two years continue. A
developmental fishery has recently been established for C. mosaicus in Port Phillip Bay
(Coleman 2004; DPI 2006); however, annual catches remain small or nil.
Wilcox et al. (2008) studied polyps of Aurelia sp. on anthropogenic structures in
Tasmania. The polyps were monitored starting in 2002 at two nearby sites – the underside
of a cement breakwater in Hobart and the underside of a floating marina in Kettering. The

116

proportion of polyps strobilating showed large variation between sites and years. While
there is no evidence to suggest that Aurelia medusae populations have increased in this area,
large blooms have caused significant interference and economic losses to aquaculture
operations (Willcox et al. 2008). In addition, Aurelia medusae in this region form intense
blooms in some years but not others (Willcox et al. 2008; Naidoo 2009), and therefore
increases in favourable polyp habitat due to anthropogenic structures may facilitate
persistence and growth of medusae populations (Duarte et al. 2011).
2.3.37.1 Invasive Species in LME #42 – Southeast Australian Shelf
Several species of hydromedusae or their associated hydroids have been reported
from Port Phillip Bay. While many detections occurred prior to 1950, new species continued
to be reported in the 1970s and 1980s including Turritopsis nutricula, Bougainvillea muscus
(ramose), Clytia hemisphaerica, and Obelia dichotoma (australis) (Hewitt et al. 2004). While most
of these hydromedusae have a cosmopolitan distribution and are cryptogenic, they are
included here as some of these species are highly invasive (e.g., Turritopsis spp.) and the
detailed historical monitoring of Port Phillip Bay suggests they are new additions to the
ecosystem.
2.3.38 LME #47 – East China Sea
The East China Sea is one of only two LMEs with the maximum possible Jellyfish Index,
and evidence suggests that several species are increasing over a large spatial scale (Cheng et
al. 2004). Due to these changes, recent initiatives have been announced that allocate millions
of dollars to study jellyfish dynamics in this region (Stone 2010; Sun et al. 2011). Yan et al.
(2004) state that fisheries surveys from 1990-2003 show an increase in jellyfish biomass in
recent years compared with the 1990s for a region extending from 28°30’ N to 34° N and
from the coast to 127° E. The trend applies to both Nemopilema nomurai3 and Cyanea spp.,
and appears to be correlated with declines in fish stocks (Yan et al. 2004; Ding & Cheng
2005). Causal links are speculative, but it appears there may be a positive feedback loop
Reports of Stomolophus meleagris from Chinese literature are assumed to be Nemopilema nomuraii
(Omori & Kitamura 2004).
3
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with increasing jellyfish and declining fish, possibly triggered by overfishing (Hong et al.
2008). The increase in N. nomurai is also being observed in the northern part of this LME
near Korea, with dramatic increases since 2003 (Ding & Cheng 2005; Rahn 2009; Yoon et al.
2008). Recent evidence from DNA analyses suggests that the population of N. nomurai in
the East China Sea is distinct from the population in the Yellow Sea (Hanzawa et al. 2010).
Increasing jellyfish blooms have also been reported from the Yangtze Estuary. Xian et
al. (2005) note that Rhopilema esculentum used to be the common jellyfish in this region, but
overharvesting of this species has resulted in a gradual replacement by Cyanea spp. since
1997. Then in 2004, Sanderia malayensis, which was previously only recorded in the South
China Sea, began blooming in the estuary. S. malayensis dominated the jellyfish catch, and
the authors point to possible links with declining fisheries catches. Although R. esculentum
has most certainly declined in this region, it has been harvested there for decades or
possibly even centuries. Therefore, it is unlikely that the biomass of this targeted species
has declined as precipitously as the increases in the other species, especially given the fact
that recent blooms of S. malayensis can almost completely cover the surface in parts of the
estuary (Xian et al. 2005). Interestingly, S. malayensis began blooming only one year after the
Three Gorges Dam filled the first one-third of its storage capacity, resulting in a dramatic
reduction of river flow to the Yangtze estuary and the East China Sea. Within months,
ecological changes were observed in the microbial food web (Jiao et al. 2007) and more
profound changes are forecast (Wu et al. 2004).
Eutrophication has also been blamed for increases of jellyfish in this region, and
countermeasures such as erosion prevention, wetland conservation, and seaweed planting
have all been proposed in an attempt to prevent increased jellyfish blooms (Guan et al. 2007).
In addition, anthropogenic habitat for polyps has been documented in this LME. Miyake et
al. (1997) documented polyps found on the undersurface of floating polystyrene piers in an
engineered canal in Kagoshima Bay, Japan. These polyps were observed again several years
later, and it is assumed that they persist in this location. Notably, polyps were also
observed attached to a discarded cellophane cigarette package (Miyake et al. 2002).
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2.3.38.1 Invasive Species in LME #47 – East China Sea
Evidence suggests that Aurelia populations have been spreading throughout this part
of the world. There is no record of these jellyfish in Korean waters prior to 2000, but since
then, at least two dense blooms have occurred. Ki et al. (2008) found that Aurelia medusae
from Korea have the same genotype as those from California, and only slightly different
than specimens from Japan. With such a broad distribution and the inability to attribute
this distribution to natural dispersion patterns, it would appear Aurelia sp. 1 is invasively
spreading due to anthropogenic translocation (Dawson et al. 2005; Ki et al. 2008).
2.3.39 LME #48 – Yellow Sea
Jellyfish dynamics in the Yellow Sea are very similar those in the East China Sea, and
several major species appear to be increasing throughout this LME (Cheng et al. 2004). The
giant jellyfish, Nemopilema nomurai, has been blooming more frequently in the Yellow Sea
near Korea (Yoon et al. 2008), in Jiaozhou Bay, China (Sun et al. 2010), and in the Bohai Sea
(Dong et al. 2010). N. nomurai tend to drift over a large region of this LME, as well as into
and out of other LMEs, so reports from different areas could represent the same populations.
However, recent genetic analysis suggests that populations of N. nomurai in the Yellow Sea
are distinct from those in the East China Sea (Hanzawa et al. 2010).
Problems with jellyfish along the south coast of Korea have prompted officials to
release filefish at beaches in Busan (Jun-shik 2009). Filefish, which are also targeted by the
Korean fishery, are predators of jellyfish and it is hoped that releasing hundreds of
thousands of filefish at beaches will result in fewer jellyfish. While there was indeed a
reduction of stings along Busan beaches in 2007 and 2008 (Jun-shik 2009), jellyfish along the
south coast of Korea continue to be a problem (Rahn 2009). As mentioned for the East
China Sea LME, other countermeasures have also been proposed to combat eutrophication,
including erosion prevention, wetland conservation, and seaweed planting (Guan et al.
2007).
Again similar to the East China Sea LME, Rhopilema esculentum appears to have
declined in the region, while Cyanea nozakii has increased. Dong et al. (2006) note increases
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in C. nozakii in the Yellow Sea and the Bohai Sea, which have been more of a problem since
at least 1997 (Zhong et al. 2004). Interference with fishing activities has been reported,
including broken nets and shortened seasons (Dong et al. 2006). Blooms of C. nozakii have
also been blamed for the reduced harvest of R. esculentum, such as the dramatically low
catch in Liaodong Bay in 2004, which represented an 80% decline and a loss of US$70
million (Ge & He 2004; Zhang et al. 2005). This is despite attempts to restock waters with R.
esculentum by means of hatcheries, whereby hundreds of millions of juvenile medusae are
released in the spring with the hopes of harvesting them in the fall (Dong et al. 2009). While
such hatchery methods achieved economic success in the 1990s through the release of
billions of young medusae (You et al. 2007), it remains unclear if these programs continue to
be successful, and efforts appear to be shifting towards pond culturing of jellyfish (You et al.
2007). In an attempt to adapt to the decline in R. esculentum and the shift in species
composition, C. nozakii has been successfully processed into jellyfish food since the 1980s.
However, the poor quality of the product has resulted in values only one hundredth of
those for R. esculentum (Lu et al. 2003; Zhong et al. 2004). The story with attempts to process
and sell Nemopilema nomurai is all too similar (Dong et al. 2010).
2.3.39.1 Invasive Species in LME #48 – Yellow Sea
Populations of Aurelia spp. appear to be increasing in parts of this LME. Interference
with fishing and cooling water intakes are reported in numerous locations in the Yellow and
Bohai Seas (Dong et al. 2010; Ki et al. 2008). These reports are not necessarily indications of
increasing abundance (see Section 2.1.4), but Aurelia populations appear to be invasive in at
least Korean waters, where no records are found prior to 2000 (Ki et al. 2008). The species in
Incheon has the same genotype as other parts of the world, a fact which cannot be explained
by natural oceanic dispersal (Dawson et al. 2005; Ki et al. 2008). Han & Uye (2010) also note
that chronic blooming of Aurelia populations is now common in eutrophic bays and inlets in
Korea, such as Shihwa Lake. This artificial lake is a failed experiment that now contains
hypoxic sea water (Han & Park 1999). This suggests that other factors, such as cultural
eutrophication, may assist in the establishment of invasive species.
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2.3.40 LME #49 – Kuroshio Current
While there is evidence for a decline of one species in this LME, the majority of species
showing changes in abundance appear to be increasing. The most obvious example
concerns the giant jellyfish, Nemopilema nomurai. Records of this jellyfish blooming extend
back to the early part of the century, and “bloom years” are clearly distinct from “nonbloom years”. Historically, this species would bloom every 35-40 years, with blooms
occurring in 1920, 1958, and 1995 (Uye 2008). However, these blooms have become
increasingly frequent, occurring in 2002, 2003, 2005, 2006, 2007, and 2009 (S. Uye, HU, pers.
comm., May 2010). While 2010 and 2011 were not bloom years (Uye 2011), 2009 was
perhaps the largest bloom of this species ever witnessed (S. Uye, HU, pers. comm., May
2010). These jellyfish appear to originate along the coasts of China and Korea, and then drift
into the Sea of Japan LME (Uye 2008, 2010; Uye et al. 2010; Hanzawa et al. 2010). In the fall,
many jellyfish are then carried through the Tsugaru Strait into this LME, where they can
interfere with fisheries in a variety of ways, causing substantial economic losses (Kawahara
et al. 2006).
Jellyfish also appear to be increasing in and around the Seto Inland Sea. Uye & Ueta
(2004) surveyed over one thousand fishers, each with at least 20 years of experience. 65% of
respondents indicated that populations of Aurelia sp. had increased in the last 20 years.
While 65% is not overwhelming support for an increase, the authors note that in widespread
areas of the Inland Sea “an elongation of the period of occurrence of medusae is obvious.”
Other sources of information also point to increased jellyfish populations in the area.
Monthly reports of fishing and oceanographic conditions in the Seto Inland Sea indicate an
increase in jellyfish in the late 1990s (Nagai 2003). In addition, polyps of this species have
been observed on the underside of floating docks and on pier pilings in the region,
suggesting increased anthropogenic habitat (Miyake et al. 2002; Duarte et al. 2011).
Combinations of eutrophication, increased polyp habitat, and overfishing have been
suggested as the mechanism for increased jellyfish populations in this region (Shoji et al.
2010; Uye 2010). Supporting evidence for increased Aurelia populations is also found from
studies along western Shikoku, near the entrance to the Seto Inland Sea. An unusually large
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aggregation was observed in 2000, likely caused by a rapid intrusion of offshore waters
(Uye et al. 2003; Takahashi et al. 2010). The cause of this bloom might suggest that jellyfish
populations in other years were not necessarily smaller, but rather just more sparsely
distributed. However, indications are that while populations have been variable over the
last 7-8 years, there was an apparent increase in the late 1990s, prior to which no medusa
aggregations were found despite frequent field surveys (S. Uye, HU, pers. comm., Oct. 2010).
Starting in 1998, wet weights of jellyfish (predominantly Aurelia spp.) were recorded daily
from the screens of the Ikata Nuclear Power Station near Seto, and were analysed by
Kaneda et al. (2007). The 7-year dataset reveals interannual variations, but no obvious trend
(see Fig. 2 in Kaneda et al. 2007). The lack of an increase in this dataset is in contrast with the
majority of the anecdotal data from the Seto Inland Sea (see above). However, most of the
increases were reported to occur in the 1990s, with variable or stable populations thereafter.
Therefore, the temporal scale of the data from the Ikata Power Station may not extend back
far enough to capture the increase. As discussed above, there are numerous anecdotal
sources suggesting an increase the jellyfish population of the Seto Inland Sea in recent
decades. While the dataset from the Ikata Nuclear Power Station does not add to this
evidence, it also does not preclude an increase in the 1990s. Therefore, the chronicle for the
Seto Inland Sea is included as an increase (Abundance Trend = 1), with the Reliability Score
reduced to Low.
Numerous jellyfish species appear to have increased in the highly eutrophic bays of
coastal Japan, including Tokyo Bay and Mikawa Bay. The most conspicuous species is
Aurelia, which used to be found only in low abundances throughout most of the 20th century
(Nomura & Ishimaru 1998). However, with increased eutrophication through the 1960s, a
shift in zooplankton coincided with increasingly larger Aurelia blooms in Tokyo Bay (Omori
et al. 1995; Nomura & Ishimaru 1998; Ishii 2001) and Mikawa Bay (Toyokawa et al. 2011).
These blooms have been interfering with human activities for decades, such as blocking
seawater intakes at coastal power stations (Kuwabara et al. 1969; Toyokawa et al. 2000).
Aurelia polyps have been observed to colonize artificial substrates in both locations
(Watanabe & Ishii 2001; Toyokawa et al. 2011), and they appear to benefit from the hypoxic
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conditions as they can out-compete other sessile organisms for habitat due to a tolerance for
low oxygen (Ishii et al. 2008).
The populations of other jellyfish species in Tokyo Bay, such as the ctenophore
Bolinopsis Mikado, appear to have increased through the 1980s (Nomura & Ishimaru 1998),
while the 1990s showed high variability (Kinoshita et al. 2006; Kasuya et al. 2000). Species
composition has also changed over the past several decades, including new appearances of
jellies such as Beroe cucumis (Arai 2001; Nomura & Ishimaru 1998).
While increasing jellyfish populations appear to be common in this LME, it is not the
case with all species. The hydromedusae Spirocodon saltatrix appears to have decreased
throughout much of its range in coastal Japan (Mills 2001). Ironically, some of the factors
that have been blamed for increased populations of jellyfish in this region, such as
eutrophication and coastal development, may be responsible for the decline of S. saltatrix
(Mills 2001; S. Uye, HU, pers. comm., Oct. 2010). The most dramatic decline of S. saltatrix
populations took place in the Seto Inland Sea. There has been some recovery of this
population, and the overall decline is assumed to be small relative to the increases of other
jellyfish in this region. Decreases have also been noted in other locations, such as the
Misaka Marine Biological Station, where harvesting of this species for research has likely
contributed to its decline (C. Mills, WU, pers. comm., Oct. 2010). While this species has
most certainly been negatively impacted, the extent of the decline is unclear, and therefore a
Spatial Score = Low has been used. While S. saltatrix may be abundant at times, it is not
considered a dominant species. In addition, the few areas where decreases have been
documented also show dramatic increases in other species, and therefore a Reliability Score =
Low was used.
2.3.40.1 Invasive Species in LME #49 – Kuroshio Current
As mentioned, hydromedusae belonging to the genus Turritopsis have a unique ability
to reverse their life cycle through transdifferentiation. During this process, starving or
damaged medusae revert to a benthic cyst. These cysts can subsequently produce a new
polyp colony that is capable of releasing new medusae. This remarkable ability has led to
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these jellyfish being acclaimed as the world’s only “immortal” organism (e.g., Than 2009),
and it may increase the probability of Turritopsis spp. being transported to new locations
through ballast water (Miglietta et al. 2007; Miglietta & Lessios 2009). At least one species, T.
dohrnii, appears to be invasive in Okinawa Island and possesses a revealing Mediterranean
haplotype (Miglietta et al. 2007). While blooms of this species may occur at high abundance,
the medusae are relatively small and may not contribute significantly to the gelatinous
biomass (Invasive Reliability Score = Low).
2.3.41 LME #50 – Sea of Japan
As with neighbouring LMEs, the Sea of Japan has suffered from recent increases of the
giant jellyfish, Nemopilema nomurai. Large blooms of this species have increased
dramatically in the last decade, causing interference with fisheries and millions of dollars in
economic losses (Kawahara et al. 2006). The medusae appear to originate from coastal Korea
and China, and are then transported through the Tsushima Strait into this LME, where they
spend much of the summer (Uye 2008, 2010; Uye et al. 2010). While the medusae from these
blooms do not appear to originate in this LME, they may have the potential to colonize it
(Kawahara et al. 2006).
Anthropogenic substrate for Aurelia polyps has also been identified in this LME.
Matsumura et al. (2005) observed large and dense polyp colonies in three harbours in
Wakasa Bay. As with other documented anthropogenic habitat, the colonies were found on
the shadowed undersurfaces of quays and pontoons. While there are no direct data that
suggest Aurelia medusae have increased in this LME, there have been problems with
medusae at a nearby power plant. Molecular evidence suggests that the medusae invading
this plant originated from polyps on the anthropogenic structures in Wakasa Bay
(Matsumura et al. 2005).
2.3.42 LME #51 – Oyashio Current
Knowledge of jellyfish in this region comes from recent publications concerning a
Russian dataset that spans three LMEs. This extensive dataset, yet another of fisheries
origin, is based on trawls conducted by the Pacific Fisheries Research Center (TINRO)
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between 1984 and 2006. Over 9,000 plankton samples were taken during more than 100
surveys. While the methods were designed to sample nekton, the data provide an index of
relative abundance for jellyfish larger than ~3 cm (Zavolokin 2010). Volkov (2008)
summarizes the zooplankton characteristics from this dataset, and reports biomass trends
grouped by time periods and regions. Although the boundary of the “Northwestern Pacific”
reported by the author differs somewhat from the boundary separating this LME from the
West Bering Sea LME, the trends reported are consistent across both LMEs, and therefore
results can be interpreted for the purposes of the present analysis. The trends show a
separation between what the author labels biotopes - “Outer shelf” waters, where jellyfish
populations appear to be reasonably stable, and the “Deepwater area”, where jellyfish
appear to be increasing. As such, this study was included in this LME as two separate
chronicles with differing Abundance Trends. The study regions classified as “Deepwater”
have a mean annual biomass density more than twice that as those classified as “Outer shelf”
(19.6 and 9.2 mg·m-3 respectively). In addition, “Deepwater” areas are slightly larger in
aggregate than those classified as “Outer shelf”. Therefore, the Confidence Index used for the
“Deepwater” chronicle is Very High, while High is used for the “Outer shelf” chronicle. The
“Deepwater” regions show an increase in “Coelenterata” in recent years, with the average
biomass after 1999 being three to four times that prior to 1999. Comparatively, overall
gelatinous biomass in the “Outer shelf” region appears relatively stable.
Interestingly, the observed increases in particular regions appear due to species other
than the abundant Aglantha digitale, which showed relatively stable populations, along with
some declines (Zavolokin 2010).
2.3.43 LME #52 – Sea of Okhotsk
The aforementioned Russian dataset also covers this entire LME. Based on the data
presented by Volkov (2008), there has been a large increase in jellyfish in recent years.
Average biomass of “Coelenterata” from 1999-2006 was up to an order of magnitude higher
compared to the period 1984-1999 in the “Inner shelf” and “Outer shelf” regions. The trend
was less pronounced for the “Deepwater” region of this LME. However, this region is
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relatively smaller, contains proportionately less jellyfish in general, and still showed an
increase in jellies of more than 60%. As such, this dataset was represented in this LME as a
chronicle with an Abundance Trend = 1 and a Confidence Index = Very High. These trends
appear to be due to species other than the abundant Aglantha digitale, which showed
relatively little variation in biomass over the dataset in this region. The increases
interpreted from the methods of Volkov (2008) are more likely due to large blooms in
particular years after 1999. Evidence of such blooms can been seen in reports relating to the
same data at higher resolution, which show a high biomass of mesopelagic scyphozoans in
2005, and high numbers for mesopelagic hydrozoans in several years after 1999 (Zavolokin
2010). Higher resolution data from the epipelagic show high interannual variability (Il'inskii
& Zavolokin 2007; Zavolokin 2010), with extreme peak years for certain groups or species,
such as Chrysaora spp. in 1999 (Il'inskii & Zavolokin 2007).
The various papers and citations listed above are a good illustration of some of the
problems that arise when trying to identify trends in jellyfish data (see Section 2.3.1). That is
to say, differing trends can be identified over different taxonomic, spatial, and temporal
scales. For example, based on data presented by Il’inskii & Zavolokin (2007), one could
conclude that total winter biomass of epipelagic scyphozoans has declined since 1999.
However, data presented by Zavolokin (2010) from the very same dataset show the biomass
of mesopelagic scyphozoans demonstrates an altogether different trend. As such,
conclusions should be drawn from datasets over the largest possible taxonomic, temporal,
and spatial scales – in this case Volkov (2008).
There is also evidence to suggest that blooms of the giant jellyfish, Nemopilema nomurai,
are appearing in this LME. According to a report by the Japanese Fisheries Service Center,
these jellies have been observed in the Sea of Okhotsk along the coast of Hokkaido
(Anonymous 2009d), but their abundance and distribution in this LME remains unclear.
2.3.44 LME #53 – West Bering Sea
As with the Oyashio Current and Sea of Okhotsk LMEs, the Russian dataset based on
Pacific Fisheries Research Center (TINRO-Center) trawl surveys reveals increases in jellyfish
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biomass in this region. Volkov (2008) reports changes in biomass of “Coelenterata”, which
show dramatic increases for “Inner shelf” regions and the comparatively large “Deepwater”
areas after 1999. This trend is not as evident in the smaller “Outer shelf” regions, due to the
large biomass of Aglantha digitale reported in 1997-1998. However, an increase is still
evident in these regions upon comparing average values from 1999-2006 compared to those
of 1984-1996. In contrast with the two aforementioned LMEs, the reported increases in this
region appear to be due in part, at least in the “Deepwater” areas, to the abundant
hydromedusan Aglantha digitale. Examination of the epipelagic data at higher taxonomic
resolution reveals a dramatic increase in the hydromedusa Aequorea forskalea and various
scyphozoans in the southern part of this LME in the early 2000s, whereas biomass of the
abundant scyphomedusa Chrysaora melanaster appears relatively stable in the northern part
of this LME over the same time period (Zavolokin et al. 2008). As discussed, conclusions
from this dataset are based on the broadest taxonomic, temporal, and spatial scales – in this
case Volkov (2008).
2.3.45 LME #60 – Faroe Plateau
Continuous Plankton Recorder (CPR) data spanning this LME were presented by
Licandro et al. (2010). While CPR surveys are clearly not designed to sample jellyfish, they
can provide an index of occurrence for the species sampled (see discussion in Section 2.3.22).
Roughly one half of this LME (the northeast) appears to show an increase in the jellyfish
anomaly from 1958-2007, while the southwest section shows a decline. Therefore, this
dataset was classified as variable (Abundance Trend = 0).
2.3.46 LME #61 – Antarctic
Jellyfish are a major component of the plankton in this LME, which can include large
salp blooms and several abundant ctenophores and medusae (Pagès et al. 1996). Like many
populations, jellyfish in this LME show high interannual variability, with populations
changing from high abundance to near absence in consecutive years (Larson & Harbison
1990; Pagès et al. 1996). In the Antarctic, there is a negative correlation between salps and
krill, whereby one group or the other tends to dominate in a particular year. This
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relationship appears to be mediated by sea ice, as ice algae provide food for krill in winter,
hence promoting larval recruitment. In contrast, salps occupy open waters with lower
primary production, and therefore sea ice extent may dictate whether krill or salps
dominate (Loeb et al. 1997; Moline et al. 2004). Salp populations monitored at Elephant
Island over the past several decades appear to be highly variable, with alternating regimes
of salp and krill dominance (Lee et al. 2010). A similar trend was evident for Prydz Bay
through the 1980s (Perissinotto & Pakhomov 1998). While these examples would lead one
to conclude that salp populations do not show significant changes, a larger scale analysis
suggests otherwise. Atkinson et al. (2004) compiled data for krill and salp populations back
to the 1920s, covering an extensive area of this LME. Abundance data from 1976-2003 were
compared with that from 1926-1939, revealing a significant decline in krill and a concurrent
increase in salps. This pattern was evident for several disparate locations around the
Antarctic continent. While data prior to 1950 were generally not included in this analysis
(see Section 2.1.2) an exception was made in this case due to the extensive temporal and
spatial coverage of the database, which comprises nearly 12,000 net hauls. In addition, the
significant decline in krill shown from 1976 to 2003 may indicate a similar trend for salps
over the same time period. If warming trends continue in this LME, salp populations may
continue to increase (Loeb et al. 1997; Moline et al. 2004).
2.3.47 LME #62 – Black Sea
The Black Sea has a unique and fascinating history of changing jellyfish populations,
linked primarily to a number of anthropogenic impacts including eutrophication (see
Section 1.5.3), overfishing (see Section 1.5.4), and species invasions (see Section 2.3.47.1).
The history of this ecosystem must also be viewed in light of climatic conditions, which
likely played a significant role in driving the ecological changes (Niermann 2004).
The scyphomedusa Aurelia aurita is suspected to be invasive here (Dawson et al. 2005);
however, the timeline concerning this invasion is unclear. As Aurelia has been present here
since at least the 1950s, it was therefore classified as a native species for the purposes of this
analysis. Abundances of Aurelia were relatively low in the 1950s and 1960s, with a total
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biomass somewhere between 1 million tonnes (Niermann 2004) and 30 million tonnes
(Shushkina & Musaeva 1983 in Bat et al. 2009). Abundance of Aurelia increased dramatically
through the 1970s and 1980s due to eutrophication and other anthropogenic stressors
(Niermann 2004), ultimately reaching a peak biomass on the order of 400-600 million tonnes
(Gomoiu 1981; Flint et al. 1989). The invasion of the ctenophore Mnemiopsis leidyi in 1988
(see below) resulted in a significant reduction of Aurelia thereafter (Shushkina &
Vinogradov 1991), possibly due to the fact that Aurelia populations are constrained by a
sessile polyp phase requiring suitable substrate within the oxygenated zone, whereas
ctenophores release gametes directly into the water column (Gücü 2002; Niermann 2004).
The population of Aurelia in the Black Sea now appears to be on the order of 100
million tonnes (Mutlu et al. 1994; Bat et al. 2009). As this is still much higher than the
biomass reported from the 1950s and 1960s, Aurelia is considered to have increased over this
time period (Abundance Trend = 1). While the fluctuations of Aurelia biomass tend to be
negatively correlated with biomass of M. leidyi, it would appear that the overall gelatinous
biomass of the Black Sea shelf has certainly increased since the 1950s and 1960s due to the
presence of both species (Oguz & Velikova 2010).
The ctenophore Pleurobrachia pileus also occurs in the Black Sea in high abundances.
While no major population changes are suspected over the past several decades (Mutlu et al.
1994), there is a suggestion that the P. pileus population has been reduced since 1999 due to
predation by the invasive ctenopore Beroe ovata. However, this decline does not appear to
be significant, as a lower biomass of P. pileus was also observed in the mid-1990s, prior to
the invasion of B. ovata (Shiganova et al. 2004a), and P. pileus abundance continues to be high
in the southern Black Sea (Mutlu 2009).
Interestingly, the scyphozoan Rhizostoma pulmo used to be one of the most common
jellyfish in coastal areas of the southern Black Sea, but was not observed in 2006/2007 (Mutlu
2009). The sudden disappearance of this conspicuous species is noteworthy, especially if its
absence continues. Nonetheless, the decline of R. pulmo is surely not sufficient to
compensate for the increased biomass due to the other jellyfish in the Black Sea.
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2.3.47.1 Invasive Species in LME #62 - Black Sea
The highly invasive ctenophore Mnemiopsis leidyi is native to the eastern U.S.A. and
was accidentally introduced to the Black Sea in the 1980s, presumably via ballast water from
cargo vessels (Shiganova 1998). M. leidyi was first detected in the inshore waters of Sudak
Bay in 1982, and began to spread throughout the Black Sea in 1988 (Shiganova 1998 and
references therein). The population of M. leidyi in the Black Sea quickly grew to astounding
abundances in 1989 and 1990, subsequently declining thereafter. This pattern appears to
have repeated, with additional peaks in the population occurring in the mid-1990s and
early-2000s, both of which were followed by years of variable abundance (Shiganova 1998;
Mutlu 2009).
In 1997, another invasive ctenophore - Beroe ovata - was detected in the Black Sea,
again presumably due to ballast water from shipping (Finenko et al. 2001and references
therein). Ironically, this jellyfish preys almost exclusively on other ctenophores, and
intentional introduction was being considered in the Black Sea as a possible means of
controlling M. leidyi blooms (Shiganova & Malej 2009). B. ovata quickly established a large
population, subsequently suppressing M. leidyi abundance (Shiganova et al. 2004a).
Laboratory experiments suggest that B. ovata will regulate its own population size by
adjusting reproduction to suit prey availability (Shiganova et al. 2004a), and indications are
that it can control populations of M. leidyi effectively. While it appears that the populations
of these invasive ctenophores have declined since their peaks in the 1990s, both species are
considered successful invaders and appear established in the Black Sea (Mutlu 2009; Oguz &
Velikova 2010).
2.3.48 LME #63 – Hudson Bay
Canada’s Department of Fisheries and Oceans (DFO) has conducted annual surveys in
Hudson Bay since 2003. Zooplankton data for summer (August or September) are collected
from numerous stations for a large transect (~600 km) inside Hudson Bay, as well other
transects in Foxe Basin and Hudson Strait. Dominant jellyfish are small hydromedusae,
including Aglantha digitale and the less abundant Aeginopsis laurentii. Jellyfish abundance
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data for the period 2003-2006 show variability for Hudson Bay, with a notable peak of A.
digitale in 2004 (M. Harvey, DFO, pers. comm., Aug. 2010). The other transects also show
variability over several years of data. Interestingly, the peak of A. digitale is not evident in
Foxe Basin, where jellyfish abundance was actually lower in 2004.
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3

Anthropogenic Impacts and Increasing Jellyfish Populations

3.1

Methods

3.1.1

Indicators
Numerous anthropogenic impacts on the marine environment have been

hypothesized to lead to increases in jellyfish abundance (Mills 1995, 2001; Purcell et al. 2007;
Pauly et al. 2009b; Richardson et al. 2009). Indicators for some of these impacts can be
estimated quantitatively at the LME scale. Nine individual indicators, as well as an
additional indicator of cumulative impacts (see Table 3.1 for all indicators), were tested for
correlations with the Jellyfish Index calculated in Section 2.
Table 3.1 Anthropogenic factors suspected to cause more jellyfish
Impact
Warming
Eutrophication
Overfishing

Bottom-trawling
Increased substrate and
coastal development
Aquaculture
Cumulative Factors
Salinity
Ocean Acidification

3.1.1.1

Indicator(s)
SST change
Estimated nitrogen input from
fertilizer
Marine Trophic Index (MTI)
Mean maximum length (MML) of
all catch
Catch intensity of small pelagics
Stock status (fraction of stocks
overexploited and collapsed)
Catch from trawling and dredging
per unit area of shelf (<200 m depth)
GDP per capita

Time
1957-2006
1995

Source
Belkin (2009)
Maranger et al. (2008)

1990-2005 average
1990-2005 average

Sea Around Us (2011)
Sea Around Us (2011)

1990-2005 average
1990-2005 average

Sea Around Us (2011)
Sea Around Us (2011)

1990-2005 average

Sea Around Us (2011)

2008

UNSTATS (2011)

Mariculture production
Cumulative impact score per area
NOT TESTED
NOT TESTED

1990-2005 average
Circa 2000
―――
―――

Campbell (2011)
Halpern et al. (2008)
―――
―――

Warming

Due to the influence of temperature on jellyfish reproduction, increasing temperatures
may ultimately lead to more jellyfish (see Section 1.5.2). Warming of LMEs was analysed by
Belkin (2009), using sea surface temperature (SST) from the U.K. Meterological Office
Hadley Centre SST climatology. The calculated degree of warming used for the indicator in
this analysis was reported as a linear regression of SST from 1957-2006.
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3.1.1.2

Eutrophication

The increasing use of fertilizer for agriculture is one of the main sources of cultural
eutrophication, which may provide advantages for jellyfish (see Section 1.5.3). Fertilizer
input by LME was modeled by Maranger et al. (2008) for the year 1995. Data were tested as
absolute values (input·year-1), as well as normalized by the area of each LME
(input·year·km-2).
3.1.1.3

Overfishing

As discussed, overfishing of both the predators and competitors of jellyfish can lead to
increases in jellyfish abundance (see Section 1.5.4). Overfishing was measured using four
indicators for each LME (averaged 1990-2005) from the Sea Around Us Project database:
i.

Marine Trophic Index (MTI; see Pauly & Watson 2005);

ii.

average mean maximum length (MML) of total catch, weighted by the catch
each stock;

3.1.1.4

iii.

fraction of the catch of small pelagic fish to the total catch;

iv.

fraction of overexploited and collapsed stocks compared to all stocks.

Bottom-Trawling

Bottom-trawling and dredging may also result in conditions that provide advantages
to jellyfish (see Section 1.5.5). Bottom-trawling was measured using the total catch from
trawling and dredging, normalized according to the amount of shelf area in each LME
(defined as depth < 200 m) from the Sea Around Us Project database.
3.1.1.5

Increased Substrate and Coastal Development

As many jellyfish have a sessile polyp phase as part of their life cycle (see Section 1.3),
the addition of anthropogenic structures to the marine environment may provide additional
habitat for jellyfish populations (see Section 1.5.6). As there is no direct measurement of
anthropogenic structures by LME, a proxy representing coastal development was
calculated. This proxy was calculated by first obtaining the Gross Domestic Product (GDP)
per capita in US Dollars for each coastal country in 2008, from the United Nations Statistics
Division Main Aggregates Database (UNSTATS 2011). Each country occupies a particular
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portion of the coastline within an LME, which was calculated by comparing the number of
coastal cells4 for each country with the total number of coastal cells in each LME. Finally, a
weighted average GDP per capita value was then calculated for each LME.
3.1.1.6

Aquaculture

As discussed, aquaculture may benefit jellyfish in a number of ways, including
eutrophication and increased substrate (see Section 1.5.7). In this case, we are mainly
concerned with the effects of mariculture, and freshwater aquaculture production has been
excluded from the analysis. Mariculture production was obtained from the Global Marine
Production Database (GMPD) that was created by Campbell (2011). This dataset presents
mariculture production at a finer geographic and taxonomic resolution than statistics
reported by the Food and Agriculture Organization of the United Nations (FAO). However,
the observed trends are similar in both datasets (Campbell 2011), and can be considered
comparable at some scales. Mariculture production for each LME was average over the
period 1990-2005.
3.1.1.7

Cumulative Factors

As discussed, several anthropogenic impacts on the marine environment may
individually lead to conditions that are advantageous to jellyfish. However, many of these
impacts may work in concert; whereby one mechanism alone may have no effect, but the
combined effects of several factors create conditions that ultimately lead to more jellyfish
(see Section 1.5.9).
Halpern et al. (2008) analysed 17 different anthropogenic drivers of impacts on the
marine environment within the last decade, including various indicators of pollution,
population density, overfishing, oil and gas development, invasive species, shipping,
warming, UV light, and ocean acidification. Each driver was evaluated on 20 different types
of ecosystems, including coral reefs, seagrass beds, mangroves, rocky reefs, as well as
various bottom types. The results of the analysis provided impact weights that were

GIS data cells in the Sea Around Us Project database are 0.5° latitude by 0.5° longitude. Coastal cells
are defined as those cells containing both land and water.
4
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combined to develop a single comparable estimate of recent anthropogenic impacts on
marine ecosystems.
The final results of the cumulative impacts were reported by ‘ecoregion’, a
classification of coastal and shelf areas based on species composition and biogeography
(Spalding et al. 2007). With 232 described ecoregions, this system provides higher spatial
resolution than the LME framework. However, many of the boundaries are the same in
both systems, and conversion between the two systems is possible. Using the established
borders for both systems, the results of Halpern et al. (2008) were converted to estimates for
each LME by combining the effects of the ecoregions within each particular LME. Where
boundaries of the different systems overlapped, an estimate was made for how much of the
ecoregion was inside the LME, and an appropriate weighting factor was used.
3.1.2

Generalized Additive Model
The computing package ‘R’ was used for all statistical analysis. Multiple regression

was analysed using a generalized additive model (GAM), with non-linear parametric
smoothing functions applied to all indicators.
Three LMEs were removed prior to the final analysis: the Humboldt Current, West
Greenland Shelf, and Antarctic. The Humboldt Current and West Greenland Shelf LMEs
were removed as these are the only two LMEs to show decreases, and may potentially
distort the results. This is due to the fact that the hypotheses being tested are whether or not
more intense anthropogenic impacts correlate with increasing jellyfish populations, rather
than what might cause a decline in jellyfish. In addition, the Humboldt Current LME has a
disproportionately large catch of small pelagic fish due to harvesting of the Peruvian
anchoveta (Engraulis ringens), which could also distort any potential correlations with the
overfishing indicators. The Antarctic LME was removed as it is the only polar region
included in the study, and the information on jellyfish populations is dominated by salps,
unlike all other LMEs. Current evidence suggests the observed increase in salps may be due
to warming via the loss of sea ice (see Section 2.3.46). However, the warming calculated by
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Belkin (2009) for this LME is only 0.11°C, much less than most other LMEs. As such, this
LME can be considered an outlier, and should be considered separately.
3.2

Results
The indicators used (see Section 3.1.1) were plotted against the Jellyfish Index (see

Section 2.2.1). Most indicators appeared to be non-linear, and are therefore plotted with a
non-parametric smoothing function. These are presented as pair plots and are separated
into indicators of overfishing (Figure 3.1), those that did not include overfishing (Figure 3.2),
and the indicator used for cumulative impacts (Figure 3.3).
Table 3.2 Impacts and associated indicators tested using a generalized additive model (GAM)
Impact
Warming
Eutrophication
Overfishing

Bottom-trawling
Increased substrate and
coastal development
Aquaculture
Cumulative Factors

Indicator(s)
SST change
Estimated nitrogen input from fertilizer
Marine Trophic Index (MTI)
Mean maximum length (MML) of all catch
Catch intensity of small pelagics
Stock status (fraction of stocks overexploited and collapsed)
Catch from trawling and dredging per unit area of shelf (<200 m depth)
GDP per capita
Mariculture production
Cumulative impact score per area
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Figure 3.1 Pair plots of the Jellyfish Index and non-fishing related indicators. The first row of plots
shows the relationship between the Jellyfish Index and each indicator, with the axes transposed in
the first column of plots. The rest of the plots show the relationships between the various
indicators. The units vary according to the indicator being plotted
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Figure 3.2 Pair plots of the Jellyfish Index and indicators related to fishing. The first row of plots
shows the relationship between the Jellyfish Index and each indicator, with the axes transposed in
the first column of plots. The rest of the plots show the relationships between the various
indicators. The units vary according to the indicator being plotted
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Figure 3.3 Pair plot of the Jellyfish Index and the indicator for cumulative impacts. The top plot
shows the relationship with the Jellyfish Index on the y-axis, while the bottom plot has the axes
transposed

3.2.1

Generalized Additive Model
Numerous combinations of indicators were used to create a variety of different

generalized additive models (GAM). Final model selection was based on the Akaike’s
Information Criterion (AIC), which is a useful measure of the fit of a model as it will
penalize the incorporation of any superfluous variables (Crawley 2007).
The final best-fit GAM included four indicators of significance (p < 0.05): stock status,
mariculture production, cumulative effects, and GDP (Table 3.3). The value of R2 in the final
model was 71%.
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Table 3.3 Significant indicators included in final GAM
Indicator
Stock status
Mariculture production
Cumulative effects
GDP

p value
0.0019
0.0062
0.0130
0.0489

The additive effects for the significant covariates are shown in Figures 3.4-3.7. The
shaded regions represent 95% confidence limits. The success of the model can also be
examined by plotting the differences between the predicted values from the model and the
observed values from the analysis (Figure 3.8).
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Figure 3.4 Additive effect of the stock status indicator resulting from the GAM. The plot
illustrates the relationship between the Jellyfish Index and the indicator when other indicators are
held constant. The shaded region represents the 95% confidence interval
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Figure 3.5 Additive effect of the mariculture indicator resulting from the GAM. The plot
illustrates the relationship between the Jellyfish Index and the indicator when other indicators are
held constant. The shaded region represents the 95% confidence interval
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Figure 3.6 Additive effect of the cumulative impacts indicator resulting from the GAM. The plot
illustrates the relationship between the Jellyfish Index and the indicator when other indicators are
held constant. The shaded region represents the 95% confidence interval

143

Figure 3.7 Additive effect of the GDP indicator resulting from the GAM. The plot illustrates the
relationship between the Jellyfish Index and the indicator when other indicators are held constant.
The shaded region represents the 95% confidence interval
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Figure 3.8 Plot of the observed Jellyfish Index (from Section 2) versus predicted Jellyfish Index
(resulting from the GAM) showing the relative success of the model

3.3

Discussion
Significant relationships between the Jellyfish Index and four indicators were

incorporated into the final GAM. This suggests that increasing jellyfish populations are
highly influenced by these four factors: stock status, mariculture production, GDP, and
cumulative anthropogenic impacts. The final model was a reasonably good fit at R2 = 71%.
As can be seen in the plot of observed versus predicted values (Figure 3.8), the model
appears to slightly underestimate the effects at low Jellyfish Indexes, and slightly
overestimates them at high Jellyfish Indexes.
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The relationships between the Jellyfish Index and the significant covariates are clearly
non-linear, and appear to contain certain thresholds. Stock status, defined as the proportion
of totals stocks within each LME that are overexploited or collapsed, was the most
significant covariate (p = 0.0019). This suggests that overfishing may be an important factor
for determining the fate of jellyfish populations, either through the direct effects of
overfishing on jellyfish (see Section 1.5.4), or through more complicated trophic and
ecosystem structure interactions (also see Section 1.7).
Mariculture production was also a highly significant covariate (p = 0.0062), suggesting
that such operations can influence jellyfish abundance through various mechanisms (see
Section 1.5.7). Cumulative anthropogenic impacts and the GDP indicator were also found to
be significant covariates, albeit to a lesser extent (p = 0.0130 and 0.0489 respectively). These
results suggest that the observed increases in coastal jellyfish populations around the globe
are likely due to unhealthy ecosystems, and that the causes of ecosystem decline are largely
anthropogenic in origin. Thus, it would seem that coastal development and its associated
effects on the marine environment are linked to increasing jellyfish populations.
Despite the fact that many of the indicators included in the analysis were not found to
have significant relationships with the Jellyfish Index, this does not necessarily exclude these
impacts as causal factors for increasing jellyfish populations. First, the LME framework may
be too coarse of a spatial scale to account for the localized effects of some anthropogenic
impacts. The sources of many stressors can be highly concentrated, such as near cities,
harbours, and estuaries. Other impacts, such as fishing, may also have highly uneven
distributions. As such, the dynamics of certain regions may not be accurately represented
by a single indicator estimated as an average over the entire LME. To compensate for this,
future analyses could evaluate effects at multiple spatial scales.
Second, the analysis treats each LME as if it will be affected in the same way, and does
not take into account how each system will respond to particular impacts. For example, an
open coastal ecosystem can presumably handle a certain amount of nutrient input without
becoming eutrophic, whereas a semi-enclosed sea may have a much lower threshold.
Therefore, the effects of anthropogenic impacts may be difficult to isolate, and it is likely
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that each system will respond differently depending on physical, chemical, and ecological
characteristics. To overcome this effect, the analysis could be expanded to include a
vulnerability index for each ecosystem, representing the likelihood of response to each
particular impact.
In addition, improved indicators could be designed that may better capture the
mechanisms being tested. For example, nitrogen input due to fertilizer use was used as a
proxy for eutrophication. However, the implications of excess fertilizer input may not
necessarily result in the effects that are hypothesized to create advantageous conditions for
jellyfish. As discussed, these effects include increased production, hypoxia, and turbidity,
as well as potential shifts in phytoplankton community structure. As such, designing
indicators that more accurately capture these effects may help to improve the model.
Many of the impacts that appear linked to increasing jellyfish populations started
occurring prior to 1950, such as pollution, historical overfishing, and previous habitat
destruction. As such, it is possible that the observed increases in jellyfish in recent decades
are a response to a long history of anthropogenic impacts that are not entirely captured by
the timescale of indicators used.
Similarly, the indicators used do not account for the detailed history of an ecosystem,
even since 1950. For example, the scaling up of a fishery and the resulting demise of a stock
can occur within a short timeframe. Such a stock may even recover, and therefore may not
be detected by an indicator that is calculated only for the end of a particular period. In the
case of warmer temperatures, a simple linear regression of SST does not accurately capture
shorter periods of warmer waters, whereby a polyp population may increase over a single
season or several years (see Section 1.5.2). As such, examining indicators at more detailed
temporal scales may help to better identify significant covariates. For example, the number
of “warm winters” could be examined by comparing annual winter SST to a mean value,
thereby helping to identify years when polyp populations may have increased.
As mentioned, there was a significant covariation between the Jellyfish Index and the
analysis by Halpern et al. (2008), which estimates cumulative anthropogenic impacts. While
this indicator accounts for multiple impacts and the vulnerability of various ecosystem
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types, it still does not take potential synergistic effects into account. If such an indicator
were to be estimated, the significance of the relationship may improve further.
Although there are several improvements that could be made to a second iteration of
the model, the observed trends and correlations are convincing. Indeed, the reasonable
success of the model underscores the fact that the widespread increases observed in jellyfish
populations are likely due to the continued degradation of the marine environment by
human activities.
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4

Conclusions
Jellyfish populations appear to be increasing in the majority of the world’s coastal

ecosystems and seas. While these increases are conspicuous in several locations, even basic
knowledge of jellyfish populations is most regions is poor. As jellyfish populations can
have important and profound impacts on human activities and marine ecosystems, it is of
paramount importance that we rapidly increase our understanding of these enigmatic
creatures.
There is evidence to suggest that the observed increases in jellyfish populations are
due to anthropogenic impacts on the marine environment. Indeed, several indicators of
such impacts were found to be significant covariates with changing jellyfish populations
using a generalized additive model. Significant indicators included the overall status of
fisheries stocks within each LME, total mariculture production, estimates of coastal
development, and estimates of cumulative anthropogenic impacts. The results of this
analysis suggest that jellyfish are synathropic, as previously suspected, and populations
may be increasing due to stressed ecosystems. As such, it is imperative that these
considerations are taken into account concerning coastal development and the management
of marine resources, and ecosystem-based management should be implemented wherever
possible.

149

References
Abed-Navandi, D. & R. Kikinger 2007. First record of the tropical scyphomedusa Phyllorhiza
punctata in the Central Mediterranean Sea. Aquatic Invasions. 2 (4): 391-394.
Adriaenssens, V., B. D. Baets, P. L. M. Goethals & N. D. Pauw 2004. Fuzzy rule-based
models for decision support in ecosystem management. Science of The Total
Environment. 319 (1-3): 1-12.
Al-Rubiay, K. K., H. A. Al-Musaoi, L. Alrubaiy & M. G. Al-Freje 2009. Skin and systemic
manifestations of jellyfish stings in Iraqi fishermen. Libyan Journal of Medicine. 4 (2):
75-77.
Alamaru, A., O. Bronstein, Y. Loya & G. Dishon 2009. Opportunistic feeding by the fungiid
coral Fungia scruposa on the moon jellyfish Aurelia aurita. Coral Reefs. 28 (4): 865-865.
Alldredge, A. L. & L. P. Madin 1982. Pelagic tunicates - unique herbivores in the marine
plankton. Bioscience. 32 (8): 655-663.
Álvarez-Silva, C. 1999. Blackfordia virginica in coastal lagoons of the Mexican Pacific. Revista
de Biologia Tropical. 47 (1-2): 281. (in Spanish)
Álvarez-Silva, C., S. Gómez-Aguirre & M. G. Miranda-Arce 2003. Morphologic variations in
Blackfordia virginica in coastal lagoons of Chiapas, Mexico. Revista de Biologia Tropical.
51 (2): 409-412. (in Spanish with English abstract)
Alvarez, L. June 2, 2011. Small but innumerable, jellyfish storm a beach. The New York Times,
Cocoa Beach, Florida, U.S.A.
Anderson, P. J. & J. F. Piatt 1999. Community reorganization in the Gulf of Alaska following
ocean climate regime shift. Marine Ecology Progress Series. 189: 117-123.
Anonymous. July 22, 1998. Unfamiliar jellyfish inflicting pain along south Florida beaches.
The Associated Press, Miami, Florida, U.S.A.
Anonymous. December 14, 1999. Plant operator says sorry for blackout. Manila Standard,
Manila, Philippines.
Anonymous. December 5, 2007a. Demand for jellyfish keeps olive ridley turtles starving in
Orissa, India. Earthtimes.org, India.
Anonymous. November 26, 2007b. Scientists mystified by jellyfish attacks on fish farm.
Spiegel International, Hamburg, Germany.
Anonymous. October 4, 2008a. Govt bid to save jellyfish. New Indian Express, Kendrapapra,
India.
Anonymous. June 21, 2008b. Jellyfish outbreaks a sign of nature out of sync. Agence FrancePresse, Paris, France.
Anonymous. April 10, 2009a. Appalachian professor grows and studies box jellyfish. ASU
News, Appalachian State University, Boone, North Carolina, U.S.A.
Anonymous. February 12, 2009b. Marine biologists perplexed by jellyfish in Baltic Sea.
Agence France-Presse, Stockholm, Sweden.
Anonymous. June 17, 2009c. Public encouraged to report invasive jellyfish in lagoon. St.
Johns River Water Management District, Palm Bay, Florida, U.S.A.
Anonymous. November 19, 2009d. Where did all the jellyfish come from? The Mainichi Daily
News, Japan.
150

Anonymous. November 22, 2010a. Are Swedish tour operators covering up the threat of
deadly jellyfish in Thailand? ThaiVisa.com, Cha-am, Thailand.
Anonymous. September 25, 2010b. Beach erosion in Goa could be linked to climate change.
The Times of India, Panaji, India.
Anonymous. December 14, 2010c. Blooming jellyfish in northeast Atlantic and
Mediterranean: overfishing, warming waters to blame. Science Daily, Rockville,
Maryland, U.S.A.
Anonymous. January 13, 2010d. Deadly jellyfish stings on the rise. ONE News, New
Zealand.
Anonymous. August 31, 2010e. Fried egg jellyfish season in full swing. Times of Malta,
Valletta, Malta.
Anonymous. November 24, 2010f. Jellyfish-inspired pumps: researchers investigate nextgeneration medical and robotic devices. ScienceDaily.
Anonymous. October 18, 2010g. Jellyfish invasion creates pain for beachgoers. WFTV News,
New Smyrna Beach, Florida, U.S.A.
Anonymous. August 3, 2010h. Tourists warned to be on guard for 'mauve stinger' after
swarms of jellyfish invade Spain's Costa Blanca. Daily Mail, London, United
Kingdom.
Anonymous. July 22, 2011a. Australian spotted jellyfish, Phyllorhiza punctata, invade Spanish
beaches. The Daily Telegraph, Sydney, Australia.
Anonymous. August 5, 2011b. Box jellyfish number soar. Times of Malta, Valletta, Malta.
Anonymous. May 2, 2011c. Fishermen stunned by jellyfish blooms. New Straits Times, Kuala
Lumpur, Malaysia.
Anonymous. July 4, 2011d. Jellyfish sting nearly 2,000 over weekend. The Daytona Beach
News-Journal, Daytona Beach, Florida.
Anonymous. March 4, 2011e. Lethal sea creature could be on its way. Port Macquarie News,
Port Macquarie, New South Wales, Australia.
Anonymous. July 21, 2011f. Rise in jellyfish at UK beaches, say conservationists. BBC News,
London, United Kingdom.
Anonymous. July 11, 2011g. Sharp drop in jellyfish sightings...so far. Times of Malta, Valletta,
Malta.
Anonymous. July 25, 2011h. Survey to study habits of moonfish jellyfish. The Berwick
Advertiser, Berwick-upon-Tweed, United Kingdom.
Anonymous. July 1, 2011i. Two new jellyfish species spotted in Maltese waters. di-ve.com,
www.di-ve.com/Default.aspx?ID=72&Action=1&NewsId=84405.
APP 2010. Barnegat Bay Under Stress. Asbury Park Press, Neptune, New Jersey, U.S.A.
Available at: www.app.com/section/barnegatbay.
Arai, M. N. 1997. A Functional Biology of Scyphozoa. Chapman and Hall, London. 300pp.
Arai, M. N. 2001. Pelagic coelenterates and eutrophication: a review. Hydrobiologia. 451 (1-3):
69-87.
Arai, M. N. 2009. The potential importance of podocysts to the formation of scyphozoan
blooms: a review. Hydrobiologia. 616: 241-246.

151

Asuaje, A. June 24, 2010. Jellyfish invade beaches. St. Augustine Record, St. Augustine,
Florida, USA.
Atienza, D., I. Lewinsky, V. Fuentes, U. Tilves, M. Gentile, A. Olariaga, J. Gili & M. de
Torres. July 14, 2010. Nine years of jellyfish observations in Catalonia, Spain (NW
Mediterranean). Third International Jellyfish Blooms Symposium. Presentation by V.
Fuentes. Mar del Plata, Argentina.
Atkinson, A., V. Siegel, E. Pakhomov & P. Rothery 2004. Long-term decline in krill stock and
increase in salps within the Southern Ocean. Nature. 432 (7013): 100-103.
Attrill, M. J. & M. Edwards 2008. Reply to Haddock, S. H. D. Reconsidering evidence for
potential climate-related increases in jellyfish. Limnology and Oceanography. 53 (6):
2763-2766.
Attrill, M. J. & R. M. Thomas 1996. Long-term distribution patterns of mobile estuarine
invertebrates (Ctenophora, Cnidaria, Crustacea: Decapoda) in relation to
hydrological parameters. Marine Ecology Progress Series. 143 (1-3): 25-36.
Attrill, M. J., J. Wright & M. Edwards 2007. Climate-related increases in jellyfish frequency
suggest a more gelatinous future for the North Sea. Limnology and Oceanography. 52
(1): 480-485.
Avian, M., L. R. Sandrini & F. Stravisi 1991. The effect of seawater temperature on the
swimming activity of Pelagia noctiluca. Bollettino Di Zoologia. 58 (2): 135-141.
Bakun, A. & S. J. Weeks 2004. Greenhouse gas buildup, sardines, submarine eruptions and
the possibility of abrupt degradation of intense marine upwelling ecosystems.
Ecology Letters. 7 (11): 1015-1023.
Bakun, A. & S. J. Weeks 2006. Adverse feedback sequences in exploited marine systems: are
deliberate interruptive actions warranted? Fish and Fisheries. 7 (4): 316-333.
Båmstedt, U., J. H. Fosså, M. B. Martinussen & A. Fosshagen 1998. Mass occurrence of the
physonect siphonophore Apolemia uvaria in Norwegian waters. Sarsia. 83 (1): 79-85.
Bǎnaru, D., M. Harmelin-Vivien & C. F. Boudouresque 2010. Man induced change in
community control in the north-western Black Sea: The top-down bottom-up
balance. Marine Environmental Research. 69 (4): 262-275.
Bardi, J. & A. C. Marques 2009a. The invasive hydromedusae Blackfordia virginica (Cnidaria:
Blackfordiidae) in southern Brazil, with comments on taxonomy and distribution of
the genus Blackfordia. Zootaxa. (2198): 41-50.
Bardi, J. & A. C. Marques 2009b. The invasive hydromedusae Blackfordia virginica in
southern Brazil, with comments on taxonomy and distribution of the genus
Blackfordia. Zootaxa. (2198): 41-50.
Bardsley, D. & E. Landais. June 10, 2007. Cyclone Gonu suspected in alien jellyfish invasion.
Gulf News, Dubai, United Arab Emirates.
Barord, G. J., W. M. Graham & K. M. Bayha 2007. First report of the invasive medusa,
Phyllorhiza punctata in Galveston Bay, Texas. Gulf of Mexico Science. 25 (2): 166-167.
Barz, K., H. H. Hinrichsen & H. J. Hirche 2006. Scyphozoa in the Bornholm basin (central
Baltic Sea) - The role of advection. Journal of Marine Systems. 60: 167-176.

152

Barz, K. & H. J. Hirche 2005. Seasonal development of scyphozoan medusae and the
predatory impact of Aurelia aurita on the zooplankton community in the Bornholm
Basin (central Baltic Sea). Marine Biology. 147 (2): 465-476.
Bat, L., H. H. Satilmis, Z. Birinci-Ozdemir, F. Sahin & F. Ustun 2009. Distribution and
population dynamics of Aurelia aurita in the southern Black Sea. North-Western
Journal of Zoology. 5 (2): 225-241.
Batten, S. D., R. Clark, J. Flinkman, G. C. Hays, E. John, A. W. G. John, T. Jonas, J. A. Lindley,
D. P. Stevens & A. Walne 2003. CPR sampling: the technical background, materials
and methods, consistency and comparability. Progress in Oceanography. 58 (2-4): 193215.
Baxter, E. J., A. W. Walne, J. E. Purcell, R. McAllen & T. K. Doyle 2010. Identification of
jellyfish from Continuous Plankton Recorder samples. Hydrobiologia. 645 (1): 193-201.
Bayha, K., T. Bolton & W. Graham. July 16, 2010. Phylogeography of the invasive jellyfish
Phyllorhiza indicates multiple cryptic species in native and invasive ranges and
hybridization among congeners. Third International Jellyfish Blooms Symposium.
Presentation. Mar del Plata, Argentina.
Bayha, K. & M. Dawson 2010. New family of allomorphic jellyfishes, Drymonematidae,
emphasizes evolution in the functional morphology and trophic ecology of
gelatinous zooplankton. Biological Bulletin. 219: 249-267.
Becker, A., I. Sotje, C. Paulmann, F. Beckmann, T. Donath, R. Boese, O. Prymak, H. Tiemann
& M. Epple 2005. Calcium sulfate hemihydrate is the inorganic mineral in statoliths
of Scyphozoan medusae. Dalton Transactions. (8): 1545-1550.
Beeler, C. August 5, 2011. Jellyfish explosion in Barnegat Bay worries scientists. WHYY
NewsWorks, Philadelphia, USA.
Behrends, G. & G. Schneider 1995. Impact of Aurelia aurita medusae on the standing stock
and community composition of mesoplankton in the Kiel Bight (western Baltic Sea).
Marine Ecology Progress Series. 127 (1-3): 39-45.
Belkin, I. M. 2009. Rapid warming of Large Marine Ecosystems. Progress in Oceanography. 81
(1-4): 207-213.
Benović, A., D. Justić & A. Bender 1987. Enigmatic changes in the hydromedusan fauna of
the northern Adriatic Sea. Nature. 326 (6113): 597-600.
Benović, A., D. Lučić & V. Onofri 2000. Does change in Adriatic hydromedusan fauna
indicate an early phase of marine ecosystem destruction? P.S.Z.N.: Marine Ecology. 21
(3-4): 221-231.
Beyer, F. 1968. Zooplankton, zoobenthos, and bottom sediments as related to pollution and
water exchange in Oslofjord. Helgolander Wissenschaftliche Meeresuntersuchungen. 17
(1-4): 496-&.
Bilio, M. & U. Niermann 2004. Is the comb jelly really to blame for it all? Mnemiopsis leidyi
and the ecological concerns about the Caspian Sea. Marine Ecology Progress Series.
269: 173-183.
Billett, D. S. M., B. J. Bett, C. L. Jacobs, I. P. Rouse & B. D. Wigham 2006. Mass deposition of
jellyfish in the deep Arabian Sea. Limnology and Oceanography. 51 (5): 2077-2083.

153

Boero, F., J. Bouillon, C. Gravili, M. P. Miglietta, T. Parsons & S. Piraino 2008. Gelatinous
plankton: irregularities rule the world (sometimes). Marine Ecology Progress Series.
356: 299-310.
Boero, F. & A. Minelli 1984. First record of Carybdea marsupialis from the Adriatic Sea.
Bollettino del Museo Civico di Storia Naturale di Venezia. 35: 179-180.
Boero, F., M. Putti, E. Trainito, E. Prontera, S. Piraino & T. Shiganova 2009. First records of
Mnemiopsis leidyi from the Ligurian, Thyrrhenian and Ionian Seas (western
Mediterranean) and first record of Phyllorhiza punctata from the western
Mediterranean. Aquatic Invasions. 4: 675-680.
Boersma, M., A. M. Malzahn, W. Greve & J. Javidpour 2007. The first occurrence of the
ctenophore Mnemiopsis leidyi in the North Sea. Helgoland Marine Research. 61 (2): 153155.
Bolton, T. F. & W. M. Graham 2004. Morphological variation among populations of an
invasive jellyfish. Marine Ecology Progress Series. 278: 125-139.
Bordehore, C., V. Fuentes, D. Atienza, C. Barberá & D. Fernandez-Jover et al. 2011. Detection
of an unusual presence of the cubozoan Carybdea marsupialis at shallow beaches
located near Denia, Spain (SW Mediterranean). Journal of the Marine Biological
Association of the United Kingdom. (in press)
Bouchet, J. 2007. Etude du cycle du carbone et de l'azote au sein du scyphozoaire
symbiotique Cassiopea sp. en milieu contrôlé. MSc Thesis, Griffith University,
Queensland, Australia.
Boulware, D. R. 2006. A randomized, controlled field trial for the prevention of jellyfish
stings with a topical sting inhibitor. Journal of Travel Medicine. 13 (3): 166-171.
Breitburg, D. L., B. C. Crump, J. O. Dabiri & C. L. Gallegos 2010. Ecosystem engineers in the
pelagic realm: alteration of habitat by species ranging from microbes to jellyfish.
Integrative and Comparative Biology. 50 (2): 188-200.
Breitburg, D. L. & R. S. Fulford 2006. Oyster-sea nettle interdependence and altered control
within the Chesapeake Bay ecosystem. Estuaries and Coasts. 29 (5): 776-784.
Breitburg, D. L., T. Loher, C. A. Pacey & A. Gerstein 1997. Varying effects of low dissolved
oxygen on trophic interactions in an estuarine food web. Ecological Monographs. 67
(4): 489-507.
Brierley, A. S., B. E. Axelsen, E. Buecher, C. A. J. Sparks, H. Boyer & M. J. Gibbons 2001.
Acoustic observations of jellyfish in the Namibian Benguela. Marine Ecology Progress
Series. 210: 55-66.
Britt, R. R. August 18, 2007. Monster jellyfish invade Gulf of Mexico. LiveScience.com.
Brodeur, R. D. 1998. In situ observations of the association between juvenile fishes and
scyphomedusae in the Bering Sea. Marine Ecology Progress Series. 163: 11-20.
Brodeur, R. D., M. B. Decker, L. Ciannelli, J. E. Purcell, N. A. Bond, P. J. Stabeno, E. Acuna &
G. L. Hunt 2008a. Rise and fall of jellyfish in the eastern Bering Sea in relation to
climate regime shifts. Progress in Oceanography. 77 (2-3): 103-111.
Brodeur, R. D., C. E. Mills, J. E. Overland, G. E. Wlaters & J. D. Schumacher 1999. Evidence
for a substantial increase in gelatinous zooplankton in the Bering Sea, with possible
links to climate change. Fisheries Oceanography. 8: 296-306.
154

Brodeur, R. D., C. L. Suchman, D. C. Reese, T. W. Miller & E. A. Daly 2008b. Spatial overlap
and trophic interactions between pelagic fish and large jellyfish in the northern
California Current. Marine Biology. 154 (4): 649-659.
Brodeur, R. D., H. Sugisaki & G. L. Hunt 2002. Increases in jellyfish biomass in the Bering
Sea: implications for the ecosystem. Marine Ecology Progress Series. 233: 89-103.
Buch, E., S. A. Pedersen & M. H. Ribergaard 2004. Ecosystem variability in West Greenland
waters. Journal of Northwest Atlantic Fishery Science. 34 (March): 13-28.
Buchanan, B. G. & E. H. Shortliffe, eds. 1984. Rule-Based Expert Systems - The MYCIN
Experiments of the Stanford Heurisitic Programming Project. Addison-Wesley.
California, U.S.A.
Buecher, E. & M. J. Gibbons 2000. Interannual variation in the composition of the
assemblages of medusae and ctenophores in St Helena Bay, Southern Benguela
Ecosystem. Scientia Marina. 64: 123-134.
Buecher, E., J. Goy, B. Planque, M. Etienne & S. Dallot 1997. Long-term fluctuations of Liriope
tetraphylla in Villefranche bay between 1966 and 1993 compared to Pelagia noctiluca
populations. Oceanologica Acta. 20 (1): 145-157.
Burbank, J. July 5, 2011. The jellies of fourth of July. Orlando Sentinel, Orlando, Florida.
Burnett, J. W. 2005. Lack of efficacy of a combination sunblock and "jellyfish sting inhibitor"
topical preparation against Physalia sting. Dermatitis. 16 (3): 151-151.
Burrell, V. G. & W. A. van Engel 1970. A means of coping with Mnemiopsis leidyi in plankton
samples. Chesapeake Science. 2: 139-140.
CalCOFI 2010. Zooplankton database. Plankton sample analysis supported by NSF grants to
M.D. Ohman, Scripps Institution of Oceanography and by the SIO Pelagic
Invertebrates Collection. Available at: https://oceaninformatics.ucsd.edu/zoodb.
Calder, D. R. 1973. Laboratory observations on the life history of Rhopilema verrilli. Marine
Biology. 21 (2): 109-114.
Campbell, B. 2011. A global analysis of historical and projected mariculture production
trends, 1950-2030. MSc Thesis, University of British Columbia, Vancouver, Canada.
144pp.
Campbell, E. S. June 6, 2010. Small, stinging jellyfish called sea nettles on the rise in Barnegat
Bay. Press of Atlantic City, Pleasantville, New Jersey, U.S.A.
Cargo, D. G. & D. R. King 1990. Forecasting the abundance of the sea nettle Chrysaora
quinquecirrha in the Chesapeake Bay. Estuaries. 13 (4): 486-491.
Carr, M.-E. 2001. Estimation of potential productivity in Eastern Boundary Currents using
remote sensing. Deep Sea Research Part II: Topical Studies in Oceanography. 49 (1-3): 5980.
Çevik, C., I. L. Erkol & B. Toklu 2006. A new record of an alien jellyfish from the Levantine
coast of Turkey - Cassiopea andromeda. Aquatic Invasions. 1 (3): 196-197.
Chan, F., J. A. Barth, J. Lubchenco, A. Kirincich, H. Weeks, W. T. Peterson & B. A. Menge
2008. Emergence of anoxia in the California Current Large Marine Ecosystem.
Science. 319: 920.

155

Cheng, J., S. Li, F. Ding & L. Yan 2004. Primary analysis on the jellyfish bloom and its cause
in the East China Sea and the Yellow Sea. Modern Fisheries Information. 19 (5): 10-12.
(in Chinese)
Cheung, W. W. L., R. Watson, T. Morato, T. J. Pitcher & D. Pauly 2007. Intrinsic vulnerability
in the global fish catch. Marine Ecology Progress Series. 333: 1-12.
Chiaverano, L., K. Bayha & W. Graham. July 16, 2010. Intra-specific morphological variation
in the upside-down jellyfish Cassiopea along the Florida Keys (USA): driven by
phenotypic plasticity? Third International Jellyfish Blooms Symposium. Poster. Mar
del Plata, Argentina.
Chícharo, M. A., T. Leitão, P. Range, C. Gutierrez, J. Morales, P. Morais & L. Chícharo 2009.
Alien species in the Guadiana Estuary (SE-Portugal/SW-Spain): Blackfordia virginica
and Palaemon macrodactylus: potential impacts and mitigation measures. Aquatic
Invasions. 4 (3): 501-506.
Chudnow, R. 2008. Are jellyfish populations increasing worldwide (and why)? Honours
Bachelor's Thesis Thesis, Dalhousie University, Halifax, Canada.
CIESM 2008. Climate warming and related changes in Mediterranean marine biota, Briand,
F. (ed.). CIESM Workshop Monographs, No. 35. Monaco. 152 pp.
Clarke, C. 1988. The annual cycle of neritic metazooplankton off Kingston, Jamaica, with
estimates of their annual productivity. MSc Thesis, University of Guelph, Guelph,
Canada. 94pp.
Clarke, T. A. & G. S. Aeby 1998. The use of small and mid-water attraction devices for
investigation of the pelagic juveniles of carangid fishes in Kaneohe Bay, Hawaii.
Bulletin of Marine Science. 62 (3): 947-955.
CMFRI. July-September, 2009. Unusual heavy landings of jellyfish, Crambionella stuhlmanni
at Pulicat landing centre, Chennai. CMFRI Newsletter (122), Central Marine Fisheries
Research Institute, Kochi, India.
Coleman, N. 2004. Jellyfish fishery development and assessment 1999/138. Primary
Industries Research Victoria, Marine and Freshwater Systems, Department of
Primary Industries. Victoria, Australia. 120 pp.
Coleman, R. 2010. Jellyfish, fluorescent proteins, Nobel Prizes and pioneers in
histochemistry. Acta Histochemica. 112 (2): 113-117.
Coles, S. L., R. C. DeFelice & L. G. Eldredge 2002. Nonindigenous marine species in
Kane'ohe Bay, Oahu, Hawaii. Bishop Museum Technical Report No. 24. Honolulu,
Hawaii. 364 pp.
Condon, R. H., M. B. Decker & J. E. Purcell 2001. Effects of low dissolved oxygen on survival
and asexual reproduction of scyphozoan polyps (Chrysaora quinquecirrha).
Hydrobiologia. 451 (1-3): 89-95.
Condon, R. H., W. M. Graham, C. M. Duarte, K. A. Pitt, C. Lucas, S. Haddock, K. R.
Sutherland, K. Robinson, M. Dawson, M. B. Decker, J. E. Purcell, A. Malej, H.
Mianzan, S. Uye, C. E. Mills, P. A. del Giorgio, C. A. Carlson, S. Gelcich & L. Madin
2011a. Questioning the rise of jellies in the world's oceans. (in prep.)
Condon, R. H., D. K. Steinberg, P. A. del Giorgio, T. C. Bouvier, D. A. Bronk, W. M. Graham
& H. W. Ducklow 2011b. Jellyfish blooms result in a major microbial respiratory sink
156

of carbon in marine systems. Proceedings of the National Academy of Sciences of the
United States of America. 108 (25): 10225-10230.
Conesa, H. M. & F. J. Jiménez-Cárceles 2007. The Mar Menor lagoon (SE Spain): a singular
natural ecosystem threatened by human activities. Marine Pollution Bulletin. 54 (7):
839-849.
Cooke, W. J. 1984. New scyphozoan records for Hawaii - Anomalorhiza shawi and
Thysanostoma loriferum - with notes on several other rhizostomes. Proceedings of the
Biological Society of Washington. 97 (3): 583-588.
Cornelius, P. F. S. & F. L. Silveira 1997. Recent observations on the Brazilian Scyphomedusa
fauna. Resumos do VII Congresso Latinoamericano de Ciências do Mar. 1: 192-194.
Costello, J. H., B. K. Sullivan & D. J. Gifford 2006. A physical-biological interaction
underlying variable phenological responses to climate change by coastal
zooplankton. Journal of Plankton Research. 28 (11): 1099-1105.
Cowan, J. H. & E. D. Houde 1993. Relative predation potentials of scyphomedusae,
ctenophores, and planktivorous fish on ichthyoplankton in Chesapeake Bay. Marine
Ecology Progress Series. 95 (1-2): 55-65.
Cox, E. 1999. The Fuzzy Systems Handbook: a Practitioner's Guide to Building, Using, and
Maintaining Fuzzy Systems. AP Professional, San Diego, U.S.A.
Crawley, M. J. 2007. The R Book. John Wiley & Sons, Chichester, U.K. 942pp.
Crow, G., B. Holland, L. Blair, M. Kaneshiro-Pineiro, K. Bridges, R. Goto & A. Yanagihara.
July 14, 2010. Historical records, Waikiki beach counts, and public advisories of box
jellyfish Alatina moseri in Hawaii. Third Annual Jellyfish Blooms Symposium.
Presentation by M. Kaneshiro-Pineiro. Mar del Plata, Argentina.
Cuneo, L. July 23, 2009. Au secours, les méduses. Le Point, Paris, France.
Cutress, C. E. 1973. Phyllorhiza punctata in the tropical Atlantic. Proceedings of the Association
of Island Marine Laboratories of the Caribbean. 9: 14.
Dabiri, J. O. 2011. Jellyfish-inspired propulsion. Integrative and Comparative Biology. 51: E29.
Daoust, P. October 4, 2009. Na moku ola: upside-down jellyfish one of two alien jellies in
Hawaiian waters. The Maui News, Wailuku, Hawaii.
Daryanabard, R. & M. N. Dawson 2008. Jellyfish blooms: Crambionella orsini in the Gulf of
Oman, Iran, 2002-2003. Journal of the Marine Biological Association of the United
Kingdom. 88 (3): 477-483.
Daskalov, G. M. 2002. Overfishing drives a trophic cascade in the Black Sea. Marine Ecology
Progress Series. 225: 53-63.
Dawson, M. N. July 16, 2010. Cryptic ecology. Third International Jellyfish Blooms
Symposium. Presentation. Mar del Plata, Argentina.
Dawson, M. N. & W. M. Hamner 2009. A character-based analysis of the evolution of
jellyfish blooms: adaptation and exaptation. Hydrobiologia. 616: 193-215.
Dawson, M. N., L. E. Martin & L. K. Penland 2001. Jellyfish swarms, tourists, and the Christchild. Hydrobiologia. 451 (1-3): 131-144.
Dawson, M. N., A. Sen Gupta & M. H. England 2005. Coupled biophysical global ocean
model and molecular genetic analyses identify multiple introductions of cryptogenic

157

species. Proceedings of the National Academy of Sciences of the United States of America.
102 (34): 11968-11973.
de Pender, A. M. G., K. D. Winkel & R. J. Ligthelm 2006. A probable case of Irukandji
syndrome in Thailand. Journal of Travel Medicine. 13 (4): 240-243.
Deason, E. E. & T. J. Smayda 1982. Ctenophore-zooplankton-phytoplankton interactions in
Narragansett Bay, Rhode Island, USA, during 1972-1977. Journal of Plankton Research.
4 (2): 203-217.
Decker, M. B., K. S. Chan, L. Ciannelli, C. Ladd & H. Liu. Nov. 2, 2009. Changes in the
biomass and distribution of Bering Sea jellyfish in relation to ocean circulation and
environmental conditions. Coastal and Estuarine Research Foundation 20th Biennial
Conference. Presentation. Portland, Oregon.
Deidun, A. January 23, 2011. A glimpse from the past. Times of Malta, Valletta, Malta.
Devaney, D. M. & L. G. Eldredge, eds. 1977. Reef and Shore Fauna of Hawaii, Section 1:
Protozoa through Ctenophora. Bishop Museum Press. Honolulu, Hawaii.
DFO 2008. 2007 State of the ocean: chemical and biological oceanographic conditions in the
Newfoundland and Labrador Region. Department of Fisheries and Oceans Canadian
Science Advisory Secretariat Science Advisory Report. 2008/038: 9pp.
Di Camillo, C. G., F. Betti, M. Bo, M. Martinelli, S. Puce & G. Bavestrello 2010. Contribution
to the understanding of seasonal cycle of Aurelia aurita scyphopolyps in the northern
Adriatic Sea. Journal of the Marine Biological Association of the United Kingdom. 90 (6):
1105-1110.
Diaz, R. J. & R. Rosenberg 2008. Spreading dead zones and consequences for marine
ecosystems. Science. 321 (5891): 926-929.
Ding, F. Y. & J. H. Cheng 2005. The analysis on fish stock characteristics in the distribution
areas of large jellyfish during summer and autumn in the East China Sea region.
Marine Fisheries. 27 (2): 120-128. (in Chinese with English abstract)
Ding, F. Y. & J. H. Cheng 2007. Dynamic distribution of Stomolophus meleagris (=Nemopilema
nomuraii) in the East China Sea region. Journal of Fishery Sciences of China. 14: 83-89.
(in Chinese with English abstract)
Donaghey, K. February 3, 2009. Fire jelly fish on Coast. Gold Coast News, Australia.
Dong, J., L. X. Jiang, K. F. Tan, H. Y. Liu, J. E. Purcell, P. J. Li & C. C. Ye 2009. Stock
enhancement of the edible jellyfish (Rhopilema esculentum) in Liaodong Bay, China: a
review. Hydrobiologia. 616: 113-118.
Dong, J., B. Wang & C. Liu 2006. Morphology of Cyanea nozakii in different developmental
stages. Journal of Fisheries of China. 30 (6): 761-766. (in Chinese with English abstract)
Dong, Z. J., D. Y. Liu & J. K. Keesing 2010. Jellyfish blooms in China: Dominant species,
causes and consequences. Marine Pollution Bulletin. 60 (7): 954-963.
Dovel, W. L. 1964. An approach to sampling estuarine macroplankton. Chesapeake Science. 5
(1): 77-90.
Doyle, T. K., H. De Haas, D. Cotton, B. Dorschel, V. Cummins, J. D. R. Houghton, J.
Davenport & G. C. Hays 2008. Widespread occurrence of the jellyfish Pelagia
noctiluca in Irish coastal and shelf waters. Journal of Plankton Research. 30 (8): 963-968.

158

DPI 2006. Statement of management arrangements for the Victorian developmental jellyfish
fishery (Catostylus mosaicus). Fisheries Victoria Division, Department of Primary
Industries. Victoria, Australia. 15 pp.
DPI 2010. Port Phillip Bay: fish in our waters. Department of Primary Industries. Melbourne,
Australia. 39 pp.
Duarte, C. M., K. Pitt, C. Lucas, J. Purcell, S. Uye, K. Robinson, L. Brotz, M. B. Decker, K. R.
Sutherland, A. Malej, L. Madin, H. Mianzan, C. Mills, J. M. Gili, V. Fuentes, D.
Atienza, F. Pagès, W. Graham & R. Condon 2011. Global ocean sprawl as a trojan
horse for jellyfish blooms. (in prep.)
Dutzik, T. & D. O'Malley 2010. The shore at risk: the threats facing New Jersey's coastal
treasures, and what it will take to address them. Environment New Jersey, Research
& Policy Center. 40 pp.
Edwards, A. August 1, 2011. On me head! Dolphin leaps out of sea... with a jellyfish for a
hat. Daily Mail, Sittingbourne, United Kingdom.
Eiane, K., D. L. Aksnes, E. Bagoien & S. Kaartvedt 1999. Fish or jellies - a question of
visibility? Limnology and Oceanography. 44 (5): 1352-1357.
Eldredge, L. G. & C. M. Smith, eds. 2001. A Guidebook of Introduced Marine Species in
Hawai'i. Bishop Museum Technical Report 21. Honolulu, Hawai'i.
Erdman, D. S. 1950. Fishing in Arabia. The Scientific Monthly. 70 (1): 58-65.
Erftemeiger, P. L. A. & V. T. Langenberg. July 14, 2010. Jellyfishes in the Arabian Gulf: an
overview. Third International Jellyfish Blooms Symposium. Poster. Mar del Plata,
Argentina.
Faasse, M. A. & K. Bayha 2006. The ctenophore Mnemiopsis leidyi in coastal waters of the
Netherlands: an unrecognized invasion? Aquatic Invasions. 1 (4): 270-277.
FAO. 2011. Food and Agriculture Organization of the United Nations. Global Production,
Fishery Statistical Collections, Fisheries and Aquaculture Department. Rome, Italy.
Fearon, J. J., A. J. Boyd & F. H. Schulein 1992. Views on the biomass and distribution of
Chrysaora hysoscella and Aequorea aequorea off Namibia, 1982-1989. Scientia Marina. 56
(1): 75-85.
Feely, R. A., C. L. Sabine, K. Lee, W. Berelson, J. Kleypas, V. J. Fabry & F. J. Millero 2004.
Impact of anthropogenic CO2 on the CaCO3 system in the oceans. Science. 305 (5682):
362-366.
Fenner, P. J. & J. Lippmann 2009. Severe Irukandji-like jellyfish stings in Thai waters. Diving
and Hyperbaric Medicine. 39 (3): 175-177.
Fenner, P. J., J. Lippmann & L. A. Gershwin 2010. Fatal and nonfatal severe jellyfish stings in
Thai waters. Journal of Travel Medicine. 17 (2): 133-138.
Finenko, G. A., B. E. Anninsky, Z. A. Romanova, G. I. Abolmasova & A. E. Kideys 2001.
Chemical composition, respiration and feeding rates of the new alien ctenophore,
Beroe ovata, in the Black Sea. Hydrobiologia. 451 (1-3): 177-186.
Fitt, W. K. & K. Costley 1998. The role of temperature in survival of the polyp stage of the
tropical rhizostome jellyfish Cassiopea xamachana. Journal of Experimental Marine
Biology and Ecology. 222 (1-2): 79-91.

159

Flint, M. V., G. N. Arnautov & E. A. Shushkina 1989. Quantitative distribution of jellyfish
Aurelia, pp. 315-322 in Structure and Productional Characteristics of Plankton
Communities in the Black Sea, (ed.). Nauka, Moscow, Russia.
Flynn, B. A. & M. J. Gibbons 2007. A note on the diet and feeding of Chrysaora hysoscella in
Walvis Bay Lagoon, Namibia, during September 2003. African Journal of Marine
Science. 29 (2): 303-307.
Fosså, J. H. 1992. Mass occurrence of Periphylla periphylla in a Norwegian fjord. Sarsia. 77 (34): 237-251.
Fosså, J. H., P. R. Flood, A. B. Olsen & F. Jensen 2003. Små og usynlige, men plagsomme
maneter av arten Muggiaea atlantica, pp. 99-103 in Havets Miljø 2003 Fisken og havet, L.
Asplin and E. Dahl (ed.). Norway.
Fuentes, V., I. Straehler-Pohl, D. Atienza, I. Franco, U. Tilves, M. Gentile, M. Acevedo, A.
Olariaga & J. Gili 2011. Life cycle of the jellyfish Rhizostoma pulmo and its
distribution, seasonality and inter-annual variability along the Catalan coast and the
Mar Menor (Spain, NW Mediterranean). Marine Biology. (in press)
Fuentes, V. L., D. L. Angel, K. M. Bayha, D. Atienza, D. Edelist, C. Bordehore, J.-M. Gili & J.
E. Purcell 2010. Blooms of the invasive ctenophore, Mnemiopsis leidyi, span the
Mediterranean Sea in 2009. Hydrobiologia. 645 (1): 23-37.
Galbraith, M. Email: November 19, 2010. Research Scientist, Department of Fisheries and
Oceans, North Saanich, Canada.
Galil, B. S., L.-A. Gershwin, J. Douek & B. Rinkevich 2010. Marivagia stellata, another alien
jellyfish from the Mediterranean coast of Israel. Aquatic Invasions. 5 (4): 331-340.
Galil, B. S., R. Gevili & T. Shiganova 2011. Not far behind: first record of Beroe ovata off the
Mediterranean coast of Israel. Aquatic Invasions. 6 (Supplement 1): S89-S90.
Galil, B. S., N. Kress & T. Shiganova 2009a. First record of Mnemiopsis leidyi off the
Mediterranean coast of Israel. Aquatic Invasions. 4 (2): 357-360.
Galil, B. S., L. Shoval & M. Goren 2009b. Phyllorhiza punctata reappeared off the
Mediterranean coast of Israel. Aquatic Invasions. 4 (3): 481-483.
Galil, B. S., E. Spanier & W. W. Ferguson 1990. The scyphomedusae of the Mediterranean
coast of Israel, including two Lessepsian migrants new to the Mediterranean.
Zoologische Mededelingen. (Leiden) 64: 85-105.
García-Comas, C., L. Stemmann, F. Ibanez, L. Berline, M. G. Mazzocchi, S. Gasparini, M.
Picheral & G. Gorsky 2011. Zooplankton long-term changes in the NW
Mediterranean Sea: decadal periodicity forced by winter hydrographic conditions
related to large-scale atmospheric changes? Journal of Marine Systems. (in press)
Gaskell, S. July 22, 2008. Jellyfish not deadly. Daily News, New York, New York, U.S.A.
Ge, L. & D. He 2004. China Fisheries. 9: 23-25. (in Chinese)
Genzano, G., H. Mianzan, E. M. Acha & E. Gaitán 2006. First record of the invasive medusa
Blackfordia virginica in the Río de la Plata estuary, Argentina-Uruguay. Revista Chilena
de Historia Natural. 79 (2): 257-261.
Genzano, G., H. Mianzan, L. Diaz-Briz & C. Rodriguez 2008. On the occurrence of Obelia
medusa blooms and empirical evidence of unusual massive accumulations of Obelia

160

and Amphisbetia hydroids on the Argentina shoreline. Latin American Journal of
Aquatic Research. 36 (2): 301-307.
Gershwin, L. A., M. De Nardi, K. D. Winkel & P. J. Fenner 2010. Marine stingers: review of
an under-recognized global coastal management issue. Coastal Management. 38 (1):
22-41.
Gibbons, M. J. & E. Buecher 2001. Short-term variability in the assemblage of medusae and
ctenophores following upwelling events in the southern Benguela ecosystem. Marine
Ecology Progress Series. 220: 169-177.
Gibbons, M. J., E. Buecher, D. Thibault-Botha & R. R. Helm 2010. Patterns in marine
hydrozoan richness and biogeography around southern Africa: implications of life
cycle strategy. Journal of Biogeography. 37 (4): 606-616.
Gibbons, M. J., V. Stuart & H. M. Verheye 1992. Trophic ecology of carnivorous zooplankton
in the Benguela. South African Journal of Marine Science. 12: 421-437.
Gibbons, M. J. & D. Thibault-Botha 2002. The match between ocean circulation and
zoogeography of epipelagic siphonophores around southern Africa. Journal of the
Marine Biological Association of the United Kingdom. 82 (5): 801-810.
Gittens, G. June 3, 2011. Alert over venomous jellyfish in Dublin. Evening Herald, Dublin,
Ireland.
Gomoiu, M. T. 1981. Some problems concerning actual ecological changes in the Black Sea.
Cercetari Marine: Recherches Marines. 14: 109-127.
Gorokhova, E. & M. Lehtiniemi 2010. Comment and Response: Reconsidering evidence for
Mnemiopsis invasion in European waters. Journal of Plankton Research. 32 (1): 93-95.
Gorokhova, E., M. Lehtiniemi, S. Viitasalo-Frosen & S. H. D. Haddock 2009. Molecular
evidence for the occurrence of ctenophore Mertensia ovum in the northern Baltic Sea
and implications for the status of the Mnemiopsis leidyi invasion. Limnology and
Oceanography. 54 (6): 2025-2033.
Goy, J., P. Morand & M. Etienne 1989. Long-term fluctuations of Pelagia noctiluca (Cnidaria,
Scyphomedusa) in the western Mediterranean Sea. Prediction by climatic variables.
Deep-Sea Research. 36 (2): 269-279.
Graham, W. M. 2001. Numerical increases and distributional shifts of Chrysaora quinquecirrha
and Aurelia aurita in the northern Gulf of Mexico. Hydrobiologia. 451 (1-3): 97-111.
Graham, W. M. & K. M. Bayha 2007. Biological invasions by marine jellyfish, pp. 239-255 in
Biological Invasions, W. Nentwig (ed.). Ecological Studies (193), Springer-Verlag,
Berlin Heidelberg.
Graham, W. M., D. L. Martin, D. L. Felder, V. L. Asper & H. M. Perry 2003. Ecological and
economic implications of a tropical jellyfish invader in the Gulf of Mexico. Biological
Invasions. 5 (1-2): 53-69.
Greenberg, N., R. L. Garthwaite & D. C. Potts 1996. Allozyme and morphological evidence
for a newly introduced species of Aurelia in San Francisco Bay, California. Marine
Biology. 125 (2): 401-410.
Greve, W. 1994. The 1989 German invasion of Muggiaea atlantica. ICES Journal of Marine
Science. 51 (4): 355-358.

161

Greve, W., F. Reiners & J. Nast 1996. Biocoenotic changes of the zooplankton in the German
Bight: The possible effects of eutrophication and climate. ICES Journal of Marine
Science. 53 (6): 951-956.
Greve, W., F. Reiners, J. Nast & S. Hoffmann 2004. Helgoland Roads meso- and
macrozooplankton time-series 1974 to 2004: lessons from 30 years of single spot, high
frequency sampling at the only off-shore island of the North Sea. Helgoland Marine
Research. 58 (4): 274-288.
Grossman, K. October 1, 2010. Revenge of the jellyfish. OpEdNews, U.S.A.
Guan, C., Z. Bian, L. Teng & Q. Yan 2007. Bioremediation countermeasures for jellyfish
blooming. Marine Environmental Science. 26 (5): 492-494. (in Chinese with English
abstract)
Gücü, A. C. 2002. Can overfishing be responsible for the successful establishment of
Mnemiopsis leidyi in the Black Sea? Estuarine Coastal and Shelf Science. 54 (3): 439-451.
Haddad, M. A. & M. Nogueira 2006. Reappearance and seasonality of Phyllorhiza punctata
medusae in southern Brazil. Revista Brasileira De Zoologia. 23 (3): 824-831.
Haddock, S. H. D. 2004. A golden age of gelata: past and future research on planktonic
ctenophores and cnidarians. Hydrobiologia. 530: 549-556.
Haddock, S. H. D. 2008. Reconsidering evidence for potential climate-related increases in
jellyfish. Limnology and Oceanography. 53 (6): 2759-2762.
Hagadorn, J. W., R. H. Dott & D. Damrow 2002. Stranded on a late Cambrian shoreline:
medusae from central Wisconsin. Geology. 30 (2): 147-150.
Halpern, B. S., S. Walbridge, K. A. Selkoe, C. V. Kappel, F. Micheli, C. D'Agrosa, J. F. Bruno,
K. S. Casey, C. Ebert, H. E. Fox, R. Fujita, D. Heinemann, H. S. Lenihan, E. M. P.
Madin, M. T. Perry, E. R. Selig, M. Spalding, R. Steneck & R. Watson 2008. A global
map of human impact on marine ecosystems. Science. 319 (5865): 948-952.
Hamner, W. M. & M. N. Dawson 2009. A review and synthesis on the systematics and
evolution of jellyfish blooms: advantageous aggregations and adaptive assemblages.
Hydrobiologia. 616: 161-191.
Han, C. & S. Uye 2010. Combined effects of food supply and temperature on asexual
reproduction and somatic growth of polyps of the common jellyfish Aurelia aurita.
Plankton & Benthos Research. 5 (3): 98-105.
Han, M. W. & Y. C. Park 1999. The development of anoxia in the artificial Lake Shihwa,
Korea, as a consequence of intertidal reclamation. Marine Pollution Bulletin. 38 (12):
1194-1199.
Hansson, H. G. 2006. Ctenophores of the Baltic and adjacent Seas - the invader Mnemiopsis is
here! Aquatic Invasions. 1 (4): 295-298.
Hansson, L. J. & B. Norrman 1995. Release of dissolved organic carbon (DOG) by the
scyphozoan jellyfish Aurelia aurita and its potential influence on the production of
planktic bacteria. Marine Biology. 121 (3): 527-532.
Hanzawa, N., R. Gotoh, X. C. Qu, T. Nishiuchi, T. Kaizu, K. Shibata, H. Iizumi & H. Tamate
2010. Origin and dispersal of giant jellyfish, Nemopilema nomurai inferred from DNA
marker analyses. Genes & Genetic Systems. 85 (6): 438.

162

Harrison, G., C. Johnson, E. Head, J. Spry, K. Pauley, H. Maass, M. Kennedy, C. Porter & V.
Soukhovtsev 2009. Optical, chemical, and biological oceanographic conditions in the
Maritimes region in 2008. Department of Fisheries and Oceans Canadian Science Advisory
Secretariat Research Document. 2009/054: vi+55pp.
Harrison, G., D. Sameoto, J. Spry, K. Pauley, H. Maass, M. Kennedy & V. Soukhovtsev 2005.
Optical, chemical and biological oceanographic conditions in the Maritimes/Gulf
regions in 2004. Department of Fisheries and Oceans Canadian Science Advisory
Secretariat Research Document. 2005/054: ii+47pp.
Hart, T. J. & R. I. Currie 1960. The Benguela Current. Discovery Reports. 31: 123-298.
Hartman, A. May 10, 2011. Dolphins, whales and jellyfish to be studied. AllAfrica.com,
Walvis Bay, Namibia.
Harvey, M. & L. Devine 2009. Oceanographic conditions in the Estuary and the Gulf of St.
Lawrence during 2008: zooplankton. Department of Fisheries and Oceans Canadian
Science Advisory Secretariat Research Document. 2009/083: vi+54pp.
Haslob, H., C. Clemmesen, M. Schaber, H. H. Hinrichsen, J. O. Schmidt, R. Voss, G. Kraus &
F. W. Koster 2007. Invading Mnemiopsis leidyi as a potential threat to Baltic fish.
Marine Ecology Progress Series. 349: 303-306.
Häussermann, V., M. N. Dawson & G. Försterra 2009. First record of the moon jellyfish,
Aurelia for Chile. Spixiana. 32 (1): 3-7.
Hay, S. 2006. Marine ecology: gelatinous bells may ring change in marine ecosystems.
Current Biology. 16 (17): R679-R682.
Hay, S. J., J. R. G. Hislop & A. M. Shanks 1990. North Sea scyphomedusae - summer
distribution, estimated biomass and significance particularly for 0-group Gadoid
fish. Netherlands Journal of Sea Research. 25 (1-2): 113-130.
Hays, G. C., A. J. Richardson & C. Robinson 2005. Climate change and marine plankton.
Trends in Ecology & Evolution. 20 (6): 337-344.
Heinle, D. R. 1965. A screen for excluding jellyfish and ctenophores from Clarke-Bumpus
plankton samples. Chesapeake Science. 6 (4): 231-232.
Hendrix, C. & J. Boylan 2010. Results of trawling efforts in the coastal habitat of the South
Atlantic Bight, 2009. SEAMAP-SA Coastal Survey. South Carolina Department of
Natural Resources, Marine Resources Division, Marine Resources Research Institute.
Charleston, South Carolina. 88 pp.
Heng, S. B. March 20, 2005. Making money from jellyfish. New Straits Times, Batu Pahat,
Thailand.
Henschke, N. 2009. Distribution and population structure of the salp Thalia democratica in
relation to water masses of the Tasman Sea. BSc Thesis, University of New South
Wales, Sydney, Australia. 47pp.
Hewitt, C. L., M. L. Campbell, R. E. Thresher, R. B. Martin, S. Boyd, B. F. Cohen, D. R.
Currie, M. F. Gomon, M. J. Keough, J. A. Lewis, M. M. Lockett, N. Mays, M. A.
McArthur, T. D. O'Hara, G. C. B. Poore, D. J. Ross, M. J. Storey, J. E. Watson & R. S.
Wilson 2004. Introduced and cryptogenic species in Port Phillip Bay, Victoria,
Australia. Marine Biology. 144 (1): 183-202.

163

Heymans, J. J., L. J. Shannon & A. Jarre 2004. Changes in the northern Benguela ecosystem
over three decades: 1970s, 1980s, and 1990s. Ecological Modelling. 172 (2-4): 175-195.
Hoffmann, E. 2005. Fisk, fiskeri og epifauna - Limfjorden 1984-2004. Report 147-05, Danish
Institute for Fisheries Research. Charlottenlund, Denmark. 19 pp. (in Danish)
Hofmann, D. K. & M. G. Hadfield 2002. Hermaphroditism, gonochorism, and asexual
reproduction in Cassiopea sp. - an immigrant in the islands of Hawai'i. Invertebrate
Reproduction & Development. 41 (1-3): 215-221.
Hofmann, D. K., R. Neumann & K. Henne 1978. Strobilation, budding and initiation of
scyphistoma morphogenesis in the rhizostome Cassiopea andromeda. Marine Biology.
47 (2): 161-176.
Holland, B. S., M. N. Dawson, G. L. Crow & D. K. Hofmann 2004. Global phylogeography of
Cassiopea: molecular evidence for cryptic species and multiple invasions of the
Hawaiian Islands. Marine Biology. 145 (6): 1119-1128.
Holst, S. & G. Jarms 2007. Substrate choice and settlement preferences of planula larvae of
five Scyphozoa from German Bight, North Sea. Marine Biology. 151 (3): 863-871.
Holst, S. & G. Jarms 2010. Effects of low salinity on settlement and strobilation of scyphozoa:
is the lion's mane Cyanea capillata able to reproduce in the brackish Baltic Sea?
Hydrobiologia. 645 (1): 53-68.
Hong, J., C. He-Qin, X. Hai-Gen, F. Arrequin-Sanchez, M. J. Zetina-Rejon, P. D. M. Luna &
W. J. Le Quesne 2008. Trophic controls of jellyfish blooms and links with fisheries in
the East China Sea. Ecological Modelling. 212 (3-4): 492-503.
Hoover, R. A. & J. E. Purcell 2009. Substrate preferences of scyphozoan Aurelia labiata polyps
among common dock-building materials. Hydrobiologia. 616: 259-267.
Hosia, A. 2007. Gelatinous zooplankton in western Norwegian fjords: ecology, systematics
and comparisons with adjacent waters. PhD Thesis Thesis, Universtity of Bergen,
Bergen, Norway. 39pp.
Hsieh, Y. H. P., F. M. Leong & J. Rudloe 2001. Jellyfish as food. Hydrobiologia. 451 (1-3): 11-17.
Hunt, G. L., P. Stabeno, G. Walters, E. Sinclair, R. D. Brodeur, J. M. Napp & N. A. Bond 2002.
Climate change and control of the southeastern Bering Sea pelagic ecosystem. DeepSea Research Part II -Topical Studies in Oceanography. 49 (26): 5821-5853.
Huntley, M. E. & L. A. Hobson 1978. Medusa predation and plankton dynamics in a
temperate fjord, British Columbia. Journal of the Fisheries Research Board of Canada. 35
(2): 257-261.
IEO 2010. Oceanographic Time Series - Results and Analyses. Instituto Español de Oceanografía.
Available at: http://www.seriestemporales-ieo.net/BDZoo/main/index.html.
Il'inskii, E. N. & A. V. Zavolokin 2007. The qualitative composition and autumn-winter
distribution of scyphomedusa in the Sea of Okhotsk epipelagial. Journal of Zoology. 86
(10): 1-9. (in Russian with English abstract)
IPCC 2007. Summary for policymakers, pp. 1-18 in Climate Change 2007: The Physical Science
Basis. Contribution of Working Group I to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change, S. Solomon, D. Qin, M. Manning, Z. Chen,
M. Marquis, K. B. Averyt, M. Tignor and H. L. Miller (ed.). Cambridge University
Press, Cambridge, U.K. and New York, U.S.A.
164

Ishii, H. 2001. The influence of environmental changes upon the coastal plankton
ecosystems, with special reference to mass occurrence of jellyfish. Bulletin of the
Plankton Society of Japan. 48 (1): 55-61. (in Japanese with English abstract)
Ishii, H., T. Ohba & T. Kobayasi 2008. Effects of low dissolved oxygen on planula settlement,
polyp growth and asexual reproduction of Aurelia aurita. Plankton & Benthos Research.
3 (Suppl. 3): 107-113.
Isinibilir, M., A. N. Tarkan & A. E. Kideys 2004. Decreased levels of the invasive ctenophore
Mnemiopsis in the Marmara Sea in 2001, pp. 155-165 in Aquatic Invasions in the Black,
Caspian, and Mediterranean Seas, H. Dumont, T. Shiganova and U. Niermann (ed.).
Kluwer Academic Publishers, Dordrecht, The Netherlands.
Isinibilir, M., I. N. Yilmaz & S. Piraino 2010. New contributions to the jellyfish fauna of the
Marmara Sea. Italian Journal of Zoology. 77 (2): 179-185.
Jackson, J. B. C. 2008. Ecological extinction and evolution in the brave new ocean.
Proceedings of the National Academy of Sciences of the United States of America. 105:
11458-11465.
Jacups, S. P. 2010. Warmer waters in the Northern Territory herald an earlier onset to the
annual Chironex fleckeri stinger season. EcoHealth. 7: 14-17.
James, D. B., E. Vivekanandan & S. Srinivasarengan 1985. Menace from medusae off Madras
with notes on their utility and toxicity. Journal of the Marine Biological Association of
India. 27 (1 & 2): 170-174.
James, E. August 8, 2010. Is this 'the year of the jellyfish' on the OBX? The Viginian-Pilot,
Outer Banks, North Carolina, U.S.A.
Jarms, G., U. Båmstedt, H. Tiemann, M. B. Martinussen & J. H. Fosså 1999. The holopelagic
life cycle of the deep-sea medusa Periphylla periphylla. Sarsia. 84 (1): 55-65.
Jarms, G., H. Tiemann & U. Båmstedt 2002. Development and biology of Periphylla periphylla
in a Norwegian fjord. Marine Biology. 141 (4): 647-657.
Javidpour, J., U. Sommer & T. Shiganova 2006. First record of Mnemiopsis leidyi in the Baltic
Sea. Aquatic Invasions. 1 (4): 299-302.
Jiao, N. Z., Y. Zhang, Y. H. Zeng, W. D. Gardner, A. V. Mishonov, M. J. Richardson, N.
Hong, D. L. Pan, X. H. Yan, Y. H. Jo, C. T. A. Chen, P. X. Wang, Y. T. Chen, H. S.
Hong, Y. Bai, X. H. Chen, B. Q. Huang, H. Deng, Y. Shi & D. C. Yang 2007. Ecological
anomalies in the East China Sea: Impacts of the three gorges dam? Water Research. 41
(6): 1287-1293.
Johnson, D. R., H. M. Perry & W. M. Graham 2005. Using nowcast model currents to explore
transport of non-indigenous jellyfish into the Gulf of Mexico. Marine Ecology Progress
Series. 305: 139-146.
Jørgensen, S. E. 2008. Overview of the model types available for development of ecological
models. Ecological Modelling. 215 (1-3): 3-9.
Jun-shik, P. July 22, 2009. Predator released to kill jellyfish at beaches. Korea Times, Seoul,
Korea.
Kaneda, A., T. Kohama, Y. Kawamura & H. Takeoka 2007. Periodicity in the accumulation
of gelatinous zooplankton during the summer season in the coastal area of Iyo-Nada,
Japan. Limnology and Oceanography. 52 (2): 707-715.
165

Kasuya, T., T. Ishimaru & M. Murano 2000. Seasonal variations in abundance and size
composition of the lobate ctenophore Bolinopsis mikado in Tokyo Bay, central Japan.
Journal of Oceanography. 56: 419-427.
Katija, K. & J. O. Dabiri 2009. A viscosity-enhanced mechanism for biogenic ocean mixing.
Nature. 460 (7255): 624-626.
Kawahara, M., S. Uye, K. Ohtsu & H. Izumi 2006. Unusual population explosion of the giant
jellyfish Nemopilemia nomurai in East Asian waters. Marine Ecology Progress Series. 307:
161-173.
Keister, J. E., E. D. Houde & D. L. Breitburg 2000. Effects of bottom-layer hypoxia on
abundances and depth distributions of organisms in Patuxent River, Chesapeake
Bay. Marine Ecology Progress Series. 205: 43-59.
Kelsey, M. June 23, 2009. Stinging intruders - invasive jellyfish removed from Kaunakakai
wharf. The Molokai Dispatch, Kaunakakai, Hawaii.
Kendall, D. 1990. Shrimp retention characteristics of the Morrison soft TED - a selective
webbing exclusion panel inserted in a shrimp trawl net. Fisheries Research. 9 (1): 1321.
Ki, J. S., D. S. Hwang, K. Shin, W. D. Yoon, D. Lim, Y. S. Kang, Y. Lee & J. S. Lee 2008. Recent
moon jelly (Aurelia sp.1) blooms in Korean coastal waters suggest global expansion:
examples inferred from mitochondrial COI and nuclear ITS-5.8S rDNA sequences.
Ices Journal of Marine Science. 65 (3): 443-452.
Kideys, A. E. 1994. Recent dramatic changes in the Black Sea ecosystem - the reason for the
sharp decline in Turkish anchovy fisheries. Journal of Marine Systems. 5 (2): 171-181.
Kideys, A. E. 2002. Fall and rise of the Black Sea ecosystem. Science. 297 (5586): 1482-1484.
Kideys, A. E. & A. C. Gücü 1995. Rhopilema nomadica: a Lessepsian Scyphomedusan new to
the Mediterranean coast of Turkey. Israel Journal of Zoology. 41 (4): 615-617.
Kideys, A. E. & U. Niermann 1994. Occurrence of Mnemiopsis along the Turkish coast. ICES
Journal of Marine Science. 51 (4): 423-427.
Kideys, A. E., A. Roohi, E. Eker-Develi, F. Mélin & D. Beare 2008. Increased chlorophyll
levels in the southern Caspian Sea following an invasion of jellyfish. Research Letters
in Ecology. doi: 10.1155/2008/185642.
Kimball, A. B., K. Z. Arambula, A. R. Stauffer, V. Levy, V. W. Davis, M. Liu, W. E. Rehmus,
A. Lotan & P. S. Auerbach 2004. Efficacy of a jellyfish sting jellyfish stings inhibitor
in preventing jellyfish stings in normal volunteers. Wilderness & Environmental
Medicine. 15 (2): 102-108.
Kinoshita, J., J. Hiromi & Y. Yamada 2006. Abundance and biomass of Scyphomedusae,
Aurelia aurita and Chrysaora melanaster, and Ctenophora, Bolinopsis mikado, with
estimates of their feeding impact on zooplankton in Tokyo Bay, Japan. Journal of
Oceanography. 62: 607-615.
Kogovšek, T., B. Bogunović & A. Malej 2010. Recurrence of bloom-forming scyphomedusae:
wavelet analysis of a 200-year time series. Hydrobiologia. 645 (1): 81-96.
Kramp, P. L. 1970a. Marine biological investigations in the Bahamas - 16. Some medusae
from the Bahamas. Sarsia. (44): 59-68.

166

Kramp, P. L. 1970b. Zoo geographical studies on Rhizostomeae. Videnskabelige Meddelelser fra
Dansk Naturhistorisk Forening. (133): 7-30.
Kube, S., L. Postel, C. Honnef & C. B. Augustin 2007. Mnemiopsis leidyi in the Baltic Sea distribution and overwintering between autumn 2006 and spring 2007. Aquatic
Invasions. 2 (2): 137-145.
Kuo, V. May 31, 2011. 1,600-plus Florida beachgoers stung by jellyfish, county officials say,
CNN.com.
Kuthalingam, M. D. K., D. B. James, R. Sarvesan, P. Devadoss, S. Manivasagam & P.
Thirumilu 1989. A note on the processing of the jelly fish at Alambaraikuppam near
Mahabalipuram. Marine Fisheries Information Service (98), Technical and Extension
Series. Central Marine Fisheries Research Institute, Indian Council of Agricultural
Research. Cochin, India. pp 8-10.
Kuwabara, R., S. Sato & N. Noguchi 1969. Ecological studies on the medusa, Aurelia aurita I. Distribution of Aurelia patches in the north-east region of Tokyo Bay in summer
1966 and 1967. Bulletin of the Japanese Society of Scientific Fisheries. 35 (2): 156-162. (in
Japanese with English abstract)
Kwang, S. Y. & K. Yahya 2010. Monthly distribution and abundance of jellyfish species in the
coastal waters of Penang National Park. Available at:
http://cemacs.usm.my/Research/Research - Jellyfish/Research - Jellyfish.htm.
Larson, R. J. & A. C. Arneson 1990. Two medusae new to the coast of California: Carybdea
marsupialis, a Cubomedusa and Phyllorhiza punctata, a Rhizostome Scyphomedusa.
Bulletin Southern California Academy of Sciences. 89 (3): 130-136.
Larson, R. J. & G. R. Harbison 1990. Medusae from McMurdo Sound, Ross Sea including the
descriptions of two new species, Leuckartiara brownei and Benthocodon hyalinus. Polar
Biology. 11 (1): 19-25.
Lau, S. September 1, 2010. Langkawi hit by jellyfish boom. The Star, Langkawi, Malaysia.
Lavaniegos, B. E. 2009. Influence of a multiyear event of low salinity on the zooplankton
from Mexican eco-regions of the California Current. Progress in Oceanography. 83 (14): 369-375.
Lavaniegos, B. E. & M. D. Ohman 2003. Long-term changes in pelagic tunicates of the
California Current. Deep-Sea Research Part II -Topical Studies in Oceanography. 50 (1416): 2473-2498.
Lavaniegos, B. E. & M. D. Ohman 2007. Coherence of long-term variations of zooplankton in
two sectors of the California Current System. Progress in Oceanography. 75 (1): 42-69.
Lee, C. C. 1990. Fuzzy logic in control systems: fuzzy logic controller - Part I. IEEE
Transactions on Systems, Man, and Cybernetics. 20 (2): 404-418.
Lee, C. I., E. Pakhomov, A. Atkinson & V. Siegel 2010. Long-term relationships between the
marine environment, krill and salps in the Southern Ocean. Journal of Marine Biology.
2010 (410129): 18pp. (doi:10.1155/2010/410129)
Legović, T. 1987. A recent increase in jellyfish populations: a predator-prey model and its
implications. Ecological Modelling. 38 (3-4): 243-256.
Lehtiniemi, M., J.-P. Pääkkönen, J. Flinkman, T. Katajisto, E. Gorokhova, M. Karjalainen, S.
Viitasalo & H. Björk 2007. Distribution and abundance of the American comb jelly
167

(Mnemiopsis leidyi) - a rapid invasion to the northern Baltic Sea during 2007. Aquatic
Invasions. 2 (4): 445-449.
Leppäkoski, E., S. Gollasch, P. Gruszka, H. Ojaveer, S. Olenin & V. Panov 2002. The Baltic - a
sea of invaders. Canadian Journal of Fisheries and Aquatic Sciences. 59 (7): 1175-1188.
Leshansky, A. M. & L. M. Pismen 2010. Do small swimmers mix the ocean? Physical Review
E. 82 (2): 4 pp.
Licandro, P., J. C. Braconnot, C. Carré, S. Dallot, M. Etienne, F. Ibanez & M. Moitié 2001.
Interannual variations of some species of gelatinous zooplankton (Siphonophora and
Thaliacea) in a coastal long-term series in the North-Western Mediterranean, pp. 5152 in Gelatinous zooplankton outbreaks: theory and practice, F. Briand (ed.). CIESM, (No.
14). Monaco.
Licandro, P., D. V. P. Conway, M. N. D. Yahia, M. L. F. de Puelles, S. Gasparini, J. H. Hecq,
P. Tranter & R. R. Kirby 2010. A blooming jellyfish in the northeast Atlantic and
Mediterranean. Biology Letters. 6 (5): 688-691.
Lilley, M. K. S., J. D. R. Houghton & G. C. Hays 2009. Distribution, extent of inter-annual
variability and diet of the bloom-forming jellyfish Rhizostoma in European waters.
Journal of the Marine Biological Association of the United Kingdom. 89 (1): 39-48.
Link, J. S. 2004. Using fish stomachs as samplers of the benthos: integrating long-term and
broad scales. Marine Ecology Progress Series. 269: 265-275.
Link, J. S. & M. D. Ford 2006. Widespread and persistent increase of Ctenophora in the
continental shelf ecosystem off NE USA. Marine Ecology Progress Series. 320: 153-159.
Lippmann, J. M., P. J. Fenner, K. Winkel & L.-A. Gershwin 2011. Fatal and severe box
jellyfish stings, including Irukandji stings, in Malaysia, 2000-2010. Journal of Travel
Medicine. 18 (4): 275-281.
Liu, H., L. Ciannelli, M. Decker, C. Ladd & K. S. Chan 2011. Nonparametric threshold model
of zero-inflated spatio-temporal data with application to shifts in jellyfish
distribution. Journal of Agricultural Biological and Environmental Statistics. 16 (2): 185201.
Liu, W.-C., W.-T. Lo, J. E. Purcell & H.-H. Chang 2009. Effects of temperature and light
intensity on asexual reproduction of the scyphozoan, Aurelia aurita in Taiwan.
Hydrobiologia. 616: 247-258.
Lo, W. T., J. E. Purcell, J. J. Hung, H. M. Su & P. K. Hsu 2008. Enhancement of jellyfish
(Aurelia aurita) populations by extensive aquaculture rafts in a coastal lagoon in
Taiwan. ICES Journal of Marine Science. 65 (3): 453-461.
Loeb, V., V. Siegel, O. Holm-Hansen, R. Hewitt, W. Fraser, W. Trivelpiece & S. Trivelpiece
1997. Effects of sea-ice extent and krill or salp dominance on the Antarctic food web.
Nature. 387 (6636): 897-900.
Lotan, A., R. Benhillel & Y. Loya 1992. Life cycle of Rhopilema nomadica: a new immigrant
scyphomedusan in the Mediterranean. Marine Biology. 112 (2): 237-242.
Lotan, A., M. Fine & R. Benhillel 1994. Synchronization of the life cycle and dispersal pattern
of the tropical invader scyphomedusan Rhopilema nomadica is temperature
dependent. Marine Ecology Progress Series. 109 (1): 59-65.

168

Lu, Z., Q. Dai & Y. Yan 2003. Fishery biology of Cyanea nozakii resources in the waters of
Dongshan Island. Chinese Journal of Applied Ecology. 14 (6): 973-976. (in Chinese with
English abstract)
Lucas, C. H. 2001. Reproduction and life history strategies of the common jellyfish, Aurelia
aurita, in relation to its ambient environment. Hydrobiologia. 451 (1-3): 229-246.
Lum, C. February 15, 2001. Giant jellyfish clearly unique. Honolulu Advertiser, Honolulu,
Hawaii.
Lynam, C. P., M. J. Attrill & M. D. Skogen 2010a. Climatic and oceanic influences on the
abundance of gelatinous zooplankton in the North Sea. Journal of the Marine Biological
Association of the United Kingdom. 90 (6): 1153-1159.
Lynam, C. P., M. J. Gibbons, B. E. Axelsen, C. A. J. Sparks, J. Coetzee, B. G. Heywood & A. S.
Brierley 2006. Jellyfish overtake fish in a heavily fished ecosystem. Current Biology. 16
(13): R492-R493.
Lynam, C. P., S. J. Hay & A. S. Brierley 2004. Interannual variability in abundance of North
Sea jellyfish and links to the North Atlantic Oscillation. Limnology and Oceanography.
49 (3): 637-643.
Lynam, C. P., S. J. Hay & A. S. Brierley 2005a. Jellyfish abundance and climatic variation:
contrasting responses in oceanographically distinct regions of the North Sea, and
possible implications for fisheries. Journal of the Marine Biological Association of the
United Kingdom. 85 (3): 435-450.
Lynam, C. P., M. R. Heath, S. J. Hay & A. S. Brierley 2005b. Evidence for impacts by jellyfish
on North Sea herring recruitment. Marine Ecology Progress Series. 298: 157-167.
Lynam, C. P., M. K. S. Lilley, T. Bastian, T. K. Doyle, S. E. Beggs & G. C. Hays 2010b. Have
jellyfish in the Irish Sea benefited from climate change and overfishing? Global
Change Biology.
Lynam, C. P., M. K. S. Lilley, T. Bastian, T. K. Doyle, S. E. Beggs & G. C. Hays 2011. Have
jellyfish in the Irish Sea benefited from climate change and overfishing? Global
Change Biology. 17: 767-782.
Mackie, G. O. 1974. Locomotion, floatation, and dispersal, pp. 313-357 in Coelenterate Biology:
Reviews and New Perspectives, L. Muscatine and H. M. Lenhoff (ed.). Academic Press,
New York, U.S.A.
Macrokanis, C. J., N. L. Hall & J. K. Mein 2004. Irukandji syndrome in northern Western
Australia: an emerging health problem. Medical Journal of Australia. 181 (11-12): 699702.
Magesh, S. J. & S. Coulthard 2004. Bloom or bust? Samudra Report No. 39. 15-20 pp.
Malej, A. 2001. Are irregular plankton phenomena getting more frequent in the northern
Adriatic Sea?, pp. 67-68 in Gelatinous zooplankton outbreaks: theory and practice, F.
Briand (ed.). CIESM, (No. 14). Monaco.
Manickaraja, M. & T. S. Balasubramanian 2006. Processing of sun type jellyfish at
Tharuvaikulam. Marine Fisheries Information Service (189), Technical and Extension
Series. Central Marine Fisheries Research Institute, Indian Council of Agricultural
Research. Cochin, India. pp 16-17.

169

Maranger, R., N. Caraco, J. Duhamel & M. Amyot 2008. Nitrogen transfer from sea to land
via commercial fisheries. Nature Geoscience. 1 (2): 111-113.
Marques, A. C., A. C. Morandini & A. E. Migotto 2003. Synopsis of knowledge on Cnidaria
Medusozoa from Brazil. Biota Neotropica. 3 (2): 1-18.
Marshall, A. August 25, 2010. Stinging season: can we learn to love the jellyfish? Time, New
York City, U.S.A.
Martens, P. & J. E. E. van Beusekom 2008. Zooplankton response to a warmer northern
Wadden Sea. Helgoland Marine Research. 62 (1): 67-75.
Masilamoni, J. G., K. S. Jesudoss, K. Nandakumar, K. K. Satpathy, K. V. K. Nair & J. Azariah
2000. Jellyfish ingress: a threat to the smooth operation of coastal power plants.
Current Science. 79 (5): 567-569.
Matsumura, K., K. Kamiya, K. Yamashita, F. Hayashi, I. Watanabe, Y. Murao, H. Miyasaka,
N. Kamimura & M. Nogami 2005. Genetic polymorphism of the adult medusae
invading an electric power station and wild polyps of Aurelia aurita in Wakasa Bay,
Japan. Journal of the Marine Biological Association of the United Kingdom. 85 (3): 563-568.
Matsushita, Y. & N. Honda 2006. Method of designing and manufacturing JET (Jellyfish
Excluder for Towed fishing gear) for various towed fishing gears. Bulletin of Fisheries
Research Agency. (16): 19-27. (in Japanese with English abstract)
McNamara, M. E., D. J. Lonsdale & R. M. Cerrato 2010. Shifting abundance of the
ctenophore Mnemiopsis leidyi and the implications for larval bivalve mortality. Marine
Biology. 157: 401-412.
Mee, L. D. 1992. The Black Sea in crisis - a need for concerted international action. Ambio. 21
(4): 278-286.
Ménard, F., S. Dallot, G. Thomas & J. C. Braconnot 1994. Temporal fluctuations of 2
Mediterranean salp populations from 1967 to 1990 - analysis of the influence of
environmental variables using a Markov chain model. Marine Ecology Progress Series.
104 (1-2): 139-152.
Mianzan, H. W. & R. A. Guerrero 2000. Environmental patterns and biomass distribution of
gelatinous macrozooplankton. Three study cases in the South-western Atlantic
Ocean. Scientia Marina. 64: 215-224.
Miglietta, M. P. & H. A. Lessios 2009. A silent invasion. Biological Invasions. 11 (4): 825-834.
Miglietta, M. P., S. Piraino, S. Kubota & P. Schuchert 2007. Species in the genus Turritopsis: a
molecular evaluation. Journal of Zoological Systematics and Evolutionary Research. 45
(1): 11-19.
Miglietta, M. P., M. Rossi & R. Collin 2008. Hydromedusa blooms and upwelling events in
the Bay of Panama, tropical east Pacific. Journal of Plankton Research. 30 (7): 783-793.
Mills, C. E. 1981. Seasonal occurrence of planktonic medusae and ctenophores in the San
Juan Archipelago (NE Pacific). Wasmann Journal of Biology. 39 (11): 6-29.
Mills, C. E. 1995. Medusae, siphonophores, and ctenophores as planktivorous predators in
changing global ecosystems. ICES Journal of Marine Science. 52 (3-4): 575-581.
Mills, C. E. 2001. Jellyfish blooms: are populations increasing globally in response to
changing ocean conditions? Hydrobiologia. 451: 55-68.
Mills, C. E. July 16, 2004. Interview, Talk of the Nation. National Public Radio, U.S.A.
170

Mills, C. E. & J. T. Rees 2000. New observations and corrections concerning the trio of
invasive hydromedusae Maeotias marginata, (=M. inexpectata), Blackfordia virginica,
and Moerisia sp in the San Francisco Estuary. Scientia Marina. 64: 151-155.
Mills, C. E. & F. Sommer 1995. Invertebrate introductions in marine habitats - 2 species of
hydromedusae (cnidaria) native to the Black Sea, Maeotias inexspectata and
Blackfordia virginica, invade San Francisco Bay. Marine Biology. 122 (2): 279-288.
Miyake, H., K. Iwao & Y. Kakinuma 1997. Life history and environment of Aurelia aurita.
South Pacific Study. 17 (2): 273-285.
Miyake, H., M. Terazaki & Y. Kakinuma 2002. On the polyps of the common jellyfish Aurelia
aurita in Kagoshima Bay. Journal of Oceanography. 58 (3): 451-459.
Mohammed, B. July 28, 2008. Taking the sting out of jellyfish. Gulf Daily News, Manama,
Bahrain.
Moline, M. A., H. Claustre, T. K. Frazer, O. Schofield & M. Vernet 2004. Alteration of the
food web along the Antarctic Peninsula in response to a regional warming trend.
Global Change Biology. 10 (12): 1973-1980.
Molinero, J. C., M. Casini & E. Buecher 2008a. The influence of the Atlantic and regional
climate variability on the long-term changes in gelatinous carnivore populations in
the northwestern Mediterranean. Limnology and Oceanography. 53 (4): 1456-1467.
Molinero, J. C., F. Ibanez, P. Nival, E. Buecher & S. Souissi 2005. North Atlantic climate and
northwestern Mediterranean plankton variability. Limnology and Oceanography. 50
(4): 1213-1220.
Molinero, J. C., F. Ibanez, S. Souissi, E. Buecher, S. Dallot & P. Nival 2008b. Climate control
on the long-term anomalous changes of zooplankton communities in the
Northwestern Mediterranean. Global Change Biology. 14 (1): 11-26.
Möller, H. 1979. Significance of coelenterates in relation to other plankton organisms.
Meeresforschung-Reports on Marine Research. 27 (1): 1-18.
Möller, H. 1984. Reduction of a larval herring population by jellyfish predator. Science. 224
(4649): 621-622.
Møller, L. F. & H. U. Riisgård 2007a. Impact of jellyfish and mussels on algal blooms caused
by seasonal oxygen depletion and nutrient release from the sediment in a Danish
fjord. Journal of Experimental Marine Biology and Ecology. 351: 92-105.
Møller, L. F. & H. U. Riisgård 2007b. Population dynamics, growth and predation impact of
the common jellyfish Aurelia aurita and two hydromedusae, Sarsia tubulosa, and
Aequorea vitrina in Limfjorden (Denmark). Marine Ecology Progress Series. 346: 153165.
Moore, K. July 31, 2011. Pest report: bugs down, jellyfish up. Asbury Park Press, Neptune,
New Jersey, USA.
Moore, S. J. 1987. Redescription of the Leptomedusan Blackfordia virginica. Journal of the
Marine Biological Association of the United Kingdom. 67 (2): 287-291.
Morandini, A. C., M. O. Soares, H. Matthews-Cascon & A. C. Marques 2006. A survey of the
scyphozoa and cubozoa from the Ceará coast (NE Brazil). Biota Neotropica. 6 (2): 1-8.
Moreira, M.G.B.S. 1961. Sobre Mastigias scintillae sp. nov. das costas do Brasil. Boletim do
Instituto Oceanográfico da Universidade de São Paulo, São Paulo, Brasil. 11(2): 5-30.
171

Morison, A. November 2, 2008. Phuket jellyfish alert: the biggest test yet? Phuketwan,
Phuket, Thailand.
Morison, A. January 11, 2009. Yuk! Jellyfish plague invades Patong beach. Phuketwan,
Phuket, Thailand.
Mortillaro, J. M., K. A. Pitt, S. Y. Lee & T. Meziane 2009. Light intensity influences the
production and translocation of fatty acids by zooxanthellae in the jellyfish Cassiopea
sp. Journal of Experimental Marine Biology and Ecology. 378 (1-2): 22-30.
Murphy, C. July 28, 2011. Swarms of jellyfish on way as water temperatures rise. Herald.ie,
Dublin, Ireland.
Murugan, A. & R. Durgekar 2008. Beyond the Tsunami: Status of Fisheries in Tamil Nadu, India:
A Snapshot of Present and Long-term Trends. United Nations Development Programme
and Ashoka Trust for Research in Ecology and the Environment, Bangalore, India.
75pp.
Musilamoni, J. G., K. S. Jesudoss, K. Nandakumar, K. K. Satpathy, K. V. K. Nair & J. Azariah
2000. Jellyfish ingress: a threat to the smooth operation of coastal power plants.
Current Science. 79 (5): 567-569.
Mutlu, E. 2009. Recent distribution and size structure of gelatinous organisms in the
southern Black Sea and their interactions with fish catches. Marine Biology. 156 (5):
935-957.
Mutlu, E. & F. Bingel 1999. Distribution and abundance of ctenophores, and their
zooplankton food in the Black Sea. I. Pleurobrachia pileus. Marine Biology. 135 (4): 589601.
Mutlu, E., F. Bingel, A. C. Gücü, V. V. Melnikov, U. Niermann, N. A. Ostr & V. E. Zaika
1994. Distribution of the new invader Mnemiopsis sp. and the resident Aurelia aurita
and Pleurobrachia pileus populations in the Black Sea in the years 1991-1993. ICES
Journal of Marine Science. 51: 407-421.
Nagai, T. 2003. Recovery of fish stocks in the Seto Inland Sea. Marine Pollution Bulletin. 47 (16): 126-131.
Nagata, R. M., M. A. Haddad & M. Nogueira 2009. The nuisance of medusae to shrimp
trawls in central part of southern Brazilian Bight, from the perspective of artisanal
fishermen. Pan-American Journal of Aquatic Sciences. 4 (3): 312-325.
Naidoo, M. January 14, 2009. Jelly babies booming. The Mercury, Hobart, Tasmania.
Nastasi, A. 2010. Algal and jellyfish blooms in the Mediterranean and Black Sea: a brief
review. GFCM Worskshop on Algal and Jellyfish Blooms in the Mediterrranean and
Black Sea, October 6-8, 2010. Istanbul, Turkey. 57 pp.
Nazzal, N. April 26, 2006. Jellyfish swarms Ras Al Khaimah shores. Gulf News, Ras Al
Khaimah, United Arab Emirates.
Nee, D. July 15, 2011. The state of Barnegat Bay: problems and promises. Berkeley Patch,
Ocean County, New Jersey.
Niermann, U. 2004. Mnemiopsis leidyi: distribution and effect on the Black Sea ecosystem
during the first years of invasion in comparison with other gelatinous blooms, pp. 331 in Aquatic Invasions in the Black, Caspian, and Mediterranean Seas, H. Dumont, T.

172

Shiganova and U. Niermann (ed.). Kluwer Academic Publishers, Dordrecht, The
Netherlands.
Niermann, U., A. E. Kideys, A. V. Kovalev, V. Melnikov & V. Belokopytov 1999. Fluctuation
of pelagic species of the open Black Sea during 1980-1995 and possible
teleconnections, pp. 147-173 in Environmental Degradation of the Black Sea: Challenges
and Remedies, S. Besiktepe, Ü. Ünlüata and S. Bologa (ed.). Kluwer Academic
Publishers, the Netherlands.
Nixon, S. W. 1995. Coastal marine eutrophication - a definition, social causes, and future
concerns. Ophelia. 41: 199-219.
Nogueira, M. & J. S. de Oliveira 2006. Moerisia inkermanica and Blackfordia virginica at
Antonina Bay, Paraná, Brazil. Pan-American Journal of Aquatic Sciences. 1 (1): 35-42. (in
Portuguese with English abstract)
Nogueira, M. & M. A. Haddad 2006. Macromedusae (Cnidaria) from the Parana coast,
southern Brazil. Journal of Coastal Research. Special Issue 39 (Proceedings of the 8th
International Coastal Symposium): 1161-1164.
Nogueira, M., R. M. Nagata & M. A. Haddad 2010. Seasonal variation of macromedusae
(Cnidaria) at North Bay, Florianopolis, southern Brazil. Zoologia. 27 (3): 377-386.
Nomura, H. & T. Ishimaru 1998. Monitoring the occurrence of medusae and ctenophores in
Tokyo Bay, central Japan, in recent 15 years. Oceanography in Japan. 7 (2): 99-104. (in
Japanese with English abstract)
Nuttall, M. A., A. Jordaan, R. M. Cerrato & M. G. Frisk 2011. Indentifying 120 years of
decline in ecosystem structure and maturity of Great South Bay, New York using the
Ecopath modelling approach. Ecological Modelling. 222: 3335-3345.
O'Harra, D. March 3, 2004. Biologists study mystery of jellyfish ups and downs. The
Associated Press, Anchorage.
O'Neil, H. June 30, 2011. Ever wonder about the jellies that takeover the harbor in summer?
Charlestown Patch, Boston, Massachusetts.
Ocampo, L., M. González, C. Hernández, E. Morales & J. López. July 16, 2010.
Ecophysiology of cannonball jellyfish Stomolophus meleagris polyps produced in the
laboratory. Third International Jellyfish Blooms Symposium. Presentation. Mar del
Plata, Argentina.
Ocaña-Luna, A. & Gómez-Aguirre 1999. Stomolophus meleagris en dos lagunas costeras de
Oaxaca, México. Anales del Instituto de Biología Universidad Nacional Autónoma de
México. Serie Zoología 70 (2): 71-77. (in Spanish with English abstract)
Oguz, T., B. Salihoglu & B. Fach 2008. A coupled plankton-anchovy population dynamics
model assessing nonlinear controls of anchovy and gelatinous biomass in the Black
Sea. Marine Ecology Progress Series. 369: 229-256.
Oguz, T. & V. Velikova 2010. Abrupt transition of the northwestern Black Sea shelf
ecosystem from a eutrophic to an alternative pristine state. Marine Ecology Progress
Series. 405: 231-242.
Ohta, N., M. Sato, K. Ushida, M. Kokubo, T. Baba, K. Taniguchi, M. Urai, K. Kihira & J.
Mochida 2009. Jellyfish mucin may have potential disease-modifying effects on
osteoarthritis. BMC Biotechnology. 9: 98.
173

Ojaveer, H. & J. Kotta, eds. 2006. Alien invasive species in the north-eastern Baltic Sea:
population dynamics and ecological impacts. Estonian Marine Institute Report Series
No. 14. University of Tartu. Tallinn, Estonia. 64pp.
Oliveira, O. M. P. 2007. The presence of the ctenophore Mnemiopsis leidyi in the Oslofjorden
and considerations on the initial invasion pathways to the North and Baltic Seas.
Aquatic Invasions. 2 (3): 185-189.
Oliveira, O. M. P., E. M. Araujo, P. Ayon, A. A. Cepeda, H. Galea, G. Genzano, M. A.
Haddad, H. Mianzan, A. E. Migotto, T. P. Miranda, P. C. Montecinos, A. C.
Morandini, R. M. Nagata, M. Nogueira, J. Quiñones, S. Palma, C. Rodriguez, S. N.
Stampar, A. Schiariti, V. Tronolone & A. C. Marques. July 16, 2010. Census of the
Medusozoa, Ceriantharia and Ctenophora from South America. Third International
Jellyfish Blooms Symposium. Presentation. Mar del Plata, Argentina.
Omori, M. & W. M. Hamner 1982. Patchy distribution of zooplankton: behavior, population
assessment and sampling problems. Marine Biology. 72 (2): 193-200.
Omori, M., H. Ishii & A. Fujinaga 1995. Life history strategy of Aurelia aurita and its impact
on the zooplankton community of Tokyo Bay. ICES Journal of Marine Science. 52 (3-4):
597-603.
Omori, M. & M. Kitamura 2004. Taxonomic review of three Japanese species of edible
jellyfish. Plankton Biology and Ecology. 51 (1): 36-51.
Orr, J. C., V. J. Fabry, O. Aumont, L. Bopp, S. C. Doney, R. A. Feely, A. Gnanadesikan, N.
Gruber, A. Ishida, F. Joos, R. M. Key, K. Lindsay, E. Maier-Reimer, R. Matear, P.
Monfray, A. Mouchet, R. G. Najjar, G. K. Plattner, K. B. Rodgers, C. L. Sabine, J. L.
Sarmiento, R. Schlitzer, R. D. Slater, I. J. Totterdell, M. F. Weirig, Y. Yamanaka & A.
Yool 2005. Anthropogenic ocean acidification over the twenty-first century and its
impact on calcifying organisms. Nature. 437 (7059): 681-686.
Pagès, F. 2001. Past and present anthropogenic factors promoting the invasion, colonization
and dominance by jellyfish of a Spanish coastal lagoon, pp. 69-71 in Gelatinous
zooplankton outbreaks: theory and practice, F. Briand (ed.). CIESM, (No. 14). Monaco.
Pagès, F., J. M. Gili & J. Bouillon 1992. Planktonic cnidarians of the Benguela Current.
Scientia Marina. 56 (Suppl. 1): 1-144.
Pagès, F., H. E. Gonzalez, M. Ramon, M. Sobarzo & J. M. Gili 2001. Gelatinous zooplankton
assemblages associated with water masses in the Humboldt Current System, and
potential predatory impact by Bassia bassensis. Marine Ecology Progress Series. 210: 1324.
Pagès, F. & C. Orejas 1999. Medusae, siphonophores and ctenophores of the Magellan
region. Scientia Marina. 63 (Supl. 1): 51-57.
Pagès, F., M. G. White & P. G. Rodhouse 1996. Abundance of gelatinous carnivores in the
nekton community of the Antarctic Polar Frontal Zone in summer 1994. Marine
Ecology Progress Series. 141 (1-3): 139-147.
Palma, S., P. Apablaza & N. Silva 2007. Hydromedusae of the Chilean southern channels
(from the Corcovado Gulf to the Pulluche-Chacabuco Channels). Scientia Marina. 71
(1): 65-74.

174

Palma, S., N. Silva, M. C. Retamal & L. Castro 2011. Seasonal and vertical distributional
patterns of siphonophores and medusae in the Chiloé Interior Sea, Chile. Continental
Shelf Research. 31 (3-4): 260-271.
Palomares, M. L. D. & D. Pauly 2009. The growth of jellyfishes. Hydrobiologia. 616: 11-21.
Paranaguá, M. 1963. Sóbre uma nova ocurréncia de Blackfordia virginica Mayer, 1910 e
Oustromovia inkermanica Hadzi, 1928. Hydromedusae. Trabalhos do Instituto
Oceanográfico da Universidade do Recife 5–6:141–145.
Parry, W. July 22, 2008. The sting: jellyfish invading NJ bays, rivers. The Associated Press, Bay
Head, New Jersey, U.S.A.
Parry, W. December 20, 2010. NJ bills to ease pollution of Barnegat Bay pass. The Associated
Press, Trenton, U.S.A.
Parsons, T. R. & C. M. Lalli 2002. Jellyfish population explosions: revisiting a hypothesis of
possible causes. La Mer. 40: 111-121.
Pauly, D. 1995. Anecdotes and the shifting base-line syndrome of fisheries. Trends in Ecology
& Evolution. 10 (10): 430-430.
Pauly, D. 2010. 5 Easy Pieces - How Fishing Impacts Marine Ecosystems. Island Press,
Washington, U.S.A. 193pp.
Pauly, D., J. Alder, S. Booth, W. W. L. Cheung, V. Christensen, C. Close, U. R. Sumaila, W.
Swartz, A. Tavakolie, R. Watson, L. Wood & D. Zeller 2009a. Fisheries in Large
Marine Ecosystems: Descriptions and Diagnoses, pp. 23-40 in The UNEP Large Marine
Ecosystem Report: a Perspective on Changing Conditions in LMEs of the World's Regional
Seas, K. Sherman and G. Hempel (ed.). United Nations Environment Programme
Regional Seas Report and Studies No. 182, Nairobi, Kenya.
Pauly, D., V. Christensen, J. Dalsgaard, R. Froese & F. Torres 1998. Fishing down marine
food webs. Science. 279 (5352): 860-863.
Pauly, D., V. Christensen, S. Guénette, T. J. Pitcher, U. R. Sumaila, C. J. Walters, R. Watson &
D. Zeller 2002. Towards sustainability in world fisheries. Nature. 418 (6898): 689-695.
Pauly, D., W. Graham, S. Libralato, L. Morissette & M. L. D. Palomares 2009b. Jellyfish in
ecosystems, online databases, and ecosystem models. Hydrobiologia. 616: 67-85.
Pauly, D. & M. L. Palomares 2005. Fishing down marine food web: It is far more pervasive
than we thought. Bulletin of Marine Science. 76 (2): 197-211.
Pauly, D. & R. Watson 2005. Background and interpretation of the 'Marine Trophic Index' as
a measure of biodiversity. Philosophical Transactions of the Royal Society B - Biological
Sciences. 360 (1454): 415-423.
PCAMRD. January-March, 2008. Small fishermen in the Malampaya Sound of Palawan
benefit from jellyfish. The PCAMRD Waves, Philippine Council for Aquatic and
Marine Research and Development, Department of Science and Technology.
Pedersen, S. A. & E. L. B. Smidt 2000. Zooplankton distribution and abundance in West
Greenland waters, 1950-1984. Journal of Northwest Atlantic Fishery Science. (26): 45-102.
Peng, L. S. & X. Q. Zhang 1999. Marine Information. 8: 25. (in Chinese)
Pepin, P., S. Fraser, T. Shears, G. Redmond & G. L. Maillet 2009. Biological and chemical
oceanographic conditions on the Newfoundland and Labrador shelf during 2008.

175

Department of Fisheries and Oceans Canadian Science Advisory Secretariat Research
Document. 2009/WP: vi+48pp. (in prep.)
Pérez-Ruzafa, A., J. Gilabert, J. M. Gutiérrez, A. I. Fernández, C. Marcos & S. Sabah 2002.
Evidence of a planktonic food web response to changes in nutrient input dynamics
in the Mar Menor coastal lagoon, Spain. Hydrobiologia. 475 (1): 359-369.
Pérez-Ruzafa, A., C. Marcos-Diego & J. D. Ros 1991. Environmental and biological changes
related to recent human activities in the Mar Menor (SE of Spain). Marine Pollution
Bulletin. 23: 747-751.
Perissinotto, R. & E. A. Pakhomov 1998. Contribution of salps to carbon flux of marginal ice
zone of the Lazarev sea, southern ocean. Marine Biology. 131 (1): 25-32.
Persad, G., R. R. Hopcroft, M. K. Webber & J. C. Roff 2003. Abundance, biomass and
production of ctenophores and medusae off Kingston, Jamaica. Bulletin of Marine
Science. 73 (2): 379-396.
Petersen, B. May 30, 2011. Stinging jellyfish return to Lowcountry beaches while some
around world see takeover of oceans. The Post and Courrier, Charleston, U.S.A.
Phattrasaya, S. & A. Morison. October 20, 2008. Danger jellyfish found off Phuket: death in
Krabi. Phuketwan, Phuket, Thailand.
Picow, M. June 24, 2010. Bahrain fishermen plea for help with their catch. GreenProphet.com.
Pierce, J. 2009. Prediction, location, collection and transport of jellyfish (Cnidaria) and their
polyps. Zoo Biology. 28 (2): 163-176.
Pitt, K. A., M. J. Kingsford, D. Rissik & K. Koop 2007. Jellyfish modify the response of
planktonic assemblages to nutrient pulses. Marine Ecology Progress Series. 351: 1-13.
Pramod, G. 2010. Illegal, unreported and unregulated marine fish catches in the Indian
Exclusive Economic Zone. Field Report, Policy and Ecosystem Restoration in
Fisheries, Fisheries Centre, University of British Columbia. Vancouver, Canada. 30
pp.
Prieto, L., D. Astorga, G. Navarro & J. Ruiz 2010. Environmental control of phase transition
and polyp survival of a massive-outbreaker jellyfish. Plos One. 5 (11):
Provenzano, A. J., D. L. Feigenbaum, C. Blair, D. F. Johnson & M. Kelly 1983. Use of net
barriers to exclude stinging jellyfish from swimming beaches. Virginia Journal of
Science. 34 (3): 166.
Pugh, P. R. 1989. Gelatinous zooplankton - the forgotten fauna. Progress in Underwater
Science. 14: 67-78.
Purcell, J. E. 2003. Predation on zooplankton by large jellyfish, Aurelia labiata, Cyanea
capillata and Aequorea aequorea, in Prince William Sound, Alaska. Marine Ecology
Progress Series. 246: 137-152.
Purcell, J. E. 2005. Climate effects on formation of jellyfish and ctenophore blooms: a review.
Journal of the Marine Biological Association of the United Kingdom. 85 (3): 461-476.
Purcell, J. E. 2007. Environmental effects on asexual reproduction rates of the scyphozoan
Aurelia labiata. Marine Ecology Progress Series. 348: 183-196.
Purcell, J. E. 2009. Extension of methods for jellyfish and ctenophore trophic ecology to
large-scale research. Hydrobiologia. 616: 23-50.

176

Purcell, J. E. & M. N. Arai 2001. Interactions of pelagic cnidarians and ctenophores with fish:
a review. Hydrobiologia. 451 (1-3): 27-44.
Purcell, J. E., D. L. Breitburg, M. B. Decker, W. M. Graham, M. J. Youngbluth & K. A. Raskoff
2001a. Pelagic cnidarians and ctenophores in low dissolved oxygen environments: a
review, pp. 77-100 in Coastal Hypoxia: Consequences for Living Resources and
Ecosystems, N. N. Rabalais and R. E. Turner (ed.). American Geophysical Union,
Washington, U.S.A.
Purcell, J. E., E. D. Brown, K. D. E. Stokesbury, L. H. Haldorson & T. C. Shirley 2000.
Aggregations of the jellyfish Aurelia labiata: abundance, distribution, association
with age-0 walleye pollock, and behaviors promoting aggregation in Prince William
Sound, Alaska, USA. Marine Ecology Progress Series. 195: 145-158.
Purcell, J. E. & M. B. Decker 2005. Effects of climate on relative predation by scyphomedusae
and ctenophores on copepods in Chesapeake Bay during 1987-2000. Limnology and
Oceanography. 50 (1): 376-387.
Purcell, J. E., R. A. Hoover & N. T. Schwarck 2009. Interannual variation of strobilation by
the scyphozoan Aurelia labiata in relation to polyp density, temperature, salinity, and
light conditions in situ. Marine Ecology Progress Series. 375: 139-149.
Purcell, J. E., A. Malej & A. Benović 1999a. Potential links of jellyfish to eutrophication and
fisheries, pp. 241-263 in Ecosystems at the Land-Sea Margin: Drainage Basin to Coastal
Sea, T. C. Malone, A. Malej, L. W. Harding, N. Smodlaka and R. E. Turner (ed.).
American Geophysical Union, Washington, U.S.A.
Purcell, J. E., T. A. Shiganova, M. B. Decker & E. D. Houde 2001b. The ctenophore
Mnemiopsis in native and exotic habitats: U.S. estuaries versus the Black Sea basin.
Hydrobiologia. 451 (1-3): 145-176.
Purcell, J. E., S. Uye & W. T. Lo 2007. Anthropogenic causes of jellyfish blooms and their
direct consequences for humans: a review. Marine Ecology Progress Series. 350: 153174.
Purcell, J. E., J. R. White, D. A. Nemazie & D. A. Wright 1999b. Temperature, salinity and
food effects on asexual reproduction and abundance of the scyphozoan Chrysaora
quinquecirrha. Marine Ecology Progress Series. 180: 187-196.
Quiñones, J., V. G. Carman, J. Zeballos, S. Purca & H. Mianzan 2010a. Effects of El Niñodriven environmental variability on black turtle migration to Peruvian foraging
grounds. Hydrobiologia. 645 (1): 69-79.
Quiñones, J., H. Mianzan, M. Acha, S. Purca & W. M. Graham. July 15, 2010b. El Viejo, El
Niño and jellyfishes: dramatic environmental-driven changes in jellyfish abundances
off Peru. Third International Jellyfish Blooms Symposium. Presentation. Mar del
Plata, Argentina.
Rabalais, N. N., W. J. Wiseman & R. E. Turner 1994. Comparison of continuous records of
near-bottom dissolved oxygen from the hypoxia zone along the Louisiana coast.
Estuaries. 17 (4): 850-861.
Rahn, K. August 16, 2009. Rip tides trouble beachgoers in Busan. Korea Times, Seoul, Korea.
Raines, B. July 30, 2011. Slimy purple people stingers: glow-in-the-dark mauve stinger
jellyfish invade Gulf Coast beaches. Press-Register, Mobile, Alabama, USA.
177

Rajagopal, S., K. V. K. Nair & J. Azariah 1989. Some observations on the problem of jelly fish
ingress in a power station cooling system at Kalpakkam, east coast of India.
Mahasagar. 22 (4): 151-158.
Raskoff, K. A. 2001. The impact of El Nino events on populations of mesopelagic
hydromedusae. Hydrobiologia. 451 (1-3): 121-129.
Rees, J. T. 1975. Studies on Hydrozoa of the central California coast: aspects of systematics
and ecology. PhD Thesis, University of California, Berkeley, California. 267pp.
Rees, J. T. 1982. The hydrozoan Cladonema in California: a possible introduction from East
Asia. Pacific Science. 36 (4): 439-444.
Rees, J. T. 2000. A pandeid hydrozoan, Amphinema sp., new and probably introduced to
central California: life history, morphology, distribution, and systematics. Scientia
Marina. 64: 165-172.
Rees, J. T. & L. A. Gershwin 2000. Non-indigenous hydromedusae in California's upper San
Francisco Estuary: life cycles, distribution, and potential environmental impacts.
Scientia Marina. 64: 73-86.
Richardson, A. J., A. Bakun, G. C. Hays & M. J. Gibbons 2009. The jellyfish joyride: causes,
consequences and management responses to a more gelatinous future. Trends in
Ecology & Evolution. 24 (6): 312-322.
Richardson, A. J. & M. J. Gibbons 2008. Are jellyfish increasing in response to ocean
acidification? Limnology and Oceanography. 53 (5): 2040-2045.
Riisgård, H. U., P. Andersen & E. Hoffmann 2011. From fish to jellyfish in the eutrophicated
Limfjorden (Denmark). (in prep.)
Riisgård, H. U., L. Bøttiger, C. V. Madsen & J. Purcell 2007. Invasive ctenophore Mnemiopsis
leidyi in Limfjorden (Denmark) in late summer 2007 - assessment of abundance and
predation effects. Aquatic Invasions. 2 (4): 395-401.
Robison, B. H., K. R. Reisenbichler, R. E. Sherlock, J. M. B. Silguero & F. P. Chavez 1998.
Seasonal abundance of the siphonophore, Nanomia bijuga, in Monterey Bay. Deep-Sea
Research Part II -Topical Studies in Oceanography. 45 (8-9): 1741-1751.
Roghay, S. July 18, 2011. Jellyfish on the menu? The News International, Karachi, Pakistan.
Roohi, A., A. E. Kideys, A. Sajjadi, A. Hashemian, R. Pourgholam, H. Fazli, A. G. Khanari &
E. Eker-Develi 2010. Changes in biodiversity of phytoplankton, zooplankton, fishes
and macrobenthos in the Southern Caspian Sea after the invasion of the ctenophore
Mnemiopsis leidyi. Biological Invasions. 12 (7): 2343-2361.
Rottini-Sandrini, L. 1982. Effect of water temperature on the motility of Pelagia noctiluca.
Experientia. 38: 453-454.
Ruiz, G. M., P. W. Fofonoff, J. T. Carlton, M. J. Wonham & A. H. Hines 2000. Invasion of
coastal marine communities in North America: apparent patterns, processes, and
biases. Annual Review of Ecology and Systematics. 31: 481-531.
Ryan, A. July 4, 2007. It's a sweet time for jellies: Harbor offering peak conditions to swim,
swarm. The Boston Globe, Boston, Massachusetts, U.S.A.
Rynearson, T. 2010. Monitoring the plankton of Narragansett Bay. Graduate School of
Oceanography, University of Rhode Island. Available at:
www.gso.uri.edu/phytoplankton/#Zooplankton.
178

SCDNR 2005. Cannonball jellyfish. Contributors: D. B. Griffin & T. M. Murphy. South
Carolina Department of Natural Resources. Columbia, South Carolina. 7 pp.
Schaber, M., H. Haslob, B. Huwer, A. Harjes, H. H. Hinrichsen, F. W. Koster, M. StorrPaulsen, J. O. Schmidt & R. Voss 2011. The invasive ctenophore Mnemiopsis leidyi in
the central Baltic Sea: seasonal phenology and hydrographic influence on spatiotemporal distribution patterns. Journal of Plankton Research. 33 (7): 1053-1065.
Schembri, J. August 3, 2010. Jellyfish mistaken for deadly species. Times of Malta, Valletta,
Malta.
Schembri, P.J., A. Deidun, & P.J. Vella 2010. First record of Cassiopea andromeda from the
central Mediterranean Sea. Marine Biodiversity Records 3: e6,
doi:10.1017/S1755267209990625.
Schiariti, A. 2008. Life history and population dynamics of Lychnorhiza lucerna - an
alternative fishery resource? PhD Thesis, Universidad de Buenos Aires, Buenos
Aires, Argentina.
Schlüter, M. H., A. Merico, M. Reginatto, M. Boersma, K. H. Wiltshire & W. Greve 2010.
Phenological shifts of three interacting zooplankton groups in relation to climate
change. Global Change Biology. 16 (11): 3144-3153.
Schneider, G. & G. Behrends 1994. Population dynamics and the trophic role of Aurelia aurita
medusae in the Kiel Bight and western Baltic. ICES Journal of Marine Science. 51 (4):
359-367.
Schneider, G. & G. Behrends 1998. Top-down control in a neritic plankton system by Aurelia
aurita medusae - a summary. Ophelia. 48 (2): 71-82.
Sea Around Us 2011. Fisheries Centre, University of British Columbia, Vancouver, Canada.
Available at: www.seaaroundus.org.
Segura-Puertas, L., C. Franco-Gordo, E. Suárez-Morales, R. Gasca & E. Godínez-Domínguez
2010. Summer composition and distribution of the jellyfish in the shelf area off the
central Mexican Pacific. Revista Mexicana De Biodiversidad. 81 (1): 103-112.
Selander, E., L. F. Møller, P. Sundberg & P. Tiselius 2010. Parasitic anemone infects the
invasive ctenophore Mnemiopsis leidyi in the North East Atlantic. Biological Invasions.
12 (5): 1003-1009.
Shannon, L. V., R. J. M. Crawford, D. E. Pollock, L. Hutchings, A. J. Boyd, J. Taunton-Clark,
A. Badenhorst, R. Melville-Smith, C. J. Augustyn, K. L. Cochrane, I. Hampton, G.
Nelson, D. W. Japp & R. J. Q. Tarr 1992. The 1980s - a decade of change in the
Benguela ecosystem. South African Journal of Marine Science. 12: 271-296.
Shenker, J. M. 1984. Scyphomedusae in surface waters near the Oregon coast, May-August,
1981. Estuarine Coastal and Shelf Science. 19 (6): 619-632.
Sherman, K. & G. Hempel, eds. 2009. The UNEP Large Marine Ecosystem Report: a
Perspective on Changing Conditions in LMEs of the World's Regional Seas. United
Nations Environment Programme Regional Seas Report and Studies No. 182.
Nairobi, Kenya. 872pp.
Sherman, K. & Q. Tang, eds. 1999. Large Marine Ecosystems of the Pacific Rim: Assessment,
Sustainability, and Management. Blackwell Science. Massachusetts, U.S.A. 465pp.

179

Shiganova, T. 1997. Mnemiopsis leidyi abundance in the Black Sea and its impact on the
pelagic community, pp. 117-130 in Sensitivity to Change: Black Sea, Baltic Sea and North
Sea, E. Özsoy and A. Mikaelyan (ed.). Kluwer Academic Publishers, Dordrecht, The
Netherlands.
Shiganova, T., H. Dumont, A. Mikaelyan, D. M. Glazov, Y. V. Bulgakova, E. I. Musaeva, P.
Sorokin, L. A. Pautova, Z. A. Mirzoyan & E. I. Studenikina 2004a. Interactions
between the invading ctenophores Mnemiopsis leidyi and Beroe ovata, and their
influence on the pelagic ecosystem of the northeastern Black Sea, pp. 33-70 in Aquatic
Invasions in the Black, Caspian, and Mediterranean Seas, H. Dumont, T. Shiganova and
U. Niermann (ed.). Kluwer Academic Publishers, Dordrecht, The Netherlands.
Shiganova, T. & A. Malej 2009. Native and non-native ctenophores in the Gulf of Trieste,
Northern Adriatic Sea. Journal of Plankton Research. 31 (1): 61-71.
Shiganova, T. A. 1998. Invasion of the Black Sea by the ctenophore Mnemiopsis leidyi and
recent changes in pelagic community structure. Fisheries Oceanography. 7 (3-4): 305310.
Shiganova, T. A., E. D. Christou, J. V. Bulgakova, I. Siokou-Frangou, S. Zervoudaki & A.
Siapatis 2004b. Distribution and biology of Mnemiopsis leidyi in the Northern Aegean
Sea, and comparison with the indigenous Bolinopsis vitrea, pp. 113-135 in Aquatic
Invasions in the Black, Caspian, and Mediterranean Seas, H. Dumont, T. Shiganova and
U. Niermann (ed.). Kluwer Academic Publishers, Dordrecht, The Netherlands.
Shiganova, T. A., E. D. Christou & I. Siokou-Frangou 2007. First recording of the non-native
species Beroe ovata in the Aegean Sea. Mediterranean Marine Science. 8 (1): 5-14.
Shiganova, T. A., Z. A. Mirzoyan, E. A. Studenikina, S. P. Volovik, I. Siokou-Frangou, S.
Zervoudaki, E. D. Christou, A. Y. Skirta & H. J. Dumont 2001. Population
development of the invader ctenophore Mnemiopsis leidyi, in the Black Sea and in
other seas of the Mediterranean basin. Marine Biology. 139 (3): 431-445.
Shoji, J., T. Kudoh, H. Takatsuji, O. Kawaguchi & A. Kasai 2010. Distribution of moon
jellyfish Aurelia aurita in relation to summer hypoxia in Hiroshima Bay, Seto Inland
Sea. Estuarine Coastal and Shelf Science. 86 (3): 485-490.
Shoji, J., R. Masuda, Y. Yamashita & M. Tanaka 2005a. Effect of low dissolved oxygen
concentrations on behavior and predation rates on red sea bream Pagrus major larvae
by the jellyfish Aurelia aurita and by juvenile Spanish mackerel Scomberomorus
niphonius. Marine Biology. 147 (4): 863-868.
Shoji, J., R. Masuda, Y. Yamashita & M. Tanaka 2005b. Predation on fish larvae by moon
jellyfish Aurelia aurita under low dissolved oxygen concentrations. Fisheries Science.
71 (4): 748-753.
Shushkina, E.A & E.I. Musaeva 1983. Role of medusae in plankton community energetics.
Oceanology 23: 125-130.
Shushkina, E. A. & M. E. Vinogradov 1991. Plankton changes in the open Black Sea for many
years. Oceanology. 31 (6): 973-980. (in Russian with English abstract)
Silguero, J. M. B. & B. H. Robison 2000. Seasonal abundance and vertical distribution of
mesopelagic calycophoran siphonophores in Monterey Bay, CA. Journal of Plankton
Research. 22 (6): 1139-1153.
180

Silveira, F. L. & P. F. S. Cornelius 2000. New observations on medusae (Cnidaria,
Scyphozoa, Rhizosomeae) from northeast and south Brazil. Acta Biologica
Leopoldensia. 22 (1): 9-18. (in Portugeuse with English abstract)
Siokou-Frangou, I., K. Sarantakos & E. D. Christou 2006. First record of the scyphomedusa
Rhopilema nomadica in Greece. Aquatic Invasions. 1 (3): 194-195.
Smail, S. November 4, 2010. Experts fear bumper lethal stinger season. ABC News, Australia.
Smedstad, O. M. 1972. On the biology of Aglantha digitale in the inner Oslofjord. Norwegian
Journal of Zoology. 20 (2): 111-135.
Sommer, U., H. Stibor, A. Katechakis, F. Sommer & T. Hansen 2002. Pelagic food web
configurations at different levels of nutrient richness and their implications for the
ratio fish production: primary production. Hydrobiologia. 484 (1-3): 11-20.
Soonthonvipat, U. 1976. Dried jelly fish, pp. 149-151 in Fisheries Resources and their
management in Southeast Asia, K. Tiews (ed.). Westkreuz-Druckerei, West Berlin,
Germany.
Sørnes, T. A., D. L. Aksnes, U. Båmstedt & M. J. Youngbluth 2007. Causes for mass
occurrences of the jellyfish Periphylla periphylla: a hypothesis that involves optically
conditioned retention. Journal of Plankton Research. 29 (2): 157-167.
Sorokin, Y. I. 1983. The Black Sea, pp. 253-292 in Estuaries and Enclosed Seas, B. H. Ketchum
(ed.). Elsevier, Amsterdam.
Spalding, M. D., H. E. Fox, B. S. Halpern, M. A. McManus, J. Molnar, G. R. Allen, N.
Davidson, Z. A. Jorge, A. L. Lombana, S. A. Lourie, K. D. Martin, E. McManus, J.
Molnar, C. A. Recchia & J. Robertson 2007. Marine ecoregions of the world: a
bioregionalization of coastal and shelf areas. Bioscience. 57 (7): 573-583.
Spanier, E. 1989. Swarming of jellyfish along the Mediterranean coast of Israel. Israel Journal
of Zoology. 36 (1): 55-56.
Sparks, C., E. Buecher, A. S. Brierley, B. E. Axelsen, H. Boyer & M. J. Gibbons 2001.
Observations on the distribution and relative abundance of the scyphomedusan
Chrysaora hysoscella and the hydrozoan Aequorea aequorea in the northern Benguela
ecosystem. Hydrobiologia. 451 (1-3): 275-286.
Spinner, K. October 20, 2010. Currents steering sea nettles our way. The Herald Tribune,
Sarasota County, Florida, U.S.A.
Stiasny, G. 1940. über Drymonema dalmatina Haeckel. Zool. Jb. Anat. 66:437-462.
Stone, R. 2010. Chinese initiative aims to comprehend and combat a slimy foe. Science. 330:
1464-1465.
Stoner, E. W., C. A. Layman, L. A. Yeager & H. M. Hassett 2011. Effects of anthropogenic
disturbance on the abundance and size of epibenthic jellyfish Cassiopea spp. Marine
Pollution Bulletin. 62: 1109-1114.
Strong, G. November 17, 2008. 'Jelly balls' may slow global warming. The Sydney Morning
Herald, Sydney, Australia.
Suchman, C. L. & R. D. Brodeur 2005. Abundance and distribution of large medusae in
surface waters of the northern California Current. Deep-Sea Research Part II -Topical
Studies in Oceanography. 52 (1-2): 51-72.

181

Sugahara, T., M. Ueno, Y. Goto, R. Shiraishi, M. Doi, K. Akiyama & S. Yamauchi 2006.
Immunostimulation effect of jellyfish collagen. Bioscience Biotechnology and
Biochemistry. 70 (9): 2131-2137.
Sullivan, B. K., D. Van Keuren & M. Clancy 2001. Timing and size of blooms of the
ctenophore Mnemiopsis leidyi in relation to temperature in Narragansett Bay, RI.
Hydrobiologia. 451 (1-3): 113-120.
Sun, S., F. Zhang, C. Li & X. Sun. July 14, 2010. Giant jellyfish in the China coastal waters.
Third International Jellyfish Blooms Symposium. Presentation. Mar del Plata,
Argentina.
Sun, X. X., S. W. Wang & S. Sun 2011. Introduction to the China jellyfish project - the key
processes, mechanism and ecological consequences of jellyfish bloom in China
coastal waters. Chinese Journal of Oceanology and Limnology. 29 (2): 491-492.
Suntrarachun, S., M. Roselieb, H. Wilde & V. Sitprija 2001. A fatal jellyfish encounter in the
Gulf of Siam. Journal of Travel Medicine. 8 (3): 150-151.
Sutherland, H. September 13, 2008. Not rare, just fascinating. B.C. Local News, Surrey,
Canada.
Svane, I. & P. Dolmer 1995. Perception of light at settlement - a comparative study of 2
invertebrate larvae, a scyphozoan planula and a simple ascidian tadpole. Journal of
Experimental Marine Biology and Ecology. 187 (1): 51-61.
Takahashi, D., Y. Nanjyo, J. Ohyama, N. Fujii, K. Fukumori & H. Takeoka 2010. Short-term
periodic appearance of moon jellyfish aggregation at surface layer in summertime
Hokezu Bay, Japan induced by kyucho. Oceanography in Japan. 19 (1): 1-19. (in
Japanese with English abstract)
Taylor, G. June 3, 2011. Jellyfish plague beachgoers in Brevard, Volusia. Orlando Sentinel,
Orlando, Florida, U.S.A.
Templeman, M. A. & M. J. Kingsford 2010. Trace element accumulation in Cassiopea sp from
urban marine environments in Australia. Marine Environmental Research. 69 (2): 63-72.
Tendal, O. S., K. R. Jensen & H. U. Riisgård 2007. Invasive ctenophore Mnemiopsis leidyi
widely distributed in Danish waters. Aquatic Invasions. 2 (4): 455-460.
Than, K. January 29, 2009. "Immortal" jellyfish swarm world's oceans. National Geographic
News.
Thomas, C. S., S. A. Scott, D. J. Galanis & R. S. Goto 2001. Box jellyfish (Carybdea alata) in
Waikiki: their influx cycle plus the analgesic effect of hot and cold packs on their
stings to swimmers at the beach: a randomized, placebo-controlled, clinical trial.
Hawaii Medical Journal. 60 (4): 100-7.
Thuesen, E. V., L. D. Rutherford, P. L. Brommer, K. Garrison, M. A. Gutowska & T.
Towanda 2005. Intragel oxygen promotes hypoxia tolerance of scyphomedusae.
Journal of Experimental Biology. 208 (13): 2475-2482.
Towanda, T. & E. V. Thuesen 2006. Ectosymbiotic behavior of Cancer gracilis and its trophic
relationships with its host Phacellophora camtschatica and the parasitoid Hyperia
medusarum. Marine Ecology Progress Series. 315: 221-236.

182

Toyokawa, M., K. Aoki, S. Yamada, A. Yasuda, Y. Murata & T. Kikuchi 2011. Distribution of
ephyrae and polyps of jellyfish Aurelia aurita sensu lato in Mikawa Bay, Japan. Journal
of Oceanography. 67 (2): 209-218.
Toyokawa, M., T. Furota & M. Terazaki 2000. Life history and seasonal abundance of Aurelia
aurita medusae in Tokyo Bay, Japan. Plankton Biology and Ecology. 47 (1): 48-58.
Tucker, A. August, 2010. Jellyfish: the next king of the sea. Smithsonian magazine.
Turner, R. October 17, 2009. Jellyfish pay the penalty in ocean version of football. Western
Mail, Cardiff, Wales, United Kingdom.
Ulanowicz, R. E. & J. H. Tuttle 1992. The trophic consequences of oyster stock rehabilitation
in Chesapeake Bay. Estuaries. 15 (3): 298-306.
UNEP 1984. Proceedings of the workshop on jellyfish blooms in the Mediterranean. United
Nations Environment Programme. Athens, Greece. 221 pp.
UNEP 1991. Jellyfish blooms in the Mediterranean. MAP Technical Reports Series No. 47,
United Nations Environment Programme. 320 pp.
UNESCO 1968. Zooplankton sampling. United Nations Educational, Scientific and Cultural
Organization. Paris, France. 174 pp.
UNSTATS 2011. National Accounts Main Aggregates Database. United Nations Statistics
Division. Available at: unstats.un.org/unsd/snaama.
USGS 2011. NAS - Nonindigenous Aquatic Species. U.S. Geological Survey. Available at:
http://nas.er.usgs.gov.
Utne-Palm, A. C., A. G. V. Salvanes, B. Currie, S. Kaartvedt, G. E. Nilsson, V. A. Braithwaite,
J. A. W. Stecyk, M. Hundt, M. van der Bank, B. Flynn, G. K. Sandvik, T. A. Klevjer, A.
K. Sweetman, V. Bruchert, K. Pittman, K. R. Peard, I. G. Lunde, R. A. U. Strandabo &
M. J. Gibbons 2010. Trophic structure and community stability in an overfished
ecosystem. Science. 329 (5989): 333-336.
Uye, S. 2008. Blooms of the giant jellyfish Nemopilema nomurai: a threat to the fisheries
sustainability of the East Asian Marginal Seas. Plankton & Benthos Research. 3 (Suppl.
3): 125-131.
Uye, S. 2010. Human forcing of the copepod-fish-jellyfish triangular trophic relationship.
Hydrobiologia. DOI: 10.1007/s10750-010-0208-9.
Uye, S. 2011. Non-blooming of the giant jellyfish Nemopilema nomurai two years in row, pp. 2
in The Tentacle Times, K. Robinson (ed.). Summer 2011. NCEAS Jellyfish Working
Group, Dauphin Island, Alabama, U.S.A.
Uye, S., N. Fujii & H. Takeoka 2003. Unusual aggregations of the scyphomedusa Aurelia
aurita in coastal waters along western Shikoku, Japan. Plankton Biology and Ecology. 50
(1): 17-21.
Uye, S., M. Shimizu & T. Watanabe. July 14, 2010. Tackling the giant jellyfish (Nemopilema
nomurai) plague: cause, forecast and countermeasure. Third International Jellyfish
Blooms Symposium. Plenary presentation. Mar del Plata, Argentina.
Uye, S. & U. Ueta 2004. Recent increase of jellyfish populations and their nuisance to
fisheries in the Inland Sea of Japan. Bulletin of the Japanese Society of Fisheries
Oceanography. 68 (1): 9-19. (in Japanese with English abstract)

183

Väinölä, R. & P. Oulasvirta 2001. The first record of Maeotias marginata (Cnidaria,
Hydrozoa) from the Baltic Sea: A Pontocaspian invader. Sarsia. 86 (4-5): 401-404.
Valdés, L., A. López-Urrutia, J. Cabal, M. Alvarez-Ossorio, A. Bode, A. Miranda, M.
Cabanas, I. Huskin, R. Anadón, F. Alvarez-Marqués, M. Llope & N. Rodríguez 2007.
A decade of sampling in the Bay of Biscay: what are the zooplankton time series
telling us? Progress in Oceanography. 74 (2-3): 98-114.
van der Elst, R. 2010. Jellyfish in the West Indian Ocean. Marine biodiversity workshop of
the South West Indian Ocean Fisheries Project. Survey. Mauritius.
van der Werf, H. M. G. & C. Zimmer 1998. An indicator of pesticide environmental impact
based on a fuzzy expert system. Chemosphere. 36 (10): 2225-2249.
van Walraven, L., V. T. Langenberg & H. W. van der Veer. July 14, 2010. Major changes in
occurrence, seasonal patterns and species composition of gelatinous zooplankton in
the western Dutch Wadden Sea from 1960 until present. Third International Jellyfish
Blooms Symposium. Presentation. Mar del Plata, Argentina.
Vannucci, M. 1964. Hydrozoa e Scyphozoa - Historia natural dos organismos aquaticos do
Brasil, 1964.
Venter, G. E. 1988. Occurrence of jellyfish on the west coast off south west Africa/Namibia,
pp. 56-61 in Long-term data series relating to southern Africa's renewable natural resources,
I. A. W. Macdonald and R. J. M. Crawford (ed.). South African National Scientific
Programmes, (157).
Vinogradov, M. E., M. V. Flint & E. A. Shushkina 1985. Vertical distribution of
mesoplankton in the open area of the Black Sea. Marine Biology. 89 (1): 95-107.
Volkov, A. F. 2008. Mean annual characteristics of zooplankton in the Sea of Okhotsk,
Bering Sea and Northwestern Pacific (annual and seasonal biomass values and
predominance). Russian Journal of Marine Biology. 34 (7): 437-451.
Waldoks, E. Z. June 28, 2010. Another problematic flotilla. The Jerusalem Post, Jerusalem,
Israel.
Walter, P. March 7, 2011. US Navy recruits robotic jellyfish. Chemistry & Industry.
Wang, K. 2007. The use of untraditional sea food: the commercialization of Norwegian
jellyfish, red sea cucumber and whelk. SINTEF Report. Trondheim, Norway. 108 pp.
Ward, J. M., J. E. Kirkley, R. Metzner & S. Pascoe 2004. Measuring and assessing capacity in
fisheries. 1. Basic concepts and management options. FAO Fisheries Technical Paper No.
433/1. Food and Agriculture Organization, Rome, Italy. 40pp.
Watanabe, T. & H. Ishii 2001. In situ estimation of ephyrae liberated from polyps of Aurelia
aurita using settling plates in Tokyo Bay, Japan. Hydrobiologia. 451 (1-3): 247-258.
Watson, R., A. Kitchingman, A. Gelchu & D. Pauly 2004. Mapping global fisheries:
sharpening our focus. Fish and Fisheries. 5 (2): 168-177.
Waymer, J. June 18, 2009. Once dormant, invaders back to plunder tiny life from lagoon.
Florida Today, Melbourne, Florida, U.S.A.
WCO 2011. L4 zooplankton time-series. Western Channel Observatory, Plymouth Marine
Station. Available at: www.westernchannelobservatory.org.uk/l4.
Weeks, S. J., B. Currie, A. Bakun & K. R. Peard 2004. Hydrogen sulphide eruptions in the
Atlantic Ocean off southern Africa: implications of a new view based on SeaWiFS
184

satellite imagery. Deep-Sea Research Part I - Oceanographic Research Papers. 51 (2): 153172.
Whiteman, L. March 9, 2011. Research in action: giant jellyfish jam the Sea of Japan.
LiveScience.com.
Widmer, C. 2008. How to keep jellyfish in aquariums. An introductory guide for maintaining
healthy jellies. Wheatmark, Tucson, U.S.A. 193pp.
Widmer, C. L. 2005. Effects of temperature on growth of north-east Pacific moon jellyfish
ephyrae, Aurelia labiata. Journal of the Marine Biological Association of the United
Kingdom. 85 (3): 569-573.
Willcox, S., N. A. Moltschaniwskyj & C. M. Crawford 2008. Population dynamics of natural
colonies of Aurelia sp scyphistomae in Tasmania, Australia. Marine Biology. 154 (4):
661-670.
Williams, E. H., L. Bunkley-Williams, C. G. Lilyestrom, R. J. Larson, N. A. Engstrom, E. A. R.
Ortiz-Corps & J. H. Timber 2001. A population explosion of the rare
tropical/subtropical purple sea mane, Drymonema dalmatinum, around Puerto Rico in
the summer and fall of 1999. Caribbean Journal of Science. 37 (1-2): 127-130.
Winans, A. K. & J. E. Purcell 2010. Effects of pH on asexual reproduction and statolith
formation of the scyphozoan, Aurelia labiata. Hydrobiologia. 645 (1): 39-52.
Wipatayotin, A. October 17, 2008. Deadly box jellyfish found in Thai waters. Bangkok Post,
Bangkok, Thailand.
Wu, J. G., J. H. Huang, X. G. Han, X. M. Gao, F. L. He, M. X. Jiang, Z. G. Jiang, R. B. Primack
& Z. H. Shen 2004. The Three Gorges Dam: an ecological perspective. Frontiers in
Ecology and the Environment. 2 (5): 241-248.
Xian, W. W., B. Kang & R. Y. Liu 2005. Jellyfish blooms in the Yangtze Estuary. Science. 307
(5706): 41-41.
Yahia, M. N. D., M. Batistic, D. Lucic, M. L. Fernández de Puelles, P. Licandro, A. Malej, J. C.
Molinero, I. Siokou-Frangou, S. Zervoudaki, L. Prieto, J. Goy & O. D. Yahia-Kéfi
2010. Are the outbreaks of Pelagia noctiluca more frequent in the Mediterranean
basin? ICES Cooperative Research Report No. 300. 8-14 pp.
Yan, L., S. Li & F. Ding 2004. The preliminary studies on the dynamics of macro-jellyfish
resources and their relationship with fisheries in the East China Sea and Yellow Sea.
Marine Fisheries. 26 (1): 9-12. (in Chinese with English abstract)
Yoon, W. D., J. Y. Yang, M. B. Shim & H. K. Kang 2008. Physical processes influencing the
occurrence of the giant jellyfish Nemopilema nomurai around Jeju Island, Korea.
Journal of Plankton Research. 30 (3): 251-260.
You, K., C. H. Ma, H. W. Gao, F. Q. Li, M. Z. Zhang, Y. T. Qiu & B. Wang 2007. Research on
the jellyfish (Rhopilema esculentum) and associated aquaculture techniques in China:
current status. Aquaculture International. 15 (6): 479-488.
Young, G. A. & J. W. Hagadorn 2010. The fossil record of cnidarian medusae. Palaeoworld. 19
(3-4, Sp. Iss. SI): 212-221.
Youngbluth, M. J. & U. Båmstedt 2001. Distribution, abundance, behavior and metabolism
of Periphylla periphylla, a mesopelagic coronate medusa in a Norwegian fjord.
Hydrobiologia. 451 (1-3): 321-333.
185

Zadeh, L. A. 1965. Fuzzy sets. Information and Control. 8 (3): 338-353.
Zaitsev, Y. 1992. Recent changes in the trophic structure of the Black Sea. Fisheries
Oceanography. 1 (2): 180-189.
Zaitsev, Y. & V. Mamaev 1997. Marine Biological Diversity in the Black Sea - A Study of Change
and Decline. United Nations Publications, New York, U.S.A. 208pp.
Zavodnik, D. 1987. Spatial aggregations of the swarming jellyfish Pelagia noctiluca. Marine
Biology. 94 (2): 265-269.
Zavolokin, A. V. 2010. Distribution and abundance dynamics of jellyfish in the Sea of
Okhotsk. Russian Journal of Marine Biology. 36 (3): 157-166.
Zavolokin, A. V., I. I. Glebov & N. S. Kosenok 2008. Distribution, quantitative composition,
and feeding of jellyfish in the Western Bering Sea in summer and fall. Russian Journal
of Marine Biology. 34 (7): 461-467.
Zhang, G., W. Liang & Z. Fu 2005. Shandong Fisheries. 22 (9): 25. (in Chinese)
Zhong, X. M., J. H. Tang & P. T. Liu 2004. A study on the relationship between Cyanea
nozakii breaking out and ecosystem. Modern Fisheries Information. 19 (3): 15-17. (in
Chinese)
Zimmer, M. 2005. Glowing Genes: A Revolution in Biotechnology. Prometheus Books, Amherst,
New York.

186

Appendices
Appendix A: Jellyfish Chronicles
CI – Confidence Index; AT – Abundance Trend; TS – Time Score; SS – Space Score; RS – Reliability Score; Invasive Species; Harvested Species; AT - overharvesting
LME
ID
1

CI

AT

TS

SS

RS

Country

Location

Dates

Species

Main Reference

1

Very
High
Very
High

Very
High
Medium

Very
High
Very
High

USA
(Alaska)
Canada &
USA

Bering Sea

1975-2009

2

Very
High
High

1980s-2010

(Brodeur et al.
2008a)
(data provided by
Galbraith 2010)

2

Medium

1

Low

Medium

Scyphozoa

0

Low

Low

1995-1999

Aurelia labiata

(Anderson & Piatt
1999)
(Purcell et al. 2000)

3

Medium
-Low
High

1

Very
High

Medium

USA
(Alaska)
USA
(Alaska)
USA

1973-1996

2

Very
High
Very
High
Very
High

Line P,
Vancouver
Island shelf,
Hecate Strait,
Salish Sea
Alaskan
Peninsula
Prince William
Sound
California coast
(Southern
Station)

Primarily Chrysaora
melanaster
Numerous

1951-2006

3

High

0

Very
High

Medium

Very
High

USA

California coast
(Central Station)

1951-2006

3
3

Medium
High

1
0

Medium
Medium

Low
High

Mexico
USA

Baja California
Oregon

3

Medium
-High

1

High
Very
High
Very
High

Low

High

USA

San Francisco
Bay

1998-2007
1981;
2001/2002
Since 1980s
and 1990s

Ctenophora,
Hydromedusae,
Salpida,
Siphonophora
Ctenophora,
Hydromedusae,
Salpida,
Siphonophora
Numerous
Chrysaora fuscescens

3

Medium

1

High

Low

Medium

USA

3

Medium

1

Very
High

Low

Medium

USA

Coos Bay,
Oregon
Mission Bay &
San Diego Bay

0

Since
1998/1989
Since 1981

Numerous invasive
spp.

Blackfordia virginica
Phyllorhiza punctate

(CalCOFI 2010)

Additional
References
(Decker et al.
2009)
See discussion

(Purcell 2003)
(Lavaniegos &
Ohman 2003,
2007)

(CalCOFI 2010)

(Lavaniegos 2009)
(Suchman &
Brodeur 2005)
(Mills & Rees
2000; Rees &
Gershwin 2000)
(Mills & Rees
2000)
(Larson &
Arneson 1990)

(Shenker 1984)
(Mills &
Sommer 1995;
Greenberg et al.
1996)

(Graham &
Bayha 2007)
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LME
ID
4

CI

AT

TS

SS

RS

Country

Location

Dates

Species

Main Reference

Medium
-Low

1

Low

Low

High

Mexico

Sonora

Last several
years

Stomolophus
meleagris

5

High

0

Very
High

Medium

Very
High

USA

Northern Gulf of
Mexico

1985-2006

Aurelia aurita,
Chrysaora
quinquecirrha

(L. Ocampo,
CIBNOR, pers.
comm., Sept. 2010)
(Graham 2001)

5

Medium

1

High

Low

High

USA

Florida Keys

Since 1990s

Cassiopea spp.

5

Medium
-High

1

High

Medium

Medium

USA

Northern Gulf of
Mexico

Phyllorhiza punctata

6

Medium

1

Medium

Medium

Medium

USA

6

Low

1

Low

Low

Low

Bahamas

North Carolina
& Florida
Abaco Island

6

Medium

1

Medium

Medium

Medium

USA

North Carolina
& Florida

Since 2000
(possibly
since 1993)
Recent years
and decade
2009 Site
comparison
Since 2001

6

High

0

Medium

High

USA

Very
High
Medium
-High

1

Very
High
High

Very
High
Low

USA

North Carolina
to Georgia
Entire LME

2001-2009

7

Very
High
Very
High
Very
High

USA

Chesapeake Bay

1987-2000

1

Low

USA

1

Very
High
High

Low

7

Medium
-Low
Medium

Low

High

USA

Narragansett
Bay
Barnegat Bay

7

Low

1

Low

Low

Low

USA

New York State

7

7

1

(W.M. Graham,
DISL, pers.
comm., May
2010)
(Chiaverano et
al. 2010)
See Discussion

(Anonymous
2009a)
(Stoner et al. 2011)

(Anonymous
1998, 2010g)

Phyllorhiza punctata
(Turritopsis dohrnii &
Blackfordia virginica
also noted)
Stomolophus
meleagris
Ctenophora

(Britt 2007;
Waymer 2009)

(Miglietta &
Lessios 2009;
USGS 2011)

(Hendrix &
Boylan 2010)
(Link & Ford 2006)

(SCDNR 2005;
Petersen 2011)

(Purcell & Decker
2005)

(Cargo & King
1990; Mills &
Sommer 1995;
USGS 2011; Ruiz
et al. 2000)

1971-2009

Mnemiopsis leidyi &
Chrysaora
quinquecirrha
(Blackfordia virginica,
Maeotias marginata,
& Moerisia lyonsi
also noted)
Mnemiopsis leidyi

Since 2000

Chrysaora sp.

Since 2008

Cyanea capillata

(Sullivan et al.
2001)
(Dutzik &
O'Malley 2010)
(Grossman 2010)

(Rynearson
2010)
(APP 2010;
Campbell 2010)
(Gaskell 2008;
Parry 2008)

1981-2000

Carybdea marsupialis

(Fitt & Costley
1998)
(Graham et al.
2003)

Additional
References
(Ocampo et al.
2010)

Cassiopea spp.
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LME
ID
7

CI

AT

TS

SS

RS

Country

Location

Dates

Species

Main Reference

Medium
-Low
High

0

High

Low

Low

Canada

1999-2008

0

Medium

High

Very
High

Canada

Prince-5 Fixed
Station
Numerous
transects

(Harrison et al.
2009)
(M. Harvey, DFO,
pers. comm., Aug.
2010)

Medium
-High
Medium
-Low
Very
High

0

High

Medium

High

Canada

1995-2008

0

High

Low

Low

Canada

0

High

Very
High

Very
High

Canada

Gulf of St.
Lawrence
Halifax-2 fixed
station
Widescale
sampling

Jelly +
Appendicularia
Numerous
(primarily Aglantha
digitale & Diomphyes
arctica)
Primarily Aglantha
digitale
Jelly +
Appendicularia
Aglantha digitale &
Pelagia noctiluca

10

High

1

Very
High

Medium

High

USA

Main Hawaiian
Islands

Since 1980s

Carybdea alata

10

Medium
-High

1

Very
High

Medium

Medium

USA

Main Hawaiian
Island

Increased
distribution
since 1950s

Cassiopea spp.

10

Medium

1

Low

Medium

USA

Oahu, Hawaii

Since 1953

Aurelia sp. 4

10

Medium
-Low
Medium
-Low

1

Very
High
Very
High
Low

Low

Low

USA

Since 1983

Anomalorhiza shawi

Low

High

Mexico

Since at least
1988

Stomolophus
meleagris

11

Medium

1

Very
High

Low

Low

Mexico

Since at least
1997

Blackfordia virginica

11

Low

1

Low

Low

Low

Panama

Kaneohe Bay,
Oahu, Hawaii
Lagunas
Superior &
Inferior, Oaxaca
Lagoons of
ChantutuoPensacola,
Chiapas
Panama Bay

(Thomas et al.
2001; Crow et al.
2010)
(Holland et al.
2004; Eldredge &
Smith 2001;
Devaney &
Eldredge 1977)
(Dawson et al.
2005)
(Cooke 1984)

Turritopsis dohrnii

12

Medium
-Low

0

Low

Low

High

Jamaica

Lime Cay

Since at least
2006
1992/1993 &
1985/1986

8

8
8
9

11

1

2001-2009

1999-2008
1999-2008

Numerous

(Harvey & Devine
2009)
(Harrison et al.
2009)
(Pepin et al. 2009)

Additional
References
(Harrison et al.
2005)
(Harvey &
Devine 2009)

(P. Pepin, DFO,
pers. comm.,
Dec. 2009; DFO
2008)

(Daoust 2009;
Hofmann &
Hadfield 2002;
Kelsey 2009)

(Lum 2001)

(Ocaña-Luna &
Gómez-Aguirre
1999)
(Álvarez-Silva
1999)

(Álvarez-Silva et
al. 2003)

(Miglietta &
Lessios 2009)
(Persad et al. 2003)

(Clarke 1988)
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LME
ID
12

CI

AT

TS

SS

RS

Country

Location

Dates

Species

Main Reference

Medium

0

High

Low

Medium

Panama

Bocas del Toro

Since 2000

Unknown

12

Medium

1

Low

Medium

Jamaica

Negril

Medium
-Low
Very
High

1

Medium

Low

Panama

0

Very
High

High

Very
High

Peru

1

Medium

Low

Medium

Chile

1

High

Medium

14

Medium

1

High

Low

Very
High
Medium

Argentina &
Uruguay
Argentina

Since at least
2005
1993-2006

Aurelia aurita

14

Medium
-Low
High

Galeta & Bocas
del Toro
From Puerto
Pizarro to
beyond
Mollendo
Chilean fjord
region
Buenos Aires
coast
Río de la Plata

Since at least
1973
Since at least
2006
1972-2010

Phyllorhiza punctata

12

Very
High
Medium

(G. Jacome, STRI,
pers. comm., Jan.
2011)
(Cutress 1973)

Since 2000

Blackfordia virginica

15

High

0

Very
High

Medium

High

Brazil

Medium
-High

0

Very
High

Medium

Medium

Brazil

Interviews
conducted
2003-2007
History back
to 1950s

Numerous (esp.
Lychnorhiza lucerne)

15

States of Paraná
& Santa
Catarina
States of São
Paulo, Paraná, &
Santa Catarina

Phyllorhiza punctata

(Haddad &
Nogueira 2006)

15

Medium

1

Low

Medium

Medium

Brazil

Numerous
locations

Blackfordia virginica

(Nogueira & de
Oliveira 2006)

16

Medium

1

Medium

Medium

Medium

Brazil

Phyllorhiza punctate

18

Low

-1

Low

Medium

Low

21

Medium
-High
Low

1

Very
High
Low

Low

High

Greenland
(Denmark)
Norway

States of Bahia &
Ceará
SW Greenland

Since 2004 in
Paranaguá
Bay; Since
2007 in other
locations
Since 2003 at
latest
1956-1982

Halsafjorden

Since 1980s

Periphylla periphylla

(Haddad &
Nogueira 2006)
(Pedersen & Smidt
2000)
(Sørnes et al. 2007)

Low

Medium

Norway

Trondheimsfjor
den

Since 2008

Mnemiopsis leidyi

13

13

21

1

Turritopsis dohrnii
Chrysaora plocamia

Obelia longissima

Aglantha digitale

(Miglietta &
Lessios 2009)
(Quiñones et al.
2010b)

Additional
References
(Williams et al.
2001)
pers. obs.

(Quiñones et al.
2010a)

(Häussermann et
al. 2009)
(Genzano et al.
2008)
(Genzano et al.
2006)
(Nagata et al. 2009)

(M. Nogueira,
UFP, pers.
comm., Sept.
2010)
(Bardi &
Marques 2009a)

(A. Hosia, IMR,
pers. comm., Oct.
2010)
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LME
ID
22

CI

AT

TS

SS

RS

Country

Location

Dates

Species

Main Reference

Very
High

1

Very
High

Very
High

High

Numerous

Entire LME

Since 1980s

Likely Aglantha
digitale

22

Medium
-High

0

Low

High

Very
High

Numerous

1971-1986

Numerous

22

Medium
-High
Medium
-High

1

Very
High
Very
High

Low

Netherlands
Norway

Lurefjorden

Recent
decades
Since 1970s

Numerous

Low

Very
High
High

Widescale
sampling in half
of LME
Texel Island

(Licandro et al.
2010; Attrill et al.
2007)
(Hay et al. 1990)

Periphylla periphylla

(van Walraven et
al. 2010)
(Fosså 1992)

22

Medium
-High

1

Very
High

Low

High

Denmark

Limfjorden

Since 1980s

Aurelia aurita (&
others)

(Riisgård et al.
2011)

22

Medium
-Low

0

Very
High

Low

Low

Germany

Helgoland,
German Bight

1975-1993;
1975-2002

Numerous

(Greve et al. 2004;
Greve et al. 1996)

22

Medium
-Low

-1

Low

Low

High

United
Kingdom

Thames Estuary

Medium
-High

1

Medium

High

Medium

Numerous

Numerous

Aurelia aurita
(Pleurobrachia pileus
is variable)
Mnemiopsis leidyi

(Attrill & Thomas
1996)

22

Since 1985
(data 19771992)
Since at least
2005

23

High

0

High

Medium

Very
High

Sweden &
Poland

Bornholm Basin

1994-2003

Aurelia aurita &
Cyanea capillata

23

Medium
-Low

0

Low

Low

Very
High

Germany

Kiel Bight

1978-1993

Aurelia aurita

(Barz & Hirche
2005; Barz et al.
2006)
(Schneider &
Behrends 1994)

22

1

(Oliveira 2007;
Tendal et al. 2007)

Additional
References
(Haddock 2008;
Attrill &
Edwards 2008)
(Lynam et al.
2004, 2005a)

(Sørnes et al.
2007;
Youngbluth &
Båmstedt 2001)
(Hoffmann 2005;
Møller &
Riisgård 2007a,
2007b)
(Greve 1994;
Schlüter et al.
2010)

(Boersma et al.
2007; Faasse &
Bayha 2006;
Hansson 2006;
Hosia 2007;
Riisgård et al.
2007)

(Möller 1979,
1984; Behrends
& Schneider
1995; Schneider
& Behrends
1998)
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LME
ID
23

CI

AT

TS

SS

RS

Country

Location

Dates

Species

Main Reference

Medium

1

Medium

Medium

Medium

Numerous

Southwestern
Baltic

Since at least
2006

Mnemiopsis leidyi

23

Medium
-Low
Low

1

Low

High

Low

Numerous

Low

Low

Low

Estonia

Since at least
2007
Since at least
1999

Mertensia ovum

1

Northern and
central Baltic
Väinameri
Archipelago

1

High

Numerous

Entire LME

1958-2007

Very
High
Very
High
Low

Ireland

Irish Sea

1994-2009

United
Kingdom
United
Kingdom

L4 station

1998-2007

1

Very
High
Very
High
Very
High
Low

Very
High
Low

24

Very
High
Medium
-High
Medium
-High
Low

Southampton
Water

Recent years

Presumably Pelagia
noctiluca
Mainly Aurelia aurita
& Cyanea spp.
Hydromedusae &
siphonophores
Aurelia sp. &
Pleurobrachia sp.

(Javidpour et al.
2006; Kube et al.
2007; Haslob et al.
2007; Tendal et al.
2007)
(Gorokhova et al.
2009)
(Ojaveer & Kotta
2006; Väinölä &
Oulasvirta 2001)
(Licandro et al.
2010)
(Lynam et al.
2010b)
(WCO 2011)

25

High

0

High

Medium

Very
High

Spain

Mid-1990smid-2000s

Salps &
siphonophores

25

Low

1

Low

Low

Medium

Since 2008

Blackfordia virginica

26

Medium
-High

0

Very
High

Low

Very
High

Portugal /
Spain
France

Vigo, Coruña, &
Santander
stations
Guadiana
Estuary
Villefranche-surMer

1974-2003

Entire medusae &
siphonophore
communities

26

High

1

Very
High

High

High

Western
Mediterranean

Since 1990s
(records
back to
1800s)

Pelagia noctiluca

23

24
24
24

1
0

Low
Low

Numerous

Maeotias marginata

(C. Lucas, NOC,
pers. comm., Jan.
2011)
(IEO 2010)

(Chícharo et al.
2009)
(García-Comas et
al. 2011)

(Yahia et al. 2010;
Anonymous
2008b, 2010c)

Additional
References
(Gorokhova et
al. 2009;
Gorokhova &
Lehtiniemi 2010)
(Anonymous
2009b)

(Baxter et al.
2010)
(Gittens 2011)

(Duarte et al.
2011)
(Valdés et al.
2007)

(Buecher et al.
1997; Licandro et
al. 2001;
Molinero et al.
2005; 2008a;
2008b)
(Goy et al. 1989;
Molinero et al.
2005; 2008a;
Anonymous
2010h; Licandro
et al. 2010)
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LME
ID
26

CI

AT

TS

SS

RS

Country

Location

Dates

Species

Main Reference

Medium
-High

1

Very
High

Low

Very
High

Spain

Mar Menor

Since 1990s

Cotylorhiza
tuberculata &
Rhizostoma pulmo

(Pagès 2001;
Pérez-Ruzafa et al.
2002)

26

Medium
-High

1

Very
High

Low

Very
High

Slovenia,
Italy,
Croatia

Gulf of Trieste

Aurelia sp. & other
scyphomedusae and
ctenophores

(Kogovšek et al.
2010)

26

Medium
-High

1

Low

Very
High

High

Numerous

Numerous

Since 1960s
(records
back to
1800s)
Since 1990s;
large blooms
in 2009

Mnemiopsis leidyi &
Beroe ovata

(Fuentes et al.
2010)

26

High

1

Very
High

Medium

High

Numerous

Since 1970s

Medium
-Low

1

Low

Medium

Medium

Numerous

26

Medium
-Low

1

Low

Medium

Medium

Italy, Spain,
France,
Malta

Numerous

Since early
2000s
(Greece),
2010 (Spain)
Recent years

Rhopilema nomadica,
(Phyllorhiza punctata,
& Marivagia stellata
also noted)
Phyllorhiza punctata

(Galil et al. 1990;
Lotan et al. 1992;
1994)

26

Israel,
Lebanon,
Syria,
Greece
Greece,
Spain

Carybdea marsupialis

(CIESM 2008)

26
28

Low
Medium

1
1

Low
High

Low
Low

Low
High

Italy
Ghana

Sicily Channel

2010
2000s

Catostylus tagi
Unknown

(Nastasi 2010)
(B. Asiedu, U.
Ghana, pers.
comm., Jan. 2010)

29

High

1

Very
High

High

High

Namibia

Coastal and
shelf waters

Since 1960s

Chrysaora hysocella &
Aequorea forskalea

(Lynam et al. 2006)

29

High

1

Very
High

Medium

High

Namibia

Coastal and
shelf waters

Since 1970s

Chrysaora hysocella &
Aequorea forskalea

(Venter 1988)

(Abed-Navandi &
Kikinger 2007)

Additional
References
(Conesa &
JiménezCárceles 2007;
Prieto et al. 2010;
Fuentes et al.
2011; Duarte et
al. 2011)
(Malej 2001; Di
Camillo et al.
2010; Duarte et
al. 2011)
(Boero et al.
2009; Galil et al.
2009a; Galil et al.
2011)
(Galil et al.
2009b; 2010;
Waldoks 2010;
Marshall 2010)
(Anonymous
2011a)

(Boero & Minelli
1984; Cuneo
2009; Schembri
2010; Bordehore
et al. 2011)
(F.K.E. Nunoo,
U. Ghana, pers.
comm., Feb.
2010)
(Fearon et al.
1992; Hart &
Currie 1960)
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LME
ID
30

CI

AT

TS

SS

RS

Country

Location

Dates

Species

Main Reference

Medium
-High

0

Very
High

Low

High

South Africa

KwaZulu-Natal

1975-2010

Unclear

30

Medium
-High

0

Medium

Medium

High

31

Medium
-High

0

Medium

Medium

High

Mozambiqu
e,
Madagascar,
Comoros
Tanzania &
Kenya

(R. van der Elst,
ORI, pers. comm.,
Jan. 2010)
(van der Elst 2010)

32

High

0

Very
High

High

High

India

32

Medium
-High

1

Very
High

Low

High

India

States of
Gujarat,
Maharashtra, &
Karnataka
State of Kerala

32

0

Medium

High

High

Iran

Gulf of Oman

32

Medium
-High
Medium

1

Medium

Low

High

Numerous

Persian Gulf

32

Low

-1

Low

Low

Medium

Pakistan

Kerachi

34

High

0

Very
High

High

High

India

34

High

1

Very
High

Medium

High

India

States of Tamil
Nadu, Andhra
Pradesh,
Andaman &
Nicobar Islands
States of Orissa
& West Bengal

34

Medium
-Low

1

Low

Low

High

India

Unclear
(assume
min. 5 years)

Madras

Unclear
(assume
min. 5 years)
Interviews
conducted
in 2008

Additional
References

(van der Elst 2010)

Unclear

(G. Pramod, UBC,
pers. comm., Sept.
2010)

(Pramod 2010)

Interviews
conducted
in 2008
1998-2006

Unclear

Last 7-10
years
Last 5 years

Unclear

(G. Pramod, UBC,
pers. comm., Sept.
2010)
(Daryanabard &
Dawson 2008)
(Erftemeiger &
Langenberg 2010)
(Roghay 2011)

(Pramod 2010;
Anonymous
2010b)
(Billett et al.
2006)
Numerous (see
Discussion)

(G. Pramod, UBC,
pers. comm., Sept.
2010)

(Pramod 2010)

(G. Pramod, UBC,
pers. comm., Sept.
2010)
(B. Ingole, NIO,
pers. comm., Oct.
2010)

(Pramod 2010)

Interviews
conducted
in 2008

Interviews
conducted
in 2008
Unclear
(recent years
or decades)

Crambionella orsini

Rhizostoma pulmo
and/or Catostylus
mosaicus?
Unclear

Unclear

Numerous (incl.
Cambionella
stulhmanni)

(James et al.
1985; Rajagopal
et al. 1989;
Musilamoni et
al. 2000)
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LME
ID
34
34

34
35
36
36
36
40
40
41
41
41

42
42
42
47

CI

AT

TS

SS

RS

Country

Location

Dates

Species

Main Reference

Medium
-Low
Medium

-1

Low

Low

High

India

Orissa

Since 2007

Unknown

1

Low

Medium

High

Malaysia &
Thailand

Langkawi, MY
& Phuket, TH

2009 & 2010

Unknown; possibly
Cephea cephea in
Thailand

(Anonymous
2008a)
(M.R.B. Idid, IBS,
Jan. 2011)

Medium
-Low
Low

-1

Very
High
Medium

Low

Low

Thailand

Segenting

2005

Catostylus mosaicus

(Heng 2005)

Low

Low

Thailand

Past decade

Medium
-High
Low

0

Low

Taiwan

(Suntrarachun et
al. 2001)
(Lo et al. 2008)

Low

Very
High
Low

Unknown (likely
cubomedusae)
Aurelia aurita

1

Very
High
Low

Gulf of Thailand
beaches
Tapong Bay

Philippines

Lingayen Gulf

Unknown

Medium
-Low
Medium
-Low
Medium
-Low
Medium
-High
Medium
-High
Medium
-Low

-1

Low

Low

High

Philippines

1

Very
High
Medium

Low

Low

Australia

Medium

Low

Australia

Malampaya
Sound
Northern
Queensland
Gold Coast

(Anonymous
1999)
(PCAMRD 2008)

Low

High

Australia

0

Very
High
Medium

Medium

High

Australia

-1

Low

Low

Very
High

Australia

Medium
-High
Low

0

Very
High
Medium

Low
Low

Very
High
Low

Medium
-Low
Very
High

1

Very
High
Very
High

Low
High

1

1
0

1

1

Before/after
2002
December
1999
2008

Lobonema spp.

Over last 3040 years
Last 5 years

Cubomedusae

New South
Wales
Around
Moreton Bay
Myora Drain &
Pelican Waters

2008-2009 (&
1940s)
Since 2002

Thalia democratica

Since 1997
(MD) & 1999
(PW)

Cassiopea sp.

Australia

Port Phillip Bay

1991-2009

Catostylus mosaicus

Australia

Tasmania

Aurelia sp. polyps

Low

Australia

Port Phillip Bay

Very
High

China

>Half of LME

Since at least
2002
Since 1970s
and 1980s
1990-2003
(and after)

Cubomedusae

Catostylus mosaicus

Numerous
hydromedusae
Cyanea spp. &
Nemopilema nomurai

Additional
References
(Anonymous
2007a)
(Lau 2010;
Morison 2009;
Kwang & Yahya
2010)

(Anonymous
2010a)

(Anonymous
2010d)
(Donaghey 2009)

(Smail 2010)

(K. Pitt, GU, pers.
comm., May 2010)
(K. Pitt, GU, pers.
comm., May 2010)
(K. Pitt, GU, pers.
comm., May 2010)

(Strong 2008;
Henschke 2009)

(K. Pitt, GU, pers.
comm., May 2010)
(Willcox et al.
2008)
(Hewitt et al. 2004)
(Yan et al. 2004)

(Bouchet 2007;
Templeman &
Kingsford 2010;
Mortillaro et al.
2009)
(Coleman 2004;
DPI 2006)
(Naidoo 2009)

(Dong et al.
2010)
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LME
ID
47

CI

AT

TS

SS

RS

Country

Location

Dates

Species

Main Reference

High

1

Medium

Nemopilema nomurai

(Yoon et al. 2008)

1

South Korea
& China
China

Since 2003

Medium
-High
Medium
-Low
Medium

Yangtze Estuary

(Xian et al. 2005)

Low

Japan

Kagoshima Bay

Aurelia aurita

High

Korea

Aurelia sp. 1

48

Very
High

1

Very
High

High

Very
High

China &
South Korea

Since 2003

Nemopilema nomurai

(Yoon et al. 2008)

48

1

High

Medium

High

China

Since 1997

1

High

Low

High

Korea

Cyanea nozakii (R.
esculentum declined)
Aurelia sp. 1

(Dong et al. 2006)

48

Medium
-High
Medium

Busan & Geojedo
Western Korea;
Bohai Sea;
Jiaozhou Bay
Yellow Sea &
Bohai Sea
Incheon

(Miyake et al.
1997)
(Ki et al. 2008)

(Miyake et al.
2002)

Low

Since at least
1997
Since at least
1993
Since 2000

Numerous

Very
High
High

Very
High
Very
High
Low

Near Jeju Island

47

Very
High
High

49

High

1

Very
High

Medium

Very
High

Japan

NE coast of
Honshu

Nemopilema nomurai

(Uye 2008)

49

Medium

1

High

Medium

Low

Japan

Seto Inland Sea

Since 2002
(records
back to
1920s)
Since 1990s

(Dong et al. 2010;
Sun et al. 2010;
Rahn 2009)
(Dong et al. 2010;
Ge & He 2004)
(Han & Uye
2010)
(Kawahara et al.
2006)

Aurelia sp.

(Uye & Ueta 2004)

49

High

1

Very
High

Medium

High

Japan

Tokyo Bay &
Mikawa Bay

Since 1960s
and 1970s

Aurelia sp. & others

49

Medium
-Low

-1

Very
High

Low

Low

Japan

Unclear (see
Discussion)

Since 1980s

Spirocodon saltatrix

(Omori et al. 1995;
Nomura &
Ishimaru 1998;
Toyokawa et al.
2011)
(Mills 2001)

49

Low

1

Medium

Low

Low

Japan

Okinawa Island

Since at least
2003

Turritopsis dohrnii

47
47

1
1

Low

Since 2000

(Ki et al. 2008)

(Miglietta et al.
2007)

Additional
References
(Ding & Cheng
2005; Rahn 2009)

(Nagai 2003;
Takahashi et al.
2010; Uye et al.
2003; Kaneda et
al. 2007)
(Kinoshita et al.
2006; Kasuya et
al. 2000; Arai
2001)
(C. Mills, UW,
pers. comm.,
Oct. 2010; S.
Uye, HU, pers.
comm., Oct.
2010)
(Miglietta &
Lessios 2009)
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ID
50

CI

AT

TS

SS

RS

Country

Location

Dates

Species

Main Reference

Very
High

1

Very
High

High

Very
High

Japan

Entire west coast
of Honshu

Nemopilema nomurai

(Kawahara et al.
2006; Uye 2008)

50

Low

1

Medium

Low

Low

Japan

Wakasa Bay

Since 2002
(records
back to
1920s)
Since 2002

Aurelia sp. 1

51

Very
High
High

1

High

Russia

Coelenterata

1984-2006

Coelenterata

(Volkov 2008)

Very
High

1

Very
High

Very
High

Russia

“Deepwater”
area
“Outer shelf”
area
Entire LME

1984-2006

High

Very
High
High

52

Very
High
Very
High
Very
High

(Matsumura et al.
2005)
(Volkov 2008)

1984-2006

Coelenterata

(Volkov 2008)

52

Low

1

Low

Low

Medium

Japan

2009

Nemopilema nomurai

53

Very
High
Very
High
Very
High

1

Very
High
Very
High
Very
High

Very
High
Very
High
High

Very
High
High

Russia

Northern coast
of Hokkaido
Entire LME

1984-2006

Numerous

Entire LME

1958-2007

Very
High

Antarctica

Several
disparate
locations

1926-2003

Aglantha digitale &
other Coelenterata
Presumably
Aglantha digitale
Salpa thompsoni

(Anonymous
2009d)
(Volkov 2008)

62

Very
High

1

Very
High

Very
High

High

Numerous

Widespread
sampling within
LME

Since 1960s

Aurelia aurita

(Bat et al. 2009;
Mutlu et al. 1994;
Oguz & Velikova
2010)

62

Very
High

1

Very
High

Very
High

Very
High

Numerous

Since 1988

Mnemiopsis leidyi &
Beroe ovata

(Shiganova 1998)

63

Medium
-High

0

Low

High

Very
High

Canada

Widespread
sampling within
LME
Large transect in
Hudson Bay;
also Foxe Basin
& Hudson Strait

2003-2006

Aglantha digitale &
Aeginopsis laurentii

(M. Harvey, DFO,
pers. comm., Aug.
2010)

51

60
61

0

0
1

Russia

(Licandro et al.
2010)
(Atkinson et al.
2004)

Additional
References
(Uye 2010; Uye
et al. 2010)

(Zavolokin 2010;
Il'inskii &
Zavolokin 2007)

(Zavolokin et al.
2008)

(Perissinotto &
Pakhomov 1998;
Loeb et al. 1997;
Lee et al. 2010)
(Flint et al. 1989;
Gomoiu 1981;
Niermann 2004;
Shushkina &
Vinogradov
1991)
(Finenko et al.
2001; Shiganova
et al. 2004a)
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Appendix B: Belief Indexes
Belief Index
Native Species Only
LME
ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
18
21
22
23
24
25
26
28
29
30
31
32
34
35
36
40
41
42
47
48
49
50
51
52
53
60
61
62
63

LME
Name

Abundance Trend:
East Bering Sea
Gulf of Alaska
California Current
Gulf of California
Gulf of Mexico
Southeast US Continental Shelf
Northeast US Continental Shelf
Scotian Shelf
Newfoundland-Labrador Shelf
Insular Pacific-Hawaiian
Pacific Central-American Coastal
Caribbean Sea
Humboldt Current
Patagonian Shelf
South Brazil Shelf
East Brazil Shelf
West Greenland Shelf
Norwegian Sea
North Sea
Baltic Sea
Celtic-Biscay Shelf
Iberian Coastal
Mediterranean Sea
Guinea Current
Benguela Current
Agulhas Current
Somali Coastal Current
Arabian Sea
Bay of Bengal
Gulf of Thailand
South China Sea
Northeast Australian Shelf
East Central Australian Shelf
Southeast Australian Shelf
East China Sea
Yellow Sea
Kuroshio Current
Sea of Japan
Oyashio Current
Sea of Okhotsk
West Bering Sea
Faroe Plateau
Antarctic
Black Sea
Hudson Bay

Overharvest
-1

-1

0
27.34
43.75
25.00
25.00
3.13
36.43
50.00

Invasives Only
+1

0

50.00
6.25
29.69
3.13
6.25
7.72
60.89

~
23.10
12.50
6.25
~

25.00
3.13
9.18
50.00
25.00
25.00

+1

12.50

20.53
7.71
9.18
3.13
6.25
6.25
6.25

1.56
3.13

3.10
3.13

3.13

15.23
27.34
12.50
25.00
12.50

23.44
12.50
34.38
25.00

3.13

12.50

3.13

23.44
12.50

3.13
25.00

12.50
66.50

1.56
12.50
10.60

56.93
42.58
6.25
43.75

1.56
53.06

17.97
31.88
1.56
1.56
6.15
1.56
68.21
56.25
47.27
50.78
50.00
50.78
50.00

3.13
6.25
6.25
1.56

50.00
50.00
50.00

50.00

12.50
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