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Summary 
Comb jellies were a relatively obscure group of zooplankton, until Mnemiopsis leidyi 
invaded the Black Sea in the 1980�s with cascading effects on several ecosystem 
levels including commercial fisheries. This native to the east coasts of America 
triggered large public and scientific attention as a result of this invasion and its 
ecological and economic impacts. In 2005, when M. leidyi was sighted in Northern 
Europe for the first time, similar consequences were feared. The aim of my PhD 
project was to understand the potential impact of M. leidyi on the Baltic Sea 
ecosystem and constrains on its dispersal. Specifically, the project investigated (i) 
direct and indirect effects of M. leidyi on the Baltic cod population in its most 
important spawning ground, (ii) factors governing the spatial and temporal 
distribution of M. leidyi eggs, larvae and adults in the Baltic and, (iii) M. leidyi 
reproduction and its effect on population development. The approach involved 13 
monthly monitoring cruises from high saline Skagerrak to low saline northern Baltic 
regions, in situ and laboratory controlled reproduction and feeding experiments, 
molecular analysis for species verification, and statistical modeling. 

The low feeding rates and passive negative selection of cod eggs in 
experiments demonstrate that M. leidyi does not pose a direct threat to the Baltic cod 
population at the environmental conditions characteristic for its spawning ground. 
Furthermore, the drastically reduced reproduction rates observed under low salinities 
suggest M. leidyi is not likely to compete with cod recruits prey. Spatial and temporal 
surveys show highest abundances during October, with a consistent absence of adult 
and larval M. leidyi in the central Baltic. Abundances in the Kattegat were 60 times 
higher than in the central Baltic, suggesting that the M. leidyi population in the central 
Baltic is dependent on advection from high saline areas. This interpretation is 
consistent with the low reproduction rates measured and a low fraction of up-growing 
animals in the central Baltic. While adults were not observed from April to June in 
high saline areas, M. leidyi larvae were present throughout the year. It remains unclear 
where M. leidyi overwinters but high saline areas appear to be important in the annual 
establishment of the population.  

Laboratory and in situ reproduction experiments confirmed that fecundity is a 
major contributor to M. leidyi�s invasion success, although salinity is regulating, and 
possibly restricting, its range expansion in Northern Europe. Maximum reproduction 
rates are shown to be attained at low food concentrations, helping reconcile the high 
population densities observed in localized areas despite low food concentrations. 

An unexpected discovery was that the arctic relict ctenophore Mertensia ovum, 
thought to be restricted to the northern Baltic, also occurs in the high saline 
Kattegat/Skagerrak during winter and spring. Interestingly, in the central Baltic the M. 
ovum population consists exclusively of larval-sized animals that are actively 
reproducing and maintaining a self-sustained population. Natural selection can favor 
early maturation at small size when mortality rates are high, and our results are 
consistent with this hypothesis. 

Currently, M. leidyi has established itself permanently in high and 
intermediate saline areas in Northern Europe. While the ecological impact of M. leidyi 
in the central Baltic appears to be limited concern, the environment in other European 
waters should be more favourable to their populations. In these areas, it is suggested 
that M. leidyi constitutes a potential threat to fisheries through resource competition 
with fishes. 
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Dansk resumØ 
Ribbegopler var en forholdsvis ubeskrevet gruppe af zooplankton, indtil dræbergoplen 
(Mnemiopsis leidyi) invaderede Sortehavet i 1980�erne og medvirkede til 
sammenbrud af łkosystemet inklusiv det kommercielle fiskeri. M. leidyi, som 
stammer fra den nordamerikanske łstkyst, fik stor offentlig og videnskabelig 
bevågenhed pga. denne invasion og de łkologiske og łkonomiske konsekvenser. Da 
den i 2005 blev fundet i Skagerrak og senere i den centrale Østersł, opstod der frygt 
for lignende effekter.   

Det overordnede formål med mit ph.d.-projekt var at undersłge effekten af M. 
leidyi på Østersłens łkosystem og mulige begrænsende faktorer for dens udbredelse. 
Mere specifikt undersłgtes (i) direkte og indirekte effekter af M. leidyi på Østersłens 
bestand af torsk på dens gydeplads ved Bornholm, (ii) faktorer som bestemmer 
udbredelsen af æg, larver og voksne M. leidyi i Østersłen og (iii) artens reproduktion 
og populationsdynamik. Der gennemfłrtes 13 månedlige overvågningstogter, som 
strakte sig fra Skagerrak med hłj saltholdighed til den brakke nordlige Østersł, 
kombineret med felt- og laboratorieforsłg af reproduktion og fłdesłgning, 
molekylære analyser til artsbestemmelse samt statistisk modellering. 

Forsłgene viste at pga. lave græsningsrater og fravalg af torskeæg udgłr  M. 
leidyi ikke en direkte trussel mod Østersłens torsk. Andre forsłg dokumenterede at 
artens reproduktion er kraftigt reduceret ved lave saltholdigheder og at M. leidyi 
derfor næppe vil opbygge en bestand i den centrale Østersł og blive en 
fłdekonkurrent til torskeyngel. 

De hłjeste tætheder af M. leidyi fandtes i oktober, men voksne og larver blev 
aldrig fundet i den nordlige Østersł. Tæthederne var 60 gange hłjere i Kattegat 
sammenlignet med den centrale Østersł, hvilket antyder at M. leidyi bestanden i den 
centrale Østersł er afhængig af at dyr driver ind med havstrłmme fra hłj-saline 
områder. Dette understłttes af de lave reproduktionsrater og en lille andel af unge 
stadier af dyr i den centrale Østersł. Mens der ikke fandtes voksne dyr i de hłj-saline 
områder fra april til juni, fandtes larver hele året rundt. Det er endnu ukendt hvor M. 
leidyi overvintrer, men resultaterne peger på at de hłj-saline områder er vigtige som 
kilde til den årlige start på bestandsudviklingen.  

Det var en uventet opdagelse at den arktiske relikt ribbegople Mertensia ovum, 
som mentes begrænset til den nordlige Østersł, også forekommer i det hłj-saline 
Kattegat/Skagerrak om vinteren og foråret.  Det var endvidere overraskende, at 
bestanden af M. ovum i den nordlige Østersł udelukkende består af larvestadier, der 
opretholder en selv-reproducerende bestand. Naturlig udvælgelse forudsiges at 
favorisere tidlig kłnsmodning hvis dłdeligheden er hłj, og det observerede fænomen 
stemmer overens med denne hypotese.  

Forsłg i laboratoriet og felten bekræftede at reproduktion er en nłglefaktor til 
forklaring af M. leidyi�s succes som invasiv art, omend saltholdighed regulerer og 
sandsynligvis begrænser dens udbredelse i nordeuropæiske farvande. De hłjeste 
reproduktionsrater blev målt ved lave fłdekoncentrationer, hvilket kan forklare at hłje 
bestandstætheder og opblomstring finder sted i områder til trods for lave 
fłdetætheder.  

M. leidyi har i dag etableret sig i nordeuropæiske farvande med hłj og 
intermediær saltholdighed. Mens den łkologiske effekt af M. leidyi i den centrale 
Østersł er begrænset, kan den i andre mere marine områder potentielt udgłre en 
trussel mod fiskeriet pga. fłdekonkurrence med fisk. 
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1 Gelatinous zooplankton 
 
 
 

1.1 Who are they and why should we care? 
Gelatinous zooplankton is an overarching synonym for functionally different groups 

sharing the trait of a soft body texture with dilute carbon content such as ctenophores, 

jellyfish and pelagic tunicates, as compared to crustacean zooplankton which have a 

hard exoskeleton containing chitin (e.g. copepods). Gelatinous zooplankton includes 

some of the fastest growing metazoans on Earth (Hopcroft and Roff 1995). Certain 

groups can directly feed on the smallest components of the oceans (Deibel and Lee 

1992) leading to predator prey ratios similar to Baleen whale and Krill. Though 

jellyfish belong to the zooplankton they reach sizes of 1 m and weights of up to 150 

kg (Omori and Kitamura 2004), and it has been shown that ctenophores and jellyfish 

have similar clearance rates as fish if compared on a carbon basis (Acuæa et al. 2011). 

Despite these astonishing attributes, gelatinous zooplankton remain understudied and 

disregarded in most food web investigations (Hopcroft and Roff 1998) and our 

knowledge about their population dynamics is fragmentary (Condon et al. 2012). This 

lack of knowledge can partly be explained by their patchy distribution (Costello and 

Mianzan 2003) and the difficulty to quantitatively catch and preserve gelatinous 

organisms in traditional plankton samples (Hamner et al. 1975).  

Lately, reports have shown that gelatinous plankton blooms are increasing in 

magnitude and frequency (e.g. Brodeur et al. 1999; Lynam et al. 2006; Hay 2006; 

Daskalov et al. 2007; Richardson et al. 2009; Purcell 2012). These blooms have been 

attributed to human activity such as eutrophication, over-fishing, establishment of 

artificial hard substrate, climate change and species translocations (Mills 2001; Arai 

2001; Richardson et al. 2009; Lynam et al. 2011; Uye 2011; Purcell 2012; Costello et 

al. 2012). This has led to the paradigm that gelatinous plankton will increase under 

future climate and global change. Although evidence is accumulating for this 

paradigm (e.g. as reviewed in Richardson et al. 2009; Uye 2011; Purcell 2012), it has 

recently been questioned since systematic, long time monitoring data are sparse or 

non-existing (Condon et al. 2012). The predicted increasing role of gelatinous 

plankton therefore calls for a systematic research and monitoring effort.  
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Fig. 1. Examples of gelatinous zooplankton from tropical, temperate and arctic ecosystems. Note that 
pictures are not scaled. Photographs taken by Prof. R.R. Hopcroft and C. Jaspers during 2006-2012. 
 

1.2 Climate change and biological invasions 
Human induced climate change due to rising atmospheric CO2 levels has manifold 

effects on the oceans of the world, such as altered sea surface temperatures, 

stratification and ocean circulation, nutrient dynamics, oxygen concentrations and pH 

levels. These changes will potentially have large and widespread cascading effects on 

current marine ecosystems, their structure, functioning and biodiversity (Doney et al. 

2012). At the same time, due to increased globalization and ship-traffic activity, the 

rate of marine invasions is increasing (Carlton and Geller 1993; Molnar et al. 2008), 

leading to a homogenization of the worlds biota (Lodge 1993; Stachowicz et al. 

2002). 

The combined effect of climate change and biological invasions have been 

highlighted as challenges and severe stressors to marine biodiversity (Stachowicz et 

al. 2002; Butchart et al. 2010; Sorte et al. 2010a). As a consequence of increased 

ocean temperatures, species have been shown to expand their current distribution 

ranges, e.g., pole ward shift of species (Burrows et al. 2011). The mechanisms and 

effects of climate-induced species expansions and direct human mediated invasions 

are in many ways similar (Sorte et al. 2010b; Canning-Clode et al. 2011). Both have 
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been shown to have consequences for the ecosystem and its biodiversity including 

alterations of food web structures (Carlton and Geller 1993; Kideys 2002; Sorte et al. 

2010a).  

With respect to climate change, gelatinous zooplankton share physiological 

attributes making it likely that they take advantage of changing environmental 

conditions (with anticipated changes outlined in Doney et al. 2012) compared to most 

other zooplankton groups (Richardson 2008). This includes their ability to tolerate 

low oxygen concentrations (Condon et al. 2001; Decker et al. 2004; Rutherford and 

Thuesen 2005), to starve and shrink during low food conditions (Hamner and Jenssen 

1974; Anninsky et al. 2005) and their broad physiological tolerance to increased 

temperatures which is additionally likely to foster their reproduction and growth rates 

(e.g. Purcell 2005; Purcell et al. 2007; Richardson 2008).  

Even though invasions have gained large attention and seem to be an overall 

threat to biodiversity, the actual percentage of successfully establishing animals in a 

new, recipient environment are low (Williamson and Fitter 1996). The likelihood of 

an invasive species to establish a population in the recipient ecosystem, can be 

generalized by the �tens rule� which is linked to the survival of several invasion 

stages. In general, only 10% of the arriving species are found in the new environment, 

of which only 10% successfully reproduce and establish. The percentage of invaders 

forming blooms or achieving pest status are very low and only c. 0.1% of the 

originally arriving species (Williamson and Fitter 1996). However, some exceptions 

exist to this general �tens rule� for example if the biogeography is very similar 

between native and recipient habitat (e.g. voles in Ireland coming from the UK) or if 

release rates are extremely high (e.g. insects in biological control campaigns), where 

establishment success can reach 100% (Williamson and Fitter 1996).  

The processes involved in invasion success are complex, but generally, invasive 

species are characterized by tolerating a broad set of environmental and anthropogenic 

stressors (Crooks et al. 2011; Lenz et al. 2011). The success of an invader will depend 

on its life history traits, the recipient ecosystem and the resident or native species 

community (Facon et al. 2006). Intrinsic attributes such as fast growth, high 

reproduction rates (r-strategists) and phenotypic plasticity have been shown to make 

invaders competitive especially under circumstances where natural predators are 

lacking or the ecological niche of the invader is not occupied leading to high resource 

availability (Sax and Brown 2000; Facon et al. 2006; Sorte et al. 2010b). If combined 
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with asexual reproduction or self-fertilizing hermaphroditism, an invader has an 

additional advantage by offsetting the Allee effect which may be encountered by 

sexually reproducing species during early colonization (Berec et al. 2007; Tobin et al. 

2011).  

On the other hand, in situations with occupied niches in the recipient 

environment, invasive K-strategists with low reproduction rates can be favoured 

(Facon et al. 2006). The latter life-history trait will lead to a competitive-colonization 

trade off where the better competitor excludes the other (Byers 2000; Facon et al. 

2006). Many exceptions exists to these general characteristics of successful invaders 

making generalizations difficult (Lodge 1993), but it has been shown and predicted 

that disturbed aquatic systems are especially vulnerable to invasions (Daskalov et al. 

2007; Richardson et al. 2009; Crooks et al. 2011; Purcell 2012). Further, for European 

brackish water systems, e.g. the Baltic Sea, the Black Sea and adjacent waters, areas 

of intermediate salinity and lowest species richness have been shown to be especially 

vulnerable to invasions (Paavola et al. 2005).  

 
1.3 Mnemiopsis leidyi in European waters 
The comb jelly Mnemiopsis leidyi, native to the east coast of America (Purcell et al. 

2001), is an example of an invasive species which has reached a globally wide 

expansion range (as reviewed in Costello et al. 2012). It is listed among the 100 most 

notorious invaders world wide (Lowe et al. 2000) and it shares many characteristics of 

a successful invasive r-strategy species (Fig. 2). In the 1980�s, large scientific and 

public attention was devoted to M. leidyi after its introduction into the Black Sea and 

the observed ecosystem alterations, especially the collapse of the commercial anchovy 

fisheries which was attributed to direct predation on anchovy eggs and larvae by M. 

leidyi (e.g. Kideys 2002; Oguz et al. 2008). Although the collapse of the anchovy 

stocks coincided with M. leidyi blooms, the ecosystem was already heavily disturbed 

by human activity including eutrophication, oxygen depletion and over-fishing, and 

the combination of these effects opened a niche allowing M. leidyi to achieve blooms 

with 2 kg wet weight m-2 (as reviewed and cited in Bilio and Niermann 2004).  

Currently, M. leidyi has successfully established populations in many 

European waters. After its introduction into the Black Sea in the 1980�s it quickly 

spread over all adjacent waters such as the Sea of Azov, the Sea of Marmara, the 
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Aegean Sea and the Caspian Sea (Shiganova et al. 2001). A habitat model predicted 

that M. leidyi is likely to be established in many regions of the Mediterranean Sea 

especially in areas where terrestrial nutrient input supports higher zooplankton 

biomass and regions which are strongly disturbance by human activity (Siapatis et al. 

2008). M. leidyi was later found in many of the predicted areas including western 

parts of the Mediterranean Sea (e.g. Fuentes et al. 2010). 

The first sighting of M. leidyi in northern Europe (Oslofjord, Skagerrak) dates 

back to 2005 (Oliveira 2007) and it was subsequently discovered that the invader was 

widely distributed in all Danish waters (Tendal et al. 2007), the south western Baltic 

Sea (i.e. Kiel Bight see Javidpour et al. 2006), the southern central Baltic (i.e. 

Bornholm Basin see Haslob et al. 2007; Huwer et al. 2008) as well as the North Sea 

(Faasse and Bayha 2006; Boersma et al. 2007; Van Ginderdeuren et al. 2012) (Fig. 3). 

Reports of M. leidyi occurring in the northern central Baltic Sea including the Gulf of 

Bothnia and Finland (Lehtiniemi et al. 2007; Lehtiniemi et al. 2008; Viitasalo et al. 

2008) turned out to be a misidentifications and it was later confirmed to be an arctic 

relict species, namely Mertensia ovum (Gorokhova et al. 2009; Gorokhova and 

Lehtiniemi 2010). This highlighted the need for incorporating molecular tools in 

species verification especially for larval ctenophore stages (Gorokhova et al. 2009; 

Gorokhova and Lehtiniemi 2010).   

Further, molecular analysis revealed that the M. leidyi populations in northern 

Europe originate from different regions along the east coats of the USA than the M. 

leidyi found in southern Europe (Black Sea including adjacent waters and the 

Mediterranean) (Reusch et al. 2010; Ghabooli et al. 2011). Animals found in northern 

Europe stem from the north east coast of the USA (Reusch et al. 2010; Ghabooli et al. 

2011), where populations have been shown to survive cold winter temperatures 

(Costello et al. 2006). In contrast, M. leidyi present in southern Europe, originate from 

the Gulf of Mexico area (Reusch et al. 2010; Ghabooli et al. 2011), and a strong 

temperature dependency has been shown with water temperatures <4
C being lethal 

for M. leidyi populations (Shiganova et al. 2001). This indicates that different invasion 

development and population dynamics are to be expected and that the two primary 

invasion events in northern and southern Europe can not directly be compared. This 

highlights the need for research effort to investigate the effect on local ecosystem 

scale in Northern Europe. 
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