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REVIEW ARTICLE

Review of jellyfish trophic interactions in the Baltic Sea
Ina Stoltenberg a,b,c, Jan Dierking b, Dörthe C. Müller-Navarra c and Jamileh Javidpour a

aDepartment of Biology, University of Southern Denmark, Odense, Denmark; bDepartment of Marine Evolutionary Ecology, GEOMAR
Helmholtz Centre for Ocean Research Kiel, Kiel, Germany; cDepartment of Aquatic Ecology, Hamburg University, Hamburg, Germany

ABSTRACT
Despite the diversity and oftentimes large biomass of jellyfish in marine systems, their
ecological role remains poorly understood. We here provide the first systematic review of
studies on jellyfish trophic ecology in the Baltic Sea (a regional marine system under strong
multiple global and regional anthropogenic pressures). In total, we identified 57 peer-
reviewed publications, with notable taxonomic bias towards two species (Aurelia aurita;
non-indigenous Mnemiopsis leidyi) and spatial bias towards five areas (Bornholm Basin, Kiel
Bight, Kertinge Nor, Lim- and Gullmarsfjord). The studies provide evidence for diverse
trophic roles of jellyfish as predators and as competitors of other jellyfish, zooplankton and
fish species. In combination, the studies also highlight potentially large impacts via top-
down (grazing) and bottom-up (nutrient excretion) effects, but also, strong spatio-temporal
variability in the magnitude of these effects, depending on the occurrence of jellyfish
blooms. Studies on the role of jellyfish as prey for fish, seabirds or marine mammals, and for
benthic systems via food-falls, were limited or lacking for the Baltic Sea, despite increasing
focus on these topics globally. Improved understanding of the temporal (seasonal, inter-
annual, long-term) and spatial variability of blooms and corresponding trophic effects,
would provide more systematic understanding of the ecological role of jellyfish in the
spatio-temporally variable Baltic Sea. A broader spatial coverage, inclusion of more jellyfish
taxa and under-studied early life history stages, as well as the implementation and
continuation of long-term data series would represent important steps towards this goal.
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Introduction

In their simplest form, food webs describe the principal
trophic relationships between species, which sub-
sequently helps to advance the understanding of eco-
system structure, functioning and dynamics (Ings et al.
2009; Woodward et al. 2010). Food web knowledge is
thus essential to understand ecosystem stability and
functioning under climate change scenarios
(Salomon 2008; Hillebrand et al. 2018). In this regard,
revealing trophic interactions of key groups and
species in ecosystems is essential to support sound
conservation and resource management strategies in
the Anthropocene.

Despite their high diversity and oftentimes high
abundances during bloom situations, the trophic role
of jellyfish in marine systems has been little assessed
until recently. This was in part due to the problems
in sampling and preservation of the fragile jellyfish
bodies, leading to a general underestimation of the
trophic and ecological role of jellyfish. Recent

methodological advances, e.g. genetic methods such
as DNA metabarcoding (McInnes et al. 2017), trophic
markers, including stable isotopes and fatty acids
(Pitt et al. 2008) and improved optical observation
systems (Heaslip et al. 2012; Thiebot et al. 2017) have
led to a renewed scientific focus on this topic. This is
further accentuated by mounting public attention fol-
lowing reports of increases in jellyfish blooms world-
wide (Mills 2001; Pauly et al. 2009; Brotz et al. 2012),
though one should keep in mind that claims of
bloom increases may have been amplified beyond
available evidence (Condon et al. 2012; Sanz-Martín
et al. 2016; Pitt et al. 2018). There is increasing evidence
that jellyfish cover a wide trophic ecological niche, on
par with that of the non-gelatinous zooplankton com-
munity (Chi et al. 2020), and play important roles as
predators (Purcell and Arai 2001; Choy et al. 2017),
competitors (Purcell and Arai 2001; Schnedler-Meyer
et al. 2016) and prey (Arai 1988, 2005; Ates 1988),
and as contributors to element cycling and the
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carbon pump (Sweetman and Chapman 2015; Tinta
et al. 2021) in marine systems. ‘Jelly-falls’ of sinking
dead jellyfish can fuel deep sea benthic communities
(West et al. 2008; Lebrato et al. 2012; Sweetman and
Chapman 2015) or contribute to oxygen depletion
causing a reduction in benthic biomass and diversity
(Møller and Riisgård 2007a). At the same time,
jellyfish blooms were found to be increasing at
certain regions such as in the Bering Sea (Brodeur
et al. 2002, 2017) and the Benguela current (Lynam
et al. 2006) which might magnify the role of jellyfish
in local food webs. Nevertheless, most of the obser-
vations do not take into account inter-annual variabil-
ity in jellyfish biomass and abundance. Thus a regional,
rather than a global scale evaluation and assessment
should be considered to quantify jellyfish trophic inter-
actions (Lynam et al. 2005, Brodeur et al 2017).

The Baltic Sea, a marginal sea in Northern Europe
with limited water exchange with the North Sea and
open ocean, has experienced exceptional rates of
change and environmental and anthropogenic dis-
turbances over the last half century. This includes
increased water temperatures, increasing eutrophica-
tion, spatially expanding hypoxic areas in deeper
water layers, as well as overfishing and a decline of
fish stocks (Reusch et al. 2018; ICES 2019a, 2019b).
Therefore, the Baltic Sea is already experiencing com-
binations of pressures resembling conditions pre-
dicted only for the future for many other coastal
areas. It has therefore been proposed as a model and
test case to study consequences and mitigation of
future coastal perturbations (Reusch et al. 2018).
These scenarios are also discussed as reasons for
increases in jellyfish biomass in certain areas and on
a global scale (Lynam et al. 2006; Richardson et al.
2009). Thus, a better understanding of the forces
leading to jellyfish blooms, contribution of jelly-falls
in spreading anoxia, their potential role in declining
fish stocks, the impact of non-indigenous jellyfish
species and how jellyfish trophic ecology is changing
in the rapidly changing Baltic Sea, is of special impor-
tance for Baltic Sea ecosystem management.

Due to its brackish nature, the Baltic Sea is an
environment with low species diversity, compared
with marine environments like the North Sea
(Remane and Schlieper 1958; Ojaveer et al. 2010).
This is reflected in a low jellyfish diversity, with only
two species of scyphomedusa (moon jellyfish Aurelia
aurita (Linnaeus, 1758), lion’s mane jellyfish Cyanea
capillata (Linnaeus, 1758)), three species of cteno-
phores (common northern comb jelly Bolinopsis infun-
dibulum (O.F. Müller, 1776), sea gooseberry
Pleurobrachia pileus (O.F. Müller, 1776) and the non-

indigenous sea walnut Mnemiopsis leidyi (A. Agassiz,
1865) (Javidpour et al. 2006)) and at least seven
species of hydromedusa, including Sarsia tubulosa (M.
Sars, 1835), Aequorea vitrina Gosse, 1853, Obelia spp.,
Rathkea octopunctata (M. Sars, 1835), Phialidium hemi-
sphaericum (Linnaeus, 1767) (Allwein 1968), Lizzia blon-
dina Forbes, 1848, as well as the non-indigenous
species Maeotias marginata (Modeer, 1791) (Väinölä
et al. 2001) and Blackfordia virginica Mayer, 1910
(Jaspers et al. 2018). At the same time, jellyfish blooms
in the Baltic Sea are common and oftentimes reach
very high biomasses (Olesen et al. 1994; Schneider and
Behrends 1998; Goldstein and Riisgård 2016). Jellyfish
and their trophic interactions are abundantly rep-
resented in early studies in the 1980s and 1990s and
efforts continued since then, but a synthesis of existing
literature on this subject has not been conducted.

Here, we address the synthesis gap regarding the
trophic role and interactions of jellyfish in the Baltic
Sea by providing the first systematic review of the exist-
ing body of literature on this subject, supporting knowl-
edge synthesis for this macro-region, as suggested by
the Helsinki Commission (HELCOM). We aim to identify
current patterns in the taxonomic, temporal and spatial
coverage of studies, with a particular focus on (1)
jellyfish as predators of mesozooplankton, (2) jellyfish
as a prey source, (3) jellyfish–fish interactions and (4)
the role of jellyfish in nutrient and carbon cycling. We
close with an assessment of current knowledge gaps
and perspectives on future research needs regarding
the trophic role of jellyfish in the Baltic Sea region.

Methods

Literature research

We conducted a comprehensive search of studies
addressing jellyfish trophic interactions in the Baltic
Sea region on the Web of Science and Google
scholar, using the search criteria detailed in Table SI
(including the terms ‘Baltic Sea’ and regional geo-
graphic location names, ‘jellyfish’, individual jellyfish
taxonomic names, higher jellyfish taxonomic groups,
and various terms related to trophic interactions such
as ‘feeding’, ‘trophic role’, ‘predation’ etc.) in different
possible combinations.

Our search excluded grey literature such as books,
cruise reports or theses. Holo-benthic jellyfish species
were excluded from the search. Primary inclusion cri-
teria for the topic ‘jellyfish trophic interactions in the
Baltic Sea’ were spatial focus on the Baltic Sea or
directly adjacent fjords, taxonomic focus on jellyfish,
and scientific focus on jellyfish as predators, prey,
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competitors, or the role of jellyfish in nutrient and
carbon cycling via jelly-falls and nutrient excretion.
Results therefore included both jellyfish interactions
with non-jellyfish taxa and jellyfish–jellyfish
interactions.

Area of investigation

The Baltic Sea is a temperate regional sea in Northern
Europe, characterized by a strong vertical and horizon-
tal salinity gradient from marine to near freshwater
conditions, and by strong seasonal and decadal tem-
poral fluctuations in water parameters (Snoeijs-Leijon-
malm et al. 2017). It comprises diverse ecosystems with
a series of deeper basins partly separated by shallower
sills, and adjacent coastal areas with coves, fjords, sker-
ries, estuaries, gulfs and lagoons (Figure 1, Table SII).

Two adjacent fjords, Limfjord (Skagerrak) and Gull-
marsfjord (Kattegat/Skagerrak), were included in the
review due to their proximity, connectivity and in the
case of Limfjord also due to structural similarities
with the main Baltic Sea (Table SI).

Results and discussion

Literature search

Temporal and spatial coverage
We identified 57 publications addressing the topic
‘jellyfish trophic interactions in the Baltic Sea’ under
the search criteria described above, of which 35
focused on the Baltic Sea and 22 on adjacent fjords
(Figure 1). The first publication was published in
1984 (Figure 2), and field data were available from
1979 to 2019. However, the data often showed large
time gaps, and time coverage differed between areas
(Figure 3). The spatial coverage of studies was
uneven, concentrating on only five regions (Bornholm
Basin, Kiel Bight, Kertinge Nor, Limfjord and Gullmarsf-
jord (Figure 1)). Table SII provides detailed information
on the hydrographic characteristics of these five
regions. For several large Baltic Sea basins, such as
Arkona and Gotland Basin, no published studies were
found.

Publication types and methods
Twenty-four publications were based on field data, 15
on experiments, nine combined field and experimen-
tal data, and the remaining nine papers were either
reviews or summaries of individual work on jellyfish
in a specific region, or modelling studies (Figure 1,
Table SIII). The majority of field studies on preda-
tor–prey interactions of jellyfish with other species

used abundance data and biomass correlations (19
out of 33 publications) (Table SIII). Eight publications
used additional or only gut content analysis, while
only three studies integrated the use of stable iso-
topes as trophic markers. No studies using fatty
acid trophic markers or DNA analysis of gut contents
were found.

Taxonomic and ecological coverage
There was a strong taxonomic bias towards Aurelia
aurita, while other species or taxa such as Cyanea capil-
lata, ctenophores (other than Mnemiopsis leidyi) and
hydromedusa were underrepresented (Figure 4). The
majority of studies focused on adult life stages
whereas the early life history stages were poorly
covered (ephyra n = 6, poylps n = 2). Publications on
non-indigenous species were limited to M. leidyi (n =
17 since they were first reported in the Baltic Sea in
2006 (Javidpour et al. 2006)). In contrast, there have
been no publications on trophic interactions of the
two non-indigenous hydrozoan species Blackfordia vir-
ginica and Maeotias marginata.

Regarding the scientific focus, the majority of publi-
cations examined predation of jellyfish on mesozoo-
plankton. Studies about jellyfish as a prey source
were limited to intraguild predation, with one excep-
tion of Coryphella verrucosa (M. Sars, 1829) preying
on Aurelia aurita polyps. In total we found 10 publi-
cations investigating jellyfish–fish trophic interactions,
which focused on the role of jellyfish as predators of
fish eggs and larvae as well as on jellyfish–fish compe-
tition. No studies to date have focused on or reported
fish predation on jellyfish as prey. The role of jellyfish in
nutrient and carbon cycling as well as the impacts of
jelly-falls on benthic communities and oxygen
minimum zones was limited to only four studies.
Other interactions of jellyfish such as symbiosis were
not found in the literature and are thus not discussed
here.

Jellyfish trophic interactions in the Baltic Sea

Our review highlights diverse trophic roles and inter-
actions of jellyfish in the Baltic Sea, synthesized in
Figure 5, and also points out knowledge gaps in this
field of research. Additionally we suggest solutions to
overcome these knowledge gaps, for example: As
pointed out by other authors (e.g. Lüskow 2020), we
also confirm the urgent need for proper monitoring
and generating and processing time series data on
jellyfish occurrence and population dynamics. These
are common tools in fisheries and other ecology
fields, but so far scarce or entirely lacking for jellyfish.
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In the following, we present and discuss current under-
standing regarding the categories of interactions,
based on the available body of literature.

Jellyfish predation on mesozooplankton
Jellyfish have been shown to be predators on various
zooplankton taxa in different systems worldwide,

Figure 1. Geographic focus and types of studies on jellyfish trophic interactions in the Baltic Sea region. Bornholm Basin (BB),
Baltic Sea (BS), Gullmarsfjord (GF), Gulf of Gdansk (GG), Kalmar (K), Kiel Fjord (KF), Kertinge Nor (KN), Limfjord (LF), Puck Bay
(PB), Polish fisheries zone (PFZ). * refers to a modelling study with the focus on the whole Baltic Sea.

Figure 2. Timeline of the publication of studies on jellyfish trophic interactions in the Baltic Sea and adjacent fjords by year and
region. The category ‘Other’ comprises seven individual studies in additional locations, including Puck Bay, Gulf of Gdansk, Polish
fisheries zone, Kalmar, Askö, Helsinki and a modelling study with a focus on the entire Baltic Sea.
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with the potential to affect and regulate zooplankton
communities (Purcell 1992; Wright et al. 2021). In the
Baltic Sea, reports mainly include jellyfish predation
on crustacean zooplankton, such as cladocerans and
copepods, but also fish eggs and fish larvae (Table I)
(see section on jellyfish–fish interaction). The extent
of jellyfish predation on mesozooplankton can be sub-
stantial, with half-life expectancies of less than one day
(Hansson et al. 2005). At the same time, there were
strong spatial differences, from a dominant role in
more narrow and enclosed fjords and coves such as
Limfjord, to a smaller role in open areas such as Born-
holm Basin. In the following, we discuss jellyfish preda-
tion on zooplankton standing stock in different Baltic
Sea areas, sorted from low to high based on the
observed predation level on zooplankton biomass.

Studies from Bornholm Basin showed that clado-
ceran species contributed up to 93% to the diet of
Aurelia aurita and Cyanea capillata in 2002–2003
(Barz and Hirche 2004). However, in terms of predation
pressure, this had only a minor impact, with daily con-
sumption ranging from 0.5% to 7.9% of the standing
stock biomass of cladocerans, and roughly 0.1% of

the standing stock of bivalve larvae and copepods
(Barz and Hirche 2004, 2005). In general, the impact
of Cyanea capillata and Aurelia aurita on zooplankton
community composition and standing stocks were
assumed to be low in Bornholm Basin (Janas and
Witek 1993; Barz and Hirche 2004, 2005). So far, no
studies have addressed the trophic interactions
between Mnemiopsis leidyi and mesozooplankton in
this area.

In contrast, Aurelia aurita exerted trophic cascading
effects down to primary producers in years of high
abundance in Kiel Bight (Schneider and Behrends
1998). During the years of 1982–1984 and 1991–
1994, Aurelia aurita abundances in Kiel Fjord varied
strongly between 0.3 and 23 individuals per 100 m3

(Schneider 1989a; Schneider and Behrends 1994; Beh-
rends and Schneider 1995), which was negatively cor-
related with total zooplankton and copepod biomass
and positively correlated with chlorophyll a and small
plankton (< 15 µm) biomass (Schneider and Behrends
1998). At the same time, not all copepods were
affected to the same degree. For example Pseudocala-
nus sp. Boeck, 1872, Paracalanus sp. Boeck, 1865 and

Figure 3. Overview of available field data in different locations over time.

Figure 4. Published studies for different jellyfish taxa. Bars provide the total number of studies addressing a species (total bar
length), as well as the number of studies focusing only on this specific species (grey) and the number of studies that include
this species as one of many different taxa (white). Therefore all grey areas summarized equal 57, the total amount of publications
on jellyfish trophic interactions in the Baltic Sea found for this review.
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Oithona similis Claus, 1866 stocks were dramatically
reduced in years with high Aurelia aurita abundance,
whereas Acartia spp. Dana, 1846 and Centropages
hamatus (Lilljeborg, 1853) remained unaffected (Beh-
rends and Schneider 1995). However, these results
should be interpreted with caution, since they might
not reflect a direct grazing effect but could also be
caused by food competition or other as of yet uniden-
tified underlying effects. In years with high Aurelia
aurita abundances, consumption of total zooplankton
was estimated to reach up to 40% of secondary
summer production (in 1982) and 2/3 of daily second-
ary production (in 1993) (Schneider 1989a, 1989b;
Schneider and Behrends 1994). High Aurelia aurita
abundance also contributed to significant shifts in zoo-
plankton species composition favouring coarse sus-
pension feeders, e.g. Acartia sp. and Centropages
hamatus. In contrast, in years with low Aurelia aurita
abundance, a combination of fine and raptorial
feeders, e.g. Pseudo- and Paracalanus sp. and Oithona

similis dominated the system (Behrends and Schneider
1995). These shifts in community composition were
confirmed by a modelling approach (Ramirez-Romero
et al. 2018). Additionally, this model indicated that
mild winters influence the likelihood of high jellyfish
abundance. However, the observed increase/decrease
in copepod biomass could also be attributed to differ-
ences in seasonality of their population dynamics and
predator avoidance strategies rather than a direct
grazing effect, thus these data should be interpreted
with caution (Schneider and Behrends 1998). In
general terms, Aurelia aurita has the potential for
strong effects on pelagic food webs, but with large
differences among years depending on bloom
situations.

Available data on trophic interactions of Cyanea
capillata in Kiel Fjord were limited to one publication
(Javidpour et al. 2016). This study reported Cyanea
capillata feeding mainly on mesozooplankton and
less than expected feeding on Aurelia aurita compared

Figure 5. Synthesis of jellyfish trophic interactions in the Baltic Sea identified in this review. The trophic roles of jellyfish as pre-
dators, competitors and prey, as well as the implication in carbon and nutrient cycling, are depicted for the three most common
jellyfish (Aurelia aurita, Cyanea capillata, Mnemiopsis leidyi) and their associated life stages (polyps, ephyra and planula larvae,
medusae) in Baltic Sea ecosystems. Arrows represent trophic connections, with arrow heads reflecting the direction of trophic
flows (i.e. in the direction of predation, bi-directional for competition).
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with reports on the feeding of this species in other
locations (Hansson 1997).

Predation effects of the non-indigenous comb jelly
Mnemiopsis leidyi on zooplankton in Kiel Bight were
estimated to be rather low, due to its average small
size as well as its blooming season in late summer
(Javidpour et al. 2009). In Kiel Bight Mnemiopsis leidyi
exhibited seasonally changing prey preferences, with
preferred slow-swimming and small-sized prey such
as barnacle nauplii in winter and copepods and
planula larvae of A. aurita in summer.

Despite very high densities of the recently estab-
lished non-indigenous hydromedusa Blackfordia virgi-
nica in Kiel Canal (Jaspers et al. 2018), so far no
studies have yet assessed its impact on zoo- and
ichthyoplankton communities.

Even though biomass of jellyfish in the Gulf of
Gdansk in 2008 was higher than in Bornholm Basin
and Kiel Fjord in the years 2002–2003 and 1978–1993
(Brulińska et al. 2016), the authors tentatively con-
cluded that effects of Aurelia aurita on zooplankton
communities in the Gulf of Gdansk were negligible,
but acknowledged that the lack of baseline data did
not allow a quantitative analysis (Olenycz 2015).

Kertinge Nor displays annually recurring strong
blooms of medusae, with varying peak densities
among years (Riisgård et al. 2010) and exceptionally
high population densities of small Aurelia aurita of
up to 30,000 individuals per 100 m3 (Goldstein and
Riisgård 2016). In contrast, Kiel Bight experiences
even stronger fluctuations, including years with
strong blooms but also years with very low abundance
over time. This has resulted in more consistent and
stronger predation impacts of Aurelia aurita on meso-
zooplankton compared with Kiel Bight, which is

controlling the zooplankton biomass at least during
late summer (Olesen 1995; Yurtseva et al. 2018) with
calculated 1–4 days of half-life expectancies (Lüskow
and Riisgård 2016). During years of high abundance
of small jellyfish, predation-induced declines in prey
have resulted in a feedback loop leading to shrinkage
and mortality of jellyfish (Goldstein and Riisgård 2016).

Limfjord is an example of a system where jellyfish
blooms occur on a near-annual basis and thus more
regularly than in other systems, resulting in strong
impacts on zooplankton communities. In general,
medusae abundance is subject to seasons and wind-
driven water exchange (Møller and Riisgård 2007b).
Aurelia aurita became abundant from May on and
started to dominate the planktonic system with high
clearance rates, with estimated half-life expectancies
of less than 1 day for fish larvae and cirriped larvae
in some locations (Hansson et al. 2005). In the central
part of Limfjord, when Aurelia aurita reached a
maximum abundance of 3 individuals per m3

between mid-May to August, zooplankton was essen-
tially absent, most probably due to grazing pressure
(Møller and Riisgård 2007b). Additional predation
pressure comes from the non-indigenous ctenophore
Mnemiopsis leidyi. Predation pressure by both jellyfish
lowered the estimated half-life expectancies for zoo-
plankton to half a day in some locations (Riisgård,
Madsen, et al. 2012). Limfjord was also the only
system in this review for which data on the trophic
role of hydromedusae are available. Even at the
times of highest abundance in spring, a low predation
impact of hydromedusae on mesozooplankton was
observed (Hansson et al. 2005). It is important to
note that most data of jellyfish predation on mesozoo-
plankton in Limfjord are based on abundance

Table I. Prey of jellyfish in the Baltic Sea confirmed by gut contents, observation or stable isotope analyses.
Location Jellyfish species Prey species Method Publications

Bornholm
Basin

Aurelia aurita Cladocerans, bivalve larvae, copepodits IV & V and adult
copepods, Bosmina coregoni maritima, Acartia spp.,
Pseudocalanus acuspes, Temora longicornis, Centropages
hamatus, Eurytemora hirundoides, cod eggs

Gut content Barz and Hirche 2004, 2005;
Margonsky and Horbowa
1994, 1996

Cyanea
capillata

Cladocerans, bivalve larvae, adult copepods, cod eggs Gut content Barz and Hirche 2004, 2005;
Margonsky and Horbowa
1994, 1996

Mnemiopsis
leidyi

Fish eggs, copepods, cladocerans Gut content Haslob et al. 2007; Schaber
et al. 2011

Kiel Fjord Aurelia aurita Herring larvae, mesozooplankton, seston Gut content,
stable isotopes

Möller 1984; Javidpour et al.
2016

Cyanea
capillata

Mesozooplankton, seston Stable isotopes Javidpour et al. 2016

Mnemiopsis
leidyi

Barnacle nauplii, planula larvae, copepods, cladocerans,
Oikopleura sp., cannibalistic feeding on larvae

Gut content,
stable isotopes

Javidpour et al. 2009, 2020

Gullmarsfjord Aurelia aurita
(polyps)

Ephyra/planula larvae of Cyanea capillata, planula larvae of
Aurelia aurita

Observation Gröndahl 1988a, 1988b

Cyanea
capillata

Aurelia aurita Observation Hansson 1997
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correlations of jellyfish and mesozooplankton and on
(or in combination with) experimentally determined
clearance rates of jellyfish. As these clearance and
feeding rates are usually determined using Artemia
nauplii as prey, they may not represent the rates for
natural prey species. For example, existing data
suggest that capture efficiencies on natural prey,
such as copepods and bivalve larvae, are considerably
lower (Riisgård and Madsen 2011). To be able to esti-
mate a realistic field predation rate, studies need to
consider both predator- and prey-specific capture
and digestion times (Martinussen and Båmstedt
1999). However, especially specific digestion times
are often not available for the combination of prey
species in question. Additionally, correlation of just
the abundances may not reflect reality in the field,
and lead to erroneous conclusions if other effects
influencing mesozooplankton biomass are overlooked.

In summary, jellyfish can have strong top-down
control on other zooplankton, but only when jellyfish
abundances are high (i.e. from 0.3 to 23 individuals
per 100 m3 (Schneider 1989a) to up to 30,000 individ-
uals per 100 m3 (Olesen et al. 1994; Riisgård et al.
1995)). Additionally the impact of jellyfish predation
seems to be especially high in enclosed areas. At the
same time, the scarcity of spatially and temporally con-
sistent data on both jellyfish and their prey commu-
nities currently does not allow a more holistic and
quantitative evaluation of predation impacts of
jellyfish on mesozooplankton in the Baltic Sea.

Jellyfish as a prey source
Worldwide, there has been increasing attention on the
role of jellyfish as prey of other organisms, including
fish (Arai 1988, 2005; Ates 1988), seabirds (Harrison
1984), turtles (Heaslip et al. 2012) and other jellyfish
(Choy et al. 2017). However, in the Baltic Sea only
seven studies have focused on this topic to date, of
which six focused on the trophic role of jellyfish as
prey of other jellyfish (i.e. intra-guild predation).

Regarding intra-guild predation, observations and
studies have identified Aurelia aurita as common
prey for Cyanea capillata in other ecosystems (e.g.
Purcell 1991; Titelman et al. 2007). In the Baltic Sea,
two publications have addressed this topic. In Kiel
Fjord, stable isotope data suggested that Aurelia
auritawas not as important as prey for Cyanea capillata
as previously assumed (Javidpour et al. 2016). This is
contrary to Gullmarsfjord, in which Aurelia aurita is
considered to be an important prey for Cyanea capil-
lata (Hansson 1997). Predation by Cyanea capillata on
Mnemiopsis leidyi was confirmed experimentally
(Hosia and Titelman 2011). Here even though 90% of

predatory interactions ended in Mnemiopsis leidyi
escapes, M. leidyi suffered from damage due to the
encounter with the tentacles. While tentacles of
Cyanea capillata are up to 40 m long (Heeger and
Mebs 1998) and can keep their stinging capacity for
some time after they have been torn off (Buttaravoli
2007), no study has so far estimated mortality rates
on zoo- or ichthyoplankton from this source.

Losses of pelagic medusae due to predation can
also be an outcome of intraguild predation by sessile
polyps. Polyps of Aurelia aurita were reported to feed
on both Cyanea capillata ephyra (Gröndahl 1988a)
and planula larvae, as well as on planula larvae of
A. aurita (Gröndahl 1988b). In addition, Mnemiopsis
leidyi adults feed on planula larvae of Aurelia aurita,
with feeding rates of up to 621 larvae per individual
per day in Kiel Fjord (Javidpour et al. 2009).

The only publication reporting predation of non-
gelatinous organisms on jellyfish comes from Gull-
marsfjord (but see Thiel 1962). Here, the nudibranch
Coryphella verrucosa fed voraciously on Aurelia aurita
polyps, especially in October, with predation rates of
200 polyps per individual per day (Hernroth and Grön-
dahl 1985), and predation was identified as the major
factor regulating polyp abundances (Hernroth and
Gröndahl 1985).

In conclusion, the importance of jellyfish as a prey
source for jellyfish or other organisms appears to be
highly variable in space and time. More and more
studies worldwide are revealing that jellyfish play a
more important role as prey in marine food webs
than previously thought (e.g. Hays et al. 2018), but a
systematic assessment of this role is currently lacking
for the Baltic Sea. This includes a lack of application
of recent methods such as DNA analysis of stomach
contents or of stable isotopes or fatty acids as
trophic markers that have proven particularly powerful
in studies on jellyfish as prey elsewhere (e.g. Pitt et al.
2008; Nagata et al. 2015; Lamb et al. 2017). Although
there have been occasional unpublished observations
(GEOMAR research cruises and personal observation)
of fish having ingested jellyfish in the Baltic Sea,
there is no systematic peer-reviewed study of fish, sea-
birds or marine mammals feeding on jellyfish from the
Baltic Sea. These data would be necessary to evaluate
the importance of jellyfish in Baltic Sea food webs and
also for a better understanding of population
dynamics of jellyfish in the Baltic Sea.

Jellyfish–fish trophic interactions
Trophic interactions between jellyfish and fish have
been described for several marine systems and
include: (1) jellyfish as predators on fish eggs and
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larvae, (2) jellyfish as competitors of larval stages of fish
and/or planktivorous fish and (3) jellyfish as prey of
fishes. While the first two interactions were described
for certain areas in the Baltic Sea and thus discussed
here, there is no peer-reviewed literature on the latter.

Similar to other types of jellyfish trophic interactions
in the Baltic Sea, jellyfish–fish interactions are variable
in space and time, due to the seasonality of both fish
spawning and jellyfish life cycles as well as structural
differences among fjords and sub-basins of the Baltic
Sea along an environmental gradient.

Jellyfish as predators on fish eggs and larvae – Field
studies in Bornholm Basin indicated a spatial overlap
between Aurelia aurita and Cyanea capillata with cod
eggs (Gadus morhua Linnaeus, 1758) (Margonsky and
Horbowa 1994, 1996). Earlier studies showed that
Aurelia aurita medusae were abundant in this area
from July to January, with blooms occurring from
August to November. Thus, the presence of large
abundances of Aurelia aurita overlap in time with late
spawning cod, whereas Cyanea capillata was only
found occasionally and in lower numbers (Janas and
Witek 1993). It was concluded that medusae of both
Aurelia aurita and Cyanea capillata might heavily prey
on eggs of late spawning cod in Bornholm Basin.
Further studies using gut content analyses confirmed
that both jellyfish species prey on cod eggs in Born-
holm Basin (Margonsky and Horbowa 1996). Cod
eggs were found in 49.3% in guts of Cyanea capillata,
but only in 5.5% in guts of Aurelia aurita. Aurelia
aurita also consumed fewer eggs than Cyanea capil-
lata, with a maximal 4 eggs per individual compared
with up to 26 per individual of C. capillata observed
(Margonsky and Horbowa 1996). Even though Cyanea
capillata was present in lower numbers, it was con-
sidered to be a more efficient predator on cod eggs
than Aurelia aurita, due to higher vertical and temporal
overlap (Margonsky and Horbowa 1996). Contrarily,
studies performed in 2002 and 2003 showed no fish
eggs in gut contents of Aurelia aurita and Cyanea capil-
lata (Barz and Hirche 2004, 2005).

In Kiel Fjord, however, the abundance of Aurelia
aurita was negatively correlated with herring larvae
(Clupea harengus Linnaeus, 1758) in spring (Möller
1984). Large amounts of yolk-sac herring larvae were
consumed by Aurelia aurita and the population size
of herring larvae was assumed to be more significantly
affected by the biomass of A. aurita than by the
biomass of the spawning stock of herring (Möller
1984).

After the non-indigenous species Mnemiopsis leidyi
was first reported in the Baltic Sea in 2006 (Javidpour
et al. 2006), concerns arose about the potential

impact of this species on the Baltic Sea food web
and especially on fish. A comprehensive study by
Haslob et al. (2007) indicated a considerable vertical
distribution overlap between Mnemiopsis leidyi and
cod eggs, and moderate overlap of M. leidyi and
sprat eggs (Sprattus sprattus (Linnaeus, 1758)) in Born-
holm Basin. Additional gut content analyses revealed
that Mnemiopsis leidyi fed on fish eggs (Haslob et al.
2007). At the same time, since temporal overlap
between Mnemiopsis leidyi and fish eggs was con-
sidered to be low, the overall predation impact of
M. leidyi on fish eggs and larvae was considered to
be low (Schaber et al. 2011). In addition, a low preda-
tion rate on cod larvae and low to no predation on
cod eggs was estimated in incubational feeding exper-
iments, where cod eggs ingested by Mnemiopsis leidyi
were ejected again in 88% of cases (Jaspers et al. 2011).
This would further reduce the direct threat on cod
eggs and larvae. Nonetheless, no study to date has
assessed potential negative effects upon fish eggs
from time spent within the gastric cavity ofMnemiopsis
leidyi prior to ejection, on their hatching success. Con-
sequences for egg mortality and larval survival may
therefore be underestimated. Due to the recent
arrival of Mnemiopsis leidyi (Javidpour et al. 2006) and
the strong temporal fluctuations in spatial occurrence
and abundance between years since then, systematic
understanding of its population dynamics is still
lacking and therefore threat-scenarios for fish eggs
and larvae might change in the future. To gain an accu-
rate estimation of the potential predation of jellyfish
on fish eggs and larvae, further research, ideally includ-
ing a broader range of techniques including DNA
analysis of gut contents and dietary tracers, is needed.

Jellyfish as fish competitors – By using a ‘kill the
winner’ model (Thingstad and Lignell 1997) for the
whole Baltic Sea, direct and indirect trophic inter-
actions between jellyfish (Aurelia aurita, Cyanea capil-
lata, Mnemiopsis leidyi) and cod, sprat and herring
were estimated for different eutrophication scenarios
(Haraldsson et al. 2012). According to the model,
increasing eutrophication initially favours sprat and
herring, as their zooplankton prey increases in abun-
dance with increasing phytoplankton biomass.
Further eutrophication and increasing sprat and
herring biomass then enhances cod production
which in turn leads to higher predation on sprat and
herring. However, further eutrophication then leads
to algal blooms and decreasing water transparency,
making foraging for optical hunters – such as sprat
and herring – more difficult. In turn, jellyfish as tactile
hunters become more successful and more abundant,
as also described in Schnedler-Meyer et al. (2016).
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According to the model, a decrease in cod fisheries
may elevate this scenario through trophic cascades
(increase in predation on sprat and herring), i.e. the
eutrophication threshold for jellyfish to enter the
system may be lowered, due to relaxed competition
by sprat and herring. This chain of dependencies is
consistent. Nevertheless, the model is quite simple
and excludes other environmental factors, such as
temperature or saltwater inflow, as well as other pred-
ator–prey interactions. The model assumptions are
also contradicted by the currently low standing stock
of cod in the Baltic Sea despite relatively low fishing
pressure, which is likely related to a complex combi-
nation of drivers including climate (Eero et al. 2015).

As mentioned above, the impact of jellyfish on
mesozooplankton standing stocks in Bornholm Basin
was low (Barz and Hirche 2004, 2005), which reduces
the potential for competition between jellyfish, fish
and fish larvae in that area. In contrast, zooplankton
biomass in Kiel Bight is controlled by jellyfish in years
with peak abundances (Schneider and Behrends
1994; Behrends and Schneider 1995), causing shifts in
food webs (Behrends and Schneider 1995; Ramirez-
Romero et al. 2018) and presumably increasing the
potential for competition with small pelagic fish and
fish larvae. Nonetheless, earlier studies showed that
in the years with only moderate abundances of
Aurelia aurita, which are more common, competition
and predation impacts were low (Schneider 1989b).

In the Gulf of Gdansk, no fish larvae were found in
Aurelia aurita guts during the entire medusae season
from April to December 2008 in a bi-monthly sampling
and competition with fish for zooplankton prey was
considered to be low (Brulińska et al. 2016). Yet it
remains unclear whether the absence of fish larvae in
jellyfish guts was explained by selective feeding of
jellyfish on less mobile prey, such as some copepod
species, or due to low abundances of fish larvae in
the water column.

Limfjord has experienced a major ecosystem shift
from a fish to a jellyfish dominated system over the
course of the 20th century (MacKenzie and Poulsen
2010; Riisgård, Andersen et al. 2012). While initial
decreases of fish biomass were presumed to be a con-
sequence of overfishing and increasing occurrence of
anoxic zones due to eutrophication (Riisgård, Ander-
sen et al. 2012), more recently jellyfish have been con-
sidered a major threat to fish larvae, due to
competition and predation (Hansson et al. 2005;
Møller and Riisgård 2007b; Riisgård, Madsen et al.
2012). Predation impact of Aurelia aurita andMnemiop-
sis leidyi on mesozooplankton in Limfjord is strong.
Thus, jellyfish must be considered as strong

competitors for larval and small pelagic fish and
other organisms with similar prey ranges. In summer
2003, at high biomass and clearance rates of Aurelia
aurita, zooplankton and fish larvae were virtually
absent in the central part of Limfjord (Møller and Riis-
gård 2007b). Half-life expectancies of fish larvae have
been calculated to be less than 1 day in several
locations during summer (Hansson et al. 2005).
However, whether the observed low fish larvae abun-
dances are due to predation, competition or a combi-
nation of both remains unclear.

Jellyfish as fish prey – There is accumulating evi-
dence from regions outside the Baltic that this
trophic interaction may be more prevalent than pre-
viously thought (Arai 2005; Lamb et al. 2017; Hays
et al. 2018). For example, studies from the Irish Sea
indicated that at least eight fish species and especially
whiting (Merlangius merlangus (Linnaeus, 1758)) and
herring prey on A. aurita (Lamb et al. 2017). Although
most of these fish species co-exist with Aurelia aurita
in the Baltic Sea, no studies to date have assessed
Baltic Sea fish predation on jellyfish. However, indirect
evidence for fish predation on jellyfish was provided by
observing the hyperiid Hyperia galba Montagu, 1813
(Riascos et al. 2012). A jellyfish parasite often found
in Aurelia aurita and Cyanea capillata (Dahl 1959;
Metz 1967), it has been observed in the stomach con-
tents of cod and herring in the Baltic Sea (Dziaduch
2011). This suggests a possible uptake with their
fragile jellyfish hosts. Other fish parasites such as tre-
matodes use jellyfish as intermediate hosts (Briz et al.
2016; Kondo et al. 2016). It is unclear if similar inter-
actions are occurring in the Baltic Sea, due to the
lack of understanding of jellyfish predation by fish in
the region.

Jellyfish competition with fish and predation on fish
eggs and larvae in the Baltic Sea is not only season
dependent but also varies between locations. In
semi-enclosed inlets or fjord systems the impact
seems to be higher than in deep offshore areas such
as Bornholm Basin. Temporal and spatial dynamics
further complicate this picture. For example, in Ker-
tinge Nor, sticklebacks (Gasterosteus aculeatus Lin-
naeus, 1758) and jellyfish both reach high
abundances, but at different times of the year, which
limits the potential for competition (Yurtseva et al.
2018). However, knowing about effects of fish on
jellyfish are crucial in order to understand jellyfish
population dynamics in the Baltic Sea.

Jellyfish in nutrient and carbon cycling
Increasing numbers of studies have demonstrated a
bottom-up effect of jellyfish on food webs in regions

320 I. STOLTENBERG ET AL.



outside the Baltic, i.e. via nutrient regeneration and
carbon cycling (Pitt et al. 2009). For example, ‘jelly-
falls’ (i.e. dead jellyfish sinking to the sea floor), are dis-
cussed as an important carbon source in other
systems, fuelling deep-sea benthic ecosystems with
an additional food source and enhancing the carbon
pump (Lebrato et al. 2012; Sweetman and Chapman
2015; Lebrato et al. 2019; Luo et al. 2020), but can
also intensify oxygen depletion (West et al. 2008).

In the Baltic Sea, however, despite massive bloom
events pointing to the potential for jelly-falls during
die-offs at the end of blooms, the contribution of
jellyfish to nutrient regeneration and carbon cycling
and resulting bottom-up effects have hardly been dis-
cussed. Four studies have examined carbon release
(dissolved organic carbon, DOC) and nutrient excretion
of jellyfish in the Baltic Sea. In Kiel Fjord, nutrient
excretion of Aurelia aurita in years with high jellyfish
biomass was considered as the second most important
nutrient source, next to sediment supply (Schneider
1989a), with about 11% of nitrogen and 23% of phos-
phate requirements for phytoplankton growth
covered by jellyfish nutrient regeneration.

In Gullmarsfjord, the DOC release by Aurelia aurita
medusae was assumed to be rather small, compared
to the exudates from phytoplankton in this region,
but was considered as an important DOC source for
local bacterial production (Hansson and Norrman
1995). Experimental studies showed that bacterial
growth was enhanced by Mnemiopsis leidyi
ammonium excretion, with bacterial communities
that differed among treatments with and without
M. leidyi present (Dinasquet et al. 2012). Zones of
high bacterial production around Mnemiopsis leidyi
might therefore contribute significantly to the spatial
heterogeneity of bacterioplankton activity and com-
munity composition, especially during bloom events
(Dinasquet et al. 2012).

The example of Limfjord shows a rather detrimental
effect of jellyfish on nutrient cycling, where the
decomposition of excess phytoplankton biomass,
favoured by high jellyfish grazing rates on zooplank-
ton, promoted anoxic conditions and triggered a posi-
tive nutrient feedback cycle (Møller and Riisgård
2007a). Specifically, anoxic sediments release nutrients
that in turn fuel additional phytoplankton growth,
further promoted by the lack of copepod grazing
pressure. The degradation of this additional phyto-
plankton biomass at the bottom is intensifying the
oxygen consumption and results in exacerbated
oxygen depletion and additional nutrient releases
from the sediment (Møller and Riisgård 2007a). This
feedback cycle is causing death of the sessile benthic

fauna, including commercially important blue
mussels (Mytilus edulis Linnaeus, 1758) and an
exodus of demersal fish in Limfjord (Møller and Riis-
gård 2007a; Riisgård, Andersen et al. 2012). Due to
structural and hydrographic similarities of Limfjord
and the main Baltic proper, those positive feedback
cycles might also be a problem for deep Baltic Sea
basins, which are already exhibiting recurring oxygen
depletion (Reusch et al. 2018). Furthermore, exper-
iments showed that the degradation of dead jellyfish
itself might aggravate the problem further (West
et al. 2008; Qu et al. 2015). However, the occurrence
(and potential effects) of jelly-falls has not been
assessed to date in any of the basins of the Baltic Sea.

In summary, information on jellyfish bottom-up
effects and carbon and nutrient cycling in Baltic Sea
food webs is scarce and large knowledge gaps
remain. The importance of jelly-falls and possible
links to oxygen depletion (but also carbon cycling)
should be assessed in the future, especially for deep
Baltic Sea basins such as Bornholm and Gotland basins.

Conclusion and outlook

This review of trophic interactions of jellyfish in the
Baltic Sea highlights that jellyfish are an integral part
of Baltic Sea food webs. Jellyfish have been identified
as predators, prey and competitors of both zooplank-
ton (including numerous jellyfish–jellyfish interactions)
and fish, and impacts via top-down (control of zoo-
plankton standing stock) and bottom-up processes
(nutrient excretion) can be large. At the same time,
although we identified 57 studies that have addressed
jellyfish interactions, the review of these studies high-
lighted that we are far from accomplishing a systema-
tic and quantitative understanding of the role of
jellyfish in the food webs of the spatio-temporally vari-
able Baltic Sea. Moreover, information about key eco-
logical questions, such as the potentially large role of
jellyfish as prey of fish and other organisms, is almost
entirely lacking. In combination, our findings call for
the more formal inclusion of jellyfish in Baltic Sea
food web models and management efforts, as well as
the need to further develop this research field in the
Baltic Sea in the future. Since individual methods to
assess trophic interactions are often limited in their
informative value (e.g. abundance overlaps do not
prove direct trophic interactions), we propose the
use of combinations of several methods and
common sampling standards to make studies compar-
able in the future. Those methods should include
trophic markers (Dalsgaard et al. 2003; Pitt et al.
2008) as well as genetic methods (Lamb et al. 2017),
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to reconstruct trophic links and to overcome the
sampling biases discussed above. Furthermore, knowl-
edge gained from the Baltic Sea region also holds valu-
able lessons for changes in jellyfish abundance and
distribution in other coastal areas, considering the
role of the Baltic Sea as a model and test case to
study consequences and mitigation of future-scale
coastal perturbations.
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