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Knowledge of jellyfish populations in the Mediterranean Sea is rather extensive, due to a
combination of long-term datasets and interest relating to impacts on human activities. The
notorious jellyfish Pelagia noctiluca appears to be blooming with increased frequency in some areas,
and may sting tens of thousands of sea bathers in a single year. In addition, a number of invasive
species of jellyfish appear to be thriving in the Mediterranean, some of which have significant
impacts on fishing and other industries. In contrast, other groups of jellyfish show variable trends
over time, and may be of little interest to the public. Here, we summarize knowledge of jellyfish
in the Mediterranean Sea, including temporal trends for a variety of species, and discuss possible
anthropogenic causes of increased jellyfish abundance and management interventions in the face
of uncertainty.
Key words: Jellyfishes, gelatinous zooplankton, blooms, pelagic cnidarians, ctenophores,
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INTRODUCTION
The Mediterranean Sea is home to numerous
species of jellyfish, both native and invasive.
Some of these jellyfish, which here include
pelagic cnidarians, ctenophores and salps, have
been monitored for centuries, while others are
rarely sampled or studied. In addition, particular species of jellyfish are of high public
interest due to impacts on tourism and other
human activities, yet others may be of little
concern. While several populations appear to be
increasing in recent decades, these increases are
not uniform throughout the Mediterranean Sea.
Some groups show differing or opposite trends,
and these trends may vary widely depending on
the region in question.
Despite the variability of jellyfish population dynamics over time, space, and taxa,

several conspicuous groups of jellyfish appear
to exhibit sustained increases in the Mediterranean Sea. Anthropogenic impacts have been
suggested as potential drivers of these increases, including global warming, eutrophication,
overfishing, bottom-trawling, mariculture, and
increased coastal development. Similar trends
in jellyfish populations to those in the Mediterranean Sea have been observed on a global
scale. While increases are not ubiquitous, they
are both numerous and widespread in coastal
ecosystems and seas around the world (BROTz et
al., 2012). The relatively extensive knowledge of
jellyfish populations in the Mediterranean Sea
provides an ideal opportunity to discuss their
abundance trends, along with suggested causes
and management practices, in the context of
overall ecological changes in that body of water
(COLL et al., 2012).
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Population dynamics
of native jellyfish species
The population dynamics of jellyfishes are
generally not studied as is usual with finfishes, i.e., using analytic models with explicit
terms representing growth, mortality, and related
parameters, although this could be done (PALOMARES & PAULy, 2009). Rather, inferences on the
dynamics of jellyfish populations are usually
based on the location, relative size, and timing
of “blooms” (MILLS, 2001; PURCELL, 2005; BOERO
et al., 2008).
By far the most notorious jellyfish in the
Mediterranean is the mauve stinger, Pelagia
noctiluca. This scyphozoan lacks a polyp phase,
i.e., it 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 up to tens of thousands of seabathers each
year (PURCELL et al., 2007; ANONyMOUS, 2010a).
In addition, large blooms of this jellyfish have
interfered with coastal dragnet fishing (BERNARD et al., 2011). In the Atlantic Ocean, massive
aggregations of P. noctiluca have disrupted
mariculture operations and caused severe fish
kills (DOyLE et al., 2008). While similar events
have yet to be reported from the Mediterranean,
expanding mariculture production and extensive
jellyfish blooms suggest that it may simply be a
matter of time.
The population dynamics of P. noctiluca
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 contains records of P. noctiluca dating back to the 18th century, identifying bloom
years and non-bloom years. Although some
observations were made from single locations
(such as the extensive records of the Station
zoologique de Villefranche-sur-Mer, france),
most rigorously described blooms 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 deviate from this pattern in
the late 1990s, and persistent blooms have since
occurred in the western Mediterranean quasiannually (ANONyMOUS, 2008; 2010c; DALy yAhIA
et al., 2010). Although the numbers of several species 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,
2010a). BERNARD et al. (2011) report data on P.
noctiluca from beaches along the french Riviera
(from Cannes to Monaco) based on estimates of
abundance and the administration of first aid by
lifeguards and emergency responders. Between
1981 and 2008, there were large blooms reported from 1981 to 1985, and then again from 1994
to 2008, with the exception of a few years of
very low abundance. These reports reflect the
presence-absence nature of this species (with
a few intermediate years), as well as highlighting the fact that blooms have been persistent
in recent years, resulting in a large number of
stings.
The recent changes in P. noctiluca populations in the western basin are not consistent with
the rest of the Mediterranean, where different
dynamics have been demonstrated in recent
decades. Blooms in the Aegean Sea appear to be
maintaining the aforementioned 12-year periodicity (DALy yAhIA et al., 2010). however, blooms
of Chrysaora hysoscella appear to be much
larger in this region in recent years (ÖzTÜRk &
İŞINIBILIR, 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
they appeared to subside and virtually disappear for more than a decade. however, in 2004,
blooms of P. noctiluca began in this region again
(DALy yAhIA et al., 2010) and continued until 2007
(kOGOVŠEk et al., 2010).
In addition to the periodic appearances of
P. noctiluca, the northern Adriatic Sea shows
other signs of increasing jellyfish populations.
kOGOVŠEk et al. (2010) performed a wavelet
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analysis of jellyfish blooms in the northern
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. Species of
this genus showed periodic blooms throughout
the timeframe covered by 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 northern Adriatic, and have
occurred annually since 2002 (MALEJ et al., 2012).
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 (kOGOVŠEk et al., 2010).
Information presented by MALEJ (2001)
also confirms a possible increase in “irregular events” involving jellyfish in the northern
Adriatic. With the exceptions of P. noctiluca
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 species of Ctenophora.
Interestingly, C. hysoscella was documented
in the Gulf of Trieste on numerous occasions
between 1874 and 1911, but then was not
reported again until 1981 (DEL NEGRO et al., 1992),
highlighting the fact that jellyfish populations
may exhibit different trends over a variety of
timescales. Despite the apparent recent increases
in large scyphomedusae in the northern Adriatic,
BENOVIĆ et al. (1987; 2000) document and discuss
a decline in the hydrozoan community. The
authors point to increased hypoxic and anoxic
events due to anthropogenic disturbance in
the 1970s and 1980s as a cause for decreased
abundance and species diversity, primarily for
meroplanktonic species (see below). While it is
presumed that the overall biomass of jellyfish in
this system has increased due to the increased
scyphomedusae and ctenophore blooms, the
decline in hydrozoan biodiversity highlights the
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Fig. 1. Examples of time-series data on jellyfish from
the Mediterranean Sea. A, B, and C are from data
collected at Point B, Villefranche-sur-Mer, France,
while D is from the northern Adriatic Sea. Sources:
A (MOLINERO et al., 2008a), B and C (GARCÍACOMAS et al., 2011), D (BENOVIĆ et al., 2000). Note
different timescales.

fact that different groups of jellyfish may exhibit
dramatically different dynamics over similar
temporal and spatial scales.
Increasingly complex patterns of jellyfish
abundance are also evident in the western Mediterranean when other gelatinous groups are
considered, such as hydromedusae, siphonophores, and ctenophores. 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
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Fig. 2. Photographs of various jellyfish from the Mediterranean Sea. A – Pelagia noctiluca bloom in Cabrera National
Park, Balearic Islands, Spain; B – Rhizostoma pulmo in Katakolo, Peloponissos, Greece; C – Aurelia bloom in Gulf
of Trieste, Slovenia; D – Aurelia polyps attached to oyster shell on piling in Gulf of Trieste, Slovenia; E – Cotylorhiza
tuberculata with juvenile fish near Hvar Island, Croatia; F – Removal of Cotylorhiza tuberculata in Mar Menor, Spain

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 (LEGOVIĆ, 1987; BUEChER et al., 1997).
GARCÍA-COMAS et al. (2011) analyzed the seasonality and abundance of numerous zooplankton
groups at Villefranche-sur-Mer using zooScan
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Fig. 3. Map of the Mediterranean Sea showing various locations discussed in the text as well as the locations of data
presented in Fig. 1 and the photographs from Fig. 2.

technology, which facilitated the processing
of large samples. Data from 1974 to 2003
were included, and gelatinous zooplankton was
divided into carnivorous medusae and siphonophores. Both of these groups showed relatively
low abundances through the 1970s along with
increases through the 1980s (fig. 1).
These results are consistent with those of
MOLINERO et al. (2005; 2008a; 2008b), who examined only selected species of jellyfish. 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 abundances
through the 1990s, followed by returns to higher
abundances in the last few years of the dataset
(see fig. 1 and GARCÍA-COMAS 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 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…”
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, 2010b) and 2011 (ANONyMOUS,
2011c). 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.
The pleustonic jellyfish commonly known
as the Portuguese man o’ war (Physalia physalis) has also been making headlines in recent
years. human encounters with this siphonophore often result in extremely painful stings
(fENNER & WILLIAMSON, 1996). This jellyfish
had been absent from the Mediterranean for at
least a decade when large blooms were observed
along the Spanish coast of the Alboran Sea in
2009 (ANONyMOUS, 2009). however, the distribution of pleustonic jellyfish is especially
influenced by wind patters (MACkIE, 1974), and
reports of newsworthy blooms often lack a historical context.
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Invasive jellyfish species
At least 12 species of jellyfish have invaded
the Mediterranean Sea (Table 1), and many
appear to be thriving. Notably, the highly invasive ctenophore Mnemiopsis leidyi now appears
to be successfully established. M. leidyi was first
recorded in the Mediterranean in the 1990s at
several locations including the Aegean Sea near
Greece (ShIGANOVA et al., 2001; 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 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 overall 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 (ShIGANOVA et al., 2004a).
The conspicuous scyphomedusan Rhopilema nomadica first appeared along the coast of

Israel in 1977 (GALIL et al., 1990; GALIL, 2000) and
blooms have continued to increase there ever
since (LOTAN et al., 1992; 1994; MARShALL, 2010;
WALDOkS, 2010). This species appears to have
extended its range to Lebanon and Syria (LOTAN
et al., 1994), as well as Egypt, Turkey (kIDEyS
& GÜCÜ, 1995), Greece (SIOkOU-fRANGOU et
al., 2006), and on two occasions, even Malta
(ANONyMOUS, 2011b). Massive blooms of R.
nomadica have occurred annually along the SE
Levantine coast since the 1980s, directly interfering with numerous industries and resulting in
significant economic losses. Widespread sting
events may be severe, with symptoms persisting
for months and potentially resulting in hospitalization (ÖzTÜRk & İŞINIBILIR, 2010). fishers
frequently discard entire hauls of their catch
due to the medusae, and the operations of ships,
power plants, and desalination plants are often
affected, requiring the removal of truckloads
of jellyfish (SPANIER, 1989; GALIL et al., 2010 and
references therein). In Turkey, R. nomadica has
also interfered with aquaculture operations by
preventing fish farmers from lifting their nets
to the surface (ÖzTÜRk & İŞINIBILIR, 2010). The
continued large blooms of this species suggest
it is one of the most successful invasive species
of jellyfish in the eastern Mediterranean, and its
proliferation may partly be at the expense of the
native scyphozoan Rhizostoma pulmo, which
has exhibited a decline in abundance (GALIL,
2000). however, it is unlikely that the decline
of R. pulmo is comparable to the dramatic
increase in R. nomadica, as the former was not
frequently reported to form large blooms in the
Mediterranean on a historical basis (LILLEy et
al., 2009). It should also be noted that blooms of
the indigenous R. pulmo are still reported from
other areas of the Mediterranean, including Mar
Menor (see below), as well as near Tuscany and
Barcelona (LILLEy et al., 2009).
The invasive Phyllorhiza punctata also
appears to have established a growing population in the Mediterranean. A solitary specimen
was reported from 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).
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Table 1. Invasive species of jellyfish in the Mediterranean Sea

Genus

Species

Carybdea
marsupialis
Cassiopea
andromeda
Clytia
linearis
Phyllorhiza
punctata
Rhopilema
nomadica
Cassiopea
polypoides
Mnemiopsis
leidyi
Clytia
hummelincki
Beroe
ovata
Marivagia
stellata
Catostylus
tagi
Aequorea
globosa
*original invasion uncertain (see text)

Phylum

Class

first
detection

Cnidaria
Cnidaria
Cnidaria
Cnidaria
Cnidaria
Cnidaria
Ctenophora
Cnidaria
Ctenophora
Cnidaria
Cnidaria
Cnidaria

Cubozoa
Scyphozoa
hydrozoa
Scyphozoa
Scyphozoa
Scyphozoa
Tentaculata
hydrozoa
Nuda
Scyphozoa
Scyphozoa
hydrozoa

1878*
1903*
1951
1965
1977
1987
1990
1996
2004
2006
2010
2011

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, 2011d).
Cassiopea andromeda is also suspected to
be invasive in the eastern Mediterranean, having
been detected in the Aegean Sea and waters near
Israel (SPANIER, 1989 and references therein), as
well as Lebanon (GALIL et al., 1990 and references therein). There was one observation of
this jellyfish from Cyprus at the beginning of
the 20th century, but it was not detected again
until some 50 years later (see GALIL et al., 1990).
It appears the range expansion of C. andromeda
will continue, with recent sightings from Turkey
(ÇEVIk et al., 2006; ÖzGÜR & ÖzTÜRk, 2008) and
Malta (SChEMBRI et al., 2010). Another species in
this genus – C. polypoides – was reported from
the coast of Lebanon in 1987 (LAkkIS, 1991), but
it remains unclear to what extent this invader is
established.
The only cubomedusan in the Mediterranean, Carybdea marsupialis, was initially

reported in the Adriatic in 1878 (CLAUS, 1878),
but not again until 1985 (BOERO & MINELLI,
1986), after which it became increasingly widespread in the Adriatic (DI CAMILLO et al., 2006).
Due to the initial observation of this jellyfish
in the late 19th century, the invasiveness of this
jellyfish is somewhat unclear. Nonetheless, C.
marsupialis “is now an obnoxious stinger” in
the Mediterranean (CIESM, 2008) and may inflict
painful stings (PECA et al., 1997) to thousands of
beachgoers in a single season (BORDEhORE et al.,
2011). Its range continues to expand beyond the
Adriatic, with recent reports of increasing abundance from Italy and Spain (BORDEhORE et al.,
2011), as well as france (CUNEO, 2009) and Malta
(ANONyMOUS, 2011a).
New invasions of jellyfish continue to be
documented in the Mediterranean Sea in recent
years. A new genus was described for Marivagia
stellata, which was first found in Israel in 2006,
and several recent detections suggest an established population (GALIL et al., 2010). In 2010,
the first sighting of the large scyphomedusan
Catostylus tagi, which was before restricted to
Atlantic waters, was reported from the Sicily
Channel in Italy (NASTASI, 2010). In addition, the
Indo-Pacific hydromedusan Aequorea globosa
was observed in Iskenderun Bay, Turkey continuously through 2011, suggesting an established
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population (TURAN et al., 2011). The growing list
of alien jellyfish in the Mediterranean (Table 1)
likely represents an underestimate of the actual
number of invasive species, as many jellyfish
invasions may go unreported due to incomplete
treatment, peculiar life histories, and species
crypsis (hOLLAND et al., 2004; DAWSON et al.,
2005; GRAhAM & BAyhA, 2007). A case in point
for the Mediterranean concerns two species of
tiny (medusae ~1 mm) hydrozoans in the genus
Clytia. C. linearis was first reported from the
Suez Canal in 1938 and then in the Mediterranean in the 1950s (BOERO et al., 2005). The
hydroid of this species is now one of the most
abundant and widespread in the Mediterranean
(BOUILLON et al., 2004). C. hummelincki was first
reported from the Ionian coast of Italy in 1996
(BOERO et al., 1997), and colonial hydroids of this
species have since been widely recorded in the
northern Mediterranean, including the Adriatic
Sea, Sardinia, and Majorca (GRAVILI et al., 2008).
Despite these reports, the spread of these highly
successful invaders continues largely unnoticed
due a lack of specialists (BOERO et al., 2005;
GRAVILI et al., 2008). This problem likely leads to
invasions going undetected in other parts of the
world as well – in the Baltic Sea, the presence
of the highly invasive ctenophore Mnemiopsis
leidyi was reported only after a female Iranian
scientist visited the area and recognized the
invader (JAVIDPOUR et al., 2006).
Likely drivers of increasing
jellyfish populations
As documented above, although jellyfish
populations in the Mediterranean Sea do not
exhibit uniform dynamics across time, space,
and taxa, it does appear that several populations
have increased in numerous areas in recent years
and decades. In addition to introduced species,
there have been suggestions that increases in jellyfish populations may be due to anthropogenic
impacts on the marine environment (MILLS,
1995; 2001; PURCELL et al., 2007; PAULy et al., 2009;
RIChARDSON et al., 2009). These suggested driv-

ers include global warming, eutrophication,
overfishing, mariculture, and coastal develop-

ment. With the exception of translocation, none
of these factors have been directly demonstrated
to cause any increases or blooms (PURCELL et
al., 2007). Nonetheless, laboratory experiments
and strong correlative data suggest that, in
some cases, jellyfish populations may indeed be
linked with human activities.
Warmer temperatures due to climate change
could benefit some species of jellyfish in the
Mediterranean Sea through numerous means,
including increased distribution, altered phenology, increased reproductive output, and
decreased mortality. young ephyrae of Pelagia noctiluca exhibit reduced survival at temperatures below 8 °C (ROTTINI-SANDRINI, 1982;
AVIAN et al., 1991). As such, the increasingly
warmer temperatures observed in the Mediterranean Sea may have facilitated the increased
populations of this species (MOLINERO et al., 2005;
DALy yAhIA et al., 2010). Jellyfish belonging to
the genus Aurelia have also been shown to benefit from warmer temperatures through increased
growth (WIDMER, 2005) and enhanced asexual
reproduction (PURCELL, 2007; LIU et al., 2009; PURCELL et al., 2009; hAN & UyE, 2010), which could
be involved in the increases observed in some
Aurelia populations in the Mediterranean. Of
course, increased temperatures may be detrimental to other species of jellyfish, as could be
the case with the observed decline of the ctenophore Pleurobrachia rhodopsis in the northwestern Mediterranean during the late 1980s
(MOLINERO et al., 2008b). In addition, the mechanisms involved with changing temperatures and
the resulting effects on jellyfish are not always
simple. Warmer temperatures can strengthen
stratification, which has been shown to decrease
the probability of finding large aggregations of
salps in the western Mediterranean (MÉNARD et
al., 1994).
Jellyfish populations may be influenced
by coastal development in a variety of ways.
Some mechanisms involve cultural eutrophication, whereby increased nutrient input of anthropogenic origin may create conditions that favor
jellyfish over other organisms (PURCELL et al.,
1999; ARAI, 2001). Such conditions can include
increased food availability, decreased water
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clarity, and decreased dissolved oxygen (DO)
concentrations. Several species of jellyfish that
appear to be thriving in the Mediterranean, such
as Aurelia spp. and Cassiopea spp., have been
shown to benefit from eutrophication in other
systems (e.g., kIDEyS, 1994; NOMURA & IShIMARU, 1998; kEISTER et al., 2000; ShOJI et al., 2010;
STONER et al., 2011), and therefore similar mecha-

nisms may be at work in the Mediterranean.
While the increased eutrophication of the Mediterranean Sea may have benefitted some jellyfish populations, the effects may be damaging to
others. 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) document a substantial
decline in the total number of meroplanktonic
hydrozoan species, especially since the 1960s.
The authors point to the increasing frequency
and intensity of hypoxic and anoxic events
that plagued the bottom waters of the northern
Adriatic in the 1970s and 1980s, concomitant
with numerous ecological changes including
explosions in mucus aggregates (DEGOBBIS et
al., 1995). It should be noted that there is also a
possibility that increased populations of P. noctiluca, which prey on hydromedusae, have also
contributed to the observed declines (BENOVIĆ et
al., 1987). These important data highlight the fact
that different groups of jellyfish will respond
differently to anthropogenic impacts, and some
groups may be affected negatively (PURCELL et
al., 1999). More recently, the northern Adriatic
has tended towards more oligotrophic waters
(MOzETIČ et al., 2010), and it remains to be seen
whether or not this will result in a recovery of
hydrozoan diversity in this ecosystem.
Another consequence of coastal development that may benefit jellyfish populations
is an increase in marine structures including
docks, wharfs, marinas, platforms, breakwaters, and sea walls. Many species of jellyfish
have a sessile polyp phase of their life history,
which attaches to a hard substrate. Structures
of anthropogenic origin may provide increased
habitat for polyps, some of which show an affinity for shaded surfaces and synthetic materials
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(SVANE & DOLMER, 1995; hOLST & JARMS, 2007;
hOOVER & PURCELL, 2009). Indeed, jellyfish pol-

yps have been observed on artificial structures
in several locations in the Mediterranean Sea.
Scyphopolyps were reported in koper harbor,
Gulf of Trieste, on the undersides of oyster
shells attached to piers (DUARTE et al., 2012),
and have since been observed in several other
eastern Adriatic ports (MALEJ et al., 2012). DI
CAMILLO et al. (2010) also recorded scyphopolyps
on underside portions of an iron shipwreck near
Ancona, Italy, but notably 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. There are also
reports of Rhizostoma pulmo polyps attached to
concrete columns in Badalona, Spain (DUARTE et
al., 2012). Although polyps have not been directly
observed on anthropogenic structures in Thau
lagoon (southwestern Mediterranean), extensive
bivalve mariculture operations are suspected to
provide suitable substrata for the local population of Aurelia aurita (BONNET et al., 2012).
Some combination of these effects is evident
in the jellyfish community in coastal Tunisia.
TOUzRI et al. (2012) examined the composition
of gelatinous zooplankton in both the bay and
lagoon of Bizerte. A small channel connects
the bay and lagoon, with the lagoon receiving
the initial flux of anthropogenic inputs as evidenced by increases in nutrient concentrations
and primary production. Species diversity of
gelatinous zooplankton was significantly lower
in the lagoon compared to the bay; however, the
hydromedusan Podocorynoides minima appears
to thrive in the lagoon, presumably benefitting
from increased eutrophication and substrate for
polyps (TOUzRI et al., 2012).
Perhaps the best example of the correlation
between increased jellyfish populations and
anthropogenic impacts in the Mediterranean
Sea comes from Mar Menor, a Spanish coastal
lagoon. This hypersaline lagoon is relatively
shallow (~3.5 m average depth) and is separated
from the Mediterranean by a sandy barrier with
several inlets. Traditionally, this lagoon was a
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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
harbors, 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 scyphozoans (Cotylorhiza tuberculata and Rhizostoma
pulmo) were recorded in the lagoon and began
forming large blooms in the mid-1990s (PÉREzRUzAfA 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 & JIMÉNEzCÁRCELES, 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., 2012). 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 example of increasing anthropogenic
impacts in Mar Menor and the concomitant
changes in jellyfish populations illustrate the
links and complexities of these relationships in
the greater Mediterranean Sea, as well as other
parts of the world. factors and changes rarely
occur in isolation, but rather are highly interrelated and may react synergistically (PURCELL
et al., 2007). Anthropogenic impacts that stress

marine environments may also facilitate species
invasions (OCChIPINTI-AMBROGI & SAVINI, 2003).
for example, in harbors, warmer temperatures
due to climate change, combined with eutrophication and increased substrate from coastal
development, may increase the probability of
establishment by non-indigenous jellyfish species introduced by ships (e.g., TURAN et al., 2011).
human stressors may have also facilitated the
aforementioned success of invasive hydrozoans
in the genus Clytia (GRAVILI et al., 2008). hydroids
of these species appear to thrive in urchin barrens, which are likely a result of overfishing and
other anthropogenic impacts (fANELLI et al., 1994;
MIChELI et al., 2005; GUIDETTI, 2006), although the
causal agents are difficult to isolate and identify
(SALA et al., 1998; GUIDETTI & DULCIC, 2007).
Overfishing may also result in increased jellyfish populations due to the removal of jellyfish
predators and competitors. As the Mediterranean
Sea has a long history of overfishing (COLL et al.,
2012), the potential effects on jellyfish populations cannot be ignored. Other human industries
can also influence jellyfish populations. Similar to the effects of eutrophication and coastal
development, increased mariculture operations
may ultimately lead to more jellyfish due to
increased nutrients, food, and substrate. While
the causal factors of increasing jellyfish populations are difficult to ascertain, the correlations
are often convincing. In addition to precipitating more investigation, use of the precautionary
approach is warranted.
Management under uncertainty
Evidence for a widespread increase in jellyfish has been questioned by CONDON et al. (2012),
who conjured a “paradigm” (i.e., consensual
view) that jellyfish are increasing globally, and
which they assert must be refuted. It is clear
that there presently could be no such consensus,
given the scarcity of jellyfish time-series data
and papers analyzing them (but see BROTz et al.,
2012). The contribution by CONDON et al. (2012) is
no exception: at the time that it was published
and discussed in the press, the data gathered

Brotz et al.: Jellyfish populations in the Mediterranean Sea

in their ‘Jellyfish Database Initiative’ (JEDI)
had not yet been analysed. This point went past
dozens of journalists (e.g., ANONyMOUS, 2012;
GREENfIELD, 2012; PAGE, 2012) who should have
read the paper before reporting that it had “refuted” the notion of widespread jellyfish increases
(i.e., shifting a non-existent paradigm). Thus, the
article of CONDON et al. (2012) and the subsequent
media coverage will confuse readers and delay
management response to compelling evidence
that particular jellyfish species in degraded
ecosystems have increased (PURCELL, 2012). for
such ecosystems – including the Mediterranean
– we need to take management measures despite
uncertainty.
As noted by RIChARDSON et al. (2012), we
need to make the most of the scarce data we
have. A case in point is the use by BROTz et al.
(2012) of meta-analytic techniques for combining
quantitative and anecdotal information in view
of assessing trends in jellyfish abundance, especially for blooming species in coastal areas that
experience high human impact. Alternatively,
we can use reconstructions of historic ecosystems, and compare their jellyfish abundance
with the present, a procedure we recommend for
the well-studied Mediterranean.
It might take many years for a consensus
to emerge about whether jellyfish blooms are
increasing globally, and on likely causes if they
are. however, in the meantime, we have to
deal with the human health impacts and other
implications of jellyfish blooms. harmful algal
blooms (hABs), which impact similarly on
people, provide a model in this case. Earlier
controversies on overall trends in hABs have
been overcome through pragmatic discussions
of the management of their impact, and more
attention is now devoted to the monitoring of
hABs (which jellyfish usually lack), reducing
eutrophication, and reducing opportunities for
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invasions. In addition, the examination of longterm datasets have revealed important changes
in hABs due to climate change (hINDER et al.,
2012). While such time-series are rare for jellyfish, there continues to be historical data
which remains unanalysed, as well as a lack of
new monitoring programs. It is only by paying more attention to jellyfish that we will be
able to reduce uncertainty and gain a better
understanding of their dynamics and impacts.
Invasive species are often associated with some
of the most spectacular jellyfish blooms, and
are a continuous problem in the Mediterranean
due to its connections to the Red Sea (GALIL,
2007; EL-SEREhy & AL-RAShEID, 2011), as well as
intense shipping activities, aquaculture operations, and degraded ecosystems (GRAVILI et al.,
2008). Therefore, while there might be no consensus, in the Mediterranean and elsewhere, of
the cause(s) of jellyfish blooms, there is enough
evidence that they represent a problem which
needs to be addressed. That some forms of
mitigation are the same as those suggested for
hABs even suggests the possibility of synergies, particularly welcome in an age of multiple
environmental crises.

ACKNOWLEDGEMENTS
We thank Prof. Jakov DULČIĆ for inviting
this contribution, which we dedicate to Prof.
Adam BENOVIĆ. We also thank Dr. Anthony
RIChARDSON for pointing out the similarities
between jellyfish blooms and harmful algal
blooms, as well as two reviewers whose comments improved in the manuscript.
This is a contribution of the Sea Around Us
Project, a collaboration between the University
of British Columbia’s fisheries Centre and the
Pew Environment Group.

224

ACTA ADRIATICA, 53(2): 211 - 230, 2012

REFERENCES
first
record of the tropical scyphomedusa Phyllorhiza punctata in the Central Mediterranean Sea. Aquatic Invasions, 2: 391-394.
ANONyMOUS. 2008. Jellyfish outbreaks a sign of
nature out of sync. Agence france-Presse,
Paris, france. June 21, 2008.
ANONyMOUS. 2009. Portuguese men o’ war
invade the Mediterranean. The Telegraph,
London. May 1, 2009.
ANONyMOUS. 2010a. Tourists warned to be on
guard for ‘mauve stinger’ after swarms of
jellyfish invade Spain’s Costa Blanca. Daily
Mail, London, United kingdom. August 3,
2010.
ANONyMOUS. 2010b. fried egg jellyfish season in
full swing. Times of Malta, Valletta, Malta.
August 31, 2010.
ANONyMOUS. 2010c. Blooming jellyfish in northeast Atlantic and Mediterranean: overfishing, warming waters to blame. Science
Daily, Rockville, Maryland, U.S.A. December 14, 2010.
ANONyMOUS. 2011a. Box jellyfish number soar.
Times of Malta, Valletta, Malta. August 5,
2011.
ANONyMOUS. 2011b. Two new jellyfish species
spotted in Maltese waters. di-ve.com, www.
di-ve.com/Default.aspx?ID=72&Action=1
&NewsId=84405. July 1, 2011.
ANONyMOUS. 2011c. Sharp drop in jellyfish sightings...so far. Times of Malta, Valletta, Malta.
July 11, 2011.
ANONyMOUS. 2011d. Australian spotted jellyfish,
Phyllorhiza punctata, invade Spanish beaches. The Daily Telegraph, Sydney, Australia.
July 22, 2011.
ANONyMOUS. 2012. Jellyfish blooms not caused
by global warming and overfishing of competitors, study suggests. The huffington
Post, New york City. february 2, 2012.
ARAI, M.N. 2001. Pelagic coelenterates and
eutrophication: a review. hydrobiologia,
451: 69-87.
ABED-NAVANDI, D. &

R. kIkINGER. 2007.

ATIENzA, D., I. LEWINSky, V. fUENTES, U. TILVES,
M. GENTILE, A. OLARIAGA, J. GILI & M. DE
TORRES. 2010. Nine years of jellyfish obser-

vations in Catalonia, Spain (NW Mediterranean). Third International Jellyfish Blooms
Symposium, Mar del Plata, Argentina.
AVIAN, M., L.R. SANDRINI & f. STRAVISI. 1991. The
effect of seawater temperature on the swimming activity of Pelagia noctiluca. Bollettino Di zoologia, 58: 135-141.
BENOVIĆ, A., D. JUSTIĆ & A. BENDER. 1987. Enigmatic changes in the hydromedusan fauna
of the northern Adriatic Sea. Nature, 326:
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:
221-231.
BERNARD, P., L. BERLINE &

G. GORSky. 2011.

Long term (1981-2008) monitoring of the
jellyfish Pelagia noctiluca on Mediterranean Coasts (Principality of Monaco and
french Riviera). Journal of Oceanography,
Research and Data, 4: 1-10.

BOERO, f., J. BOUILLON, C. GRAVILI, M.P. MIGLIETTA, T. PARSONS & S. PIRAINO. 2008. Gelati-

nous plankton: irregularities rule the world
(sometimes). Marine Ecology Progress
Series, 356: 299-310.

BOERO, f., C. DI CAMILLO & C. GRAVILI. 2005.

Aquatic invasions: phantom aliens in Mediterranean waters. MarBEf Newsletter, 3:
21-22.

BOERO, f., C. GRAVILI, f. DENITTO, M.P. MIGLIETTA & J. BOUILLON. 1997. The rediscovery

of Codonorchis octaedrus, with an update
of the Mediterranean hydroidomedusan biodiversity. Italian Journal of zoology, 64:
359-365.
BOERO, f. & A. MINELLI. 1986. 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.

Brotz et al.: Jellyfish populations in the Mediterranean Sea

Aquatic Invasions, 4: 675-680.
BONNET, D., J.C. MOLINERO, T. SChOhN & M.N.
DALy yAhIA. 2012. Seasonal changes in the

population dynamics of Aurelia aurita in
Thau lagoon. Cahiers de Biologie Marine,
53: 343-347.

BORDEhORE, C., V. fUENTES, D. ATIENzA, C. BARBERÁ, D. fERNANDEz-JOVER, M. ROIG, M.J.
ACEVEDO-DUDLEy, A.J. CANEPA & J.M. GILI.
2011. Detection of an unusual presence of the

cubozoan Carybdea marsupialis at shallow
beaches located near Denia, Spain (southwestern Mediterranean). Marine Biodiversity Records, 4: e69.

BOUILLON, J., M.D. MEDEL, f. PAGÈS, J.M. GILI,
f. BOERO & C. GRAVILI. 2004. fauna of the

Mediterranean hydrozoa. Scientia Marina,
68: 5-449.

BROTz, L., W.W.L. ChEUNG, k. kLEISNER, E.
PAkhOMOV & D. PAULy. 2012. Increasing jel-

lyfish populations: trends in Large Marine
Ecosystems. hydrobiologia, 690: 3-20.

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: 145-157.
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: 196-197.
CIESM. 2008. Climate warming and related
changes in Mediterranean marine biota. In:
f. Briand (Editor). CIESM Workshop Monographs, No. 35: 152 pp.
CLAUS, C. 1878. Studien über Polypen und Quallen der Adria. I. Acalephen (Discomedusen).
Denschiften der kaiserliche Akademie der
Wissenschaften, 38: 64.
COLL, M., C. PIRODDI, C. ALBOUy, f.B.R. LASRAM,
W.W.L. ChEUNG, V. ChRISTENSEN, V.S. kARPOUzI, f. GUILhAUMON, D. MOUILLOT, M.
PALECzNy, M.L. PALOMARES, J. STEENBEEk,
P. TRUJILLO, R. WATSON & D. PAULy. 2012. The

Mediterranean Sea under siege: spatial overlap between marine biodiversity, cumulative
threats and marine reserves. Global Ecology
and Biogeography, 21: 465-480.

225

CONDON, R.h., W.M. GRAhAM, C.M. DUARTE,
k.A. PITT, C.h. LUCAS, S.h.D. hADDOCk, k.R.
SUThERLAND, k.L. ROBINSON, M.N. DAWSON, M.B. DECkER, C.E. MILLS, J.E. PURCELL,
A. MALEJ, h. MIANzAN, S. UyE, S. GELCICh
& L.P. MADIN. 2012. Questioning the rise

of gelatinous zooplankton in the world’s
oceans. BioScience, 62: 160-169.

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:
839-849.
CUNEO, L. 2009. Au secours, les méduses. Le
Point, Paris, france. July 23, 2009.
DALy yAhIA, M.N., M. BATISTIĆ, D. LUČIĆ, 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 Pela-

gia noctiluca more frequent in the Mediterranean basin? ICES Cooperative Research
Report No. 300: 8-14 pp.

DAWSON, M.N., A. SEN GUPTA & M.h. ENGLAND.
2005. Coupled biophysical global ocean

model and molecular genetic analyses identify multiple introductions of cryptogenic
species. Proceedings of the National Academy of Sciences of the United States of
America, 102: 11968-11973.

DEGOBBIS, D., S. fONDA-UMANI, P. fRANCO, A.
MALEJ, R. PRECALI & N. SMODLAkA. 1995.

Changes in the Northern Adriatic ecosystem
and the hypertrophic appearance of gelatinous aggregates. Science of the Total Environment, 165: 43-58.
DEIDUN, A. 2011. A glimpse from the past. Times
of Malta, Valletta, Malta. January 23, 2011.
DEL NEGRO, P., f. kOkELJ, A. TUBARO & R. DELLA LOG-

GIA. 1992. Chrysaora hysoscella in the Gulf of
Trieste: presence, evolution and cutaneous
toxicity in man. The Science of the Total
Environment, Suppl: 427-30.

DI CAMILLO, C., M. BO, S. PUCE, S. TAzIOLI & G.
BAVESTRELLO. 2006. The cnidome of Caryb-

dea marsupialis from the Adriatic Sea. Journal of the Marine Biological Association of
the United kingdom, 86: 705-709.

DI CAMILLO, C.G., f. BETTI, M. BO, M. MARTINEL-

226

ACTA ADRIATICA, 53(2): 211 - 230, 2012

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: 1105-1110.
LI, S. PUCE & G. BAVESTRELLO. 2010.

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: 963-968.

DUARTE, C.M., k.A. PITT, C.h. LUCAS, J.E. PURCELL, S. UyE, k. ROBINSON, L. BROTz, M.B.
DECkER, k.R. SUThERLAND, A. MALEJ, L.
MADIN, h. MIANzAN, J.M. GILI, V. fUENTES, D.
ATIENzA, f. PAGÈS, D. BREITBURG, J. MALEk,
W.M. GRAhAM & R.h. CONDON. 2012. Is

global ocean sprawl a cause of jellyfish
blooms? frontiers in Ecology and the Environment, DOI:10.1890/110246.
EL-SEREhy, h.A. & k.A. AL-RAShEID. 2011. Reproductive strategy of the jellyfish Aurelia
aurita in the Suez Canal and its migration
between the Red Sea and Mediterranean.
Aquatic Ecosystem health & Management,
14: 269-275.
fANELLI, G., S. PIRAINO, G. BELMONTE, S. GERACI
& f. BOERO. 1994. human predation along

Apulian rocky coasts (SE Italy): desertification caused by Lithophaga lithophaga
fisheries. Marine Ecology Progress Series,
110: 1-8.
fENNER, P.J. & J.A. WILLIAMSON. 1996. Worldwide deaths and severe envenomation from
jellyfish stings. Medical Journal of Australia, 165: 658-661.
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, 158: 2247-2266.

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: 23-37.
GALIL, B.S. 2000. A sea under siege - alien species
in the Mediterranean. Biological Invasions,
2: 177-186.
GALIL, B.S. 2007. Seeing red: alien species along
the Mediterranean coast of Israel. Aquatic
Invasions, 2: 281-312.
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: 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: S89-S90.
GALIL, B.S., N. kRESS & T. ShIGANOVA. 2009a.

first record of Mnemiopsis leidyi off the
Mediterranean coast of Israel. Aquatic Invasions, 4: 357-360.
GALIL, B.S., L. ShOVAL & M. GOREN. 2009b. Phyllorhiza punctata reappeared off the Mediterranean coast of Israel. Aquatic Invasions, 4:
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, 87: 216-226.
GOy, J., P. MORAND & M. ETIENNE. 1989. Longterm fluctuations of Pelagia noctiluca (Cnidaria, Scyphomedusa) in the western Mediterranean Sea. Prediction by climatic variables. Deep-Sea Research, 36: 269-279.
GRAhAM, W.M. & k.M. BAyhA. 2007. Biological
invasions by marine jellyfish. In: W. Nentwig (Editor). Biological Invasions. Ecological Studies (193), Springer-Verlag, Berlin
heidelberg, 239-255 pp.
GRAVILI, C., P. D’AMBROSIO, C. DI CAMILLO, G.
RENNA, J. BOUILLON & f. BOERO. 2008. Clytia

Brotz et al.: Jellyfish populations in the Mediterranean Sea

hummelincki in the Mediterranean Sea. Journal of the Marine Biological Association of
the United kingdom, 88: 1547-1553.
GREENfIELD, R. 2012. Jellyfish are not taking
over. The Atlantic Wire, Washington, D.C.
february 2, 2012.
GUIDETTI, P. 2006. Marine reserves reestablish
lost predatory interactions and cause community changes in rocky reefs. Ecological
Applications, 16: 963-976.
GUIDETTI, P. & J. DULČIĆ. 2007. Relationships
among predatory fish, sea urchins and barrens in Mediterranean rocky reefs across a
latitudinal gradient. Marine Environmental
Research, 63: 168-184.
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: 98-105.
hINDER, S.L., G.C. hAyS, M. EDWARDS, E.C. ROBERTS, A.W. WALNE & M.B. GRAVENOR. 2012.

Changes in marine dinoflagellate and diatom
abundance under climate change. Nature
Climate Change, 2: 271-275.

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:
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: 863-871.
hOOVER, R.A. & J.E. PURCELL. 2009. Substrate
preferences of scyphozoan Aurelia labiata
polyps among common dock-building materials. hydrobiologia, 616: 259-267.
ISINIBILIR, M., A.N. TARkAN & A.E. kIDEyS. 2004.

Decreased levels of the invasive ctenophore
Mnemiopsis in the Marmara Sea in 2001. In:
h. Dumont, T. Shiganova & U. Niermann
(Editors). Aquatic Invasions in the Black,
Caspian, and Mediterranean Seas. kluwer
Academic Publishers, Dordrecht, The Netherlands, 155-165 pp.

ISINIBILIR, M., I.N. yILMAz & S. PIRAINO. 2010.

New contributions to the jellyfish fauna of

227

the Marmara Sea. Italian Journal of zoology,
77: 179-185.
JAVIDPOUR, J., U. SOMMER & T. ShIGANOVA. 2006.

first record of Mnemiopsis leidyi in the Baltic Sea. Aquatic Invasions, 1: 299-302.

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.
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: 171-181.
kIDEyS, A.E. & A.C. GÜCÜ. 1995. Rhopilema
nomadica: a Lessepsian Scyphomedusan
new to the Mediterranean coast of Turkey.
Israel Journal of zoology, 41: 615-617.
kIDEyS, A.E. & U. NIERMANN. 1994. Occurrence
of Mnemiopsis along the Turkish coast.
ICES Journal of Marine Science, 51: 423427.
kOGOVŠEk, T., B. BOGUNOVIĆ & A. MALEJ.
2010. Recurrence of bloom-forming scypho-

medusae: wavelet analysis of a 200-year
time series. hydrobiologia, 645: 81-96.
LAkkIS, S. 1991. Aggregations of the scyphomedusa Rhizostoma pulmo in the Lebanese
coastal waters during the summer of 1986.
In: UNEP: Jellyfish blooms in the Mediterranean. Proceedings of the II Workshop on
Jellyfish in the Mediterranean Sea. MAP
Technical Reports Series No. 47. United
Nations Environment Programme, Athens,
119-127 pp.
LEGOVIĆ, T. 1987. A recent increase in jellyfish populations: a predator-prey model and
its implications. Ecological Modelling, 38:
243-256.
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. In:
f. Briand (Editor). Gelatinous zooplankton outbreaks: theory and practice. CIESM,
Monaco, 51-52 pp.

LILLEy, M.k.S., J.D.R. hOUGhTON & G.C. hAyS.

228

ACTA ADRIATICA, 53(2): 211 - 230, 2012

2009. Distribution, extent of inter-annual var-

iability and diet of the bloom-forming jellyfish Rhizostoma in European waters. Journal
of the Marine Biological Association of the
United kingdom, 89: 39-48.

LIU, W.-C., W.-T. LO, J.E. PURCELL & h.-h. ChANG.
2009. Effects of temperature and light inten-

sity on asexual reproduction of the scyphozoan, Aurelia aurita in Taiwan. hydrobiologia, 616: 247-258.
LOTAN, A., R. BENhILLEL & y. LOyA. 1992. Life
cycle of Rhopilema nomadica: a new immigrant scyphomedusan in the Mediterranean.
Marine Biology, 112: 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: 59-65.
MACkIE, G.O. 1974. Locomotion, floatation,
and dispersal. In: L. Muscatine and h. M.
Lenhoff (Editors). Coelenterate Biology:
Reviews and New Perspectives. Academic
Press, New york, U.S.A., 313-357 pp.
MALEJ, A. 2001. Are irregular plankton phenomena getting more frequent in the northern
Adriatic Sea? In: f. Briand (Editor). Gelatinous zooplankton outbreaks: theory and
practice. CIESM, Monaco, 67-68 pp.
MALEJ, A., T. kOGOVŠEk, A. RAMSAk & L. CATENACCI. 2012. Blooms and population dynamics

of moon jellyfish in the northern Adriatic.
Cahiers de Biologie Marine, 53: 337-342.
MARShALL, A. 2010. Stinging season: can we
learn to love the jellyfish? Time, New york
City, U.S.A. August 25, 2010.
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: 139-152.

MIChELI, f., L. BENEDETTI-CECChI, S. GAMBACCINI, I. BERTOCCI, C. BORSINI, G.C. OSIO &
f. ROMAN. 2005. Cascading human impacts,

marine protected areas, and the structure of
Mediterranean reef assemblages. Ecological
Monographs, 75: 81-102.

Medusae, siphonophores, and
ctenophores as planktivorous predators in
changing global ecosystems. ICES Journal
of Marine Science, 52: 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. 1995.

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: 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: 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: 11-26.

MOzETIČ, P., C. SOLIDORO, G. COSSARINI, G.
SOCAL, R. PRECALI, J. fRANCÉ, f. BIANChI, C.
DE VITTOR, N. SMODLAkA & S.f. UMANI. 2010.

Recent trends towards oligotrophication of
the northern Adriatic: evidence from Chlorophyll a time series. Estuaries and Coasts,
33: 362-375.
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: 57 pp.
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: 99-104.
OCChIPINTI-AMBROGI, A. & D. SAVINI. 2003. Biological invasions as a component of global change in stressed marine ecosystems.
Marine Pollution Bulletin, 46: 542-551.
ÖzGÜR, E. & B. ÖzTÜRk. 2008. A population of
the alien jellyfish, Cassiopea andromeda in
the Ölüdeniz Lagoon, Turkey. Aquatic Invasions, 3: 423-428.
ÖzTÜRk, B. & M. İŞINIBILIR. 2010. An alien jel-

Brotz et al.: Jellyfish populations in the Mediterranean Sea

lyfish Rhopilema nomadica and its impacts
to the Eastern Mediterranean part of Turkey.
Journal of the Black Sea Mediterranean
Environment, 16: 149-156.
PAGE, L. 2012. JEDI alliance: Jellyfish overlords
won’t rule Earth after all. The Register, London. february 2, 2012.
PAGÈS, f. 2001. Past and present anthropogenic
factors promoting the invasion, colonization and dominance by jellyfish of a Spanish coastal lagoon. In: f. Briand (Editor).
Gelatinous zooplankton outbreaks: theory
and practice. CIESM, Monaco, 69-71 pp.
PALOMARES, M.L.D. & D. PAULy. 2009. The growth
of jellyfishes. hydrobiologia, 616: 11-21.
PAULy, D., W. GRAhAM, S. LIBRALATO, L. MORISSETTE & M.L.D. PALOMARES. 2009. Jellyfish

in ecosystems, online databases, and ecosystem models. hydrobiologia, 616: 67-85.

PECA, G., S. RAfANELLI, G. GALASSI, P. DIBARTOLO, S. BERTINI, M. ALBERANI & G. BECCARI. 1997. Contact reactions to the jellyfish

Carybdea marsupialis: observation of 40
cases. Contact Dermatitis, 36: 124-126.

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: 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.

PRIETO, L., D. ASTORGA, G. NAVARRO & J. RUIz.
2010. Environmental control of phase tran-

sition and polyp survival of a massiveoutbreaker jellyfish. PLoS ONE, 5: e13793.
PURCELL, J. 2012. Jellyfish and ctenophore
blooms coincide with human proliferations
and environmental perturbations. Annual
Review of Marine Science, 4: 209-235.
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:
461-476.
PURCELL, J.E. 2007. Environmental effects on
asexual reproduction rates of the scyphozoan

229

Aurelia labiata. Marine Ecology Progress
Series, 348: 183-196.
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. 1999.

Potential links of jellyfish to eutrophication
and fisheries. In: T. C. Malone, A. Malej,
L. W. harding, N. Smodlaka and R. E.
Turner (Editors). Ecosystems at the LandSea Margin: Drainage Basin to Coastal Sea.
American Geophysical Union, Washington,
U.S.A., 241-263 pp.
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.
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: 312-322.

RIChARDSON, A.J., D. PAULy & M.J. GIBBONS.
2012. Degraded ecosystems: keep jelly-

fish numbers in check. Correspondence to
Nature, 483: 158.
ROTTINI-SANDRINI, L. 1982. Effect of water temperature on the motility of Pelagia noctiluca. Experientia, 38: 453-454.

SALA, E., C.f. BOUDOURESQUE & M. hARMELINVIVIEN. 1998. fishing, trophic cascades, and

the structure of algal assemblages: evaluation of an old but untested paradigm. Oikos,
82: 425-439.

SChEMBRI, P.J., A. DEIDUN &

P.J. VELLA. 2010.

first record of Cassiopea andromeda from
the central Mediterranean Sea. Marine Biodiversity Records, 3: e6.
ShIGANOVA, T. 1997. Mnemiopsis leidyi abundance in the Black Sea and its impact on
the pelagic community. In: E. Özsoy and A.
Mikaelyan (Editors). Sensitivity to Change:
Black Sea, Baltic Sea and North Sea. kluwer Academic Publishers, Dordrecht, The
Netherlands, 117-130 pp.
ShIGANOVA, T., h. DUMONT, A. MIkAELyAN, D.M.

230

ACTA ADRIATICA, 53(2): 211 - 230, 2012

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. In: h. Dumont, T. Shiganova & U.
Niermann (Editors). Aquatic Invasions in
the Black, Caspian, and Mediterranean Seas.
kluwer Academic Publishers, Dordrecht,
The Netherlands, 33-70 pp.
ShIGANOVA, T. & A. MALEJ. 2009. Native and nonnative ctenophores in the Gulf of Trieste,
Northern Adriatic Sea. Journal of Plankton
Research, 31: 61-71.
ShIGANOVA, T.A., E.D. ChRISTOU, J.V. BULGAkOVA, I. SIOkOU-fRANGOU, S. zERVOUDAkI
& A. SIAPATIS. 2004b. Distribution and biol-

ogy of Mnemiopsis leidyi in the Northern
Aegean Sea, and comparison with the indigenous Bolinopsis vitrea. In: h. Dumont,
T. Shiganova and U. Niermann (Editors).
Aquatic Invasions in the Black, Caspian,
and Mediterranean Seas. kluwer Academic
Publishers, Dordrecht, The Netherlands,
113-135 pp.

ShIGANOVA, T.A., E.D. ChRISTOU & I. SIOkOUfRANGOU. 2007. first recording of the non-

native species Beroe ovata in the Aegean
Sea. Mediterranean Marine Science, 8: 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:
431-445.

ShOJI, J., T. kUDOh, h. TAkATSUJI, O. kAWAGUChI
& A. kASAI. 2010. Distribution of moon jel-

lyfish Aurelia aurita in relation to summer
hypoxia in hiroshima Bay, Seto Inland Sea.
Estuarine Coastal and Shelf Science, 86:
485-490.

SIOkOU-fRANGOU, I., k. SARANTAkOS & E.D.
ChRISTOU. 2006. first record of the scypho-

medusa Rhopilema nomadica in Greece.
Aquatic Invasions, 1: 194-195.
SPANIER, E. 1989. Swarming of jellyfish along the
Mediterranean coast of Israel. Israel Journal
of zoology, 36: 55-56.
STONER, E.W., C.A. LAyMAN, L.A. yEAGER & h.M.
hASSETT. 2011. Effects of anthropogenic dis-

turbance on the abundance and size of
epibenthic jellyfish Cassiopea spp. Marine
Pollution Bulletin, 62: 1109-1114.
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: 51-61.
TOUzRI, C., h. hAMDI, J. GOy & M.N. DALy yAhIA.
2012. Diversity and distribution of gelatinous

zooplankton in the Southwestern Mediterranean Sea. Marine Ecology, 2012: 1-14.

TURAN, C., M. GÜRLEk, D. yAĞLIOĞLU & D. SEyhAN. 2011. A new alien jellyfish species in

the Mediterranean Sea - Aequorea globosa.
Journal of the Black Sea Mediterranean
Environment, 17: 282-286.
UNEP. 1984. Proceedings of the workshop on jellyfish blooms in the Mediterranean. United
Nations Environment Programme. 221 pp.
UNEP. 1991. Jellyfish blooms in the Mediterranean. MAP Technical Reports Series No. 47,
United Nations Environment Programme:
320 pp.
WALDOkS, E.z. 2010. Another problematic flotilla. The Jerusalem Post, Jerusalem, Israel.
June 28, 2010.
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: 569-573.
zAVODNIk, D. 1987. Spatial aggregations of
the swarming jellyfish Pelagia noctiluca.
Marine Biology, 94: 265-269.

Received: 22 february 2012
Accepted: 27 September 2012

Brotz et al.: Jellyfish populations in the Mediterranean Sea

231

Populacije meduza u Sredozemnom moru
Lucas BROTz* i Daniel PAULy
Projekt Sea Around Us, Centar za ribarstvo, Sveučilište British Columbia
*Kontakt adresa, email: l.brotz@fisheries.ubc.ca

SAŽETAK
Saznanja o populacijama meduza u Sredozemnom moru su prilično opsežna zahvaljujući
dugoročnim setovima podataka i interesa u svezi njihovog utjecaja na ljudske aktivnosti. zloglasna
meduza Pelagia noctiluca čija je povećana učestalost u nekim područjima, a mogu opeći nekoliko desetaka tisuća morskih kupača u jednoj godini. Osim toga, broj invazivnih vrsta meduza je
u usponu u Sredozemlju, od kojih neke imaju značajan utjecaj na ribarstvo i ostale industrije. za
razliku od drugih grupa meduza pokazuju različite trendove tijekom vremena pa zbog toga nisu od
velikog interesa za javnost.
U ovom radu smo prikazali sažeto znanje o meduzama u Sredozemnom moru, uključujući i
vremenske trendove za razne vrste, te raspravili moguće antropogene uzroke povećanja brojnost i
meduza i upravljanje intervencijama usprkos neizvjesnosti.
Ključne riječi: meduze, želatinasti zooplankton, cvjetanje, pelagički žarnjaci, rebraši,
invazivne vrste, upravljanje, neizvjesnost

