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Abstract 
 

Recreating food webs by determining principal trophic links between species helps to comprehend 

ecosystem structures, functioning and dynamics. Thus, a profound understanding of trophic 

interactions and food web architecture is essential to evaluate ecosystem stability and functioning 

under climate change and to support sound conservation and resource management strategies in the 

Anthropocene. Jellyfish populations are expected to benefit from climate change and other 

anthropogenic pressures, such as overfishing, eutrophication, oxygen depletion of water masses and 

intense marine construction works and might therefore play a key role in future coastal oceans. 

However, the trophic ecology of jellyfish has long been neglected and has only recently received 

increasing attention with the rise of new methods, such as underwater video footage, genetic meta 

barcoding, and biochemical trophic markers. This lack of knowledge is especially prominent in the 

Baltic Sea, a marginal brackish sea which has experienced exceptional rates of change by 

environmental and anthropogenic disturbances over the last half century.  

 

In Chapter I therefore provide a first synoptic overview on available studies which address the 

question of jellyfish trophic ecology in the Baltic Sea, in the form of a review published in Marine 

Biology Research. We were able to identify 57 studies with a strong bias towards studies on Aurelia 

aurita, Mnemiopsis leidyi and to a lesser degree Cyanea capillata. We showed that the importance of 

jellyfish trophic roles differs between species and are strongly influenced by temporal and spatial 

characteristics. For example, the influence of jellyfish on food webs was higher in more enclosed 

systems, such as fjords, which allowed accumulations of large jellyfish biomasses. Additionally, we 

highlighted knowledge gaps and limitations, which to date hamper a systematic understanding of 

jellyfish trophic ecology in the Baltic Sea, such as the lack of time series data, unknown jellyfish 

predators and a missing large-scale spatial coverage of studies.  

 

Considering the knowledge gaps identified in Chapter I, we then did a whole food web sampling, 

using stable isotopes and fatty acids as trophic markers, in the form of a manuscript submitted to the 

Journal of the Whole Environment. We sampled along a salinity gradient from Kiel Bight to the two 

deeper and productive Bornholm and Gotland Basins, with a special focus on jellyfish and a spatio-

temporal resolution. The results were summed up in Chapter II and form one of the largest trophic 

marker data sets of pelagic food webs in the Baltic Sea to date, while representing a valuable baseline 
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against which future changes can be measured. Using this data set we revealed the very complex 

trophic roles of Baltic Sea jellyfish. We showed that jellyfish are integral parts of Baltic Sea food 

webs and cover trophic roles from seston feeders to top planktonic predators. These trophic roles 

were often distinct for each jellyfish species and influenced by intra- and inter-annual changes, while 

spatial characteristics played a minor role in defining jellyfish trophic roles. Furthermore, we 

highlighted that different jellyfish species did not represent a homogenous trophic entity and should 

thus not be treated as this in food web models, like it is frequently done to this day. Additionally, by 

examining the fatty acid composition of different jellyfish species, we were able to provide first 

evidence for a potential scyphozoan specific fatty acid trophic marker in form of elevated arachidonic 

to docosahexaenoic acid ratios. 

 

In Chapter III, we examined the predation capabilities of M. leidyi on herring (Clupea harengus) 

larvae. The impact of M. leidyi on Baltic Sea fish larvae was evaluated briefly in the years right after 

its invasion in 2006. However, results were partly contradictive, spatially limited to Bornholm Basin, 

and focused on cod larvae. In Kiel Fjord herring larvae and M. leidyi at times overlap temporally, 

thus predation by M. leidyi cannot be excluded. Nevertheless, the extant and importance of this 

predation was entirely unknown. With the results of Chapter III, we were able to show that even the 

smallest M. leidyi specimen (0.9 cm oral-aboral length) were able to prey and capture yolk-sac herring 

larvae and all sizes of M. leidyi continued to do so with same clearance rates when alternative natural 

prey in form of Acartia tonsa copepods was available. Clearance rates of M. leidyi on herring larvae 

increased with the size of the predator and decreased with the age of the prey.  
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Resumé 
 

At genskabe fødenet ved bestemmelse af væsentlige trofiske niveauer mellem arter, styrker 

forståelsen af økosystemers opbygning, funktion og dynamik. En dybdegående forståelse af trofiske 

interaktioner og opbygningen af fødenettet er dermed essentiel for evalueringen af økosystemers 

stabilitet og funktion under klimaforandringer, og for at understøtte velfunderet naturbeskyttelse og 

naturressource strategier i den antropocæne tidsalder. Klimaforandringer og andre antropogene 

presfaktorer såsom overfiskeri, eutrofiering, iltsvind og intenst marint konstruktionsarbejde lader til 

at være fordelagtige for vandmandsbestande, som derfor potentielt kan spille en nøglerolle i 

fremtidens kystområder. I midlertidigt, har vandmænds trofiske økologi været historisk overset med 

kun en nylig forøget interesse i forbindelse med udviklingen af nye metoder, såsom 

undervandsoptagelser, genetisk metabarcoding og biokemiske trofiske markører. Denne mangel på 

viden er særligt udtalt i Østersøen, et marginalt brakvandshav, som har oplevet forandringer i 

exceptionelle hastigheder forårsaget af miljømæssige og antropogene forstyrrelser gennem det sidste 

halve århundrede.  

 

I kapitel I fremfører jeg dermed først et synoptisk overblik over tilgængelige studier omhandlende 

vandmænds trofiske økologi i Østersøen, i form af en review-artikel publiceret i Marine Biology 

Research. Vi identificerede 57 studier med en stærk bias af studier omhandlende Aurelia aurita, 

Mnemiopsis leidyi og i mindre grad Cyanea capillata. Vi viste, at vigtigheden af vandmænds trofiske 

roller varierer efter art, og de er stærkt påvirket af temporale og spatiale karakteristika. Eksempelvis, 

var vandmænds påvirkning af fødenettet større i mere indelukkede systemer, såsom fjorde, hvilket 

tillod akkumuleringer af store biomasser af vandmænd. Ydermere, fremhævede vi begrænsninger og 

mangler på viden, såsom manglende data fra længere tidsserier, ukendt prædation på vandmænd samt 

manglen på spatiale undersøgelser i storskala, hvilket, til stadighed, hæmmer en systematisk 

forståelse af vandmænds trofiske økologi i Østersøen 

 

I betragtning af vidensmanglerne identificeret i kapitel I, foretog vi prøvetagning af hele fødenettet 

ved analyse af stabile isotoper og fedtsyrer som trofiske markører. Dette i form af et manuskript 

indsendt til Journal of the Whole Environment. Vi indsamlede prøver langs en salinitetsgradient fra 

Kieler-bugten til de to dybere og mere produktive områder i Bornholmsbassinet og Gotlandsbassinet 

med et særligt fokus på vandmænd, samt en spatiotemporal opklaring. Resultaterne blev opsummeret 



Abstract 

9 
 

i kapitel II og udgør, til dato, en af de største datasæt af trofiske markører af det pelagiske fødenet i 

Østersøen, samtidig med, at det repræsenterer en værdifuld grundlinje, hvorfra fremtidige 

forandringer kan sammenlignes med. Ud fra dette datasæt afdækkede vi de meget komplekse trofiske 

roller som Østersøens vandmænd spiller. Vi viste, at vandmænd udgør integrerede dele af Østersøens 

fødenet og de udfylder trofiske roller fra sestonfiltrering til planktoniske prædatorer. Disse roller var 

typisk forskellige afhængigt af vandmandsarten, samt afhængigt af både årlig og flerårig variation, 

samtidig med, at spatiale karakteristika kun påvirkede en mindre del i definitionen af vandmænds 

trofiske roller. Ydermere, fremhævede vi, at forskellige vandmandsarter ikke repræsenterede en 

homogen trofisk helhed, og de bør dermed ikke behandles som dette i modellering af fødenet, som 

de ellers, for nuværende, typisk bliver. Endvidere, ved undersøgelser af fedtsyresammensætningen 

for forskellige arter af vandmænd, var vi i stand til at tilvejebringe første bevis for en potentiel 

scyphozoa-specifik trofisk fedtsyremarkør i form af forhøjede arachidonsyre til docosahexaensyre-

ratioer.  

 

I kapitel III, undersøgte vi prædationen af M. leidyi på sildelarver (Clupea harengus). Indflydelsen 

af M. leidyi på Østersøens fiskelarver blev kortvarigt evalueret i årene efter dens invasion i 2006. I 

midlertidigt var resultaterne delvist modstridende, spatialt begrænset til Bornholmsbassinet og 

fokuseret på torskelarver. I Kielerfjorden kan forekomsten af sildelarver og M. leidyi tidsmæssigt 

overlappe, hvoraf prædation udført af M. leidyi ikke kan udelukkes. Ikke desto mindre, var viden 

om den eksisterende prædation og dets indflydelse fuldstændigt ukendt. Med resultaterne fra kapitel 

III, viste vi, at selv de mindste eksemplarer af M. leidyi (0,9 cm oral-aboral længde) var i stand til at 

fange og prædere på larver med blommesæk. Organismer af M. leidyi i alle størrelser fortsatte med 

dette i samme filtrationsrate, når alternativt byttedyr i form af Acartia tonsa copepoder var 

tilgængelige. M. leidyis filtreringsrate af sildelarver forøgedes med størrelsen af prædatoren og 

mindskedes med alderen af byttedyret. 
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Introduction 
 

 

Jellyfish 
 

Jellyfish is a broad term comprising different taxa of the phyla Cnidaria and Ctenophora (Figure 1). 

These taxa are united by a planktonic, free-swimming, gelatinous (> 95% water content) life stage. 

Earliest fossil records of jellyfish date back to about 500 million years ago and are considered as one 

of the earliest metazoan life forms on earth (Hou et al. 2005; Jarms et al. 2019; Nielsen 2012). During 

these 500 million years of their existence, they survived five mass extinctions, while their overall 

body plan has stayed the same. Jellyfish are thus often declared as “masters of evolution”. Their life 

cycles can be complicated, especially in the class of true jellyfish (Scyphozoa) (Figure 2). 

Scyphozoans are dimorph, meaning during its lifetime one individual occurs in two divergent 

morphotypes. During the course of their life cycles they undergo a metagenesis from a benthic polyp 

stage to a pelagic medusae stage, which reproduce asexually and sexually, respectively (Jarms et al. 

2019; Lucas et al. 2012). True jellyfish have separate sexes, and their eggs are fertilized internally by 

the sperm that males release into the water column. The asexual reproduction in polyps happens via 

budding and the creation of podocysts to produce more polyps or via strobilation, the release of ephyra 

larvae, that grow into mature medusae (Lucas et al. 2012). Depending on the species, one or several 

ephyra are being released during the reproduction season (Lucas et al. 2012). These ephyra larvae 

represent clones of the original polyp. While medusae usually die when the reproductive season is 

over, polyps can survive for several years and continue releasing new ephyra larvae once the 

conditions are good (Lucas et al. 2012). Some scyphozoan jellyfish fulfil the whole lifecycle, while 

others evolved to only exist as the medusae form or as polyps (Lucas et al. 2012). Yet it is unclear if 

the missing life stage are truly absent or if we might just not be able to detect or to connect two life 

stages to one species, since the lifecycle for only 49 out of about 222 medusae species are previously 

described (Jarms et al. 2019). Ctenophores on the other hand are holo-planktonic. The majority of 

ctenophore species are hermaphrodites, often self-fertile and even larval stages can reproduce 

(Oliveira and Majaneva 2021). 
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Figure 2 Abstract life cycle of scyphozoan jellyfish. Benthic polyps reproduce asexually, by the strobilation of ephyra 

larvae. Adult medusae reproduce sexually by releasing fertilized eggs into the water column. Most Scyphozoa have 

separate sexes. 

Figure 1 Simplified phylogenetic tree 

after Whelan et al. (2017), including the 

taxonomic groups that are commonly 

called jellyfish (highlighted in blue). It 

must be noted that the classification of 

Ctenophora is currently still under 

debate and subject to many changes. 

For better display the taxon’s Placozoa 

and Bilateria were left out (dashed 

lines). 
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Pelagic medusae stages of true jellyfish and ctenophores belong to the macro- and megaplankton, 

meaning they are > 2 cm large and not able to actively swim against ocean currents. Their fate of 

distribution lies in the winds and currents with which they drift through the seas. Both, the planktonic 

lifestyle as well as the often complicated life cycles are probably the strongest reasons why until today 

the understanding of jellyfish populations and the prediction of jellyfish blooms, mass-occurrences 

of jellyfish, but also their sudden disappearances (boom and bust) is limited. It is suggested though, 

that climate change and anthropogenic disturbances, such as eutrophication, overfishing, enhanced 

ship trafficking and marine constructions are favouring jellyfish biomass and distribution (Duarte et 

al. 2013; Purcell et al. 2007). Jellyfish blooms appear on a global scale for a number of jellyfish 

species (Mills 2001). Despite the fact that this phenomenon is part of natural jellyfish population 

fluctuations (Graham et al. 2001), it can have a strong influence on ecosystems (Behrends and 

Schneider 1995; Lynam et al. 2006; Møller and Riisgård 2007a, 2007b; Riisgård et al. 2012a) and it 

often negatively impacts human activities and the economy (Purcell et al. 2007). Large accumulations 

of jellyfish can clog fishing nets and destroy catches, they may block suction pipes for cooling water 

systems and cause shutdowns of powerplants, as well as they can disturb touristic activities along 

coastlines (Purcell et al. 2007). Nevertheless, jellyfish also serve as a valuable and highly regarded 

food source in large parts of Asia (Hsieh et al. 2001). They provided us with one of the most ground-

breaking tool in the recent history of cell and molecular biology, the green fluorescent protein (Chalfie 

and Kain 2005) and they may hold the key to eternal life (Piraino et al. 2004; Schmich et al. 2007). 

But as much as we know about their physiology, taxonomy, and life cycles, we often lack a systematic 

understanding of their ecological roles within marine ecosystems. 

 

 

Trophic interactions and methods to analyse them 
 

A large part of the ecological roles of jellyfish is shaped by trophic interactions and the combination 

of several single trophic interactions form complex food webs. The understanding of food web 

architectures can help to depict ecosystem structures, dynamics and functioning and to follow energy 

flows within the system (Ings et al. 2009; Woodward et al. 2010b). With that we can determine 

ecosystem services. All of this is essential to understand ecosystem stability, predict future changes 

in the light of global warming and climate change and to support a sustainable use of ocean resources 

in the Anthropocene (Hillebrand et al. 2018; Salomon 2008). There are several methods to examine 
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trophic interactions of jellyfish, such as abundance correlations, gut content analysis and the use of 

trophic markers (Pitt et al. 2008). All of them have certain benefits but also limitations. Simple 

abundance correlations and experimentally derived clearance and ingestion rates for example can 

help to examine the question “who is eating whom?”. Experimentally derived parameters may not 

always reflect in-situ predation (Riisgård and Madsen 2011) and pure abundance correlations may 

miss other underlying factors for fluctuations in predator and prey biomasses. Nevertheless, they can 

provide an overview and valuable evidence for the use of further often more expensive methods. The 

analysis of gut contents is a common and widely used tool to investigate food web interactions (e.g. 

Baker et al. 2014 and Hyslop 1980). Especially for prey taxa with hard body parts, such as shells, 

carapaces, bones or otoliths, this method allows prey item identification with a very fine resolution 

down to species level. However, gut content analysis can only represent limited time scales of hours 

to days (Hyslop 1980). Additionally, very small prey items (e.g., microplankton) or easy and fast 

digestible prey sources, such as jellyfish are often underrepresented and underestimated when using 

conservative gut content analysis. The use of molecular tools to examine gut contents via 

metabarcoding can help to overcome this limitation. Nevertheless, both approaches cannot 

distinguish between prey items that were accidentally ingested, or prey items that might past the 

gastral systems undigested or will be egested again (Fry 2006; Pitt et al. 2008). In these cases, trophic 

markers such as stable isotopes and fatty acids have proven themselves as valuable tools (Pitt et al. 

2008). For example, using both markers a study conducted in the Yellow Sea showed that 

Nemopilema nomurai Kishinouye, 1922, mainly fed on smaller prey (< 1000 µm) and detritus and 

shared same food sources with local krill populations, suggesting strong competition especially 

during jellyfish blooms (Wang et al. 2022). Another study, using the same tools was examining the 

trophic interactions of Pelagia noctiluca (Forsskål, 1775) and fish larvae in the Mediterranean Sea. 

Here trophic markers showed that jellyfish do not only prey upon different fish larvae, but they also 

shared similar diets, suggesting that jellyfish represent a double threat as predator and competitor for 

larval fish (Tilves et al. 2018). In the tropical Klang Straight (Malaysia) stable isotopes helped to 

reveal the importance of jellyfish in linking primary producers to higher trophic levels and carbon 

transport from near shore to neritic and offshore ecosystems (Syazwan et al. 2021). These examples 

show that trophic markers may not be able to provide a fine resolution of prey taxa, but they can help 

to understand trophic links over longer time scales and follow energy flows through food webs. Using 

a combination of several marker methods together with other methods discussed allows the most 
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comprehensive systematic understanding of food web interactions and functioning (Nielsen et al. 

2018).  

 

 

Trophic marker concepts 
 

An ideal trophic marker would have to be non-hazardous to the organisms examined. It would be 

inert and metabolically stable to allow a quantitative and qualitative transmission from lower to higher 

trophic levels. Additionally, it should be unselective during the process of food uptake and 

assimilation and ideally it would be unique and therefore linked to only one type of prey organism 

(Dalsgaard et al. 2003). Of course, such a marker is basically non-existent in nature, but there are 

alternatives which especially in combination can accomplish some of these characteristics.  

Stable isotopes are one example. This concept assumes that different dietary sources obtain different 

ratios of heavy versus light isotopes and that this signal is transported from one trophic level to 

another with a certain fractionation (Fry 2006). In trophic ecology studies the use of stable carbon 

and nitrogen isotopes is a common tool to examine trophic interactions over longer time scales. Stable 

carbon isotopes help to distinguish between different food sources (Post 2002). For example, C4 

plants fix more of the heavier 13C during photosynthesis, while C3 plants prefer the lighter 12C (Eggels 

et al. 2021). Therefore, stable isotope values of an antelope a grazer of C4 plants and a giraffe a tree 

leaf (C3 plant) consumer differ, though both animals share a herbivore diet. Similar differences can 

be seen between land plants and algae, which allows to determine the importance of terrestrial 

influences on marine coastal food webs (e.g., Careddu et al. 2015, Conway-Cranos et al. 2015, 

Whitney et al. 2018). While the average fractionation rate of carbon isotopes in aquatic systems is 

0.4 ± 0.17 ‰ per transfer to the next trophic level (McCutchan Jr et al. 2003), fractionation rates for 

nitrogen are more variable and reach from 2.3 ‰ (McCutchan Jr et al. 2003) to about 3.4 ‰ 

(Minagawa and Wada 1984) and higher. Differences between nitrogen values of two trophic levels 

are therefore more prominent and this knowledge is used to reliably calculate trophic levels of 

consumers (Post 2002). Generally, these fractionation rates can be different in different consumers 

and depend on the pairing of predator and prey. For some consumer and prey combinations the 

fractionation rates are known, but for most of them this information is lacking, as thousands of 

combinations exist. However, since most of the consumers do not rely on a single prey source, it is 

suggested that average fractionation rates quite well reflect the overall change from one trophic level 



Introduction 

15 
 

to the other and therefore represent a robust tool to examine trophic interactions (Post 2002). 

Nevertheless, this approach is in need of a proper baseline of which the trophic level is known e.g. 

primary producers that represent trophic level one (Post 2002). A problem in in-situ studies can be 

strong differences in turn-over rates between species and overlaps in isotopic values of different prey 

sources. A combination with another trophic marker can help to partly overcome these limitations 

(Pitt et al. 2008). Two prey sources that are equal in one trophic marker might show clear differences 

in another and turnover rates of different organisms for trophic marker A might be different but in 

trophic marker B they might be similar. 

 

Fatty acids are an example for such a complementary trophic marker to stable isotopes, and both have 

been used in combination several times to examine jellyfish trophic ecology (Tilves et al. 2018; Wang 

et al. 2022; Ying et al. 2012). Fatty acids are ubiquitous in basically all life forms and contribute to 

many important physiological functions within an organism. They are e.g., part of cell membranes, 

precursors for hormones and energy storages (Dalsgaard et al. 2003; Tocher 2003). Similar to stable 

isotopes, fatty acid trophic markers can cover longer time scales up to months depending on the 

organism and tissue examined (Dalsgaard et al. 2003). The principal relies on the production of 

essential fatty acids by primary producers on the base of the food web. These fatty acids are then 

channelled up the food web conservatively (Dalsgaard et al. 2003). Similarities in fatty acid profiles 

of consumers and prey sources indicate direct or indirect feeding. The analysis of certain ratios of 

fatty acids allows assumptions on feeding habits as well as to draw conclusions on the contribution 

of different baseline sources to the overall carbon transfer within the system (Dalsgaard et al. 2003 

and references within). For example, the ratio between the two fatty acids 18:1(n-7) and 18:1(n-9) is 

a marker used to determine between carnivorous and herbivorous diets in marine systems (Auel et al. 

2002; Falk-Petersen et al. 1990; Falk-Petersen et al. 2000; Graeve et al. 1997). It relies on the 

observation that especially copepods contain high amounts of 18:1(n-9). The ratios between 16:0 and 

16:1 as well as eicosapentaenoic acid/ docosahexaenoic acid (EPA/DHA) are often used as diatom 

markers and help to distinguish between diatom fuelled and flagellate dominated systems (Budge and 

Parrish 1998; Dalsgaard et al. 2003; Jeffries 1970). However, it must be considered that exact 

thresholds for the definition of high and low ratios are often not defined and may differ between 

ecosystems. Additionally, fatty acids provide information on the quality of a certain prey source. High 

amounts of polyunsaturated fatty acids (PUFA) are considered as health-promoting, while saturated 

fatty acids (SFA) are considered as less healthy (Brett and Müller-Navarra 1997). Limitations in the 
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use of fatty acids occur when they are being altered during transfer to higher trophic levels. If and to 

what degree this is being done depends on the fatty acid and the organism and is for many of the two 

not fully understood. However, for marine systems it is suggested that these alterations are minor, 

since the marine realm is generally lipid rich and the need for de-novo production or alterations is 

low (Tocher 2003). Additionally, fatty acids cannot be used to determine trophic levels of consumers. 

Fatty acid profiles of higher consumers might therefore match the ones of primary producers, though 

they do not directly feed on them.  

Therefore, sampling that includes a proper baseline as well as intermediate prey sources, such as 

broad food web sampling, using a combination of both trophic markers, can help to overcome many 

of the discussed limitations and shed light on trophic interactions and energy flows over long-time 

scales within marine ecosystems. 

 

 

Trophic roles of jellyfish 

 
Using a variety of the afore mentioned methods to examine jellyfish trophic interactions on a global 

scale, researchers were able to remodel the view on jellyfish trophic roles in marine ecosystems. Once 

deemed as dead ends in marine food webs (Verity and Smetacek 1996), they are now known as 

important prey (Arai 1988; Arai 2005; Arai et al. 2003; Ates 1988; Hays et al. 2018), predators (Choy 

et al. 2017; Purcell and Arai 2001), and competitors (Purcell and Arai 2001; Schnedler-Meyer et al. 

2016) to a diversity of other taxa (Figure 3). Although they might have comparably low caloric values, 

the sheer amount of biomass during blooms, the easy digestibility and the low foraging costs for this 

slow-moving prey make jellyfish a valuable food source for a variety of predator species (Hays et al. 

2018). Additionally, data on fatty acid contents and compositions, especially in jellyfish gonads show 

that jellyfish can act as important nutritional resources (D'Ambra and Merquiol 2022; Stenvers et al. 

2020). Even in death, sinking jellyfish can fuel deep-sea ecosystems by providing food for scavengers 

and by this mechanism they may contribute significantly to the biological carbon pump (Sweetman 

and Chapman 2015; Sweetman et al. 2014; Tinta et al. 2021). More than 100 species are known to 

prey on jellyfish either as jellyfish-specialists such as sea turtles and sunfish or as occasional predators 

that include several fish species, seabirds, crustaceans and invertebrates, such as octopus and other 

jellyfish (Ates 1988; Hays et al. 2018). Jellyfish themselves prey on a broad spectrum of mostly zoo- 

and ichthyoplankton (Purcell 1997; Purcell and Arai 2001). Some species build complex symbiosis 
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with algae (Verde and McCloskey 1998), similar to their coral cousins and others can even subdue 

and feed on juvenile fish (Carrette et al. 2002; Hamner et al. 1995). For predation, jellyfish from the 

phylum cnidaria use a variety of weak to strong venoms that paralyze and kill their prey when 

touching their tentacles. The venom is injected into the prey via the nematocyst which is releasing a 

thread with one of the fasted movements in the animal kingdom (Jarms et al. 2019). Interestingly, 

these predation apparatus can be very unique and specialized, explaining selective feeding and 

allowing conclusions on prey types by just examining nematocyst structures (Damian-Serrano et al. 

2022). Unlike “true jellyfish”, ctenophore jellyfish are not venomous. Instead, cydippid ctenophores 

use colloblasts, multicellular structures which contain adhesives, to capture their prey (Franc 1978). 

Lobate ctenophores draw their prey into the inter-lobe space and subsequently to their mouth by using 

ciliated auricles that create a waterflow (Waggett and Costello 1999). Due to their relatively broad 

prey spectrum jellyfish are also competitors to other zooplankton predators such as fish. Especially 

during blooming events jellyfish have the ability to outcompete other planktivorous predators and 

change food web structures and dynamics (Riisgård et al. 2007; Riisgård et al. 2015). In heavily fished 

and overfished ecosystems, jellyfish can even replace fish within food webs (Lynam et al. 2006). 

Though this is not a direct cause of jellyfish population biology, but rather a consequence of strong 

anthropogenic disturbances, it still has severe consequences for all members of the food web and the 

economic use of the ecosystem, as well as the ecosystem services it provides. In these worst-cases 

small pelagic fish, which represent important trophic links from mesozooplankton to higher 

consumers such as marine mammals and which are important sources for human nutrition especially 

in less developed countries (Fréon et al. 2005), are being replaced by jellyfish. Since jellyfish 

generally obtain different ecological roles, they are not able to compensate the loss of ecosystem 

functions provided by fish, causing a shift in ecosystem dynamics (Lynam et al. 2006). It is still 

unknown if and how this switch to jellyfish dominated ecosystems can be reversed.  



Introduction 

18 
 

 
 

Figure 3 Ecological roles and trophic interactions of jellyfish within marine ecosystems. Jellyfish are predators of a 

variety of phyto- and zooplankton up to juvenile fish. They compete with other food web members, e.g., small pelagic 

fish for same resources and are prey to a variety of specialized and opportunistic jellyfish predators. Their carcasses which 

sink to the ocean floor can fuel communities of deep-sea scavengers and may substantially contribute to the biological 

carbon pump. They are hosts to a number of various parasites and act as symbionts of other pelagic organisms, such as 

crustacea and juvenile fish providing shelter and nutritional resources via micropredation. 
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The Baltic Sea 
 

An example for a heavily overfished ecosystem under strong anthropogenic pressure is the Baltic 

Sea. It is a semi-enclosed continental sea in Northern Europe with a size of about 350,000 km2 and a 

maximum depth of 459 meters. With an average depth of about 54 meters, it is a rather shallow sea. 

The Baltic Sea is characterized by pronounced vertical and horizontal salinity gradients and is one of 

the largest brackish waterbodies on earth (Snoeijs-Leijonmalm et al. 2017). Water exchange with 

adjacent systems of the North Sea and the North Atlantic is limited to narrow water straits in the 

Kattegat and Belt region between Denmark and South-West Sweden. With 30 to 40 years, water 

residence times in the Baltic Sea are very long (Snoeijs-Leijonmalm et al. 2017). Inflow of saline 

North Sea water is penetrating the Baltic Sea along the bottom, while fresher Baltic Sea water is 

flowing out on the surface. The Baltic Sea is structured in deep basins connected by shallower sills. 

Due to the salinity differences and strong vertical stratification the water exchange between bottom 

and surface waters is low, especially during summer. These special features make the Baltic Sea 

exceptionally susceptible to anthropogenic disturbances (Reusch et al. 2018; Snoeijs-Leijonmalm et 

al. 2017). Being surrounded by land masses and strongly influenced by precipitation and river runoffs 

with a drainage area of 1.6 million km2, the Baltic Sea suffers from eutrophication and subsequent 

hypoxia, a problem that is especially present in the deep basins. The fishing pressure in this area is 

strong and the two most important commercial fish species herring (Clupea harengus Linnaeus, 1758) 

and cod (Gadus morhua Linnaeus, 1758) are heavily overfished (ICES 2019b, 2021). Changes in 

environmental drivers, such as salinity and water oxygen content occur on spatial and temporal scales 

and are omnipresent (Snoeijs-Leijonmalm et al. 2017). They contribute to the west to north-east Baltic 

Sea gradient and determine species distributions. Due to its brackish nature the species diversity of 

the Baltic Sea is low compared to fully marine environments (Ojaveer et al. 2010; Remane and 

Schlieper 1958). Only a few species are able to adapt to Baltic Sea conditions and species 

compositions change along the salinity gradient from marine influenced to freshwater communities.  

This is also reflected in jellyfish diversity. The moon jellyfish (Aurelia aurita Linnaeus 1758) and the 

lion’s mane jellyfish (Cyanea capillata Linnaeus 1758) are the only two scyphozoan jellyfish native 

to the Baltic Sea. At least four Ctenophore species are reported from this area (Pleurobrachia pileus 

(O. F. Müller, 1776), Bolinopsis infundibulum (O. F. Müller, 1776), Mertensia ovum (Fabricius, 

1780), Mnemiopsis leidyi A. Agassiz, 1865). High frequencies in ship trafficking open gateways and 

opportunities for invasive species to enter the Baltic Sea. At least 100 non-indigenous species have 



Introduction 

20 
 

been reported (Leppäkoski and Olenin 2000), among these are also several jellyfish (Gorokhova et 

al. 2009; Jaspers et al. 2018; Väinölä et al. 2001), such as the infamous sea walnut (Mnemiopsis leidyi) 

(Javidpour et al. 2006).  Hydromedusae show a much higher diversity in the Baltic Sea with more 

than seven reported species, including at least two invasive species (Blackfordia virginica Mayer, 

1910 and Maeotias marginata (Modeer, 1791))(Jaspers et al. 2018; Väinölä et al. 2001). However, 

since hydromedusae in this area are generally small, this group of jellyfish remains cryptic, and a lot 

of species might still be undetected. Additionally, due to a missing species baseline for this taxonomic 

group it is often difficult to determine whether a newly reported hydromedusa is none-indigenous or 

native. 
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Baltic Sea jellyfish 
 

I here present the most common jellyfish species, dominating the scientific literature on jellyfish 

ecology in the Baltic Sea. 

 

 

Moon jellyfish (Aurelia aurita Linnaeus, 1758) 

 

 
 

 

 

 

Aurelia aurita is one of the most popular jellyfish. In the literature it is often used as the archetype of 

jellyfish to explain jellyfish anatomy, physiology, and life cycles. Since all species of the Genus 

Aurelia show a strong resemblance and different Aurelia species have been confused for one another, 

its distribution is often considered to be world-wide (Jarms et al. 2019). However, its true native range 

Figure 4 A bloom of Aurelia aurita near the beach of 

Stein in Kiel Bight, Germany. (Picture by Moritz 

Krusenbaum) 

Kingdom: Animalia 

Phylum: Cnidaria 

Class: Scyphozoa 

Order: Semaeostomeae 

Family: Ulmaridae 
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is likely limited to the European Atlantic as well as the North and Baltic Sea (Jarms et al. 2019). In 

the Baltic Sea, its distribution is limited by the aforementioned salinity gradient and northernmost 

reports come from e.g., the Åland Sea (Horton et al. 2022). Polyps of A. aurita can be found on hard 

substrates like mussel shells, wood and concrete constructions. Ephyra larvae are mainly released in 

spring (February-May) and grow into mature medusae by summer (June-August). Adult medusae are 

usually around until late summer to autumn (September/October) but can last until January (Janas 

and Witek 1993). A. aurita blooms frequently during summer (Janas and Witek 1993; Schneider and 

Behrends 1994), showing high biomass accumulations especially in harbours, bays and fjords. Its diet 

is mainly composed of crustacean zooplankton and particulate organic matter (Barz and Hirche 2004; 

Barz and Hirche 2005; Javidpour et al. 2016; Margonsky and Horbowa 1994). Nevertheless, personal 

observations and studies from Kiel Bight (Möller 1984) and Bornholm Basin (Margonsky and 

Horbowa 1996) also suggest a partly ichthyoplanktonic diet. 
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Lion’s mane jellyfish (Cyanea capillata Linnaeus, 1758) 

 

  
 

 

 

 

 

Similar to its scyphozoan cousin A. aurita, C. capillata is one of the better-known jellyfish. It occurs 

along North European coasts up to the polar waters of Svalbard (Horton et al. 2022; Jarms et al. 2019). 

Due to its beautiful appearance, it is the star in many textbooks but also feared by beach visitors and 

swimmers. Stings of C. capillata can be very painful and might even leave scars. Interestingly, it is 

suggested that juvenile gadoid fish species, such as whiting (Merlangius merlangus (Linnaeus, 1758)) 

make use of the venomous tentacles and take shelter underneath. A study even suggested a positive 

Kingdom: Animalia 

Phylum: Cnidaria 

Class: Scyphozoa 

Order: Semaeostomeae 

Family: Cyaneidae 

Figure 5 a. small specimen of Cyanea capillata sampled in 

spring 2019 in Bornholm Basin b. A large specimen of Cyanea 

capillata beached in January 2021 Noer, Eckernförde Bay, 

Germany. 



Introduction 

24 
 

correlation between recruitment of whiting and numbers of C. capillata in the North Sea (Lynam and 

Brierley 2007). In the Baltic Sea, C. capillata medusae are present from late spring (April/May) until 

late winter of the following year (January-March), when large specimen regularly wash-up along 

shorelines. Overwintering of medusae until the next summer was suggested for specimen in 

Gullmarsfjord, Sweden (Gröndahl 1988a) but clear scientific evidence is still missing. Larger 

specimen of C. capillata do also come in from North Sea waters, during inflow events (Barz et al. 

2006; Janas and Witek 1993). Polyps of C. capillata are hardly found, therefore reproduction of C. 

capillata in the Baltic Sea is often doubted. However, ephyra larvae that can be found in the western 

Baltic Sea (Holst and Jarms 2010) and as far as Gotland Basin suggest polyp source populations 

within Baltic Sea waters. Blooms of C. capillata are much rarer in the Baltic Sea compared to A. 

aurita and larger accumulations are rather wind driven than caused by strong increases in biomass. 

In the deeper Basins of the Baltic Sea C. capillata is mostly found in deeper water layers between 50 

and 70 meters (Margonsky and Horbowa 1994) . Here and elsewhere in the Baltic sea, C. capillata is 

feeding on zooplankton (Barz and Hirche 2005; Javidpour et al. 2016) and other jellyfish (Hansson 

1997; Hosia and Titelman 2011), which seems to be essential for their growth (Hansson 1997). 

Additionally, also fish larvae and eggs were found in Baltic C. capillata gut contents (Margonsky and 

Horbowa 1994, 1996). 
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Sea walnut (Mnemiopsis leidyi A. Agassiz, 1865) 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mnemiopsis leidyi is a lobate ctenophore and therefore no “true jellyfish”. Its native range spans along 

East American shores, but with the support of human dispersion along ship routes it became a wide 

spread invader (Costello et al. 2012). Its introduction to the Black Sea in the 1980s raised concerns, 

as it correlated with a strong decrease in fish populations. Though M. leidyi is known to be able to 

prey on fish eggs and larvae (Cowan and Houde 1993; Cowan et al. 1992; Monteleone and Duguay 

1988), reductions in fish were probably caused by a mixture of overfishing and eutrophication plus 

the additional competitional and predatory impact of the invader (Oguz et al. 2008). In 2006 M. leidyi 

was first reported in the Baltic Sea (Javidpour et al. 2006) and since then occurred regularly in varying 

numbers throughout the year, whereby a systematic understanding of population dynamics and causes 

of fluctuations in biomasses is still missing. Concerns about the impact on Baltic Sea fish stocks arose 

upon first arrival of M. leidyi in the Baltic Sea. First investigations suggested spatial overlaps of M. 

leidyi and fish larvae and eggs of cod (Gadus morhua Linnaeus, 1758) in one of the few remaining 

Baltic cod spawning grounds (Haslob et al. 2007). Gut content analysis of M. leidyi from this area 

showed predation on cod eggs and larvae (Haslob et al. 2007). However, limited temporal and spatial 

overlaps between the two (Schaber et al. 2011) as well as experiments that showed minor predation 

impacts (Jaspers et al. 2011b) contradicted those concerns. Despite the fact that M. leidyi is a 

Kingdom: Animalia 

Phylum: Ctenophora 

Class: Tentaculata 

Order: Lobata 

Family: Bolinopsidae 

Figure 6 Two specimen of Mnemiopsis leidyi 

caught in the Baltic Sea. (Picture by Daniel Konn-

Vetterlein). 
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relatively new invader, that is still adapting to the new ecosystem and might therefore experience 

changes in population dynamics but also trophic roles, as suggested by Schaber et al. (2011), to my 

knowledge no further investigations on M. leidyi’s impact on Baltic Sea fish stocks were conducted. 

Additionally, data on the interaction of other fish species with M. leidyi is currently limited to one 

study (Schaber et al. 2011). Other studies from the Baltic Sea showed that M. leidyi is mainly feeding 

on crustacean zooplankton (Javidpour et al. 2009b) and in some cases showed cannibalistic feeding 

on own larval stages (Javidpour et al. 2020). 

 

 

Importance and aim of this dissertation 
 

The Baltic Sea was coined a “time machine” that is suitable to investigate effects of future 

perturbations on coastal oceans due to its special features, the exceptionally high rates of changes in 

abiotic and biotic drivers as well as the strong early history anthropogenic pressures that lie on it 

(Reusch et al. 2018). Conclusions drawn here may hold true for future coastal ecosystems under 

climate change elsewhere. Though the idea of an overall jellification of the world’s oceans is still 

missing profound evidence (Condon et al. 2012) and was probably created by flaws in citation 

techniques (Pitt et al. 2018; Sanz-Martín et al. 2016), certain jellyfish species might yet be favoured 

by climate change and anthropogenic pressures (Brotz et al. 2012; Holst 2012; Lynam et al. 2006; 

Purcell 2012; Purcell et al. 1999; Purcell et al. 2007; Purcell et al. 2001b). Overfishing is releasing 

predation pressure and opening trophic niches for jellyfish to occupy (Lynam et al. 2006). Strong 

algal blooms caused by eutrophication is favouring tactile predators such as jellyfish and is 

disadvantaging optical predators such as fish (Ramirez-Romero et al. 2018). Subsequent to exceeding 

algal blooms, bacterial consumption of dead algal biomass is causing hypoxia, a condition that 

jellyfish can much better tolerate than other invertebrates or fish (Purcell et al. 2001b). Intense ship 

trafficking is opening gateways for invasive species such as M. leidyi (Streftaris et al. 2005) and 

intense construction measures in e.g., offshore wind parks but also harbour areas as well as marine 

plastic pollution provide new and more substrates for polyps to settle and propagate (Purcell et al. 

2007; Vodopivec et al. 2017). Despite the fact that all of these jellyfish favouring causes are united 

in the Baltic Sea and might therefore favour the increase of jellyfish biomass in the future, we know 

little about the consequences for Baltic Sea ecosystems and food webs and the services they provide. 

While at the same time, the understanding of food webs is considered particularly important to 
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address the current resource management challenges in the Baltic Sea (Eero et al. 2021; Korpinen et 

al. 2022). 

With this dissertation I aim to provide a first synoptic overview of jellyfish trophic interaction studies 

in the Baltic Sea (Chapter I), to highlight knowledge gaps (e.g., missing information on jellyfish 

predators, lack of time series data, insufficient spatial coverage of studies) and to give suggestions 

for future study questions as well as to provide measures to narrow mentioned limitations in the 

understanding of jellyfish trophic roles. Furthermore, for the first time I here use the combination of 

two trophic markers, stable isotopes and fatty acids, to investigate jellyfish trophic roles in the Baltic 

Sea on temporal and spatial scales in the context of a broad food web sampling (Chapter II). By that 

this dissertation contributes to the scarce baseline data of jellyfish trophic markers in this area with 

which future changes can be evaluated. Additionally, I here provide first evidence for a specific 

scyphozoan jellyfish fatty acid trophic marker. Lastly, with this dissertation I am making first 

suggestions on the predatory impact of M. leidyi on Baltic Sea herring larvae an important commercial 

fish species (Chapter III). With that I would like to revive the discussion on the impact of jellyfish on 

Baltic Sea fish populations, with a special emphasis on non-indigenous jellyfish species. I will close 

with a synoptic discussion of the aforementioned topics and provide future perspectives on the study 

of jellyfish trophic ecology in the Baltic Sea. 
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Abstract 
 

Despite of 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, interannual, 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 understudied 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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1. Introduction 

 
In their simplest form, food webs describe the principal trophic relationships between species, which 

subsequently helps to advance the understanding of ecosystem structure, functioning and dynamics 

(Ings et al. 2009; Woodward et al. 2010a). Food web knowledge is thus essential to understand 

ecosystem stability and functioning under climate change scenarios (Hillebrand et al. 2018; Salomon 

2008). 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 following reports of increases in jellyfish blooms 

worldwide (Brotz et al. 2012; Mills 2001; Pauly et al. 2009). Though one should keep in mind that 

claims of bloom increases may have been amplified beyond available evidence (Condon et al. 2012; 

Pitt et al. 2018; Sanz-Martín et al. 2016). There is increasing evidence that jellyfish cover a wide 

trophic ecological niche, on par with that of the non-gelatinous zooplankton community (Chi et al. 

2020), and play important roles as predators (Choy et al. 2017; Purcell and Arai 2001), competitors 

(Purcell and Arai 2001; Schnedler-Meyer et al. 2016) and prey (Arai 1988; Arai 2005; Ates 1988), 

and as contributors to element cycling and the 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 (Lebrato et al. 2012; Sweetman and Chapman 2015; West et al. 2008) 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; Brodeur et al. 2017) and the Benguela current (Lynam et al. 2006) which 

might magnify the role of jellyfish in local food webs. Nevertheless, most of the observations do not 

take into account interannual variability in jellyfish biomass and abundance. Thus a regional, rather 

than a global scale evaluation and assessment should be considered to quantify jellyfish trophic 

interactions (Brodeur et al. 2017; Lynam et al. 2005). 
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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 

disturbances over the last half century This includes increased water temperatures, increasing   

eutrophication, spatially expanding hypoxic areas in deeper water layers, as well as overfishing and 

a decline of fish stocks (ICES 2019a, 2019b; Reusch et al. 2018). Therefore, already today, the Baltic 

Sea is experiencing combinations of pressures resembling conditions predicted 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 importance for Baltic Sea ecosystem management. 

Due to its brackish nature, the Baltic Sea is an environment with low species diversity, compared to 

marine environments like the North Sea (Ojaveer et al. 2010; Remane and Schlieper 1958). 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 

ctenophores (common northern comb jelly Bolinopsis infundibulum (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 hemisphaericum (Linnaeus, 1767 ) (Allwein 

1968), Lizzia blondina 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 (Goldstein and Riisgård 2016; Olesen et al. 1994; Schneider and Behrends 1998). Jellyfish 

and their trophic interactions are abundantly represented 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 existing body of literature on this subject, 
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supporting knowledge 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 in the Baltic Sea region. 

 

2. Methods 

 
2.1. 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 geographic 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 gray literature such as books, cruise reports or theses. Holo-benthic jellyfish 

species were excluded from the search. Primary inclusion criteria 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, 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. 

 

2.2. Area of investigation 

The Baltic Sea is a temperate regional Sea in Northern Europe, characterized by a strong vertical and 

horizontal salinity gradient from marine to near freshwater conditions, and by strong seasonal and 

decadal temporal fluctuations in water parameters (Snoeijs-Leijonmalm 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, skerries, estuaries, gulfs and lagoons (Figure 1, Table SII). 

Two adjacent fjords, Limfjord (Skagerrak) and Gullmarsfjord (Kattegat/Skagerrak), were included in 

the review due to their proximity, connectivity and in case of Limfjord also due to structural 

similarities with the main Baltic Sea (Table SI). 
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2. Results and Discussion 
 

3.1. Literature search 

3.1.1. Temporal and spatial coverage 

We identified 57 publications addressing the topic “jellyfish trophic interactions in the Baltic Sea” 

under the search criteria described in Section 2.1. 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 was 

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 Gullmarsfjord, (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. 

 

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 modeling 

study with the focus on the whole 

Baltic Sea. 
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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 on additional locations, including Puck Bay, 

Gulf of Gdansk, Polish fisheries zone, Kalmar, Askö, Helsinki and a modeling study with a focus on the entire Baltic Sea. 

 

 

 

 

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

 

 

3.1.2. Publication types and methods 

Twenty-four publications were based on field data, 15 on experiments, nine combined field and 

experimental 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 predator-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 isotopes as trophic 

markers. No studies using fatty acid trophic markers or DNA analysis of gut contents were found. 
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3.1.3. Taxonomic and ecologic coverage 

There was a strong taxonomic bias towards Aurelia aurita, while other species or taxa like Cyanea 

capillata, 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 virginica and Maeotias marginata. 

Regarding the scientific focus, the majority of publications examined predation of jellyfish on 

mesozooplankton. Studies about jellyfish as a prey source were limited to intraguild predation, with 

one exception of Coryphella verrucosa (M. Sars, 1829) preying on Aurelia aurita polyps. In total we 

found 10 publications 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 competition. 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. 

 

 

 

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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3.2. Jellyfish trophic interactions in the Baltic Sea 

Our review highlights diverse trophic roles and interactions of jellyfish in the Baltic Sea, synthesized 

in Figure 5, as well as 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 of proper monitoring and generating and processing time series data 

on JF occurrence and population dynamics. Those are common tools in fisheries and other ecology 

fields, but so far scarce or entirely lacking for jellyfish. In the following, we present and discuss 

current understanding regarding the categories of interactions, based on the available body of 

literature. 

 

 

 
Figure 5 Synthesis of Jellyfish trophic interactions in the Baltic Sea identified in this review. The trophic roles of jellyfish 

as predators, competitors and prey, as well as the implication in carbon and nutrient cycling, is depicted exemplarily for 

the three most common jellyfish (Aurelia aurita, Cyanea capillata, Mnemiopsis leidyi) and their associated life stages 

(polyps, ephyra and planula larvae, medusa) 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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3.2.1. jellyfish predation on mesozooplankton 

jellyfish have been shown to be predators on various zooplankton taxa in different systems 

worldwide, 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, 

like cladocerans and copepods, but also fish eggs and fish larvae (Table 1) (see section on jellyfish-

fish interaction). The extent of jellyfish predation on mesozooplankton can be substantial, 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 like Bornholm Basin. In the following, we discuss jellyfish 

predation 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 cladoceran 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 consumption 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; Barz and Hirche 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 (Barz and Hirche 2004; Barz and Hirche 2005; Janas and Witek 

1993). 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 to 23 individuals 

per 100 m3 (Behrends and Schneider 1995; Schneider 1989b; Schneider and Behrends 1994), which 

was negatively correlated 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 at the same degree. For example Pseudocalanus sp. Boeck, 1872, 

Paracalanus sp. Boeck, 1865 and 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 (Behrends and Schneider 1995). However, these 

results should be interpreted with caution, since they might not reflect a direct grazing effect but could 
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also be caused by food competition or other as of yet unidentified 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 secondary production (in 1993) 

(Schneider 1989a; Schneider 1989b; Schneider and Behrends 1994). High Aurelia aurita abundance 

also contributed to significant shifts in zooplankton species composition favoring coarse suspension 

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 

where confirmed by a modeling 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 differences in seasonality 

of their population dynamics and predator avoidance strategies rather than a direct grazing effect, 

thus this 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 to 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 sizes as well as its blooming season in late 

summer (Javidpour et al. 2009b). In Kiel Bight Mnemiopsis leidyi exhibited seasonally changing prey 

preferences, with preferred slow-swimming and small sized prey like barnacle nauplii in winter and 

copepods and planula larvae of A. aurita in summer.  

Despite very high densities of the recently established non-indigenous hydromedusa Blackfordia 

virginica 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), authors tentatively 

concluded 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). 
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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 30000 ind. 100 m-3 (Goldstein and Riisgård 2016). In contrast, Kiel Bight experience even 

stronger fluctuations, including years with strong blooms but others with very low abundance over 

time. This has resulted in more consistent and stronger predation impacts of Aurelia aurita on 

mesozooplankton compared to Kiel Bight, which is controlling the zooplankton biomass at least 

during late summer (Olesen 1995; Yurtseva et al. 2018) with calculated 1 to 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 ind. m-3 between mid-May to August, 

zooplankton was essentially 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 zooplankton to 

half a day in some locations (Riisgård et al. 2012b). 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 mesozooplankton 

in Limfjord are based on abundance 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, 

like copepods and bivalve larvae, are considerably lower (Riisgård and Madsen 2011). To be able to 

estimate 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 
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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 – 23 individuals per 100 m3 (Schneider 1989b) to up to 30,000 

individuals 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 consistent data on both jellyfish and their prey communities currently does not allow 

a more holistic and quantitative evaluation of predation impacts of jellyfish on mesozooplankton in 

the Baltic Sea. 
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Table 1 Prey of jellyfish in the Baltic Sea confirmed by gut content, 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 & Hirche 2004, 

2005, Margonski & Horba 

1994, 1996 

 Cyanea capillata cladocerans, bivalve larvae, adult 

copepods, cod eggs gut content 

Barz & Hirche 2004, 

2005, Margonski & Horba 

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,b 

  Cyanea capillata Aurelia aurita observation Hansson 1997 
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3.2.2. 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; Arai 2005; Ates 1988), seabirds (Harrison 1984), turtles (Heaslip et al. 

2012) and other jellyfish (Choy et al. 2017). In contrast, 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., intraguild 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 aurita was 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 capillata (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 meters 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. 2009b). 

The only publication reporting predation of non-gelatinous organisms on jellyfish comes from 

Gullmarsfjord (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 Gröndahl 1985), and predation was identified as the major factor regulating polyp 

abundances (Hernroth and Gröndahl 1985). 

In conclusion, the importance of jellyfish as prey source for jellyfish or other organism 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 

applications of recent methods such as DNA analysis of stomach contents or of stable isotopes or 
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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). Despite from 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, seabirds or 

marine mammals feeding on jellyfish from the Baltic Sea. This data would be necessary to evaluate 

the importance of jellyfish in Baltic Sea food webs and also to better understanding of population 

dynamics of jellyfish in the Baltic Sea. 

 

3.2.3. 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 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 Bornholm 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 capillata, with a maximal 4 eggs per individual 

compared to up to 26 per individual of C. capillata observed (Margonsky and Horbowa 1996). Even 

though Cyanea capillata was present in lower numbers, it was considered to be a more efficient 

predator on cod eggs than Aurelia aurita, due to higher vertical and temporal overlap (Margonsky 
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and Horbowa 1996). Contrarily, studies performed in 2002 and 2003 showed no fish eggs in gut 

contents of Aurelia aurita and Cyanea capillata (Barz and Hirche 2004; Barz and Hirche 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 

where 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 Bornholm 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 considered 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 predation rate on cod larvae and low to no predation on cod 

eggs was estimated in incubational feeding experiments, where cod eggs ingested by Mnemiopsis 

leidyi were ejected again in 88% of cases (Jaspers et al. 2011b). 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 of Mnemiopsis leidyi prior to ejection, on 

their hatching success. Consequences 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 population dynamics is still lacking and therefore threat-scenarios for fish eggs and 

larvae might change in the future. To gain an accurate estimation of the potential predation of jellyfish 

on fish eggs and larvae, further research, ideally including 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 & Lignell, 1997) for the 

whole Baltic Sea, direct and indirect trophic interactions between jellyfish (Aurelia aurita, Cyanea 

capillata, Mnemiopsis leidyi) and cod, sprat and herring were estimated for different eutrophication 

scenarios (Haraldsson et al. 2012). According to the model, increasing eutrophication initially favors 



Chapter I 

44 
 

sprat and herring, as their zooplankton prey increases in abundance 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 lead 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). 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, like 

temperature or saltwater inflow, as well as other predator-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 combination of drivers including climate 

(Eero et al. 2015).  

As mentioned in section 3.2.1, the impact of jellyfish on mesozooplankton standing stocks in 

Bornholm Basin was low (Barz and Hirche 2004; Barz and Hirche 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 (Behrends and Schneider 1995; 

Schneider and Behrends 1994), 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 

1989a). 

In the Gulf of Gdansk, no fish larvae were found in Aurelia aurita guts during the entire medusae 

season from April-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 were explained by selective feeding of jellyfish on less 

mobile prey such as some copepods 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 et al. 2012a).While initial 

decreases of fish biomass were presumed to be a consequence of overfishing and increasing 
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occurrence of anoxic zones due to eutrophication (Riisgård et al. 2012a), more recently jellyfish have 

been considered a major threat to fish larvae, due to competition and predation (Hansson et al. 2005; 

Møller and Riisgård 2007b; Riisgård et al. 2012b). Predation impact of Aurelia aurita and 

Mnemiopsis leidyi on mesozooplankton in Limfjord is strong (see section 3.2.1.). 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 Riisgård 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 abundances are due 

to predation, competition or a combination of both remains unclear. 

  

Jellyfish as fish prey- there is accumulating evidence from regions outside the Baltic that this trophic 

interaction may be more prevalent than previously though (Arai 2005; Hays et al. 2018; Lamb et al. 

2017). For example, studies from the Irish Sea indicated that at least 8 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) that 

has been observed in the stomach contents of cod and herring in the Baltic Sea (Dziaduch 2011). This 

suggests a possible uptake with their fragile jellyfish hosts. Other fish-parasites like trematodes use 

jellyfish as intermediate hosts (Briz et al. 2016; Kondo et al. 2016). It is unclear if similar interactions 

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 like Bornholm Basin. Temporal and spatial 

dynamics further complicate this picture. For example, in Kertinge Nor, sticklebacks (Gasterosteus 

aculeatus Linnaeus, 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.  
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3.2.4. jellyfish in nutrient and carbon cycling 

Increasing numbers of studies have demonstrated a bottom-up effect of jellyfish on food webs in 

regions 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 discussed 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. 2019; Lebrato et al. 2012; Luo et al. 2020; Sweetman 

and Chapman 2015), but can also intensify oxygen depletion (West et al. 2008). 

In the Baltic Sea, however, despite of massive bloom events pointing 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 discussed. 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 1989b), with about 

11% of nitrogen and 23% of phosphate 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 community 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 

zooplankton, promoted anoxic conditions and triggered a positive 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 phytoplankton 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 
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in Limfjord (Møller and Riisgård 2007a; Riisgård et al. 2012a). 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, experiments showed that the degradation of dead jellyfish itself might 

aggravate the problem further (Qu et al. 2015; West et al. 2008). 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 like Bornholm and Gotland Basin. 

 

4. Conclusion and outlook 
 

Our 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 

zooplankton (including numerous jellyfish-jellyfish interactions) and fish, and impacts via top down 

(control of zooplankton 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 highlighted that we are far from accomplishing a systematic and quantitative 

understanding of the role of jellyfish in the food webs of the spatio-temporally variable Baltic Sea. 

Moreover, information about key ecological 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 comparable 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), to reconstruct trophic links and to overcome the sampling biases discussed above. 

Furthermore, knowledge gained from the Baltic Sea region also holds valuable 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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Abstract 

 

Jellyfish have long been considered “trophic dead ends” but are now increasingly recognized as 

integral components of marine food webs. Jellyfish can be present at high biomasses and are expected 

to further increase under projected environmental changes. However, to date, the trophic ecology of 

this group remains severely understudied. Here, we provide the first spatially (along a salinity 

gradient) and seasonally resolved characterization of the trophic niches of jellyfish and other members 

of the planktonic food web in the Baltic Sea. Stable isotope (SI) and fatty acid (FA) trophic markers 

were analysed using a broad food web sampling approach. Similar trophic marker profiles of ephyrae 

and adult medusa indicated that size has a minor influence on trophic roles of Scyphozoa, while 

differences among species highlighted that jellyfish, especially ctenophores and scyphozoans do not 

represent a homogenous trophic entity. Furthermore, scyphozoan jellyfish displayed consistently high 

arachidonic/ docosahexaenoic acid (ARA/DHA) ratios, which highlights the potential suitability of 

these FAs as jellyfish-specific FA trophic marker. In addition, strong seasonal diet changes occurred 

from April to September for all investigated jellyfish groups, whereas spatial differences along the 

salinity gradient were smaller. Overall, the strong variability in trophic markers within and between 

jellyfish groups emphasized the complexity of jellyfish trophic roles in Baltic Sea food webs. The 

resulting dataset of jellyfish and planktonic food web SI and FA trophic markers in the Baltic Sea 

provides a baseline against which food web changes under climate change and overexploitation can 

be measured. 
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1. Introduction 

 
Jellyfish were once considered dead ends in marine food webs (Sommer et al. 2002; Verity and 

Smetacek 1996), but are increasingly recognized as integral components of pelagic ecosystems. This 

includes important roles as predators and prey (Arai 2005; Brodeur et al. 2021; Choy et al. 2017; 

Hays et al. 2018), but also in biogeochemical cycling via “jelly falls” to the seafloor (Lebrato et al. 

2019; Sweetman et al. 2016). The effects of jellyfish can be particularly large during periods of mass 

occurrences (“blooms”). These blooms appear regularly for some jellyfish species and may increase 

in frequency or magnitude under anthropogenic pressures, such as eutrophication, warming and 

overfishing (Lynam et al. 2006; Mills 2001; Purcell 2012; Purcell et al. 2007). Accounting for 

jellyfish trophic interactions and food web positions is essential for understanding  marine food webs 

and ecosystems (Chi et al. 2020) and may be even more crucial in changing seas. In this context, 

stable isotopes (SI) and fatty acids (FA) have proven to be valuable trophic markers, as they reflect  

dietary resources assimilated over time and can capture the contributions of soft-bodied and easily 

digested prey better than visual stomach content analysis (Nielsen et al. 2018). The use of these 

markers to investigate jellyfish trophic interactions has been rising and has highlighted the oftentimes 

important roles of jellyfish in marine food webs (Milisenda et al. 2018; Nagata et al. 2015; Pitt et al. 

2008; Syazwan et al. 2021).  

In the brackish Baltic Sea, jellyfish occur in relatively low species diversity (Jaspers et al. 2021) but 

are nevertheless thought to play an important role in food web functioning due to their seasonally 

high densities (Stoltenberg et al 2021). Moreover, rapid ongoing and projected future changes in 

environmental drivers and anthropogenic pressures, including eutrophication, warming, and 

overfishing (Meier et al. 2021; Reusch et al. 2018), may favour jellyfish biomass (Lynam et al. 2006; 

Purcell 2012; Purcell et al. 1999; Purcell et al. 2007). In this sea, understanding of food webs is 

considered particularly important to address the current resource management challenges (Eero et al. 

2021; Korpinen et al. 2022). However, the use of trophic markers to better elucidate jellyfish food 

web interactions in the Baltic Sea has not been systematically exploited (Stoltenberg et al. 2021). 

Only four studies have used trophic markers to investigate jellyfish trophic roles in this area, and all 

of these studies were limited in either space and/or time (Brulińska et al. 2016; Javidpour et al. 2016; 

Rolff 2000; Stenvers et al. 2020). 

To address these knowledge gaps, we aim to provide a general overview of the pelagic food web 

structure in the western and central Baltic Sea with a particular focus on the three most abundant 
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jellyfish species Aurelia aurita Linnaeus, 1758, Cyanea capillata Linnaeus, 1758 and Mnemiopsis 

leidyi A. Agassiz, 1865., based on broad pelagic food web sampling and the use of SI and FA trophic 

markers. Furthermore, we examined temporal and spatial differences in the trophic roles of jellyfish 

within these food webs, as well as interspecific differences among jellyfish species and among 

jellyfish, adult, and larvae fish. Lastly, we evaluated the use of universal FA trophic markers within 

Baltic Sea ecosystems and assess their potential as a scyphozoan trophic marker. The resulting dataset 

also provides a baseline of jellyfish trophic markers in the Baltic Sea, against which changes and 

shifts in future food webs under continuing climate change and overexploitation can be measured. 

 

 

2. Material and Methods 

 
2.1. Study area and sampling sites 

The Baltic Sea is a semi-enclosed sea of the temperate region in Northern Europe with a strong 

horizontal salinity gradient from brackish to near freshwater conditions as well as strong vertical 

stratification. It is comprised of a series of deeper basins partly separated by shallower sills 

(Jakobsson et al. 2019) (Figure 1). Changes in biotic and abiotic drivers are omnipresent, as intra- 

and inter-annual variability is high (Snoeijs-Leijonmalm et al. 2017), and vectors of change in 

environmental conditions and anthropogenic pressures have been amongst the highest for any 

regional sea over the past decades (Reusch et al 2018). Detailed characteristics of the three sampling 

sites are provided in Table S1. 
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Figure 1 Map of the Baltic Sea. Numbers depict ICES subdivisions, dots represent sampling locations. Samples were 

taken along a salinity gradient from Kiel Bight (in subdivision 22) over Bornholm Basin (25) to the southern extension 

of Gotland Basin in subdivision 26. Different colours indicate water depth, with shallowest sampling locations in Kiel 

Bight and deepest in Gotland Basin. 

 

 

2.2. Sampling 

We sampled a diverse group of members of the pelagic food web during three cruises with RV 

ALKOR in April 2018, April 2019 and September 2019, covering the three basins Kiel Bight, 

Bornholm and Gotland Basin. Seston, different taxa of copepods, ichthyoplankton, adult 

planktivorous fish and pelagic stages of available jellyfish species were sampled with different 

horizontally and vertically deployed plankton and fishing nets and a rosette water sampler (Table S2). 

Due to the available ship time and research foci of the respective cruises, sampling efforts and sample 

sets differed mainly between the April and September cruises, with no fisheries trawls conducted in 

autumn. Seston samples were obtained from seawater taken at two different depths, 5 m (“surface”) 
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and below the pycnocline (between 40 and 90 m, depending on sampling location) (“deep”), on pre-

combusted GF/F filters (Whatman) after prior prefiltering over a 200 µm sieve and stored at -20 and 

-80°C for SI and FA analysis, respectively. Zooplankton, including ichthyoplankton, was sorted into 

tin caps with the highest possible taxonomic resolution immediately after catching. Samples of 

different copepod species (Acartia sp. Dana, 1846, Centropages hamatus (Lilljeborg, 1853), 

Pseudocalanus elongatus (Brady, 1865) and Tempora longicornis (Müller O.F., 1785)) were pooled 

for analysis because taxa could not be separated consistently on board. The same was the case for 

scyphozoan jellyfish ephyrae of C. capillata and A. aurita. Subsequent genetic analysis confirmed 

that these samples contained a mix of ephyra from both respective taxa. Ephyrae were kept in filtered 

seawater to allow gut evacuation, and then placed into tin caps for further analysis. Adult jellyfish 

were identified to species level, and umbrella diameter (for Scyphozoa) and oral-aboral length (for 

M. leidyi) were measured. Depending on the size, a 1 cm3 piece or the whole individual was sampled 

for further analyses. To avoid cross-contamination with other plankton or gut contents, jellyfish were 

kept in filtered sea water and rinsed thoroughly before tissue sampling. Adult fish were caught with 

a pelagic fisheries trawl net (“Jungfischtrawl”, mesh size 0.5 cm). The total length of each individual 

was measured, and a piece of dorsal muscle tissue was taken for further analysis. Samples were then 

frozen at -20°C or -80°C for SI and FA analyses, respectively.  

 

2.3. Stable isotope analysis 

Samples were freeze-dried for at least 12 hours (Christ Alpha 1-2 LDplus freeze-dryer) until constant 

dry weight. Tissues of larger organisms (adult fishes and jellyfishes) were ground to a fine powder. 

In the case of smaller organisms (e.g., ephyra, copepods, Evadne sp.), either whole individuals or 

where necessary to obtain the required sample amount, several pooled individuals were used for 

further analyses. Analyses were done at the Central lab for Chemical Analysis (ZLCA) at GEOMAR 

Helmholtz Centre for Ocean Research Kiel. Samples were analysed by a high sensitivity elemental 

analyser (HSEA) connected to an isotope ratio mass spectrometer (DeltaPlus Advantage, Thermo 

Fisher Scientific) as described by Hansen et al. (2009). δ15N and δ13C values were reported in delta 

notation relative to the international Air-N2 and VPDB scale following the equation: 

(1)   δ15N or δ13C = [(Rsample/Rstandard) -1] * 1000 
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System calibration was implemented by the combustion of International Atomic Energy Agency (N1-

, N2-, NO3-) and National Institute of Standards and Technology (NBS-22 and NBS-600) 

compounds. Acetanilide p.a. and caffein were used as an internal standard after every sixth sample 

within each sample run. The overall standard deviation for the low measurement range 2.5 - 8 µg N 

and 5.0 - 80 µg C was ± 0.25 ‰ and ± 0.2‰, respectively. The overall standard deviation for the 

higher measurement range 3 -15 µg N and 10 - 140 µg C was ± 0.2 ‰ and ± 0.15‰, respectively. 

Since most of the C:N ratios in the samples were above 3.5 (Table S3), an indication of the need for 

lipid correction, we lipid-corrected all C values following  Kiljunen et al. 2006. 

 

2.4. Fatty acid methyl ester (FAME) analysis 

Sample preparation was the same as for SI analysis (see 2.3.). Fatty acid (FA) extraction and 

derivatisation were performed after Christie (1989) with a minor modification to extract the target 

compounds. Briefly, FAs were extracted by a solvent mixture 1:1:1 (v/v/v) chloroform/ 

dichloromethane/ methanol referring to Bligh and Dyer (1959) and Folch et al. (1956). Nonadecanoic 

acid methyl ester was used as an internal standard for FAME quantification. For quality assurance, a 

defined amount of heneicosanoic acid was added to each sample to check the esterification efficiency. 

FAMEs were determined by gas chromatography (Thermo Trace GC Ultra, Thermo Fisher Scientific, 

Germany) using hydrogen as carrier gas. Samples were injected splitless and FAMEs were separated 

by a capillary column (TR-FAME, 10 m length, 0.1 mm inner diameter, 0.2 µm film thickness: 

Thermo Fischer Scientific). Compound identification was conducted by using commercial mixtures 

of fatty acid methyl esters (C4-C24, FAME Mix (Supelco®); Bacterial Acid Methyl Ester Mix 

(BAME) (Supelco®). FA concentrations were expressed in % of total FAs. 

 

2.5. Data analyses 

2.5.1. Trophic level analysis 

Trophic levels were calculated following Post (2002), using the formula 

 

(2)   trophic position = λ + (δ15Nconsumer − δ15Nbase)/Δn 

 

where λ is the trophic position of the baseline, δ15Nconsumer and δ15Nbase are the measured δ15N values 

for the consumer and the baseline and Δn is the trophic fractionation of δ15N. We set the fractionation 

rate to 3.4 ‰, according to Minagawa and Wada (1984). Though jellyfish experiments showed 
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differences in average fractionation rates (D'Ambra et al. 2014), these rates are considered specific 

for every combination of predator and prey. It is, therefore, almost impossible to know fractionation 

rates for all predator-prey interactions. However, since most predators, including jellyfish, are feeding 

on a variety of prey sources, it is assumed that the average fractionation rate for nitrogen lies between 

3-4 ‰ (Post 2002). Thus, a fractionation rate of 3.4 ‰ is considered to be a robust tool to examine 

trophic levels and interactions in-situ. We used surface seston samples as a baseline and proxy for 

trophic level 1 assuming the majority of biomass in filtered seston samples is comprised of primary 

producers. This assumption was supported by chlorophyll a data from the Swedish Meteorological 

and Hydrological Institute (SMHI). Trophic levels of jellyfish were then compared to those of sprat 

and sprat larvae.  

 

2.5.2. Fatty acid trophic markers, compositions, and principal component analysis 

We analysed the FA data by means of a principal component analysis (PCA). Before we grouped the 

single FAs into six categories: hydroxy FAs (ohFA), bacterial FAs (bacFA), saturated FAs (SFA), 

mono-unsaturated FAs (MUFA), and Omega-3 (n-3 PUFA) and Omega-6 polyunsaturated FAs (n-6 

PUFA). Whereby ohFAs include all FAs with hydroxyl functional groups attached to the principal 

carbon chain, bacFAs represent FAs with odd numbers, branched FAs as well as trans-isomers. FAs 

with no double bond that did not fit into the last two categories were grouped as SFAs, and remaining 

FAs with one double bond were grouped as MUFAs. FAs with two or more double bonds were, 

depending on the position of the last double bond, categorized as n-3 and n-6 PUFAs, respectively. 

Three important PUFAs that are used within this study are Arachidonic acid (20:4(n-6), ARA), 

eicosapentaenoic acid (20:5(n-3), EPA) and docosahexaenoic acid (22:6(n-3), DHA). Three different 

FA ratios representing known trophic markers were used to examine differences in food sources 

(Dalsgaard et al. 2003). Increased ratios in 16:1(n-7)/16:0, EPA/DHA and 18:1(n-7)/18:1(n-9) are 

considered as indicators for the influence of diatoms and herbivory, respectively. Additionally, we 

here investigated ARA/DHA ratios to test whether it can be considered as jellyfish-specific FA 

trophic marker as was suggested by Chi et al. 2018. To compare FA compositions, we pooled all data 

available of adult (diameter ~1 – 17 cm) and larvae jellyfish and fish and grouped them into 

Scyphozoa, Hydromedusae, Ctenophora and fish. Two FAs could not be separated from other 

components in the external standards with our GC setting, i.e., 18:4(n-3) eluted at a similar retention 

time as 2OH-16:0 and 22:5(n-3) together with 24:1(n-9). 
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2.5.3. Further statistical analysis 

We applied one-way ANOVAs or Kruskal-Wallis tests as well as a subsequent post hoc tests (Tukey’s 

range test, pairwise t-test, Wilcoxon signed-rank test) to assess differences in trophic levels, SI values 

or FA ratios between taxa and/or sampling events. The package SIAR (Parnell and Jackson 2013) 

was used to calculate and plot isotopic niche metrics. In particular, standard ellipse area corrected for 

small sample sizes (SEAc), measured as 40% of the data points, and convex hull area, as the 

maximum extent of isotope space, including all δ13C and δ15N values for a group, were used. Analysis 

of FA data was assessed with Principal Component Analysis. All analyses as well as the compilation 

of figures were performed in R (version 4.0.2.; R Core Team 2019) using the packages ggplot2, SIAR 

(Parnell and Jackson 2013) and VEGAN (Oksanen et al. 2018) (PCA). The sample sizes (n) for each 

analysis and species can be found in table S4. The statistical significance was set to p = 0.05 and 

adjusted for multiple testing (Holm 1979) when necessary.  

 

 

3. Results 

 
3.1. The jelly-web and overall food web structure 

The combined assessment of the SI values from 20 taxa, including different life stages, sampling 

locations and times, revealed a classical pelagic food web that spans five trophic levels from primary 

producers (trophic level 1) to planktonic predators (trophic level 5). The convex hull area of the food 

web covered δ13C values from -24.5 ‰ to -16.4 ‰ and δ15N values from -2.5 ‰ to 16.1 ‰ (Figure 

2). In comparison, the “jelly-web” (all jellyfish members of the food web, see Chi et al 2021) spanned 

trophic levels from 1.9 (A. aurita, BB, September 2019) to 5.9 (C. capillata, BB, September 2019) 

(Figure 3) and covered δ13C values from -24.5 ‰ to -16.38 ‰ and δ15N values of 2.2 ‰ to 16.1 ‰, 

with pronounced differences between jellyfish species (Figure 2).  

Seston generally represented lower trophic levels as a good proxy for the phytoplankton community 

and Evadne sp., as a herbivore primary consumer (Figure 2). Deep seston samples from below the 

pycnocline were on average 2.6 ‰ higher in δ15N compared to near-surface samples. Various 

copepod species represented secondary consumers (δ15N 6.6 ‰ ± 1.23). Adult A. aurita had average 

δ15N values even below copepods, driven by very low values in September 2019 (Figures 2 & 4). 

Other planktonic consumers showed slightly higher δ15N values e.g., M. leidyi (8.5 ‰ ± 1.7), ephyra 

(9.8 ‰ ± 1.35), fish larvae (8.6 ‰ ± 2.93 and 9.5 ‰ ± 1.29) and juvenile fish (8.1 % ± 1.74). Adult 
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C. capillata (δ15N 11.5 ‰ ± 2.27) and herring (δ15N 10.6 ‰ ± 0.68) held apex planktonic predator 

positions. 

 

 
Figure 2 Summed stable isotope bi-plot of δ15N and δ13C, of all sampling events and locations. Large symbols represent 

mean values with error bars based on standard deviations. Smaller transparent symbols represent the single data points. 

The dashed red line indicates the expansion of the jelly-web. 
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Figure 3 Trophic positions (y-axis) of jellyfish compared to sprat and sprat larvae as a fish reference. Trophic positions 

were determined using sea surface seston samples as baseline for trophic position 1.  

 

 

3.2. Spatial and temporal differences in trophic roles of jellyfish 

Due to the ontogenetic-driven changes in community compositions as well as the patchy occurrence 

of the plankton community, many taxa (in particular jellyfish) were present only at some of the time-

points and locations. For example, the hydrozoan jellyfish Sarsia tubulosa (M. Sars, 1835) was only 

abundant during one sampling event in Kiel Bight in April 2019, and ephyra and fish larvae were 

generally scarce in September. Comparisons over space and time therefore focused on those taxa that 

were present consistently. 

 

3.2.1. Spatial differences  

Overall food web structure was similar in Kiel Bight, Bornholm and Gotland Basin, showing 

“classical” trophic structuring from seston and primary consumers at the bottom to higher predators 

at the top, and intermediate positions of secondary consumers, and spanning similar isotopic ranges 

(Figure 4). As to jellyfish, SI data from April 2019 suggested a similar role as top zooplankton feeders 

with trophic levels between 3.0 ± 0.2 and 3.4 ± 0.4 at all three locations (Figure 3). In this context, 

C. capillata and ephyra trophic level estimates occupied comparable trophic positions in all sampling 

locations (Figure 3). At the same time, there were significant spatial differences, e.g., in SI δ13C values 

of seston between all three sampling locations (p = 0.009), or in δ15N between Bornholm and Gotland 



Chapter II 

59 
 

Basin (p = 0.022). Here, the shallower Kiel Bight had lower δ13C values than the deeper Bornholm 

and Gotland Basins. Moreover, isotopic niche sizes for the same species oftentimes differed between 

locations, e.g., for C. capillata, with a smaller isotopic niche in Bornholm Basin (2.4) than in Gotland 

Basin (4.3), and for ephyrae with the largest niche in Kiel Bight (Table S5). 

 

 

 
Figure 4 Bi-plots of stable isotope analysis for the visualization of temporal and spatial comparisons of food webs from 

Kiel Bight (KB) over Bornholm Basin (BB) to Gotland Basin (GB). Spatial differences are shown by food web samples 

from April 2019 comparing KB, BB and GB. Temporal variations are demonstrated by samples from Bornholm Basin 

alone, showing annual comparisons between April food webs of two consecutive years and two seasons (April and 

September) of one year. Ellipses represent standard ellipse areas corrected for small sampling sizes (SEAc) calculated 

using the siar package in R (Parnell and Jackson 2013).  

 

 

3.2.2. Temporal differences 

Temporal variations were investigated exclusively using SI and FA data of the Bornholm Basin food 

web. To compare inter-annual differences in jellyfish trophic roles, we analysed data from April 2018 
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and April 2019 and intra-annual and seasonal differences data from April and September 2019. Both 

δ15N and δ13C values of baselines (surface seston) of all three sampling times (April 2018, 2019, 

September 2019) differed significantly (Figure 4), which was also reflected in the FA data (Figure 

S1). Moreover, C. capillata occupied a higher trophic level in April 2019 than in April 2018 (Tukey’s 

range test, p-value = 0.05) (Figure 3).  

There were also significant seasonal differences in C. capillata, with an increase in trophic level 

(Tukey’s range test, p-value = < 0.0001) (Figure 3) and an expanding isotopic niche from April to 

September 2019 (Table S5).  

In contrast, trophic levels of the ctenophore M. leidyi remained stable over seasons, but the size of its 

isotopic niche decreased from April to September 2019 (Table S5). Based on the premise that spring 

ephyrae become adults by fall, we compared SI values of ephyrae of April 2019 with medusae of 

September 2019. Patterns diverged among scyphozoan jellyfish species, with a significant increase 

for C. capillata (Tukey’s range test, p-value = <0.0001), and a decrease for A. aurita (Tukey’s range 

test, p-value = 0.003). 

The temporally resolved FA data for Bornholm Basin provided additional insights into inter- and 

intra-annual patterns (Figure 5). At all three time points, similar amounts of variance were explained 

by PCAs axes 1 and 2 (67.2 % and 72.1% and 78.4%, respectively). Other temporally consistent 

patterns included the association of Ctenophora with bacterial FAs and SFAs. A consistent overlap 

of scyphozoan jellyfish with each other and with the copepod and fish clusters, especially on the first 

axis was observed. 
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Figure 5 Interannual (a) to b)) and seasonal (b) to c)) comparisons of food webs using principal component analysis 

(PCA) of fatty acids. Fatty acids were grouped into 5 groups: bacterial fatty acids (bacFA), saturated fatty acids (SFA), 

monounsaturated fatty acids (MUFA) and Omega-6 and Omega-3 polyunsaturated fatty acids. Since the values for 

hydroxy fatty acids were very low we considered these as neglectable and excluded them from the analysis. 

 

 

3.3. Intra-guild comparisons of trophic roles 

Comparisons within the jellyfish guild revealed complex patterns. Some groups, such as the 

hydromedusae S. tubulosa and scyphozoan ephyrae, showed notable similarities in their isotopic 

values (Table 1 and Figure 4). Interestingly, strong similarities in both trophic markers were also 

observed for ephyra larvae and adult C. capillata throughout all time points. A. aurita and C. capillata 

resembled each other in April samples of SI values and during all time points in FA values. However, 

a strong difference in SI values between the two groups was observed in September. 
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Differences between jellyfish groups were particularly pronounced and consistent between 

scyphozoan “true jellyfish” and ctenophores. Isotopic niches of the two groups were distinct 

throughout all sampling time points and locations. In April 2019, this separation was driven by 

significant differences in δ13C values (Tukey’s range test p-value = 0.001) and in September 2019 by 

differences in δ15N values. Differentiation between these groups was also evident in the FA profiles, 

with distinctly differentiated clusters in April and partial differentiation in September.  

Jellyfish occupied similar trophic levels compared to adult planktivorous fish (represented by sprat), 

at times even surpassing them in trophic level (e.g., in Gotland Basin April 2019 (Figure 3)). While 

trophic positions of ephyra larvae and C. capillata adults were similar, trophic levels of adult sprat 

decreased from west to east (Figure 3). On average, jellyfish isotopic niches were larger than those 

of planktivorous fish and fish larvae on both the temporal and spatial scale (Table S5). Though 

calculation of SEAc was not always possible, the isotopic values suggest a varying extent of trophic 

niche overlaps between jellyfish and especially adult fish (Figure 4 and Table 1). In contrast isotopic 

niche overlaps with fish larvae were limited. Interestingly, this pattern was not visible in the FA 

trophic marker results, where overlap between scyphozoan jellyfish and fish larvae was high during 

the April samplings of both years.  

 

 
Table 1 trophic niche overlaps of samples from Bornholm Basin April 2019. 

 

 Bornholm Basin 2019 Gotland Basin 2019 

 Cyanea vs. Ephyra vs. 
Mnemiopsis 
vs. Ephyra vs. Cyanea vs. 

  Herring Sprat Ephyra Herring Sprat Herring Sprat Stickleback Cyanea Stickleback Ephyra 
Overlap 0.6 0.2 1.2 0.4 0.1 0.0 0.7 1.2 1.0 0.8 1.0 
overlap total 
(%) 16.0 4.5 30.3 13.3 1.7 0.4 10.0 31.4 16.6 12.8 16.6 
Overlap 
species 1 
(%) 27.1 8.2 50.9 27.0 3.8 0.5 14.0 61.6 54.6 18.1 23.9 
Overlap 
species 2 
(%)  38.9 9.9 74.7 26.4 3.1 1.6 34.8 64.0 23.9 43.1 54.6 
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3.4. Fatty acid compositions and trophic markers 

The overall FA composition of jellyfish and fish differed substantially among groups (Figure 6). 

Scyphozoan jellyfish were characterized by the highest content of (n-6) PUFAs of all taxa. 

Hydromedusae were generally similar to the medusae of scyphozoans, but with a slightly smaller 

share of (n-6) PUFAs and MUFAs and a larger share of SFAs. In contrast, ctenophores had the lowest 

relative content of PUFAs, but the highest content of SFAs. Finally, fish were characterized by high 

proportions of (n-3) PUFAs and the highest share of MUFAs, compared to all other taxonomic 

groups.  

Considering FA trophic markers (Table 2), the herbivory versus carnivory marker 18:1(n-7)/18:1(n-

9), ratios remained below 1 for all taxa but were significantly different between taxa at all times 

sampled (April 2018: Kruskal-Wallis-Test, p-value = 0.01; April 2019: Kruskal-Wallis-Test, p-value 

= < 0.001; September 2019: Kruskal-Wallis-Test, p-value = < 0.001). In contrast, 18:1(n-7)/18:1(n-

9) ratios of all jellyfish groups did not change significantly during the samplings, thus remained 

steady over time. In general, scyphozoan jellyfish species showed higher 18:1(n-7)/18:1(n-9) ratios 

compared to most other taxa while lowest ratios were found in seston samples, Evadne sp. and 

ctenophores. The two diatom markers EPA/DHA and 16:1(n-7)/16:0 reflected each other, except for 

A. aurita samples in September, which showed contrastive values. Average EPA/DHA ratios of all 

taxa remained below 2, except for A. aurita samples in September that had an average EPA/DHA 

ratio of 3.8 ± 1.5. Average 16:1(n-7)/16:0 ratios of all taxa were below 0.5. ARA/DHA values were 

significantly higher (April 2018: Kruskal-Wallis-Test, p-value = 0.002; April 2019: Kruskal-Wallis-

Test; p-value = < 0.001; September 2019: Kruskal-Wallis-Test, p-value = < 0.001) in Scyphozoa 

compared to all other taxa (Table 2 and Figure S2). Significant differences of the ARA/DHA ratio of 

certain jellyfish species were observed between sampling events. For example, C. capillata exhibited 

higher ARA/DHA ratios in September compared to April. 
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Figure 6 Fatty acid compositions of three jellyfish groups compared to fish. For comparison all available samples were 

pooled. Scyphozoa are comprised of larval and adult Aurelia aurita and Cyanea capillata. Hydromedusa and Ctenophora 

contain Sarsia tubulosa and Mnemiopsis leidyi, respectively. The fish group contains samples of adult herring and sprat, 

juvenile cod, larvae of sprat and flounder as well as fish eggs. Colors depict the different fatty acid groups: hydroxy fatty 

acids (ohFA), bacterial fatty acids (bacFA), saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), and 

polyunsaturated (PUFA) omega-3 and omega-6 fatty acids. Error bars represent the standard deviation. 
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Table 2 average fatty acid ratios and standard deviations of seston, zooplankter, jellyfish and fish. 
 

Species Sampling ARA/DHA 16:1(n7)/16:0 DHA/EPA 18:1(n7)/18:1(n9) 

Seston-surface Apr 2018 0.0 ± 0.0 0.1 ± 0.0 2.2 ± 0.0 0.1 ± 0.0 

 Apr 2019 0.0 ± 0.0 0.1 ± 0.0 3.3 ± 0.1 0.0 ± 0.0 

 Sep 2019 0.1 ± 0.0 0.2 ± 0.0 1.3 ± 0.0 0.3 ± 0.0 

Seston-deep Apr 2018 0.0 ± 0.0 0.2 ± 0.1 0.9 ± 0.0 0.1 ± 0.0 

 Apr 2019 0.0 ± 0.0 0.1 ± 0.0 1.6 ± 0.4 0.2 ± 0.1 

  Sep 2019 0.1 ± 0.0 0.2 ± 0.1 1.3 ± 0.1 0.4 ± 0.1 

Copepods Apr 2018 0.0 ± 0.0 0.2 ± 0.1 1.6 ± 0.6 0.2 ± 0.1 

 Apr 2019 0.1 ± 0.1 0.3 ± 0.3 1.5 ± 0.4 0.2 ± 0.2 

 Sep 2019 0.0 ± 0.0 0.0 ± 0.0 1.3 ± 0.6 1.0 ± 0.5 

Evadne sp. Apr 2018 0.0 ± 0.0 0.1 ± 0.0 1.1 ± 0.0 0.2 ± 0.0 

 Apr 2019 0.0 ± 0.0 0.1 ± 0.0 0.9 ± 0.1 0.2 ± 0.1 

  Sep 2019 0.1 ± 0.1 0.0 ± 0.0 0.7 ± 0.1 0.3 ± 0.0 

Aurelia aurita Apr 2018 0.4 ± 0.2 0.3 ± 0.1 0.9 ± 0.3 0.6 ± 0.1 

 Sep 2019 1.3 ± 0.9 0.0 ± 0.0 0.3 ± 0.2 0.2 ± 0.1 

Cyanea capillata Apr 2018 0.3 ± 0.1 0.2 ± 0.1 0.9 ± 0.1 0.4 ± 0.0 

 Apr 2019 0.3 ± 0.1 0.3 ± 0.1 1.0 ± 0.1 0.6 ± 0.3 

 Sep 2019 1.1 ± 0.4 0.1 ± 0.1 0.7 ± 1.0 0.8 ± 0.5 

Ephyra Apr 2019 0.4 ± 0.1 0.4 ± 0.1 0.9 ± 0.1 0.8 ± 0.2 

Mnemiopsis leidyi Apr 2018 0.0 ± 0.0 0.1 ± 0.0 2.3 ± 0.9 0.2 ± 0.1 

 Apr 2019 0.0 ± 0.1 0.0 ± 0.0 1.6 ± 0.5 0.1 ± 0.2 

  Sep 2019 0.0 ± 0.0 0.0 ± 0.0 0.7 ± 0.9 0.2 ± 0.2 

Fish eggs Apr 2019 0.0 ± 0.0 0.2 ± 0.0 1.4 ± 0.1 0.3 ± 0.0 

Flounder larvae Apr 2018 0.1 ± 0.0 0.0 ± 0.0 1.1 ± 0.1 0.3 ± 0.0 

 Apr 2019 0.1 ± 0.0 0.1 ± 0.1 1.4 ± 0.3 0.4 ± 0.1 

Sprat larvae Apr 2018 0.0 ± 0.0 0.2 ± 0.1 1.6 ± 0.4 0.2 ± 0.1 

 Apr 2019 0.0 ± 0.0 0.1 ± 0.0 2.1 ± 0.2 0.3 ± 0.1 

Cod juvenile Sep 2019 0.1 ± 0.0 0.0 ± 0.0 2.2 ± 0.1 0.5 ± 0.0 
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4. Discussion 

 
Despite earlier efforts to characterize jellyfish trophic roles in the Baltic Sea, jellyfish remain severely 

underrepresented in trophic marker studies, hampering the systematic understanding of jellyfish 

trophic interactions. This study provides the first trophic niche characterization of the Baltic Sea 

planktonic food webs with a dedicated focus on jellyfish, using the combined application of SI and 

FA trophic marker analysis. We do not only present respective trophic patterns among basins along 

the salinity gradient, but also give seasonal resolution for the commercially important Bornholm 

Basin. 

 

4.1. General planktonic food web structure 

Overall, stable carbon and nitrogen isotope values of abundant Baltic planktonic species revealed a 

classic pelagic food web structure, similar to earlier Baltic Sea studies (e.g., Gorokhova et al. 2005; 

Hansson et al. 1997). However, jellyfish have been severely underrepresented and missing in most 

trophic marker food web studies from this area (Eglite et al. in revision). The number of trophic levels 

in the planktonic community was larger in our study compared to previous investigations (e.g., 

Milisenda et al. 2018, Nagata et al. 2015). This might be due to different baseline approaches between 

studies. Often trophic level studies use mesozooplankton or other primary consumers as a baseline 

and a proxy for trophic level 2 (e.g.,Pasquaud et al. 2010, Pinnegar et al. 2002), from where on all 

other trophic levels are determined. However, this assumption is neglecting intermediate trophic links 

between primary producers and higher trophic levels, which can be related to the microbial loop but 

may also exist within the trophic guild of mesozooplankters (Sommer et al. 2018). These additional 

links might dramatically increase the number of trophic levels within a food web (Sommer et al. 

2018), but can only be accounted for when using trophic baselines lower than mesozooplankton, such 

as seston.  

 

4.2. Trophic roles of jellyfish 

The broad isotopic niche of jellyfish, with δ15N values ranging from 2.2 ‰ to 16.1 ‰, indicated that 

jellyfish occupy diverse trophic levels. This included both the lowest (A. aurita) and one of the highest 

trophic levels (C. capillata) for all consumers in this study, which did however not include top 

predators such as Baltic cod (Gadus morhua). Overall, isotopic niches of jellyfish in this study fall in 

the range of jellyfish isotopic values previously measured in the Baltic Sea and other ecosystems 
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(Table S6). The often pronounced differences among the jellyfish groups coincide with recent 

observations of complex “jelly webs” in other systems (e.g., Chi et al 2020, Fleming et al. 2015), and 

thus contribute to the emerging understanding that jellyfish play highly diverse trophic roles in marine 

food webs.  Taking it a step further, due to the spatially and temporally resolved sampling regime in 

our study, we were able to show that the isotopic and FA values of jellyfish were subject to partly 

strong temporal and minor spatial fluctuations. Specifically, jellyfish trophic roles changed between 

seasons, and thus reveals additional complexity in the jelly web. In line with SI analysis results, the 

substantial differences in FA profiles, especially between scyphozoan and ctenophore jellyfish, 

further support the need to differentiate species when integrating jellyfish into food web and 

ecosystem models (Fleming et al. 2015).  

Despite distinct hydrographic differences between the three sampling locations in depth, 

stratification, salinity, coastal influence and planktonic communities, spatial differences in jellyfish 

trophic levels were minor. Temporal rather than spatial effects may therefore be first-order drivers of 

trophic differences in jellyfish in Baltic Sea food webs unless hydrodynamic conditions are very 

different (e.g., comparing fjord systems to open water systems), although a more extensive, fully 

nested temporal and spatial design would be required to confirm these patterns. The large seasonal 

changes in feeding behaviours revealed by trophic level and FA composition supported earlier studies 

(Fukuda and Naganuma 2001; Javidpour et al. 2016; Javidpour et al. 2009b; Milisenda et al. 2018). 

M. leidyi showed a strong separation from scyphozoan jellyfish in April, while samples from 

September exhibited marginal overlaps of δ13C and FA values of the two groups. Associations of M. 

leidyi with bacterial FAs and seston samples from the deep, especially in April, may indicate 

overwintering of M. leidyi in deep water layers with trophic connections to the microbial loop. This 

is noteworthy, because the source of M. leidyi blooms in the Baltic (magnitude of reseeding from the 

North Sea in spring versus overwintering) is a point of debate (Faasse and Bayha 2006; Jaspers et al. 

2011a; Javidpour et al. 2009a). Similarities to SI and FA values of Scyphozoa in September then 

suggest a switch to a zooplanktivorous diet. An earlier study of the Baltic Sea suggested this 

behaviour; however, it was limited to a shallow estuary environment (Javidpour et al. 2006). Though 

non-indigenous species can severely harm an ecosystem and disturb existing food web interactions 

(Molnar et al. 2008), our results suggest limited competition of M. leidyi within the jellyfish guild 

and with fish. For A. aurita our data suggested a diet switch from mesozooplankton in April to seston/ 

particulate organic matter in September, with low values of δ15N and low trophic levels, similar to 

findings from Kiel Fjord in the western Baltic Sea . However, the documented δ15N values in our case 
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were much lower (3.5 ‰ ± 1.1 compared to 11.55 ‰), which may be linked to atmospheric nitrogen 

fixation by cyanobacteria leading to depleted δ15N values at the base of the Baltic food web (Lesutienė 

et al. 2014; Rolff 2000). C. capillata medusae experienced an increase in trophic levels from already 

high planktonic predators in April to top planktonic predators in September. Interestingly, ephyrae 

and adult C. capillata from the same seasons often showed strong similarities in both trophic markers, 

which indicates the utilisation of similar food sources and the absence of an ontogenetic trophic shift 

among different pelagic life stages of C. capillata. Overall, a strong spatial and partly temporal 

variation in trophic marker values of jellyfish highlight the importance of sampling times and 

frequencies for understanding of complex jellyfish trophic interactions and roles in marine food webs. 

 

4.3. Jellyfish-fish comparisons and interactions 

The trophic levels of jellyfish, on par with or even higher than those of adult planktivorous fish and 

fish larvae, as well as the partly overlapping isotopic niches and FA profiles, especially in April 2019, 

underscore the potential for competition between scyphozoan jellyfish and fish. This view is 

supported by various studies on jellyfish and fish diets (e.g. Brodeur et al. 2008, Shoji et al. 2009, 

D’Ambra et al. 2018). At the same time, the on average, larger isotopic niches of jellyfish compared 

to fish in this study may suggest that jellyfish are less affected by competition as they can switch to 

other sources of their broad diet spectrum. 

Evidence for trophic interactions of ctenophores and fish was minor, which suggests a limited effect 

of this invasive species via direct competition or predation with these life stages, a topic of debate in 

the Baltic Sea (Haslob et al. 2007; Jaspers et al. 2011b; Riisgård et al. 2007; Riisgård et al. 2015; 

Schaber et al. 2011). The FA analysis suggests a vertical separation of M. leidyi from other food web 

members. Associations of M. leidyi with deep seston samples and with bacterial FAs indicate feeding 

of M. leidyi in deeper water layers at least in winter/spring. Studies on the vertical distribution of M. 

leidyi in the Bornholm Basin support this assumption (Haslob et al. 2007; Schaber et al. 2011). 

Reasons for vertical separation in feeding grounds remain speculative. A possible explanation could 

be avoidance of competition with fish and other jellyfish. The fact that M. leidyi can tolerate hypoxia 

(Purcell et al. 2001b), as it is usually found in the bottom waters of Baltic Sea basins, and its broad 

trophic niche indicates that it benefits from a partly open niche not occupied by Baltic fishes. 

Our evidence for predatory interactions between jellyfish and fish remains scarce and is limited to 

one timepoint and species. High trophic levels of C. capillata in September and comparably low 

trophic levels (1-3) of their usual prey, such as other jellyfish and crustacean zooplankter, suggest the 
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existence of additional prey sources, e.g., larval, and juvenile fish. A previous study from this area 

support this hypothesis, as it suggested a possible threat of C. capillata to the offspring of late 

spawning cod (Margonsky and Horbowa 1994, 1996). However, the magnitude of this effect is 

impossible to assess with the limited observations here.  

In summary, in line with the high variability and interspecies differences in the trophic roles of 

jellyfish described above, their trophic interactions with fish were strongly dependent on temporal 

and spatial influences and were species-specific. The complementary FA and SI analysis data 

suggested small-scale competition between jellyfish and fish, and temporally limited predation of 

jellyfish on fish larvae. However, these interactions might change drastically during bloom situations, 

and changes in phenology in enclosed areas as suggested by other Baltic Sea studies (Stoltenberg et 

al. 2021 and references therein).  

 

4.4. The use of FA trophic markers in Baltic Sea ecosystems 

FA markers are used broadly in food web studies, often assuming the universal applicability of these 

markers across different ecosystems. Nevertheless, the FA composition of organisms may differ 

between habitats (Dalsgaard et al. 2003), potentially hampering the common use of specific FA 

trophic markers.  

Observations of EPA/DHA and 16:1(n-7)/16:0 ratios in- and ex-situ (Narragansett Bay, North Sea, 

Lazarev Sea) suggested that ratios above 1.5 and 2 were generally associated with diatoms, 

respectively (Dalsgaard et al. 2003; Jeffries 1970; Kattner et al. 1983; Stübing et al. 2003). Our data 

set, however, suggests that these markers can behave differently between systems Specifically, 

although satellite data suggested an ongoing phytoplankton bloom in April 2018 and 2019, usually 

dominated by diatoms (Hjerne et al. 2019), we measured low ratios of 16:1(n-7)/16:0 and EPA/DHA 

compared to other studies. This suggests a minor influence of diatoms within the planktonic food web 

during that time, which would challenge our view of Baltic Sea food web structures and energy flows.  

Other findings are similarly contradicting, considering the ratio of 18:1(n-7)/18:1(n-9), which is 

frequently used to differentiate herbivorous from carnivorous diets (Dalsgaard et al. 2003 and 

references therein). In earlier studies, high 18:1(n-7)/18:1(n-9) ratios of above 1 were linked to a 

herbivorous diet and below 1 to a carnivorous diet (Dalsgaard et al. 2003). In contrast, our results 

showed one of the lowest 18:1(n-7)/18:1(n-9) ratios in a typically herbivorous species (Evadne sp.) 

and the highest ratios in C. capillata, a reported carnivore occupying a high trophic level in our study. 

The principle of the trophic marker relies on the observation of high 18:1(n-9) amounts in marine 
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copepods (Dalsgaard et al. 2003; Falk-Petersen et al. 1990; Sargent and Falk-Petersen 1988), which 

are then reflected in FA compositions of copepod consumers. This assumption partly applies to our 

samples of P. calanus, with 18:1(n-9) of up to 25% of total FAs but did not fit the average copepod 

FA composition. In this study, 18:1(n-9) constituted 9.7% but 16:0 about 26% and thus the highest 

share of the FAs in copepods. Therefore, we question applications of the 18:1(n-7)/18:1(n-9) ratio as 

a standard marker for carnivory. However, it may still serve as a marker, particularly for P. calanus 

and its consumers. Given these discussed discrepancies in three commonly used trophic markers it 

must be considered that some FA trophic markers might not be suitable for Baltic Sea systems and 

further research is needed to clarify this issue. 

We found a spatio-temporal consistent pattern of high ARA/DHA ratios in scyphozoan jellyfish, 

suggesting the applicability of ARA/DHA ratios as a trophic marker for this group. These high ratios 

were mainly driven by comparably high amounts of (n-6) PUFAs, contrary to D’Ambra’s and 

Merquiol’s (2022) review of jellyfish fatty acid profiles which propose low (n-6)/(n-3) PUFA ratios 

in Scyphozoa. However, our results are supported by earlier findings in experimental studies with 

polyps (Chi et al. 2018) and adult medusa (Schaub et al. 2021) and several field studies from e.g., the 

Mediterranean Sea and the Yellow Sea (Milisenda et al. 2018; Wang et al. 2022). A reason for the 

higher share of ARA in jellyfish might be caused by an ability to convert precursor FAs to ARA, 

resulting in high ARA/DHA values (Chi et al. 2018; Milisenda et al. 2018; Schaub et al. 2021). 

Further sampling throughout the Baltic Sea and other ecosystems, as well as experimental feeding 

studies, would help to assess the stability of this pattern and applicability to other scyphozoan jellyfish 

species. 

 

5. Conclusion 

 
Our study contributes to the hitherto scarce knowledge pool on jellyfish trophic roles, based on the 

most extensive available SI and FA trophic marker dataset on jellyfish in the context of planktonic 

food web members in the Baltic Sea to date, and thus creates a baseline for future studies. SI data 

were frequently supported by the FA marker analyses, enabling us to gain in-depth information on 

the trophic interactions of jellyfish. We show that jellyfish are integral parts of the Baltic Sea 

ecosystem, where they occupy trophic levels from seston feeders to top planktonic predators. Jellyfish 

trophic niches vary depending on the group affiliation (e.g., Scyphozoa, Hydrozoa, Ctenophora). 

Thus, we highlight that jellyfish in the Baltic Sea do not represent a homogenous trophic entity and 
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should not be considered as such in food web models. Differences in jellyfish trophic roles were 

driven by temporal effects, while spatial influences were minor. Overall, substantial variability in 

jellyfish abundance, trophic positions, and the extent and overlaps of their isotopic niches with fish 

highlight the complexity of jellyfish trophic roles and interactions in the Baltic Sea. 
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Abstract 
 

Western Baltic Spring Spawning herring (Clupea harengus Linnaeus, 1758) is a commercially 

important fish species currently suffering a strong population decline. Larval survival is essential for 

stock recruitment and can substantially be decreased by jellyfish predation. Mnemiopsis leidyi A. 

Agassiz, 1865, is a lobate ctenophore, which is non-indigenous to the Baltic Sea and a known 

ichthyoplankton predator. However, its predation impact on herring larvae in the Baltic Sea has not 

been previously examined. Therefore, we here tested experimentally whether 1) Mnemiopsis leidyi is 

capable of catching herring yolk-sac larvae and 2) how larval age, 3) predator size and 4) alternative 

prey are influencing the clearance rate of Mnemiopsis leidyi on herring yolk-sac larvae. Our results 

showed that all sizes of Mnemiopsis leidyi tested were able to catch and digest herring larvae. 

Clearance rates of Mnemiopsis leidyi on herring larvae decreased with larval age and increased with 

predator size, while alternative prey had no effect on clearance rates. We conclude that in-situ 

predation of Mnemiopsis leidyi on herring yolk-sac larvae is possible and should be further examined 

to evaluate the potential impact of Mnemiopsis leidyi on the mortality and recruitment of herring yolk-

sac larvae in the Baltic Sea.  
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1. Introduction 

 
Larval mortality of fish is determining recruitment and is influenced by two major factors: starvation, 

and predation (Cushing 1990; Hewitt et al. 1985; Hjort 1914, 1926; Hunter 1984). Newly hatched 

larvae are provisioned with nutrients from their mother through the yolk-sac, they are independent 

from external food sources until the yolk is fully consumed. Thus, predation is the main factor 

influencing survival during this early larval stage. Early studies suggest bottlenecks for fish larval 

survival and recruitment mostly in the “critical phase” of larval stages with recently absorbed yolk-

sacs (Hjort 1914, 1926) and are mainly driven by the match or mismatch of larvae and their prey 

sources (Cushing 1975; Cushing 1990). But more recent studies showed that recruitment bottlenecks 

can also be found in egg and yolk-sac larval stages (Houde 2008; Polte et al. 2014). Thus, strong 

predation and an increased mortality in yolk-sac larvae might significantly affect fish recruitment. 

Jellyfish predation on fish and fish larvae has been documented for several taxa and occurring on a 

global scale (Arai 1988; Hansson et al. 2005; Möller 1984; Purcell 1985; Purcell and Arai 2001; 

Tilves et al. 2018). Whereby, yolk-sac stages and starving fish larvae were identified as the most 

vulnerable stages, due to smaller sizes and lower mobility compared to older and/or well-fed larvae 

(Bailey 1984; Möller 1984; Monteleone and Duguay 1988; Purcell et al. 1987). Predation effects of 

jellyfish on fish larvae can be substantial. For example, in Kiel Fjord predation of Aurelia aurita 

(Linnaeus, 1758) on herring larvae was suggested to be more important for recruitment, than the 

actual spawning stock biomass (Möller 1984). In the Limfjord, Denmark, jellyfish predation and 

competition impacts are at times so high, that almost no fish larvae are found in the water column 

(Møller and Riisgård 2007b). 

Mnemiopsis leidyi, A. Agassiz, 1865 (from here on Mnemiopsis), a lobate ctenophore, originates from 

the east coast of North America and was introduced to Asian and European waters (Boersma et al. 

2007; Faasse and Bayha 2006; Purcell et al. 2001a; Shiganova 1998). Since its introduction to the 

Black Sea, it has been suspected of being the main cause for collapses of fish stocks in this area. 

Though the reason for declines in fish stocks in the Black Sea is probably much more complex and 

was caused by the interaction of many different anthropogenic pressures (Oguz et al. 2008), it is 

suggested that Mnemiopsis has the potential to prey substantially on fish eggs and larvae (Cowan et 

al. 1992; Rilling and Houde 1999) and thus may negatively impact recruitment. Estimates for the US 

east coast showed a potential consumption of 10-65% of pelagic fish eggs by Mnemiopsis per day 
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and due to fast digestions rates in Mnemiopsis predation impact on fish larvae might be generally 

underestimated in-situ (Monteleone and Duguay 1988). 

In 2006 Mnemiopsis has been reported for the first time in the Baltic Sea (Javidpour et al. 2006). 

Observations showed that here its abundance frequently overlaps with that of larval fish of different 

species e.g., cod (Gadus morhua) (Haslob et al. 2007; Schaber et al. 2011). However, only three 

studies (reviewed in Stoltenberg et al. 2021) examined the interaction of Mnemiopsis with fish larvae, 

focusing mainly on cod and partly on sprat (Sprattus sprattus) (Haslob et al. 2007; Jaspers et al. 

2011b; Schaber et al. 2011). The interaction of Mnemiopsis with herring larvae in the Baltic Sea 

remains unclear and was not examined previously. Western Baltic Spring Spawning herring (WBSS) 

is an ecologically and commercially highly important fish species in the Western Baltic Sea. At the 

same time it is suffering from years of overfishing and recruitment has been decreasing since the 

1990s (ICES 2021). Additionally, increases of winter temperatures caused by climate change and 

global warming may lead to earlier spawning and hatching times of herring and causing a temporal 

miss-match of herring larvae and their zooplankton prey (Cushing 1990). 

In the Baltic Sea, the population dynamics of Mnemiopsis is still poorly understood. Temporal 

overlaps of Mnemiopsis with herring larvae have been only observed occasionally (e.g., in Kiel Fjord) 

but may increase with global warming and subsequent phenological shifts. Increased temporal 

overlaps of Mnemiopsis and herring larvae would entail a possible triple threat to herring larvae in 

this area, of 1) receiving an additional competitor for already scarce food sources (due to miss-match 

scenarios (Cushing 1990) which might increase with climate change), resulting in 2) an increased 

predation vulnerability due to malnutrition and starvation and 3) a new potential predator. To be able 

to estimate predation impacts of Mnemiopsis during times of overlaps with herring larvae we here for 

the first time experimentally investigate the potential predation of Mnemiopsis on yolk-sac herring 

larvae under Baltic Sea conditions. We tested 1) if Mnemiopsis is capable of catching and consuming 

herring yolk-sac larvae 2) how larval age and 3) predator size effect clearance rates of Mnemiopsis 

on herring and 4) if the predation rate on herring yolk-sac larvae is decreasing, when alternative prey 

is present. These results will contribute to the scarce data set of jellyfish ichthyoplankton interactions 

in the Baltic Sea and will help to further evaluate the impact of Mnemiopsis on the mortality and 

recruitment of yolk-sac larvae with possible population scale effects. 
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2. Methods 

 
Experiments were conducted in the climate chambers at GEOMAR Helmholtz Centre for Ocean 

Research Kiel, representing the conditions of Kiel Fjord in April (Approximately 10°C, 17 PSU). 

 

2.1. Experimental cultures 

Mnemiopsis of various sizes were caught from January to March in front of the Institute in Kiel Fjord 

(54°19'46.7"N 10°08'57.8"E) and were transferred to climate chambers (10 °C) for acclimatization. 

Mnemiopsis were fed daily with 2-day old Artemia nauplii enriched with lipids (Aqua Biotica 

Orange).  

Herring larvae were hatched from wild caught ripe herring in Kiel Fjord. Eggs from several females 

were stripped on glass plates. The eggs were evenly distributed to prevent overlapping and ensure 

oxygenation. The eggs were then fertilized on the plates, using the sperm of several male herring, 

activated in ambient sea water. The egg plates were left in the sperm-seawater solution for about 15 

minutes and were afterwards carefully rinsed with seawater and placed in buckets with filtered 

seawater and aeration at ~10°C. 

Acartia adults were raised from eggs in filtered sea water and cultured in 100 l barrels. Cultures were 

fed daily with Rhodomonas sp. from inhouse cultures. 

 

2.2. Feeding experiments and data collection 

All experiments followed the same procedures and were conducted in 15-liter buckets for a duration 

of 4 hours (Figure 1), with five replicates per treatment. The jellyfish were unfed for 24 hours prior 

to the experiments to standardize their level of hunger (Jaspers et al. 2011b). 150 Acartia (10 ind. l-1) 

per respective treatment (Table 1) were placed into the experimental buckets one day before the actual 

experiment. Twenty yolk-sac herring larvae (1.3 ind. l-1) were added to the respective treatments 

shortly before the experiment started. Prey concentrations were chosen in numbers high enough to be 

able to recognize predation effects and at the same time mimic possible in-situ concentration. One 

predator per treatment was added. Experiments started when Mnemiopsis fully expanded its lobes, as 

a sign of active predation. The experiments were performed in darkness, to avoid prey accumulation, 

since both Acartia and herring larvae are positively phototactic. After 4 hours (Monteleone and 

Duguay 1988) the experiment was finished by removing Mnemiopsis  from the experimental buckets. 

The remaining prey in the buckets as well as prey in Mnemiopsis gastral cavities was counted. 



Chapter III 

76 
 

Identifiable and countable prey in Mnemiopsis gastral cavities were considered as ingested. The 

difference between initial prey numbers and remaining prey in the buckets, as well as ingested prey 

was considered as digested. 

To estimate counting errors and handling effects on prey survival we introduced a handling control, 

that only contained the prey species single or in combination without the predator, which underwent 

the same procedures as the experimental treatments. 

Since the predation vulnerability of fish larvae usually decreases with larval age in the first 

experiment, we exposed three different age classes (0 – 12 h, 24 – 36, 72 – 84 h post hatch) of herring 

larvae to one size class of Mnemiopsis (Table 1). In the second experiment herring larvae of one age 

class were exposed to different sizes of Mnemiopsis (Table 1), because predation impact is often 

influenced by predator size. In the third experiment one size class of Mnemiopsis was offered either 

Acartia or herring larvae alone as well as a mix of both Acartia and herring larvae, as prey (Table 1). 

Pictures and videos were taken using a Nikon SMZ18 stereomicroscope. 

 

 

2.3. Data analysis 

Predation impact was measured via clearance (F, l ind. -1 h -1) rates of Mnemiopsis and was calculated 

using the following formular: 

 

F= � 𝑉𝑉
𝑛𝑛 ∗ 𝑡𝑡

� ∗ 𝑙𝑙𝑙𝑙 �𝐶𝐶𝑖𝑖
𝐶𝐶𝑓𝑓
� 

 

Where V is the bucket volume, n is the number of predators (here only one), t is the exposure duration 

in hours (here four hours), 𝐶𝐶𝑖𝑖 is the initial concentration of prey and 𝐶𝐶𝑓𝑓 is the final concentration of 

prey left in the bucket.  

 

To test for significant differences between treatments we used a one-way ANOVA plus a post hoc 

pairwise-t-test for normally distributed data (larval age experiment) and a Kruskal-Wallis-tests plus 

a post-hoc Wilcoxon signed ranked tests for not normally distributed data (selection experiment). We 

used a Pearson-correlation-test to test for association between predator size and clearance rates. 

Statistical significance was set to p-value= 0.05. All statistical analysis and plotting was done in R 

version 4.0.2. (R Core Team 2019).  
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Table 1 Summary of experimental conditions. o-a, oral-aboral length; total, total length; larval age, hours post hatch; 

Control, treatments without predator; Select a-c, selection experiment. Size 1-2, predator size experiment; Age 1-3, larval 

age experiment. Number of predators was always one per treatment (n = 5). 

* Data of treatment Select b from the selection experiment was re-used. 

 

 
Mnemiopsis size [cm] 

larval age post 

hatch [h] 

Treatment o-a    total   

Control 1             24-36 

Control 2 
      

24-36 

Control 3             24-36 

Select a 2.2 ± 0.3 3.0 ± 0.5 24-36 

Select b 2.0 ± 0.1 2.6 ± 0.2 24-36 

Select c 2.3 ± 0.2 3.2 ± 0.4 24-36 

Size 1.3 - 2.0 1.7 - 2.6 24-36 

Age 1 2.2 ± 0.2 3.1 ± 0.2 0-12 

Age 2* 2.0 ± 0.1 2.6 ± 0.2 24-36 

Age 3 2.2 ± 0.2 3.2 ± 0.3 72-84 

Temperature 10°C           

Salinity 17 PSU 
     

Tank volume 15 l 
      

Duration 4 h 
      

Prey concentrations [ind. l-1]: 

Herring larvae 1.3 ind. l-1 
    

Acartia tonsa 15  ind. l-1         
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Figure 1 Experimental design. The Procedure remained the same for all experiment and treatments (n = 5). Only larval 

age, Mnemiopsis size and prey type changed respective to the treatment. 

 

 

3. Results 

 
The handling control treatments showed neglectable counting errors (less than 10% of total prey 

amounts) for both Acartia and herring larvae in single and mixed treatments (Table S1), thus the 

experimental data received no correction for counting errors. 

 

All sizes of Mnemiopsis tested were able to capture and digest herring yolk-sac larvae (Figure 2). In 

88 % of the treatments involving herring larvae at least one or more larvae were ingested by 

Mnemiopsis. The highest number of ingested herring larvae per Mnemiopsis during the experiment 

was 10, the lowest was zero.  
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Figure 2 Mnemiopsis leidyi with ingested herring larvae. Red arrows point out herring larvae individuals. a. a small 

Mnemiopsis leidyi specimen (oral-aboral (o-a) length 0.9 cm, total length (TL) 1.4 cm) that ingested two herring larvae. 

b. a Mnemiopsis leidyi (o-a length 1.9 cm TL 2.2 cm) specimen that ingested at least nine herring larvae. c. one of the 

larger Mnemiopsis leidyi specimen in this study (o-a length 2.8 cm, TL 3.7 cm) with three ingested herring larvae. 

Digestion has already started noticeable by partly dissolved prey pieces at the aboral pole (black arrow). 

 

 

3.1. Effects of larval age 

Clearance rates of Mnemiopsis on different aged herring larvae differed significantly (ANOVA, F-

value = 14.2, p-value = <0.001) between larval age 0-12 h post hatch and both other larval ages tested 

(Pairwise-t-test, 0-12 vs. 24-36 p-value = 0.001, 0-12 vs. 72-84 p-value = 0.002) (Figure 3). Clearance 

rates decreased with increasing age of larvae. Lowest clearance rates were observed for larvae aged 

72-84 h post hatch. 
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Figure 3 Clearance rate of Mnemiopsis leidyi (size 2-3 cm o-a) for herring larvae with different ages post hatch (n = 5). 

 

3.2. Effects of predator size 

All sizes of Mnemiopsis tested were capable of catching and digesting herring larvae, but the larger 

individuals showed higher clearance rates with a significant positive (Pearson’s correlation test: Size 

o-a: t = 2.5733, df = 8, p-value = 0.03296, R = 0.67; Total size: t = 2.4173, df = 8, p-value = 0.04203, 

R = 0.65) correlation between predator size and clearance rate (Figure 4). 

 

 
Figure 4 Clearance rate of different Mnemiopsis leidyi sizes (o-a oral-aboral and total size in cm) (n = 5).  
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3.3. Selection experiment 

Clearance rates of Mnemiopsis for both prey types (herring larvae and Acartia tonsa) in all three 

treatments were similar (Figure 5). There was no significant (Kruskal-Wallis-Test: chi-squared = 

1.2274, df = 3, p-value = 0.75) difference in the clearance rates of Mnemiopsis on any of the prey 

among the three treatments and alternative prey had no influence on Mnemiopsis clearance rates of 

herring larvae. 

 

 

 
 

Figure 5 Clearance rates of Mnemiopsis leidyi (size 2-3 cm oral-aboral length) in the prey selection experiment (n = 5). 

Treatment Acartia tonsa and herring larvae included only one prey type (10 ind. l-1 Acartia and 1.3 ind. l-1 herring larvae), 

while treatment selection included both prey types (same concentrations as in single treatments). 
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4. Discussion 

 
When Mnemiopsis was first reported in the Baltic Sea, immediate concerns were raised about its 

impact on Baltic Sea ecosystems and especially on Baltic fish stocks. First observations in 2007 

(Haslob et al. 2007) suggested potential in-situ predation of Mnemiopsis on larvae of Baltic cod in 

one of its last remaining spawning grounds in the Central Baltic Sea. However, further field 

investigations (Schaber et al. 2011) and experiments with Mnemiopsis, cod eggs and cod larvae 

(Jaspers et al. 2021) suggested the predation threat to be neglectable and the discussion on 

Mnemiopsis’ impact on Baltic Sea fish stocks came to a rest. The present experimental results showed 

that 1) even small sizes of Mnemiopsis were able to catch and digest herring larvae but also, 2) they 

continued to do so, with same clearance rates when alternative smaller prey was available. This 

highlights the urgent need of further studies on Mnemiopsis’ predatory impact on fish larvae of 

different species, as well as gaining information on temporal and spatial overlaps of Mnemiopsis and 

larval fish in the introduced range of Mnemiopsis. 

 

4.1. Effects of predator size, larval age, and alternative prey 

We observed that clearance rates of Mnemiopsis on herring larvae increased with predator size, which 

is in line with previous studies using other fish species (Jaspers et al. 2011b; Marchessaux et al. 2021; 

Monteleone and Duguay 1988). We showed that even very small specimen of Mnemiopsis (oral-

aboral length 0.9 cm) were able to capture and digest herring larvae. This size independence in 

predation abilities increases the likelihood of temporal overlaps between herring larvae and 

Mnemiopsis individuals that are capable of larval predation in the field. Though clearance rates 

decreased with larval age Mnemiopsis was still capable to also catch older yolk-sac larvae. 

Additionally, observations with the light switched on showed, that the herring larvae seemed not to 

be aware of the predator, not even when touching Mnemiopsis. The larvae kept swimming around 

and even through the lobes of Mnemiopsis until they came too close to the oral pole, where they were 

then easily ingested, while showing no signs of escape mode. The inability of the herring larvae to 

recognize the predator, might explain why also older and stronger larvae have been ingested. 

Additionally, it might even pose a threat to older, feeding larvae with absorbed yolk-sacs, which are 

usually stronger and less vulnerable to jellyfish predation, probably due to advance escape abilities 

(Bailey 1984). However, effective escape strategies can only be performed when the larvae are aware 

of a predator being around. To evaluate the impact on older herring larvae further experiments are 
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necessary to understand the maximum larval ages and sizes for Mnemiopsis to capture. During the 

selection experiments Mnemiopsis continued to prey on herring larvae with no decline in clearance 

rates when alternative prey was available. These findings go along with previous selection 

experiments of Mnemiopsis (Cowan et al. 1992; Monteleone and Duguay 1988). Nevertheless, unlike 

many other jellyfish predation experiments where Artemia nauplii were used, we chose an alternative 

prey species that is native to the Baltic Sea, as well as concentrations that are close to in-situ 

observations (Behrends 1996). Therefore, we believe our results may reflect in-situ predation 

behaviour of Mnemiopsis and allow extrapolations to the field.  

 

4.2. Importance for in-situ larval populations 

Introduction of none-indigenous species to an ecosystem can be potentially harmful. In the marine 

realm semi-enclosed systems are particularly sensitive to environmental changes (Caddy 1993). 

Specific to the Baltic Sea, jellyfish predation was found to be more sever in e.g. Fjords or other 

enclosed systems, like Kiel Fjord compared to open systems like Bornholm Basin (Stoltenberg et al. 

2021). In Limfjord for example, strong reductions of zooplankton stocks, including fish larvae were 

correlated with high abundances of jellyfish (Møller and Riisgård 2007b). At the same time, these 

semi-enclosed habitats often represent important spawning grounds for herring (e.g., Kiel Fjord). Our 

results provide preliminary evidence and support for possible in-situ predation of Mnemiopsis on 

herring larvae. Considering this, Mnemiopsis may hold the potential to substantially prey on WBSS 

herring yolk-sac larvae. However, the extent of predation and therefore its significance for larval 

recruitment is limited to the times of overlap in peak abundances of adult Mnemiopsis and herring 

yolk-sac larvae. Since population dynamics of Mnemiopsis within the Baltic Sea is still not fully 

understood the evaluation of the importance of Mnemiopsis driven mortality on herring recruitment 

remains difficult. Future studies will have to investigate to what extent predation of Mnemiopsis on 

herring larvae occurs in-situ on WBSS herring spawning grounds as well as they must determine how 

frequent temporal overlaps of both groups appear. 
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Summary and perspectives 
 

The present dissertation gives an overview of the current status of the understanding of jellyfish 

trophic ecology in the Baltic Sea. Furthermore, it contributes valuable baseline data to the very scarce 

data set of jellyfish trophic marker values of this area, and it provides first evidence on a specific 

jellyfish fatty acid trophic marker as well as first suggestions on the predation impact of non-

indigenous jellyfish species on Baltic Sea herring larvae. 

The following synoptic summary deals with 1) the general role of jellyfish in Baltic Sea food webs 

(Chapter I and II) 2) their interaction with Baltic Sea fish species (Chapters I,II and III) and 3) the 

evidence for a potential jellyfish fatty acid trophic marker (Chapter II) as well as 4) perspectives for 

future research on jellyfish trophic ecology in the Baltic Sea. 
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Figure 7 Conceptual figure summarizing the findings and perspectives given within the framework of this dissertation.  
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The role of jellyfish in Baltic Sea food webs 
 

Overall, the results of this dissertation showed that jellyfish trophic roles in the Baltic Sea are highly 

complex, reaching from seston feeders to top planktonic predators. Jellyfish trophic roles are 

susceptible to spatial and temporal influences and differed significantly between jellyfish species. In 

the following, I will therefore summarize the findings on jellyfish trophic roles on the basis of the 

three most dominant jellyfish taxa in the Baltic Sea. 

 

Aurelia aurita 

The review on jellyfish trophic interactions in the Baltic Sea (Chapter I) showed that A. aurita is the 

best represented jellyfish species in trophic ecology studies of this area (45 out of 57 jellyfish trophic 

ecology studies). Gut content analysis showed that A. aurita in the Baltic Sea is feeding on a variety 

of zooplankton species such as various copepod stages, bivalve larvae and cladocerans (Barz and 

Hirche 2004; Barz and Hirche 2005) as well as fish eggs and larvae (Margonsky and Horbowa 1994, 

1996; Möller 1984) but stable isotope data from Bornholm Basin (Chapter II) and earlier studies 

(Javidpour et al. 2016) also revealed the use of seston/particulate organic matter as food sources, 

particularly after the spawning period in late summer and autumn. It is evident that the influence and 

importance of A. aurita on local food webs is higher in more enclosed habitats, such as bays and 

narrow fjords. Here A. aurita easily sums up to high biomass aggregations driven by winds and 

currents (e.g. Møller and Riisgård 2007b). Although it should be noted that in most cases these 

aggregations do not reflect an overall increase in population sizes within the whole Baltic system. 

These locally high concentrations of A. aurita are affecting food webs by exceptionally high predation 

pressures reducing zoo and ichthyoplankton to a minimum (Hansson et al. 2005; Møller and Riisgård 

2007b). Although A. aurita is comparably overrepresented in jellyfish trophic studies of the Baltic 

Sea, the general understanding of its trophic role is limited in space and time. For example, direct 

ichthyoplankton predation was only reported from two areas Kiel Fjord (Möller 1984) and Bornholm 

Basin (Margonsky and Horbowa 1994, 1996) and these reports are partly over 40 years old. Gut 

content analysis of A. aurita are limited to three locations and none of these studies show a systematic 

and comparable sampling over time (time-series) that allows conclusions on general feeding 

behaviours of A. aurita in a whole Baltic Sea context and with a temporal resolution. In the light of 

the findings from Chapter II, that jellyfish trophic roles are complex and hardly predictable, it must 
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be admitted that we are still far from a systematic understanding of A. aurita’s trophic role in Baltic 

Sea food webs. 

 

Cyanea capillata 

Trophic studies involving C. capillata in the Baltic Sea are limited (11 out of 57 jellyfish trophic 

ecology studies) (Chapter I). However, findings from Chapter I and Chapter II allow it to draw a basic 

picture of C. capillata’s role in Baltic Sea food webs as a top planktonic predator. Unlike A. aurita, 

C. capillata medusae do not only prey on a variety of zoo- and ichthyoplankton they also consume 

other jellyfish species (Chapter I). An experiment showed that the consumption of gelatinous prey is 

crucial for a proper growth of C. capillata (Båmstedt et al. 1997). Although trophic markers (Chapter 

II) suggested changes in feeding behaviours with season, C. capillata is a constant top plankton 

predator throughout all pelagic life stages and occupied trophic levels up to ~5.9. Explanations for 

differences in trophic roles of A. aurita and C. capillata may lay in physiological differences between 

the two scyphozoan species. While A. aurita has short tentacles with a mild venom, C. capillata has 

exceptionally long tentacles, and a comparably strong stinging capacity, making it easier to subdue 

larger and stronger prey such as fish larvae or bigger planktonic crustacea. Additionally, although C. 

capillata usually appears in lower numbers compared to A. aurita, it may at times have stronger 

impacts on different members of the planktonic communities e.g., fish larvae and eggs, due to higher 

vertical overlaps as well as higher tentacle surface areas (Margonsky and Horbowa 1994, 1996). In 

this context, also unintentional kills (Chapter I) or so to speak “collateral damage” by C. capillata 

tentacles (either attached or detached of the umbrella) and its importance for zooplankton mortality 

especially during blooms, is still unclear and might be of interest for future studies. 

 

Mnemiopsis leidyi 

The role of M. leidyi in Baltic Sea food webs is especially interesting, since it represents a none-

indigenous species. Introductions of none-indigenous species to ecosystems are potentially harmful 

(Elton 2020; Lockwood et al. 2013) and a newly introduced species becomes invasive when it 

severely and negatively impacts native ecosystem communities. If this is the case for M. leidyi in the 

Baltic Sea, is not fully understood and partly still under debate. Findings from 15 studies reviewed in 

Chapter I showed that M. leidyi in the Baltic Sea in general feeds on a variety of zooplankter such as 

barnacle nauplii, cladocerans, fish eggs and larvae as well as planula larvae of A. aurita and even 

cannibalistic feeding of own larvae was reported. Additionally, findings from Chapter II showed an 
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association of M. leidyi with the deep seston and the bacterial loop. Although these prey preferences 

overlap with that of other Baltic Sea jellyfish species, trophic marker values (Chapter II) revealed 

rather distinct trophic niches among jellyfish species. A clear trophic separation between Scyphozoa 

and M. leidyi suggested little competition between the two groups and might indicate that M. leidyi 

has found its own trophic niche within the Baltic Sea ecosystem. Due to limited studies and data sets 

available, there is only little evidence for negative impacts of M. leidyi on Baltic Sea ecosystems 

(Chapter I). However, we are still lacking a comprehensive understanding of M. leidyi’s population 

dynamics. In addition, its high blooming potential might comprise the risk of temporally and spatially 

limited but strong top-down impacts on plankton communities, as seen for example in Limfjord 

(Chapter I). Furthermore, since the Baltic Sea is exceptionally susceptible to climate change and other 

anthropogenic pressures (Reusch et al. 2018) future conditions might change in favour of M. leidyi 

(and other jellyfish), requiring a re-evaluation of the current status and role of M. leidyi in Baltic Sea 

food webs. 

 

 

In summary the data of this dissertation showed that jellyfish trophic roles are comparably complex 

and shaped by temporal influences as well as by geographical features. This is making it rather 

impossible to formulate a general statement on the trophic ecology of jellyfish, which is valid for all 

species and populations of the Baltic Sea. Trophic roles differed substantially among jellyfish species, 

and even within the same species. Therefore, an oversimplification of jellyfish trophic roles will lead 

to misunderstandings and wrong assumptions on the impact of jellyfish on marine ecosystems. Thus, 

I recommend to account for these differences when integrating jellyfish in food web studies and 

modelling approaches, to gain a better understanding of the role that specific jellyfish species play in 

marine food webs. 

 

 

Jellyfish-fish interactions 
 

Based on the findings from Chapter I and II, where a broad prey spectrum of jellyfish similar to that 

of ichthyoplankton and adult planktivorous fish was reported and overlaps of isotopic niches and fatty 

acid signatures of jellyfish and fish were documented, it can be assumed that both groups partly 

compete for the same prey resources. Additionally, the synoptic literature review from Chapter I as 
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well as findings from Chapter III showed that C. capillata, A. aurita and M. leidyi are predators of 

fish eggs and larvae in the Baltic Sea. Documentation of this predation came mainly from Bornholm 

Basin. Here fish eggs and larvae of especially cod were found in the stomach contents of all three 

jellyfish species (Haslob et al. 2007; Margonsky and Horbowa 1994, 1996; Schaber et al. 2011). Due 

to differences in vertical overlaps predation of C. capillata on fish eggs was suggested to be more 

important although C. capillata abundances were much lower than A. aurita numbers. Results from 

stable isotope analysis out of Chapter II additionally showed that C. capillata obtains comparably 

high trophic levels on par with that of planktivorous adult fish, such as herring and sprat. This was 

especially pronounced in samples from late summer and is furthermore supporting a partly 

ichthyoplanktivorous diet of C. capillata, as well as competition potential with adult fish. Although 

trophic marker results from Chapter II did not suggest ichthyoplankton predation of A. aurita, earlier 

studies from Bornholm Basin proved its existence and data from Kiel Fjord showed that the predation 

impact on larval fish can be exceptionally high (Möller 1984) (Chapter I). Considering M. leidyi’s 

interactions with fish the results are complex and sometimes contradicting. Initial studies from 

Bornholm Basin right after first sightings of M. leidyi in the Baltic Sea, found cod larvae and eggs in 

gut contents of M. leidyi (Haslob et al. 2007). However, a subsequent predation experiment suggested 

only very minor and neglectable predation of M. leidyi on cod eggs and larvae (Jaspers et al. 2011b). 

Trophic marker data from Chapter II did not suggest fish predation. However, during bloom situations 

in enclosed habitats the direct (predation) or indirect (competition) impact of M. leidyi on fish larvae 

and eggs, may be drastic (Chapter I). Data from Chapter III showed that even very small M. leidyi 

specimen (o-a size 0.9 cm) were easily capable of catching yolk-sac herring larvae and that all 

examined sizes of M. leidyi continued to do so with same clearance rates, when alternative natural 

prey was available. Considering that recruitment bottlenecks for fish can also occur in egg and yolk-

sac larval stages (Houde 2008; Polte et al. 2014) the data from Chapter III may suggest that 

Mnemiopsis holds the potential to influence herring larvae recruitment, depending on how frequent 

both groups are overlapping in-situ. 

 

 

The example of M. leidyi highlights the difficulties in assessing jellyfish-fish interactions. However, 

the results of this thesis showed that both the competition between jellyfish and fish as well as the 

predation impact of jellyfish on fish eggs and larvae and other zooplankter is often limited by, and 

dependent on the following factors:  
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The synoptic literature research (Chapter I) showed that spatial features promoting high biomasses of 

jellyfish, such as bays, fjords and harbours increase the predation impact of jellyfish on zoo-and 

ichthyoplankton and with that also the extent of competition (e.g. Riisgård et al. 2007 ; Riisgård et al. 

2012b). Other spatial factors refer to the spatial overlap of jellyfish and ichthyoplankton. This is 

especially important in the deeper Baltic Sea basins, such as Bornholm and Gotland Basin. Plankton 

communities including fish larvae are usually not equally distributed and different water layers 

contain different planktonic community compositions. Studies on the distribution of C. capillata, A. 

aurita and M. leidyi showed differences in peak abundances of each species over depth, which is 

limiting or increasing competition and predation pressure with and on zoo and ichthyoplankton, 

depending on the extent of spatial overlaps (Haslob et al. 2007; Margonsky and Horbowa 1994; 

Schaber et al. 2011). Furthermore, there are also temporal effects on jellyfish-fish interactions 

(Margonsky and Horbowa 1996; Schaber et al. 2011). Predation of jellyfish on fish larvae and eggs 

is naturally limited to the times were medusae or adult stages of jellyfish timely overlap with 

spawning periods and larval occurrences of fish. Moreover, also seasonal differences in feeding 

behaviours of jellyfish can affect the predation impact. Data from Chapter II suggested that the 

predation risk of ichthyoplankton by A. aurita is probably the lowest in late summer after A. aurita’s 

spawning period, whereas predation risk for larval fish by C. capillata seemed to be increased in late 

summer. Since the number of factors influencing competition and predation between these two groups 

is high and jellyfish population dynamics are complex and yet unpredictable, it is impossible to make 

precise assessments on jellyfish-fish interactions, that are valid for the whole Baltic Sea. Thus, risk 

factors, potential spatial and temporal overlaps as well as jellyfish feeding behaviours should be 

evaluated locally to gain a better understanding of Baltic Sea jellyfish-fish interactions in the future. 

 

 

Jellyfish fatty acid trophic markers 

 
Results from Chapter II, in combination with earlier findings (Chi et al. 2018; Schaub et al. 2021; 

Wang et al. 2022), provided in-situ evidence for a promising fatty acid trophic marker specific for 

scyphozoan jellyfish. In general scyphozoan jellyfish showed a high relative amount of 

polyunsaturated fatty acids (PUFA) comparable to that of fish. PUFAs are associated with healthy 

diets, they work as antioxidants and energy storages, have anti-inflammatory characteristics and are 

important for many physiological processes in all Metazoans e.g., hormone production and brain 
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development (Dalsgaard et al. 2003; Tocher 2003). These PUFAs can be categorized, depending on 

the position of their carbon double bonds, in two groups (n-3) and (n-6) PUFAs. Compared to fish 

and all other organisms examined in Chapter II, scyphozoan jellyfish showed the highest share of (n-

6) PUFAs, mainly driven by a fatty acid called arachidonic acid (ARA). Compared to one of the most 

prominent (n-3) PUFAs docosahexaenoic acid (DHA) it results in a significantly higher ARA/DHA 

ratio in scyphozoan jellyfish, compared to all other organisms examined. Although, feeding 

behaviours of scyphozoan jellyfish changed with seasons, this pattern was very reliable and could be 

observed throughout all sampling events. Furthermore, this suggests either a de-novo production of 

ARA in Scyphozoa or the ability to convert other fatty acids into ARA. To establish this finding as a 

trophic marker further research must examine what circumstances and physiological pathways govern 

the enrichment of ARA in Scyphozoa and if the increased ARA/DHA ratio is reliably transferred to 

jellyfish consumers. 

 

 

Perspectives 
 

Results from Chapter I and open questions that remained in Chapter II and III pointed out knowledge 

gaps hampering the holistic understanding of jellyfish trophic ecology in the Baltic Sea, which should 

be addressed in future research projects. 

One of the prominent findings in Chapter I was the lack of information on Baltic Sea jellyfish species 

other than the three comparatively frequently addressed species A. aurita, C. capillata and M. leidyi. 

We know of the occurrence of at least two more native ctenophores Pleurobrachia pileus and 

Bolinopsis infundibulum but information on their trophic ecology in this area is basically non-existent. 

A similar phenomenon was observed for hydromedusae. Here it is even unknown how many species 

naturally occur in the Baltic Sea, let alone the extent of biomass of this very cryptic jellyfish taxon. 

Of course, one could argue that biomasses of hydromedusa in the Baltic Sea are probably small since 

the reported sightings and numbers of studies are so low. However, 1) those jellyfish are often 

overseen during samplings because many researchers are hardly familiar with their appearance and 

tend to not recognize them. This problem is additionally enhanced by the often inconspicuous 

appearance and very small sizes of hydromedusa. 2) Even though a species occurs in low numbers 

due to low functional redundancy it may be exceptionally important for the functioning of an 

ecosystem (Paine 1969). Therefore, I strongly suggest to gain a better and more comprehensive 
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overview on the existing jellyfish species living in the Baltic Sea and their roles and importance in 

food webs, with a special emphasis on hydromedusae. 

Although numbers of studies on A. aurita and C. capillata compared to e.g., hydromedusae are high, 

they are biased towards the planktonic stages and especially towards adult medusae of these species. 

At the same time, the trophic ecology of their polyps is hardly described for the Baltic Sea and one 

of the reasons for that is most certainly the lack of knowledge on their natural occurrence. Without 

these information connections and extrapolations from experimentally derived trophic roles to field 

conditions are hardly possible. Future studies will have to investigate where jellyfish polyp 

populations exist in the Baltic Sea and how large these colonies are. With that, we will not only be 

able to address questions on polyp trophic ecology, but we might also gain insight on population 

dynamics and connectivity between polyps and medusae, which can help to predict jellyfish 

biomasses and blooms.  

Despite the knowledge gaps that are discussed here there is at least a basic understanding of jellyfish 

top-down trophic interactions within the planktonic food webs of the Baltic Sea. What is still largely 

missing are the connections to higher trophic levels such as fish, sea birds and marine mammals. The 

interpretation of jellyfish as dead ends in food webs is long outdated and numerous species from sea 

turtles over sharks, fish and crustacea to penguins have been outed as jellyfish predators (e.g., Hays 

et al. 2018). A large-scale stomach content analysis using meta barcoding in the Irish sea, an 

ecosystem not far from the Baltic Sea with several jellyfish and fish species in common, showed 

jellyfish predation in at least eight fish species (Lamb et al. 2017). Especially whiting and herring 

frequently preyed on jellyfish. However, evidence for predation on jellyfish in the Baltic Sea is scarce 

and limited to anecdotal reports, educated guesses and indirect evidence. Footage used in a 

documentary on the Baltic Sea showed starfish (Asterias rubens) preying on A. aurita that were 

hoovering close to the sea floor in Schlei-Fjord, Germany. This observation is additionally linking to 

another open question considering jellyfish predation, so called jellyfish-falls. Jellyfish-falls are a 

phenomenon reported from the deep sea (Lebrato and Jones 2011; Sweetman and Chapman 2015). 

Here dead jellyfish carcasses fuel deep sea ecosystems (Sweetman et al. 2014) and at times 

substantially support the biological carbon pump (Lebrato and Jones 2011; Lebrato et al. 2019; 

Sweetman and Chapman 2015). Nevertheless, reports of jellyfish-falls from the admittedly shallow 

Baltic Sea remain anecdotal (Schneider 2020). Further evidence of jellyfish predation in the Baltic 

Sea which was not scientifically reviewed originates form personal observations and correspondence, 

were anglers found whole A. aurita medusa in stomachs of cod and flat fish. The only scientifically 



Summary and Perspectives 

94 
 

documented report is an indirect link to jellyfish predation. Whereby Hyperia galba (Montagu, 1813) 

an amphipod jellyfish parasite was found in the stomachs of Baltic Sea herring (Dziaduch 2011). 

Since this parasite is closely associated with jellyfish it cannot be excluded that herring were ingesting 

jellyfish biomass, though it remains unclear if the jellyfish or the parasite was the main target of 

predation. To fully understand jellyfish trophic roles, future studies will have to determine jellyfish 

predators and investigate the extent of jellyfish predation within Baltic Sea ecosystems.  

Generally necessary for evaluations of jellyfish impacts on Baltic Sea food webs is the existence of 

proper baselines, against which changes can be measured. To create these baselines continuous 

monitoring data of jellyfish abundances and their population fluctuations and diets are needed. These 

monitoring efforts would have to be conducted Baltic wide with a certain temporal resolution and 

comparable methods, creating a comprehensive jellyfish time-series. This is a tool that is commonly 

used in fisheries management but largely missing for jellyfish populations, not only in the Baltic Sea 

but on a global scale. Lastly, I therefore consider the implementation of continuous jellyfish time-

series data collections as one of the most important tools to promote the systematic understanding of 

jellyfish trophic ecology not only in the Baltic Sea but on a global scale. 
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Appendices 
 

Chapter I 
 
Table S1 Search terms used in literature research on Google Scholar and Web of Science. All terms were used in 

several combinations. 

Species groups locations others 

    
Aurelia aurita Jellyfish Baltic Sea trophic interactions 
Cyanea capillata Scyphozoa Bornholm Basin food web 
Sarsia tubulosa Hydromedusa Gotland Basin jelly-falls 
Aequorea vitrina Ctenophora Arkona Basin nutrient regeneration 
Blackfordia virginica Gelatinous zooplankton Limfjord carbon cycling 
Maeotias marginata Ephyra Gullmarsfjord predation 
Bolinopsis infundibulum Medusa Kiel Fjord prey 
Pleurobrachia pileus Hyperiids Kertinge Nor interaction 
Mnemiopsis leidyi  Sweden interaction with fish 
Moon jelly  Denmark zooplankton 
Lionsmane jelly  Germany trophic role 
Hyperia galba  Poland  
Beroe sp.  Finland  
  Estonia  
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Chapter I Table S2 Special characteristics of the five research hot spots identified during literature research. 

 Baltic Sea region Country type 
max. depth  
[m] 

appr. Salinity  
[PSU] special characteristics 

       

Bornholm 
Basin Central Baltic 

Denmark, Sweden, 
Poland offshore 92 7-17 Strong stratification, often anoxic bottom areas 

Kiel Fjord Western Baltic Germany Fjord 16 15-22 wind driven strong fluctuations in salinity; 
Kiel-Canal gateway for invasive species 

Kertinge Nor Great Belt Denmark Fjord 8 10-27 density driven water exchange over small sill 

Limfjord Kattegat/Skagerrak Denmark Fjord 15 30 Basin like structures; wind driven water 
exchange and salinities; anoxic bottom areas 

Gullmarsfjord Skagerrak Sweden Fjord 125 33 Transition zone between Baltic and North Sea 
              

 



Appendices 

116 
 

Table S3 List of reviewed publications. Please see electronic supplementary. 
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Chapter II 

 

 

Figure S1 Principal component analysis (PCA) of fatty acid groups comparing seston baseline samples of three different 

sampling events in Bornholm Basin. Fatty acids were grouped into 6 groups: bacterial fatty acids (bacFA), hydroxy fatty 

acids (ohFA) saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and Omega-6 and Omega-3 

polyunsaturated fatty acids. 
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Figure S2 Boxplot of ratios of arachidonic acid/docosahexaenoic acid (ARA/DHA) with the ratio on the x-axis and 

species on the y-axis. Species are sorted into higher functional groups (Second x-axis) of seston, zooplankton (crustacea), 

jellyfish and fish and the data are separated by sampling events (second y-axis). Elevated values in scyphozoan jellyfish 

suggest the use of this ratio as a fatty acid trophic marker.
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Table S1 Characteristics of the three study areas. Gotland Basin refers to the eastern Gotland Basin. 

 Baltic Sea region Country type 
max. 
depth [m] 

appr. Salinity 
[PSU] special characteristics 

       

Kiel Bight Western Baltic Germany coastal 16 15-22 wind driven strong fluctuations 
in salinity; Kiel-Kanal gateway 
for invasive species 

Bornholm Basin Central Baltic 
Denmark, 
Sweden, Poland offshore 92 7-17 Strong stratification, often 

anoxic bottom areas, aeration 
dependent on North Sea water 
inflow Gotland Basin Central Baltic Sweden offshore 249 7-12 
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Table S2 Sampling gear with mesh sizes and target taxa. 

   Groups sampled 

Net Mesh size tow JF Zooplankton Fish eggs Fish larvae Adult fish Seston 

YFT 0.5 cm horizontal trawl/ oblique x    x  

Bongo 150 µm horizontal trawl/ oblique x x x x   

 335 µm horizontal trawl/ oblique x x x x   

 500 µm horizontal trawl/ oblique x x x x   

WP2 200 µm vertical x x x x   

WP3 1000 µm vertical x (x)  x   

Multinet midi 150 µm vertical/ w depth resolution x      

Multinet maxi 335 µm horizontal trawl/ w depth resolution x   x   

Watersampler   vertical           x 
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Table S3 Table of all stable isotope values measured. Please see electronic supplementary. 

 

 

Table S4 Sampling sizes per species, divided by sampling time, sampling location, figure/table and type of analysis. 

Please see electronic supplementary. 

 

 

Table S5 Sizes of isotopic niches corrected for small sample sizes (SEAc). 

SEAc size April 2019 September 2019 

Species KB BB GB BB 
Cyanea capillata  2.4 4.3 5.0 
Aurelia aurita    1.7 
Sarsia tubulosa 4.1    
Ephyra 3.4 1.6 1.9  
Mnemiopsis leidyi  4.9  1.0 
Herring  1.7   
Sprat  2.0   
Sprat larvae  2.5   
Flounder larvae  0.4   
Stickleback     1.8   
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Table S6 Stable isotope ranges of jellyfish in the Baltic Sea and from other ecosystems world-wide. 

Species Region Location Month δ15N δ13C 
Lipid 
correction Publication 

A. aurita Baltic Sea Askö, S August 5.8 -20 None Rolff 2000 

A. aurita Baltic Sea Gulf of Gdansk, PL August 11.02 ± 0.25 -23.58 ± 0.35 None Brulinska et al. 2016 

A. aurita Baltic Sea Kiel Fjord, D Jun to Sep 10.9 to 14.8 -23.9 to -21.3 
Post et al. 
2007 Javidpour et al. 2016 

C. capillata Baltic Sea Kiel Fjord, D Sep to Oct 12.4 to 15.9 -20.6 to -22.0 
Post et al. 
2007 Javidpour et al. 2016 

        
A. aurita Indian Ocean Ningalo reef, Australia May to June 9.31 -19.26 None Ingram et al. 2017 
A. aurita Pacific Hiroshima bay, Japan Summer 13.7 ± 4.5 -18.2 ± 1.3 NA Shoji et al. 2009 

A. aurita Atlantic 
Strangford Lough, 
Ireland May to Sep 9.7 ± 1.6 -19.0 ± 1.2 None Fleming et al. 2015 

A. aurita 
Mediterranean 
Sea Veliko Jezero, Croatia May 7.2 -20.56 

D'Ambra et al. 
2012 D'Ambra et al. 2013 

A. aurita Atlantic 
Gulf Stream, North 
Carolina Jul to Sep 8.52 ± 0.55 -19.5 ± 0.58 

Post et al. 
2007 McClellan et al. 2010 

A. aurita 
Mediterranean 
Sea Berre Lagoon, France April 15.1 ± 0.9 -23.2 ± 0.1 

Post et al. 
2007 

Marchessaux et al. 
2021 

A. aurita North Sea 
Western Wadden Sea, 
Netherlands NA 13.5 ± 0.2 -18.5 ± 0.2 

Post et al. 
2007 

van Walraven et al. 
2018 

C. capillata Atlantic 
Strangford Lough, 
Ireland May to Sep 12.4 ± 1.8 -19.7 ± 1.3 None Fleming et al. 2016 

C. capillata Atlantic 
Massachusetts a. 
Florida, USA 

Mar, Aug to Oct, 
Jul to Sep 10.9 ± 1.39 -20.31 ± 0.82 

Post et al. 
2007 Dodge et al. 2011 

C. capillata Pacific Okhotsk Sea, Russia NA 12.4 ± 0.6 -17.9 ± 0.7 

Lipids 
extracted 
before analysis Gorbatenko et al. 2014 

C. capillata North Sea 
Western Wadden Sea, 
Netherlands NA 13.1 ± 0.6 -18.4 ± 0.3 

Post et al. 
2007 

van Walraven et al. 
2018 
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C. capillata (n=1) Atlantic 
Gulf Stream, North 
Carolina Jul to Sep 5.92 -17.47 

Post et al. 
2007 McClellan et al. 2010 

Mnemiopsis leidyi Atlantic 
Cananéia Estuary, 
Brazil Apr, Jul, Oct, Jan 10.01 to 11.38 -18.6 to -19.62 None Nagata et al. 2015 

Mnemiopsis leidyi North Sea Helgoland, Germany Jan to Jul 13.78 -19.94 None Hamer et al. 2011 

Mnemiopsis leidyi 
Mediterranean 
Sea Berre Lagoon, France April 12.0 ± 1.2 -24.8 ± 1.0 

Post et al. 
2007 

Marchessaux et al. 
2021 

Mnemiopsis leidyi North Sea 
Western Wadden Sea, 
Netherlands NA 14.5 ± 0.2 -19 ± 0.1 

Post et al. 
2007 

van Walraven et al. 
2018 
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Table S7 All fatty acid values in percent of total fatty acids measured during this study. Please see electronic 

supplementary. 
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Chapter III 

 
Table S1 Counting errors for single and selection prey control treatments. Handling procedures and prey concentrations were the same as for the predator treatments. 

Treatment 

Dead 
Acartia 
tonsa 

Alive 
Acartia 
tonsa 

Dead herring 
larvae 

Alive 
herring 
larvae 

Counting 
error Acartia 
tonsa 

Counting 
error herring 
larvae 

Counting 
error [%] 
Acartia tonsa 

Counting 
error [%] 

herring larvae 
Control 1 7 139     4   2.7   

4 138   8  5.3  
6 141   3  2  
3 129   18  12  
3 138     9   6   

Ø Control 
1 4.6 ± 1.6 137 ± 4.1     8.4 ± 5.3   5.6 ± 3.5   

Control 2     0 20   0   0 
  0 19  1  5 
  0 20  0  0 
  0 20  0  0 

    0 21   -1   -5 
Ø Control 

2     0 20 ± 0.6   0 ± 0.6   0 ± 3.2 
Control 3 0 144 0 21 6 -1 4 -5 

3 140 0 20 7 0 4.7 0 
2 127 0 20 21 0 14 0 
1 151 0 20 -2 0 -1.3 0 
2 128 0 20 20 0 13.3 0 

Ø Control 
3 1.6 ± 1 138 ± 9.3 0 20.2 ± 0.4 10.4 ± 8.8 -0.2 ± 0.4 6.9 ± 5.9 -1 ± 2 

 


