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Abstract 

Factors governing zooplankton distributions and dispersal have since long 
interested pelagic ecologists. This thesis presents studies of how the 
interaction between gelatinous zooplankton and the environment can 
shape their distributions, either by biophysical drivers (papers I-III), or 
through interactions with predators (paper III & IV) or competing species 
(paper V).  

In papers I & II we followed the newly invaded ctenophore Mnemiopsis 
leidyi population in Kattegat, Skagerrak and Baltic Proper during a year, 
and showed strong environmental restrictions on the sampled population. 
Salinity and temperature clearly influenced the presence of adult M. leidyi 
(paper I), and low transitional-to-adult ratios in the low saline Baltic Proper 
indicated a failed reproduction (paper II). Advection from the higher saline 
Skagerrak and Kattegat area to the Baltic Proper seem to sustain the 
sporadic population in the Baltic Proper. One way in which plankton 
organisms can alter their spatial distribution is trough their vertical 
positioning. In paper III we investigated the fine scale vertical distribution 
in field by the use of video methods. We show how some life stages (e.g. 
size) of M. leidyi performs diel vertical migration, suggestively in response 
to light. The presence of M. leidyi was also tightly coupled to higher 
salinities, where lower salinities in combination with strong stratification 
seemed to prevent the vertical migration.  

In paper IV, we experimentally investigate the potential predation control 
of M. leidyi by Beroe gracilis. Applying the determined clearance rates to in 
situ distributions (from paper I) showed that B. gracilis has limited ability to 
control the M. leidyi population in the field, partly due to a predatory size 
refuge. Finally in paper V we used a theoretical approach to investigate the 
competitive relationship between gelatinous plankton and 
zooplanktivorous fish, depending on eutrophication and water clarity. 
Tactile predation by jellyfish makes them less dependent on water clarity 
than are visually foraging fish. The model predicted a two sized effect of 
eutrophication for organisms utilizing vision (fish) with an optimal degree 
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of eutrophication and water clarity. Above this threshold, tactile predators 
like jellyfish would be favored over visual predators like fish. 

The results from this thesis contribute to the understanding of how the 
environment acts to shape gelatinous zooplankton populations, and may 
on a larger perspective help to understand future potential invasions.
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Populärvetenskaplig sammanfattning 

Faktorer som styr utbredning och spridning av djurplankton har sedan 
länge intresserat ekologer som jobbar med pelagialen. I den här 
avhandlingen presenterar jag arbeten med gelatinösa plankton (här 
definierat som maneter och kammaneter) och hur deras utbredning 
påverkas av miljöfaktorer (artiklarna I-III), predatorer (artiklarna III & IV), 
eller konkurrerande arter (artikel IV). 

I artikel I & II följde vi den nyligen introducerade kammaneten Mnemiopsis 
leidyi under ett år i Kattegat, Skagerrak och Östersjön. Vi fann att 
utbredningen av Mnemiopsis styrdes kraftigt av den omgivande miljön, där 
salthalt och temperatur hade störst betydelse. Förhållandet mellan de 
yngre och äldre livsstadierna visade även att reproduktionen av 
Mnemiopsis var begränsad i Östersjön där salthalten är låg. Populationen i 
Östersjön var därför beroende av att nya djur rekryterades via transport 
med strömmar. 

Kammaneternas djupfördelning påverkade också den horisontella 
utbredning. I artikel III bestämde vi den vertikala utbredningen med hjälp 
av videofilmning. Vi kunde visa att vissa livsstadier hos Mnemiopsis vandrar 
vertikalt under dygnet. Det är vanligt hos många andra djurplankton; de 
uppsöker djupare och mörkare vatten under dagen för att undvika att bli 
uppätna av fiskar som söker föda med hjälp av synen. Den vertikala 
utbredningen var även starkt beroende av salthalten, och i områden där 
vattnet var starkt skiktat såg man ingen vertikal migration hos Mnemiopsis. 

Utbredningen av kammaneterna påverkas också av predation. I artikel IV 
undersökte vi relationen mellan Mnemiopsis och dess predator Beroe 
gracilis (även den en kammanet) experimentellt. Resultat från 
experimenten visade dock att Beroe saknade betydelse som predator på 
Mnemiopsis populationen. Detta berodde bland annat på att Beroe bara 
kunde äta byten som var lika stora eller mindre än deras egna storlek, och 
därmed undgick Mnemiopsis predation eftersom de generellt var större än 
Beroe. 
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Slutligen använde vi oss i artikel V av en teoretisk modell och data från 
Östersjön för att undersöka hur konkurrensen mellan fisk och gelatinösa 
plankton påverkas av eutrofiering och grumligheten i vattnet. Gelatinösa 
plankton använder sin känsel för att hitta föda (taktila predatorer), jämfört 
med fisk som använder sig av synen (visuella predatorer). Detta gör 
gelatinösa plankton mindre känsliga för förändringar i vattnets grumlighet. 
Modellen visade att till en början gynnas fisken av den ökade produktivitet 
som eutrofiering orsakar, men då grumligheten blir så stor att dom får 
svårt att hitta föda gynnas istället gelatinösa plankton. När vi jämförde 
modellens resultat med nuvarande eutrofiering i Östersjön såg vi att 
Östersjön närmar sig ett system som kan gynna gelatinösa plankton. 

Resultaten från min avhandling bidrar till vår förståelse om hur 
miljöfaktorer styr utbredningen av gelatinösa plankton. I ett större 
perspektiv kan det hjälpa oss att förstå möjliga framtida invasioner av 
främmande arter. 
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Synthesis 

Introduction 

Jellyfish INFOBOX-1 are a huge evolutionary success! Being among the oldest 
complex-bodied organisms still existing, jellyfish have survived through 
history since over 500 million years ago (Hagadorn et al. 2002), from the 
Cambrian explosion to modern human time. They are found in all types of 
marine habitats, from the tropics to the Polar Regions, in shallow bays and 
estuaries to the deep oceans. Jellyfish populations are common and 
important parts of most pelagic ecosystems.  

 

INFO BOX 1 : Gelatinous zooplankton

In this thesis I am using the term gelatinous
zooplankton or jellyfish to refer to ctenophores
and pelagic cnidarians. Although they belong to
different phyla, they have certain life-history
characteristics in common, which are relevant to
their ecology.

Gelatinous zooplankton have large gelatinous
bodies consisting mostly of water. Their large size
and diluted tissue is believed to make them less
attractive to some predators, and their
transparency makes the m difficult to see. Their
large bodies also increase the encounter rate with
their prey, making them efficient feeders. They
are all predators and many species are
opportunistic and feed on a wide array of prey.
Although

�Medusae by Ernst Haeckel

Although their feeding mechanisms differ, they are generally tactile predators and
do not rely on vision to detect prey. Also their reproductive strategies differ (with
complex life histories in the pelagic cnidarians), but both groups have a high
reproduction potential being able to rapidly produce offspring during
environmentally favorable conditions.
Note: Because there are many different species of gelatinous zooplankton all do not
fall within the generalized characteristics pointed out below.
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Their life-history characteristics bring them to bloom during favorable 
conditions (Figure 1), a common feature among them (Hamner & Dawson 
2009). During such events their predatory potential on zooplankton can be 
extremely high and they may quickly transfer energy away from the lower 
part of the food web, thus shaping and altering the pelagic food web 
(Roohi et al. 2010, Riisgård et al. 2012). 

 
�Figure 1. A bloom of the jellyfish Aurelia aurita in Denmark. Photo by Casper Tybjerg 

Despite their ecological importance and ancient history, jellyfish were 
traditionally neglected in ecological surveys and hence our general 
knowledge about this group of organism is surprisingly small. Maybe the 
lack of research interest was because of their uncharismatic nature or the 
lack of direct economical interest for humans (although big blooms may 
have huge economical consequences). Most likely were the difficulties in 
working with jellyfish contributing, as their fragile bodies make them 
difficult to sample and preserve. However, since the 1990’s the scientific 
and public attention has rapidly increased INFOBOX-2. Repeated studies report 
on increased abundances, more frequent blooms, wider distributions and 
invasions of new species (e.g. Mills 2001, Richardson et al. 2009, Purcell et 
al. 2012).  
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Anthropogenic changes have been hypothesized to favor this group of 
organisms generally. Such changes include eutrophication (Parsons & Lalli 
2002, Purcell et al. 2007) and hypoxia (Decker et al. 2004, Thuesen et al. 
2005), overfishing (Brodeur et al. 2002, Lynam et al. 2006), temperature 
increase (Purcell et al. 2007, Lynam et al. 2011), and degradation of the 
light environment (Aksnes 2007, Sørnes et al. 2007). Although local 
populations may have increased (e.g. Brodeur et al. 2002, Lynam et al. 
2006), this perception of a global increase is hampered by the fact that 
very few longer time series actually exist, and also a global increase is hard 
to separate from normal fluctuations (Condon et al. 2012). Nevertheless, 
jellyfish deserve research attention. We need to increase our 
understanding of their general ecology and of factors driving their 
occurrence and distributions. 
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INFO BOX 2 : A jellyfish trend?

� A quick search on Web of Knowledge (the major online database for scientific research)
using the keywords “jellyfish” or “gelatinous zooplankton” reveals an exponential increase in
the number of scientific articles published since the 1950’s. The public attention is also
increasing. Today jellyfish are often depicted in art, fashion and design.

� Abstract painting 
of jellyfish by Sheddot.
� Inspiration from 
jellyfish on the 
catwalk.
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Jellyfish of Scandinavia 

In Scandinavian waters a range of native gelatinous plankton exist. Some 
are found frequently, while others only temporarily visit when being 
drifted in from the North Sea. Among the true jellyfishes, the scyphozoan 
medusa, Aurelia aurita (moon jellyfish) and Cyanea capillata (Lion’s mane 
jellyfish) are common components of the summer plankton community 
(Schneider & Behrends 1994, Behreds & Schneider 1995). Also C. lamarckii, 
the Bluefire jellyfish, is regularly seen, while Chrysaora hysoscella (Compass 
jellyfish) and Rhizostoma pulmo (Barrel jellyfish) are rarer. Within in the 
ctenophore phyla the northerly lobate Bolinopsis infundibulum (common 
Northern Comb jelly), the cydippid Pleurobrachia pileus (Sea Gooseberry) 
and Beroe cucumis and B. gracilis are common during parts of the year 
(Greve 1975). Since 2011, also the cydippid ctenophore Euplokamis 
dunlapae has been occasionally observed in Skagerrak and Gullmar fjord 
(Granhag et al. 2012). A wide number of species within the smaller sized 
hydromedusae are also often present (Allwein 1968). Most of these species 
are common and reproduce in Skagerrak and Kattegat, while they are only 
occasionally found in the Baltic Sea. 

In 2005 the invasive ctenophore Mnemiopsis leidyi INFOBOX-3 was first 
observed in Scandinavian waters (Oliveira 2007), and a year later it was 
reported from the North Sea (Faasse & Bayha 2006, Boersma et al. 2007), 
Skagerrak (Hansson 2006), Kattegat (Tendal et al. 2007), and the southern 
(Javidpour et al. 2006) and central Baltic Sea (Kube et al. 2007). Its 
introduction caused immense attention, and many feared for its potential 
ecological effects on the already sensitive Baltic Sea system (Javidpour et 
al. 2006, Haslob et al. 2007, Huwer et al. 2008). The fear was based on M. 
leidyi’s previous accidental introduction in the Black and Caspian Sea 
during the 1980’s, were it quickly established itself with severe ecological 
and economical consequences (Knowler 2005). With its huge abundances 
and high predation on zooplankton prey, fish eggs and larvae, it was 
blamed for the collapse of the important Sardine fishery (Kideys 2002). 
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However, overfishing (Daskalov 2002, Daskalov & Mamedov 2007, Llobe et 
al. 2011) and habitat destruction (Aksnes 2007) most likely had as an 
important part of the resulting regime shift. A few years later, the reduced 
fishery allowed the ecosystem to slowly recover (Bilio & Niermann 2004), 
which was also facilitated by a second introduction by Beroe ovata, a 
natural predator of M. leidyi (Finenko et al. 2003). 

In the three first years (2006-2009) following the first observations of M. 
leidyi’s in the Baltic, it was repeatedly observed from the North Sea (van 
Ginderdeuren et al. 2012) to the central (Janas & Zgrundo 2007, Haslob et 
al. 2007, Javidpour et al. 2009, Schaber et al. 2011) and northern Baltic 
(Viitasalo et al. 2008), with a reported year-round population in Kiel Bight, 
Oct. 2006 - Sep. 2007 (Javidpour et al. 2009). However, the mapping of the 
new invasion was complicated by the discovery of a second ctenophore, 
Mertensia ovum, in the central and northern parts of the Baltic (Gorokhova 
et al. 2009). In the brackish Baltic Sea, M. ovum does not reach adult sizes, 
and the small larval ctenophores are easily miss-indentified with other 
cydippid ctenophores, e.g. larval M. leidyi or P. pileus (Gorokhova et al. 
2009, Jaspers et al. 2012). M. ovum is most likely an Arctic relic species, 
which prior to M. leidyi’s introduction had been miss-identified as P. pileus. 
Intense field sampling in the region (paper I) showed that M. leidyi and M. 
ovum have different but overlapping distributions in Swedish waters, 
where M. ovum seem to prefer the lower saline water in the central and 
northern Baltic Sea (paper II). 

The introduction of M. leidyi in the Baltic gave an excellent opportunity to 
study the dynamics between jellyfish distributions and the environment.



16 
 

Aim of thesis 

This thesis presents studies of the interaction between the environment 
and gelatinous zooplankton. Distributions may be shaped by biophysical 
drivers (papers I, II & III), or through interactions with predators (paper III 
& IV) or competing species (paper V). Specifically papers I-V aim at: 

Papers I-II.  Describing the spatial and temporal dynamics of M. leidyi 
along the salinity gradient in the Baltic Sea, including 
Skagerrak and Kattegat, and identifying the major 
environmental factors governing the distribution of adults 
(paper I), eggs and larvae (paper II). 

Paper III. Describing the fine scale vertical distribution of M. leidyi in 
Kattegat and central Baltic Sea in relation to environmental 
factors, and testing if M. leidyi performs diel vertical 
migrations. 

Paper IV. Experimentally quantifying predation rates of the native 
ctenophore B. gracilis on M. leidyi. 

Paper V. Theoretically analyzing the competitive relationship 
between zooplanktivorous jellyfish and fish, which utilize 
the same resource, as a function of eutrophication and 
water clarity. 

In the rest of this synthesis I focus the discussion on how the biophysical 
environment have the potential to shape distributions of gelatinous 
zooplankton generally, and M. leidyi specifically, while I highlight the more 
general results from papers I-IV. 

Detailed information on methodology, equations and specific results or 
discussions can be found in respective paper and is not included. For clarity 
I have, however, included a brief overview of the range of methods used. 

  



17 
 

General methods 

In the papers in this thesis I have used a range of methods covering 
different scales in space and time (Figure 2). For the large-scale and long-
term perspective in papers I & II, we followed the newly invaded M. leidyi 
population in Skagerrak, Kattegat and Baltic Sea during one year. Multinet 
sampling was used, allowing for stratified sampling. The morphological 
species identification was also confirmed with molecular methods. The 
research questions in papers I & II were addressed with statistical 
modeling (Generalized Additive Models in paper I, and General Linear 
Models in paper II). 

Paper II focused on a smaller spatial and temporal scale relevant for 
individual jellyfish. Here, we used video-profiling that allow for a higher 
resolution of the vertical distribution. This study was conducted in the 
same region as paper I.  

 
�Figure 2. Visualization of the different scales targeted in papers I-V 
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The predator-prey interactions in paper III were studied using incubation 
experiments. The resulting clearance rates from paper III were applied to 
parts of the field data in paper I, to estimate the potential predation 
pressure on M. leidyi.  

Finally in paper IV, we used a theoretical approach to explore a larger 
ecosystem question relevant to the Baltic Sea. A generic model were used 
(“Killing the Winner”, Thingstad et al. 2010) with observations from 
literature and paper I. 

My PhD work was part of the BONUS EU project BAZOOCA (Baltic 
ZOOplankton Cascades), a Nordic cooperation aiming to understand the 
impact and potential cascading effects of M. leidyi in the Baltic Sea food 
web. While the papers included in my thesis are focused mainly on adult 
life stages, the larval perspective is covered in detail in an earlier thesis 
(Jaspers 2012) including related papers. 
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Results and discussion 

The biophysical environment 

The ocean is a highly dynamic and variable place, with distinct water 
masses with different environmental characteristics. Environmental 
gradients vary on vertical, horizontal and temporal scales and are 
characteristic to the pelagic habitat. Vertical gradients are especially 
important for planktonic organisms. With their limited mobility plankton 
cannot perceive the large scale horizontal patterns (on a kilometer scale) of 
the ocean, however, the vertical gradients (μm-m) are easily accessible for 
most plankton. The distribution of a plankton organism will thus depend on 
the characteristics and movement of the water, in interaction with its 
behavior (e.g. in response to the environment or other organisms). 

The shaping effects of salinity and temperature 

Salinity and temperature have fundamental physiological impacts on all 
aquatic organisms, and will largely determine the large-scale distribution 
patterns (papers I & II, Angiletta et al. 2009, Holst & Jarms 2010, Albert 
2012). Temperature regulates a broad range of physiological processes 
related to population growth, such as egg production in ctenophores 
(Costello et al. 2006) or strobilisation in scypozoans (Liu et al. 2009), as well 
as feeding (Friis Möller & Riisgård 2007) and somatic growth (Hansson 
1997). Thus, temperature can partly control gelatinous zooplankton 
populations (e.g. Ruiz et al. 2012), which is generally reflected in their 
seasonality (e.g. papers I & II, Costello et al. 2006, Zang et al. 2012).  

Salinity is a major constraining factor for many organisms in the brackish 
water of the Baltic Sea (Renabe & Schlieper 1958). With the exception of a 
few hydromedusae (Jankowski 2001) jellyfishes are marine 
osmoconformers and thus regulate their osmolarity to the surrounding 
water (Arai 1997, Foshtomi et al. 2007). 
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M. leidyi is observed in a wide range of salinities and temperatures in both 
its native and exotic habitats (see figure 1 and table 2 in paper I, references 
therein), with established populations in high saline (Mianzan et al. 2010) 
as well as in brackish habitats (Kremer 1994). Strong salinity constrains 
were found on both the adult and larval M. leidyi in the Baltic Sea (papers I 
& II), limiting the establishment of permanent populations of M. leidyi. A 
tenfold decrease in adult abundances was found when going from higher 
saline water in Skagerrak and Kattegat, to the brackish water in the Baltic 
Proper (Figure 4 in paper I). The low numbers of larvae and transitional-to-
adult stage ration further indicated a failed reproduction in the low saline 
water of the Baltic Proper (paper II), which agrees with a salinity 
constrained egg production (Jaspers et al. 2011, Lehtiniemi et al. 2012). 

The preference for high salinities in M. leidyi (papers I & II) was also driving 
the vertical distribution, which differed along the salinity gradient from 
Skagerrak into the Baltic Proper. Lower salinities in surface layers generally 
resulted in a deeper occurrence of adult M. leidyi (paper I). This may partly 
be due to the habitat structuring effects of salinity and temperature as 
they are directly related to the water density. In the Baltic and surrounding 
Seas, which exhibit large salinity differences, salinity contributes most to 
the density (paper I). Vertical migration in M. leidyi seemed to have been 
prohibited by strong salinity stratification (figure 8, paper III). Jellyfish 
aggregations are commonly found associated to density discontinuities 
(Graham et al. 2001). This pattern may be due to the passive aggregation 
due to the osmolarity differences between the surrounding water and the 
jellyfish, or due to behavioral or physiological responses to the sudden 
salinity stress (Graham et al. 2001). 

M. leidyi and M. ovum showed opposite responses to salinity. M. ovum was 
found in highest abundances in the low salinities in the central Baltic 
Proper (paper II). Also, the abundance of M. ovum was negatively 
correlated with temperatures, which accords with its distribution in the 
Arctic (Siferd & Conover 1992, Raskoff et al. 2005). 

 



21 
 

Light as an ecological driver 

Light drives life and productivity, and is therefore the major structuring 
factor in the pelagic. It fuels the primary production in the euphotic zone 
(given the presence of nutrients), which is further channeled to secondary 
producers and predators. In addition to such bottom-up effect, light also 
has important top-down implications as many fish and some invertebrates 
use vision to locate prey (Guthrie 1986, Torgersen 2001).  

Visual encounter with prey is dependent on attributes of the prey (e.g. size, 
contrast, movement, and coloring) and the predator’s visual system in 
combination with the light irradiance levels (Aksnes & Utne 1997, Utne 
1997). The light irradiance in turn, depends on the depth and the optical 
properties INFOBOX-4 of the water (Aksnes & Utne 1997). Thus, light can affect 
both growth and survival (Fiksen et al. 2002) through controlling the 
efficiency at which visual predators feed (Aksnes et al. 2004).  

 
 

In contrast to visual foragers jellyfish are independent of vision, but rather 
use tactile senses, and their feeding rates are thus independent of light 

INFO BOX 4 : Water optics

When light passes through water it will be scattered
and/or absorbed. This decrease of light with depth is
described by an exponential function (Kirk 1994). The
water molecules themselves, as well as other
components in the water like colored dissolved
organic matter (CDOM), phytoplankton and other
particles play major roles in the absorption and
scattering of light (Wozniak & Dera 2007). The sum of
the absorbance and scatter is called the beam
attenuation (the decrease of light), and is a
characteristic of the nature of the medium. These
parameters are inherent optical properties, and are
independent of the amount of irradiance (Kirk 1994,
Wozniak & Dear 2007).

�sampling of water for optical measurements
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(Francett & Jenkins 1988, Sørnes & Aksnes 2004, Titelman & Hansson 
2006). The optical habitat can therefore affect the balance between 
predators using either of these two feeding modes, with consequences for 
the ecosystem structure (paper V). 

Another light dependent behavior that is common among many 
zooplankton and fish is diel vertical migration (DVM), where organisms 
typically avoid risky illuminated waters during daytime and migrates 
deeper, while returning to feed in the surface when protected by the 
nightly darkness (Ringelberg 1995, Hays 2003, Pearre 2003). Many 
gelatinous zooplanktons also vertically migrate on a daily basis (paper III, 
Graham et al. 2001). It is more common in the pelagic cnidarians phyla 
(e.g. Schuyler & Sullivan 1997, Kaartvedt et al. 2011) than in the 
ctenophore phyla (Graham et al. 2001). We observed DVM in M. leidyi, and 
a seeming avoidance of high irradiance levels (paper III). The DVM 
however depended on life stage (e.g. size), and only occurred at locations 
where other environmental drivers (i.e. salinity) were less prominent 
(paper III). The resulting vertical distribution, however, may have 
important consequences on the dispersal and spread (Albert 2007). 
Vertical migration in response to light (paper III, Wang et al. 1995, Sørnes 
et al. 2007, Dupont & Aksnes 2010), or tidal turbulence (Kopacz 1994), is 
important for some jellyfish populations to retain in their coastal habitat. 

Effect of oxygen  

Oxygen usually varies with depth, from the oxygenated surface layers 
down to the bottom, that in extreme but not uncommon cases can be 
oxygen depleted. Because the tolerance level to hypoxia is highly species 
dependent, a reduction in oxygen will typically alter the species 
composition, rather than increasing the distribution of a specific species 
(Ekau et al. 2010). Many gelatinous plankton do well in poor oxygen 
conditions when compared to co-occurring zooplankton and fish (Grove & 
Breitsburg 2005, Ekau et al. 2010). Their jelly tissue seems to function as a 
buffer allowing them to survive for hours without oxygen (Thuesen et al. 
2005a, Thuesen et al. 2005b). Thus, observations of gelatinous plankton in 
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poorly oxygenated waters are common (e.g. Purcell et al. 2001, Moriarty et 
al. 2012), and may in some cases increase the feeding rates on prey, whose 
mobility and escape abilities are hampered by low oxygen levels (Shoji et 
al. 2005, Decker et al. 2004). Also, poorly oxygenated water can function as 
a predator refuge (Purcell et al. 2001). 

In the Baltic and adjacent Seas we found no relation between M. leidyi and 
the oxygen concentration (papers I-III), which is in agreement with a high 
tolerance to varying oxygen levels. 

A note about turbulence 

Water motion on different scales is essential for life in the plankton. While 
turbulence is not covered in my papers, it can modify the vertical 
distribution of gelatinous plankton by mixing as well as affect behavior and 
sensory functions directly (Visser et al. 2009). While small scale turbulence 
may increase encounter rates between plankton organisms (Kiørboe & Saiz 
1995), larger scale turbulence can be directly damaging for the fragile 
bodies of gelatinous plankton (Acuña et al. 1994) and may disturb their 
feeding activities (Costello et al. 2012). Gelatinous plankton may therefore 
directly respond to turbulence by altering their motility or behavior (Shank 
& Graham 1987, Rakow & Graham 2006, Albert 2011) and their preferred 
vertical distribution (Miller 1974, Albert 2007), which has also been 
indicated for M. leidyi (Mianzan et al. 2010). 



24 
 

Drift and distribution of Mnemiopsis in Swedish waters 

Although the swimming potential of some jellyfish is large (Moriarty et al. 
2012), jellyfish as other plankton drift with tides and currents (Graham et 
al. 2001). Tides or local current systems can have diluting or aggregating 
effects depending on jellyfish’s vertical distribution and migration behavior 
(Graham et al. 2001).  

The vertical depth preference of M. leidyi is critical for the dispersal in the 
Baltic Sea system, where the counter-current system can potentially have 
huge implications for spreading (Barz et al, 2006, Corell et al. 2012). M. 
leidyi’s vertical distribution seemed to be highly dependent on salinity 
(papers I & III) and the degree of stratification (paper III), and at some 
locations to the daily variation in light (paper III). 

The Baltic Sea is seemingly acting as a sink for the M. leidyi population 
(papers I & II). During high abundance seasons the Baltic Proper was most 
likely reseeded from the high-saline areas in Skagerrak and Kattegat (paper 
I), when reproduction was at peak (paper II). However, whether M. leidyi 
overwinters in the region or not, is still uncertain. Overwintering of M. 
leidyi in the region was initially reported from the Kiel Bight during the first 
years after the introduction (Javidpour et al. 2009), but has not been 
reported since. In some native and exotic habitats M. leidyi cannot survive 
the low winter temperatures and are instead dependent on reseeding from 
other source populations (Costello et al. 2006, Shiganova et al. 2001). 

Drift from the North Sea, where the closest reported year round 
population exists (van Ginderdeuren et al. 2012), may also reseed the M. 
leidyi to Skagerrak, Kattegat and the Baltic proper from year to year  
(papers I & II). Examples of preliminary outputs from drift modeling (Figure 
3), indicates that the first individuals that appeared in Skagerrak in August 
(paper I) originated with a large probability from the North Sea (Figure 3, 
top panel), and further into the Kattegat (Figure 3). The drift model showed 
also a large variability in dispersal pattern depending on depth. 
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�Figure 3. Back-tracking drift of M. leidyi, starting from the location of the monitoring 
stations (black cells) starting in August, approximately the time of the year when M. leidyi 
first appeared in the samples during 2009 (paper I). The colored cells shows the most 
probable source locations given the start location and a drift time of 10  (blue), 30 (yellow) 
or 60 (red) days. Haraldsson, Jaspers, Moksnes & Jonsson (in prep). For location and name 
of stations see paper I. 
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While the biophysical environment and ocean currents will set the stage 
and limitations of plankton distributions, interactions with prey, predators 
and competitors have the potential to further alter behavior and thus also 
distributions. For example, in laboratory experiments M. leidyi responds to 
the scent of a gelatinous predator by altering its vertical distribution 
(Titelman et al. 2012). 

Food web interactions  

As most animals, gelatinous plankton at large, as well as M. leidyi, are both 
a prey and a predator simultaneously. Gelatinous plankton have often 
been considered as trophic dead ends, contributing to a less diverse 
ecosystem (Sommer et al. 2002). However, predation on gelatinous 
plankton is widespread over many groups of organisms, although 
quantitative data is generally scarce (Arai 2005). The different life stages 
are exposed to variable predation risks. Benthic species may be able to 
control scyphozoan populations by predating on the benthic polyp stages 
(Hernroth & Gröndahl 1985), while some animals like the Leatherback 
turtle are pure jellyfish specialists (Heaslip et al. 2012). Many fish also feed 
on jellyfish (reviewed in Ates 1988, Purcell & Arai 2001, Arai 2005, Cordona 
et al. 2012) and the predation pressure may vary temporarily depending on 
the accessibility of gelatinous plankton or other prey (Mianzan et al. 1996). 
In addition, pelagic microbes refuel energy and nutrients from gelatinous 
plankton into the pelagic food web (Hansson & Norrman 1995, Titelman et 
al. 2006, Riemann et al. 2006, Condon et al. 2011). 

Predation by other gelatinous plankton is also common (paper IV, Arai 
2005, Purcell 1991) and in some cases these predators may control the 
jellyfish populations (e.g. Purcell & Cowan 1995, Finenko et al. 2003). For 
example, Cyanea capillata is an important predator on Aurelia aurita in 
Scandinavian waters (Båmstedt et al. 1994, Hansson 1997, Titelman et al. 
2007).  

In its native habitat populations of M. leidyi may be controlled by the 
Atlantic Sea Nettle (Chrysaora quinquecirrha), while the ctenophore Beroe 
ovata controls populations in the Black Sea (Finenko et al. 2003). One 
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common reason for the success of alien species is the lack of natural 
predators (Wolfe 2002). This was clearly illustrated in the case of M. leidyi 
in the Black Sea, which reached extreme abundances prior to the second 
introduction of B. ovata (Kideys 2002). 

Potential predators in the Skagerrak to Baltic include C. capillata (Hosia & 
Titelman 2011) and several Beroe species. B. gracilis fed well and 
reproduced on a M. leidyi diet (paper IV), despite that B. gracilis is 
described throughout the literature as a specialist on Pleurobrachia sp. 
(Greve 1970, Greve & Reiners 1988). Applying the field data from paper I 
to rates in paper IV revealed an overall potential mortality rate of only 
8.8×10-4 day-1, which is not enough to reduce the M. leidyi population. The 
low predation mortality was in part due to the large size of M. leidyi, which 
protected them from being fully ingested. During the rest of the year, the 
temporal and spatial overlap was larger between Beroe spp. and P. pileus, 
than between Beroe spp and M. leidyi (Haraldsson & Hansson 2011), and 
further indicating Beroe’s limited ability to control and shape the 
distribution of M. leidyi’s in the Baltic region. 

 

INFO BOX 5 : The predatory jellyfish

Gelatinous plankton plankton depend on their tac tile
senses (Colin et al. 2010, Sørnes & Aksnes 2005), and
some also use chemical cues (Arai 1991, Tamburri et
al. 2000) to detect their prey. Despite their
comparably simple feeding strategy (when
compared to e.g. visually feeding fish), their large
body volume increases the encounter rate, and
compensates for their limited mobility and often
passive prey capture mechanisms (Acuña et al.
2011). Their killing rates increases proportionally
with prey density (e.g. Båmstedt et al. 1994, ref)
often up to extreme prey densities were many other
zooplanktivours predators would experience
satiationsatiation or handling limitations Sørnes & Aksnes 2005). This is in par t facilitated
by their large gut volume (Hansson & Kiørboe 2006) and quick digestion time
(Martinusen & Båmstedt 1999), and allows them to utilize patchy or temporary
food resources (Hansson & Kiørboe 2006).

�the view of the prey as
Mnemiopsis approaches 

Photo by LJ Hansson
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M. leidyi is an efficient feeder (Colin et al 2010) on both mesozooplankton 
(Riisgård et al. 2007, Finenko et al. 2006, Granhag et al. 2011) and 
ichthyoplankton (Cowan & Houde 1993, Purcell & Arai 2001). Because of 
the moderate abundances of M. leidyi in Scandinavian waters since 2009-
2010 predation mortality on zooplankton in general is minute. Despite 
being 30-50 times higher in Skagerrak and Kattegat compared to the Baltic 
Proper, potential mortality never exceeded 4 % d-1 in 2009-2010 
(Haraldsson & Hansson 2011). This is too low to control zooplankton 
populations (Finenko et al. 2006). In the Skagerrak-Baltic M. leidyi is thus at 
present not a strong competitor with commercially important 
zooplanktivorous fishes (Tiselius et al. 2011, Haraldsson & Hansson 2011). 
Also, their predation pressure on cod eggs and larvae is ignorable (Jaspers 
et al. 2011).  

Changing environmental drivers and ecosystem effects 

Degradation of marine ecosystems due to anthropogenic activities is today 
evident on a global scale (Halpern et al. 2008). Shifts in ecosystem 
structure and function have been reported from around the world (e.g. 
Hare & Mantua 2000, Cury & Shannon 2004, Rodionov & Overland 2005, 
Alheit et al. 2005, Daskalov et al. 2007). Such regime shifts are typically 
trigged by changes in climatic or environmental drivers or by unsustainable 
resource utilization (Sheffer et al. 2001, Collie et al. 2004). In some cases 
this has been shown to favor gelatinous plankton, and the system has 
turned from a fish to a jellyfish dominated system (Brodeur et al. 2002, 
Lynam et al. 2006, Daskalov et al. 2007). Increases in gelatinous 
zooplankton abundances have been linked to a range of factors, although 
few have investigated the actual mechanisms behind. 

One factor that has the potential to change the competitive relationship 
between visually feeding fish and tactile feeding jellyfish is the light 
environment. During illuminated conditions fish are more efficient 
predators of zooplankton than are jellyfish (Sørnes & Aksnes 2004). 
However, as the water clarity is directly related to the size of the feeding 
habitat for visual feeders, a reduction in water clarity may open up a 
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competitive space for the jellyfish. Some evidence exist of a general 
darkening of oceans (Aksnes et al. 2009, Aksnes & Ohman 2009), which has 
in some instances been linked to the reduced biomasses of 
zooplanktivorous fish (Aksnes et al. 2004, Sørnes & Aksnes 2006, Aksnes 
2007). 

The Baltic Sea is a heavily exposed ecosystem experiencing extensive 
environmental changes (see table 1 paper V). One of the major problems 
in the Baltic is eutrophication (Struck et al. 2000, Andersen et al. 2011) 
with reduced water clarity as a consequence (Sanden & Håkansson 1996, 
Fleming-Lehtinen & Laamanen 2012). In paper V we used data from the 
Baltic Sea system to parameterize a theoretical model investigating the 
competitive relationship between zooplanktivorous fish (sprat and herring) 
and gelatinous zooplankton (the dominant gelatinous plankton at present, 
Aurelia aurita and Cyanea capillata). Despite the simplicity of the model, it 
gave general insight of a jellyfish system when going from an oligotrophic 
to eutrophic state (paper V). 

Initially, the increased eutrophication and productivity is channeled to the 
common resource (zooplankton) and the zooplanktivorous fish (sprat and 
herring). This is in line with historically estimated fish biomasses, which 
increased during the 1950’s in accordance with increased eutrophication 
(Thurow et al. 1997). At a later stage the productivity is channeled to the 
top predator (cod) and finally to the jellyfish. For the visual feeder, 
eutrophication had a two-sided effect with an optimal degree of 
eutrophication (Figure 4 and 5 in paper V) where fish biomass is maximum. 
After this threshold the feeding habitat of the visual feeder decreases, as 
does their ability to utilize the resource, and the zooplankton are instead 
utilized by the gelatinous plankton. Comparison with the present state of 
eutrophication indicates that the Baltic Sea is gradually approaching the 
potential tipping point, at which gelatinous plankton may be favored 
(Figure 5 in paper V). 

In summary, this thesis shows a range of factors with differing significance, 
that effects the distribution of the newly invaded M. leidyi in Scandinavian 
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waters. Salinity is the major driving factor in this habitat, which in 
combination with drift and dispersal shapes M. leidyi’s distribution 
horizontally, vertically and temporally. Even migration behavior seems to 
be prohibited by strong salinity stratification, and the potential controlling 
effect of the predator B. gracilis, is overshadowed by the forcing factors of 
salinity. However, with the gradual decreasing light environment in the 
Baltic Proper the environment may slowly turn to a place more favorable 
to jellyfish. 
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Conclusions and perspectives 

The main findings of this thesis can be summarized by: 

� Mnemiopsis leidyi has not established a year round population in 
the Baltic Sea, Skagerrak or Kattegat, but seem to be transported in 
by advection, most likely from the North Sea (papers I & II). 

� Salinity constrains M. leidyi on both small (paper III) and large 
(papers I & II) spatial scales. It hinders vertical movement (paper 
III), which may affect the advection of the populations. It also 
constrains the establishment of a year round population in the 
Baltic Proper (papers I & II). 

� Some life stages (size) of M. leidyi perform diel vertical migrations. 
The migration behavior was most likely in response to light, which 
may reflect avoidance of predators (paper III). This is the first study 
indicating a light sensitivity in M. leidyi. 

� M. leidyi have a predator in the native ctenophore Beroe gracilis, in 
addition to previously known beroid predators, which feeds and 
reproduces on a M. leidyi diet. However, M. leidyi is protected by a 
size refuge as B. gracilis cannot ingest M. leidyi larger than 
themselves (paper III). B. gracilis could not control the M. leidyi 
populations (paper III). 

� A theoretical model shows that eutrophication has a two-sided 
effect on visually feeding organisms (fish), opposed to tactile 
predators (jellyfish). The increased productivity in association with 
eutrophication will at first increase the biomass of the visual 
feeding fish. However, after a given threshold, the water clarity 
gets reduced as does the ability of visual feeders to utilize the 
resource (paper V), and the mass of the system is shifted to the 
jellyfish. 

� The model suggests that the light environment is important for the 
competition between visual (fish) and tactile feeders (jellyfish), and 
that the current high cod fishery in the Baltic Proper contributes to 
a suppression of the Baltic Sea jellyfish biomass (paper V). 
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