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Abstract

The invasive ctenophore Mnemiopsis leidyi, which comes from North Amer-
ica’s east coast, was observed in Danish waters for the first time in 2007. Since
then, the new invader has every summer spread in Danish and adjacent waters
(i.e North Sea, Limfjorden, Skagerrak, Kattegat, Belt Sea, Baltic Sea). The in-
vasive comb jelly has apparently come to stay, as it has no effective enemies.
Possible harmful effects of M. leidyi which feeds voraciously on zooplankton,
fish eggs and larvae, have so far not been thoroughly studied in Danish waters,
although dedicated attempts have been made in Limfjorden and in the central
Baltic Sea. Over the last 10 years, the Danish national environmental moni-
toring program did not include gelatinous zooplankton, but new initiatives
have been recently taken. A brief overview of our current knowledge on the
impact of M. leidyiin Danish waters is given here.
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1. Introduction

In the last 10 years, we have witnessed a full-scale experiment in Danish and ad-
jacent waters, where the alien invasive comb jelly Mnemiopsis leidyi now
spreads every summer. This ctenophore comes from North America’s east coast
[1] [2] and has so far no effective enemies in Danish waters. Apparently it has
come here to stay. Although M. Jeidyrs natural predator, another ctenophore,
Beroe ovata, was observed as a new species in Danish waters in 2014 [3], it has
not yet, due to a low number of individuals, caused any documented changes in
the abundance and distribution of M. Jeidyi. The biological and environmental

factors controlling its sporadic occurrence are still poorly understood. Possible
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harmful effects of M. Jeidyi which feeds voraciously on zooplankton, fish eggs
and larvae [4], have so far not been thoroughly studied in Danish waters, nor
have possible competition for zooplankton with planktivorous fish (herring and
sprat) been studied. The Danish national environmental monitoring program
does not yet include occurrences and possible environmental damages caused by
jellyfish and other gelatinous zooplankton. During the last 10 years and after the
arrival of M. leidyito the Danish waters, its possible adverse impacts have largely
been ignored by the environmental authorities. Here, I give a brief overview of

our current knowledge, as I see it.

2. The First Observations

In autumn 2006, Mnemiopsis leidyi was observed for the first time in large
numbers in the Dutch Wadden Sea, where it had probably been transported by
the ballast water in ships [5]. It then spread northwards and up along the west
coast of Denmark, into Limfjorden and further north up around the tip of Den-
mark into the inner Danish waters, where the ctenophore was then coincidently
observed in Kiel Bight (western Baltic) in October 2006 [6]. The new comb jelly
was first observed in Danish waters in 2007 by Tendal et al [7], in the Little Belt
in February, and in the Great Belt in mid March. During the summer and au-
tumn of 2007, the new comb jelly was observed everywhere in the inner Danish
waters, and the phenomenon was extensively covered by the media. Based on
more than 150 e-mails with photos from biologists, fishermen, divers, boaters
and beach visitors, Tendal ef a/ [7] made a map showing that M. Jeidyi in the
late summer of 2007 occurred all over the inner Danish waters (Figure 1), and

often in large numbers as in Limfjorden (Figure 2), where it was quantified for

l » ¥ Mnemiopsis leidyi

Figure 1. Observations of Mnemiopsis leidyi in inner Danish and
adjacent waters in 2007. From: Tendal et al [26].
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Figure 2. (Upper panel) Directions of main surface currents in the North Sea. Dark grey
arrows indicate flow of Atlantic water and light grey arrows indicate water of other types.
The northward directed coastal currents from the English Channel and up along the

Dutch and Danish west coasts ensure that Mnemiopsis leidyi re-invades Limfjorden and
possibly other Danish and adjacent waters from the North Sea every summer. (Lower
panel) Water exchange in Limfjorden is mainly caused by strong westerly winds inducing
intrusions of North Sea water. The path of water exchange between the North Sea in the
west and Kattegat in the east is indicated by a broken line. Adapted from Caveen et al. [8].
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the first time [9]. The situation continued in the following years, but due to the
Danish national monitoring program not including jellyfish and other gelatin-
ous zooplankton, we have today no comprehensive overview of the development
of the new comb jelly’s presence in the Danish waters, apart from quantitative
studies Limfjorden and the western and central Baltic Sea, as it appears from the
following sections. However, the many scattered observations that I know of
(own observations in Danish waters and harbours, and e-mails with photos from
many interested citizens) indicate that M. Jeidyi still occur every summer and

spread ubiquitously in the inner Danish waters.

3. Studies in Limfjorden

Mass occurrence of Mnemiopsis leidyi was first observed in Limfjorden in 2007
[9], but it probably arrived the previous year [7]. Every year since, M. leidyi has
apparently re-invaded Limfjorden (which is actually a sound) from the North
Sea via Thyboren Canal. This invader is transported by water masses partly
originating from the English Channel [10] [11], the Belgian part of the North Sea
[12] [13], and the western Dutch Wadden Sea, where it is present year round
[14] [15] [16]. The hypothesis of M. leidyi being brought into Limfjorden from
the North Sea has not been directly proved, but a number of strong indications
support this interpretation. Thus hydrographic observations and model calcula-
tions made by Riisgard et al [17] indicated, along with previous studies [18]
[19], that re-invasion of M. Jeidyi from the North Sea seeded the autumn popu-
lation in Limfjorden in mid-September 2011. M. Jeidyi has frequently exerted a
significant predation impact on the zooplankton biomass in Limfjorden during
late summer [9] [17] [18] [19] [20] [21]. In most years M. leidyi has thrived ex-
tremely well in Limfjorden, with maximum densities and specific bio-volumes in

August-September in central parts (Table 1). In late summer 2007, M. leidyi was

Table 1. Mnemiopsis leidyi. Maximum densities (D) recorded in Skive Fjord (an inner
branch of Limfjorden). L = oral-aboral body length; B = specific bio-volume of the
ctenophore population; 2 = estimated half-life of zooplankton (copepods), cf. Riisgard et
al [9], Equation (3) therein. Mean + S.D. indicated.

Year Date D L 5 fz References
(ind. m™3) (mm) (ml-m~) (d)
2007 8 August 867 + 121 5+3 312 0.8 [9]
2008 10 September 196 £ 118 5+3 78 34 [18]
2009 26 August 66 + 13 9+5 66 4.0 [18]
2010 18 August 32+0.2 40+38 41 6.3 [17]
2011 17 November 41 £3.8 4.7 £0.3 13 19.6 [17]
2012 2 October* - - - - (1]
28 November* - - - -
2013 23 September 54+ 12 6.1 +25 47.9 2.1 [21]
2014 23 September 255+ 117 58+ 1.6 - 2.2 [20]

*In 2012, the ctenophore Pleurobrachia pileus was numerous and very few M. leidyi were observed.
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found in every net sample from 9 locations in Limfjorden, and the population
densities were high, up to more than 800 individuals m™ in Skive Fjord, an inner
branch of the fjord-system, but body lengths were small (5 to 15 mm). The spe-
cific bio-volumes were very high in the central parts of Limfjorden (ie., Thisted
Bredning: 102 ml-m~, Legster Bredning: 113 ml-m, Junget Qre: 228 ml-m™,
Skive Fjord: 312 ml-m~) and were even greater than those from the Black Sea,
where the greatest mean bio-volume was approximately 184 ml'-m™ in the au-
tumn of 1989, when the zooplankton and fish stocks collapsed [4].

Mnemiopsis leidyi relies on a holoplanktonic life cycle and is a self-fertilizing
hermaphrodite, releasing eggs and sperm in the ambient water where fertiliza-
tion occurs [22] [23] [24]. High fecundity and rapid generation times during the
whole season may explain why M. Jeidyi occurs in large numbers in Limfjorden.
The incoming water from the North Sea is of decisive importance for the yearly
re-invasion by M. Jeidyi from the warmer southwestern North Sea, which in cold
winters seems to serve as a refuge. In this way Limfjorden functions as a nursery
for M. leidyi, which subsequently disperse into Kattegat (Figure 2), adjacent
waters and the western Baltic Sea [17] [20].

Compared to previous years, 2012 was atypical due to only a very few small indi-
viduals of Mnemiopsis leidyi were observed in Limfjorden [21]. In mid-September
2012, the hydromedusa Aequorea vitrina and the scyphozoan jellyfish Rhizostoma
octopus appeared in Limfjorden, with relatively high salinities indicated that a
large volume of high-saline North Sea water had been pushed in through Thy-
boren Canal by westerly winds. Therefore Riisgard & Goldstein [21] suggested
that mainly Pleurobrachia pileus (and not M. leidyi) had been brought into Lim-
fjorden from the North Sea in 2012 (Table 1). The density of P. pileus was 157
45 ind. m™ and the estimated half-life of zooplankton was only 1.5 d showing
that this ctenophore controlled the zooplankton biomass, and possibly out-
matched M. leidyi in this year.

Herring (Clupea harengus) and sprat (Sprattus sprattus) are pelagic fish spe-
cies in Limfjorden, and because they feed on zooplankton, they will in certain
areas and periods compete with large numbers of Mnemiopsis leidyi for the
same limited amount of food [20] [21] [25]. However, no studies have so far at-
tempted to determine the degree of interspecific competition for zooplankton
between the comb jellies and the planktivorous fish. The short estimated
half-lives of zooplankton (a few days, or shorter; Table 1) along with a con-
spicuous reduction of the zooplankton biomass [17] [18] [19] [20] potentially
caused by M. leidyi, suggest very poor feeding conditions for juvenile herrings in

Limfjorden.

4. Observations in Kattegat and Great Belt

Only few sporadic observations of Mnemiopsis leidyi have been made in the
Kattegat and Great Belt, which connect the North Sea with the Baltic Sea (Figure
2). M. leidyi was observed in Great Belt for the first time in early spring 2007.
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The population density in Great Belt remained low, ranging from 0.004 to 0.034
ind. m™ in the period 18 April to 18 June 2007, although the mean body length
increased from 1.1 + 0.4 cm to 4.6 + 1.3 cm [7].

During late 2008 and 2009, the population dynamics of Mnemiopsis leidyi and
the indigenous moon jellyfish, Aurelia aurita, were studied in the fjord system
Kerteminde Fjord/Kertinge Nor that connects with the adjacent Great Belt [27].
The population density of A. aurita was always highest in the innermost part of
the fjord system, the shallow cove of Kertinge Nor, while the density of M. leidyi
was always highest in the outermost Kerteminde Fjord, indicating recruitment of
the ctenophore from the Great Belt. During November 2008 the density of small
3 to 5 mm M. Jeidyi in Kerteminde Fjord reached a maximum of 590 ind. m™. In
Kertinge Nor, the first A. aurita ephyrae appeared in March 2009, and by the end
of May the medusae had obtained a maximum umbrella diameter of only 30 mm
likely due to food limitation. The estimated half-life of zooplankton caused by A.
aurita was less than one day from May to September 2009 [27]. This extremely
high predation impact explains why M. leidyi could be outcompeted by A. aurita
in Kertinge Nor.

Haraldsson et al [28] studied the seasonal population dynamics of Mne-
miopsis leidyi from May 2009 until April 2010 along a transect of 8 monitoring
stations from Skagerrak into the Baltic Proper. Throughout the year, M. leidyi
was found at 5 of the 8 stations, and the ctenophore never extended further east
than the southern Gotland basin. M. leidyi was present in Skagerrak and Kat-
tegat from July to March, and the population densities were larger in Skagerrak
and Kattegat (1.16 £+ 1.70 ind. m™) than in the Baltic Proper (0.02 + 0.04 ind.
m?). The highest densities of up to 13.4 ind. m™ were recorded in Kattegat in
October 2009. Haraldsson ef al [28] suggested that transport of M. leidyi by ad-
vection from “presumably the North Sea” was the main cause for the cteno-
phore’s occurrence in the Baltic Proper where low salinity prevents reproduction
and local recruitment [29].

Between mid-December 2011 and mid-January 2012, an unusual mixture of
ctenophores was observed in the inlet to Kerteminde Fjord (Great Belt), namely
the native species Pleurobrachia pileus and Bolinopsis infundibulum along with
their predator Beroe cucumis, and further, Mnemiopsis leidyi along with two
other non-native predators on zooplanktivorous ctenophores, B. ovata and B.
gracilis [3]. The presence of the mixture of ctenophores in the Great Belt corre-
lated with replacement of Baltic Sea water with Kattegat water. B. ovata is known
as the natural predator of M. Jeidyi and may be expected to follow the spreading
of its natural prey. So far, however, the distribution and densities of M. leidyi in
Limfjorden [20] [21] and other Danish waters do not seem to have changed

since the arrival of its natural predator.

5. Occurrence in the Central Baltic Sea

The distribution and abundance of Mnemiopsis leidyi in the central Baltic Sea
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(Bornholm Basin, Figure 2), which is the most important spawning ground for
especially Eastern Baltic cod (Gadus morhua), but also sprat (Sprattus sprattus)
[30], has been studied rather intensely [30] [31] [32] [33]. In November 2007,
Huwer et al [30] found that individuals of M. Jeidy7 in the central Baltic were
small (body length < 2 cm) and patchily distributed. The highest densities oc-
curred at 40 to 60 m water depth around the halocline, and the highest abun-
dances were found north and west of Bornholm, but they were low compared to
the densities observed in Limfjorden [9], and the estimated predation impact on
zooplankton by M. leidyi was negligible. Four months later the same area was
investigated, and the highest population densities were now observed in some-
what deeper water (90% of specimens registered below 70 m) with higher tem-
peratures, and an observed decrease in mean size from 18.6 £ 4.9 mm in No-
vember 2007 to 10.5 £ 7.6 mm in March 2008 was interpreted as the possible
outcome of a new generation, although the smaller mean size could also have
been caused by starvation during winter-time [31]. In a more recent study,
Schaber et al [32] investigated the seasonal changes in densities and distribution
of M. leidyi in the central Baltic Sea from April 2007 to May 2010. A clear sea-
sonal pattern was seen: highest densities in spring and autumn, and absence or
only sporadic appearance of M. leidyi during summer. The vertical distribution
of M. leidyi showed that it was mostly confined to water layers below the per-
manent halocline, and Schaber et al [32] suggested that food limitation plays a
major role in the decline of M. Jeidyi in the central Baltic Sea during summer,
and while they considered a self-sustaining population unlikely, they stated that
M. leidyi is “most likely re-introduced” every year. Schaber et al [33] investi-
gated the temporal and spatial overlap of M. Jeidyi and eggs and larvae of cod
and sprat in order to assess the potential impact of the new invader on two of the
most important Baltic fish stocks. The spatial overlap between M. Jeidyi and fish
eggs and larvae was found to be low for most of the period observed, although
situations with high overlaps were detected, for example for sprat larvae and cod
eggs in spring, but on a general level it was concluded that M. Jeidyi “presently

does not have a strong impact” [33].

6. Origin and Spreading

Recent genetic analyses have revealed some of the possible origins and spreading
of Mnemiopsis leidyi [1] [34] [35] [36]. Thus, M. leidyi probably entered the
Black Sea in ships’ ballast water from the Gulf of Mexico in the 1980s; the sub-
sequent spreading of M. Jeidyi into the Sea of Azov was probably via the natural
connection between these seas, whereas further spreading into the Caspian Sea
may have been with ballast water from the Volga-Don canal ([35] and references
therein). The more recent spreading of M. leidyi to North European waters
originated from New England, possibly Narragansett Bay, and an almost direct
transport of individuals has been suggested to be responsible for the introduc-

tion of M. leidyi into the Baltic Sea, whereas the North Sea was either colonised

DOI: 10.4236/0jms.2017.74032

464 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2017.74032

H. U. Riisgard

secondarily from the Baltic Sea, or M. leidyi came directly with ballast water to
e.g. Hamburg or Rotterdam harbours from the east coast of the USA [1]. Bolte et
al. [36] studied the M. leidyi populations in the North and Baltic Seas by analys-
ing genetic changes over 3 years (2008-2010) and found that there was appar-
ently limited gene flow between the North Sea and the western Baltic Sea, and
successful reproduction in both areas. But in the eastern central Baltic Sea
(Bornholm Basin), the genetic diversity decreased during the study period, indi-
cating that M. Jeidyi in this area is a sink population. However, the occurrence
and spreading of M. Jeidyi in Danish and adjacent waters is still rather unknown
as it appears from the following.

Figure 2 shows the directions of main surface currents in the North Sea. It
may be assumed that the northward directed coastal currents from the English
Channel up along the Dutch and Danish west coasts [5] [11] [16] [37] ensure
that Mnemiopsis leidyi re-invade Limfjorden from the North Sea every year (via
the Jutland current that flows northwards along the Danish west coast) through
Thyboren Canal [20], see Figure 2. Further, this northwards current also carries
M. leidyi to e.g. Gullmarsfjorden [38] and the coastal waters at Tjarno [39] on
the Swedish west coast, and further northwards to Oslofjord [40] and Hardan-
gerfjord [37] on the Norwegian west coast. A minor part of the more saline
North Sea water, which mixes with Atlantic water in Kattegat, flows southwards
below the less saline outflowing Kattegat water [41]. It is unknown to what de-
gree M. leidyi in this way may be brought into the inner Danish waters [28], and
likewise, it remains uncertain if M. leidyi may be brought into the Baltic Sea via
the Kiel-Canal which connects the North Sea with the Kiel Bight [6] [42] [43], or
if M. leidyi is occasionally released with ballast water from various ports or na-

tive habitats, resulting in mixed populations [11].

7. Monitoring and Management

More in-depth knowledge about Mnemiopsis leidyi is of importance, not only
for a general understanding of how this invasive ctenophore influences the pe-
lagic dynamics in marine ecosystems, often causing strong trophic cascades [38],
but also for marine monitoring programs. Existing monitoring programs that
routinely use phyto- and zooplankton as parameters to assess the environment
have so far not been sufficiently aware of the role of the often extremely high
number of M. leidyi in especially eutrophicated and overfished areas. As it ap-
pears from the present review of observations in Limfjorden, M. leidyi may often
significantly reduce the zooplankton biomass (see, [18] Figure 4 therein; [17]
Figure 5 therein; [20] Figure 7 therein). Therefore, variations in both phyto- and
zooplankton abundance may remain incomprehensible without complementary
knowledge about the predation impact of M. Jeidyi on zooplankton, which may
be strongly reduced releasing the grazing impact on the phytoplankton which
subsequently bloom [19] [38]. One consequence of this is that environmental

and fishing monitoring programs should include observations of M. Jeidyi (and
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other gelatinous zooplankton) to allow for an assessment of their effects, as em-
phasised by Riisgérd et al [19] [21]. So far, none of the Danish environmental
vessels have been put into action for monitoring the spreading and development
of M. leidyi populations and indicative of this lack of responsibility is the fact
that without a generous charge-free aid of the Danish Naval Homeguard proba-
bly no quantitative studies would have been possible in Limfjorden (Figure 3).
In 2012, Denmark adopted the Ballast Water Management Convention, which

will enter into force in September 2017 (www.dnvgl.com/bwm). This will mark a

milestone towards stopping the dispersal of Mnemiopsis leidyi and other inva-
sive species in Danish waters. Thus in the future, ships must efficiently treat
their ballast water to avoid discharge of living organisms transported over long
distances. Knowledge of source populations and spreading ways of M. leidyi is
necessary for understanding its invasion success and predation impact, but such
knowledge is also a prerequisite for rational monitoring and effective manage-
ment of ballast water. Now, 10 years after invasion into Danish waters by M.
leidyi, such desirable knowledge is still absent. Marine invasive species are mo-
nitored by the Danish Environmental Protection Agency according to the na-
tional monitoring program, called NOVANA, which has conventional plankton
monitoring stations for both the Water Framework Directive (EU directive
2000/60/EC) and the Marine Strategy Framework Directive (EU directive
2008/56/EC ). So far however, M. leidyi has not been recorded in the monitoring
databases [44]. But from mid-2017 NOVANA will be supplemented with marine

Figure 3. Mnemiopsis-research cruise in Limfjorden with the Danish Naval Homeguard
in September 2014. Photo: Hans Ulrik Riisgard.
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sampling for investigation of a number of invasive species, among these M.
leidyi, by detecting environmental DNA (i.e., eDNA; [45]) using species-specific
setups that are capable of distinguishing between eDNA shed from invasive spe-
cies and other sympatric species. The method (described by Thomsen et al [46],
Sigsgaard et al [47]) will involve development and validation of multiple spe-
cies-specific setups that can detect some 20 invasive species in Danish waters.
Furthermore, the NOVANA program will begin to monitor high-risk harbors
for introductions of invasive species by using both conventional methods and
screening for eDNA (Ulrik Christian Berggreen and Steen Wilhelm Knudsen,
pers. comm.). This commendable initiative may hopefully soon help to disclose
some of the many possible ways of spreading M. leidyi in Danish and adjacent

waters.

8. Conclusion

Ten years after the arrival of the alien invasive Mnemiopsis leidyi in Danish wa-
ters, we still have no overview of its presence and the factors controlling it. In
Limfjorden, M. leidyi thrives extremely well and the fjord-system (actually a
sound) functions as a nursery for M. Jeidyi, spreading into the Kattegat and ad-
jacent waters. Predation by M. leidyi causes marked reductions in zooplankton
biomass and presumably poor feeding conditions for juvenile herrings and
sprats in Limfjorden, but no studies have so far documented the effect of this in-
terspecific competition for zooplankton. Only few sporadic observations of M.
leidyi have been made in Kattegat and Great Belt. In the central Baltic Sea
(Bornholm Basin), the predation impact on zooplankton by M. leidyi seems to
be negligible; food limitation may explain its decline during summer, and it is
likely re-introduced every year. M. leidyrs natural predator, Beroe ovata, was
observed in Danish waters for the first time in 2014, but it has not yet caused
documented changes in the number and distribution of M. Jeidyi. The coastal
current of North Sea water up along the Danish west coast ensures that M. leidyi
every year re-invade Limfjorden, but this current also carries M. leidyi to the
Swedish and Norwegian coasts, and a minor part of the water enters the Kattegat
below the Baltic outflow water. But the importance of this entry of M. Jeidyi into
inner Danish waters is still unknown. Likewise, it remains uncertain if M. leidyi
is brought into the Baltic Sea via the Kiel-Canal, or if M. /eidyi is occasionally
released with ballast water from various ports. Danish environmental vessels
have not been put into action for monitoring the spreading and development of
M. leidyi populations, and without the aid of the Danish Naval Homeguard
probably no studies would have been possible in Limfjorden and Great Belt.
Knowledge of source populations and spreading methods of M. Jeidyi is needed
for understanding its invasion success. Such knowledge is also a prerequisite for
rational monitoring and effective management of ballast water. Nevertheless, the
Danish national monitoring programme still does not include gelatinous zoop-
lankton, but from mid-2017 the monitoring programme (NOVANA) will be
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supplemented with marine sampling for investigation of invasive species, among
these will be M. Jeidyi, by detecting environmental DNA (eDNA).

Acknowledgements

Thanks are due to Florian Liiskow, Josephine Goldstein and Kirstin Anderson

Hansen for constructive comments on the manuscript. This study was financial-

ly supported by a grant from the Danish Council for Independent Research,
Natural Sciences (Grant Number: DFF-4002-00494).

References

(1]

(2]

(5]

(9]

(11]

Reusch, T.B.H., Bolte, S., Sparwel, M., Moss, A.G. and Javidpour, J. (2010) Microsa-
tellites Reveal Origin and Genetic Diversity of Eurasian Invasions by One of the
World’s Most Notorious Marine Invader, Mnemiopsis leidyi (Ctenophora). Mo-
lecular Ecology, 19, 2690-2699. https://doi.org/10.1111/j.1365-294X.2010.04701.x

Costello, J.H., Bayha, K.M., Mianzan, H.W., Shiganova, T.A. and Purcell, J.E. (2012)
Transitions of Mnemiopsis leidyi (Ctenophora: Lobata) from a Native to an Exotic
Species: A Review. Hydrobiologia, 690, 21-46.
https://doi.org/10.1007/s10750-012-1037-9

Shiganova, T., Riisgard, H.U., Ghabooli, S. and Tendal, O.S. (2014) First Report on
Beroe ovata in an Unusual Mixture of Ctenophores in Great Belt (Denmark).
Aquatic Invasions, 9, 111-116. https://doi.org/10.3391/2i.2014.9.1.10

Purcell, J.E., Shiganova, T.A., Decker, M.B. and Houde, E.D. (2001) The Cteno-
phore Mnemiopsis in Native and Exotic Habitats: U.S. Estuaries versus the Black
Sea Basin. Hydrobiologia, 451, 145-176. https://doi.org/10.1023/A:1011826618539
Faasse, M.A. and Bayha, K.M. (2006) The Ctenophore Mnemiopsis leidyi A. Agassiz

1865 in Coastal Waters of the Netherlands: An Unrecognized Invasion? Aquatic
Invasions, 1, 270-277. https://doi.org/10.3391/ai.2006.1.4.9

Javidpour, J., Sommer, U. and Shiganova, T. (2006) First Record of Mnemiopsis
leidyi A. Agassiz 1865 in the Baltic Sea. Aquatic Invasions, 1, 299-302.
https://doi.org/10.3391/2i.2006.1.4.17

Tendal, O.S., Jensen, K.R. and Riisgérd, H.U. (2007a) Invasive Ctenophore Mne-
miopsis leidyi Widely Distributed in Danish Waters. Aquatic Invasions, 2, 455-460.
https://doi.org/10.3391/ai.2007.2.4.19

Caveen, A.J., Fitzsimmons, C., Pieraccini, M., Dunn, E., Sweeting, C.J., Johnsen,
M.L., Boomfield, H., Jones, E.V., Lightfoot, P., Gray, T.S., Stead, S.M. and Polunin,
N.V.C. (2014) Diverging Strategies to Planning an Ecologically Coherent Network
of MPAs in the North Sea: The Roles of Advocacy, Evidence and Pragmatism in the
Face of Uncertainty. Advances in Marine Biology, 69, 325-364.
https://doi.org/10.1016/B978-0-12-800214-8.00009-8

Riisgard, H.U., Bottiger, L., Madsen, C.V. and Purcell, J.E. (2007) Invasive Cteno-
phore Mnemiopsis leidyi in Limfjorden (Denmark) in Late Summer 2007 —Assessment
of Abundance and Predation Effects. Aquatic Invasions, 2, 395-401.
https://doi.org/10.3391/2i.2007.2.4.8

Boersma, M., Malzahn, A.M., Greve, W. and Javidpour, J. (2007) The First Occur-
rence of the Ctenophore Mnemiopsis leidyi in the North Sea. Helgoland Marine
Research, 61, 153-155. https://doi.org/10.1007/s10152-006-0055-2

Antajan, E., Bastian, T., Raud, T., Brylinski, J.-M., Hoffman, S., Breton, G., Cornille,

DOI: 10.4236/0jms.2017.74032

468 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2017.74032
https://doi.org/10.1111/j.1365-294X.2010.04701.x
https://doi.org/10.1007/s10750-012-1037-9
https://doi.org/10.3391/ai.2014.9.1.10
https://doi.org/10.1023/A:1011826618539
https://doi.org/10.3391/ai.2006.1.4.9
https://doi.org/10.3391/ai.2006.1.4.17
https://doi.org/10.3391/ai.2007.2.4.19
https://doi.org/10.1016/B978-0-12-800214-8.00009-8
https://doi.org/10.3391/ai.2007.2.4.8
https://doi.org/10.1007/s10152-006-0055-2

H. U. Riisgard

(13]

[17]

(19]

(23]

V., Delegrange, A. and Vincent, D. (2014) The Invasive Ctenophore Mnemiopsis
leidyi A. Agassiz, 1865 along the English Channel and the North Sea French Coasts:
Another Introduction Pathway in Northern European Waters? Aquatic Invasions,
9, 167-173. https://doi.org/10.3391/ai.2014.9.2.05

Van Ginderdeuren, K., Hostens, K., Hoffman, S., Vansteenbrugge, L., Soenen, K,
De Blauwe, H., Robbens, J. and Vincx, M. (2012) Distribution of the Invasive
Ctenophore Mnemiopsis leidyi in the Belgian Part of the North Sea. Aquatic Inva-
sions, 7, 163-169. https://doi.org/10.3391/ai.2012.7.2.002

Vansteenbrugge, L., Regenmortel, T.V., Roch, M.D., Vincx, M. and Hostens, K.
(2015) Gelatinous Zooplankton in the Belgian Part of the North Sea and the Adja-
cent Schelde Estuary: Spatio-Temporal Distribution Patterns and Population Dy-
namics. Journal of Sea Research, 97, 28-39.

Van Walraven, L., Langenberg, V.T. and van der Veer, H-W. (2013) Seasonal Oc-
currence of the Invasive Ctenophore Mnemiopsis leidyi in the Western Dutch
Wadden Sea. Journal of Sea Research, 82, 86-92.

Van Walraven, L., Daan, R., Langenberg, V. and van der Veer, HW. (2017) Species
Composition and Predation Pressure of the Gelatinous Zooplankton Community in
the Western Dutch Wadden Sea before and after the Invasion of the Ctenophore
Mnemiopsis leidyi A. Agassiz, 1865. Aquatic Invasions, 12, 5-21.
https://doi.org/10.3391/ai.2017.12.1.02

Van der Molen, J., van Beek, J., Augustine, S., Vansteenbrugge, L., van Walraven, L.,
Langenberg, V., van der Veer, HW., Hostens, K., Pitois, S. and Robbens, J. (2015)
Modelling Survival and Connectivity of Mnemiopsis leidyi in the Southern North
Sea and Scheldt Estuaries. Ocean Science, 11, 405-424.
https://doi.org/10.5194/0s-11-405-2015

Riisgard, H.U., Jaspers, C., Serre, S. and Lundgreen, K. (2012b) Occurrence, In-
ter-Annual Variability and Zooplankton-Predation Impact of the Invasive Cteno-
phore Mnemiopsis leidyi and the Native Jellyfish Aurelia aurita in Limfjorden
(Denmark) in 2010 and 2011. Biolnvasions Records, 1, 145-159.
https://doi.org/10.3391/bir.2012.1.3.01

Riisgard, H.U., Madsen, C.V., Barth-Jensen, C. and Purcell, J.E. (2012a) Population
Dynamics and Zooplankton-Predation Impact of the Indigenous Scyphozoan Au-

relia aurita and the Invasive Ctenophore Mnemiopsis leidyi in Limfjorden (Den-
mark). Aquatic Invasions, 7, 147-162. https://doi.org/10.3391/2i.2012.7.2.001

Riisgard, H.U., Andersen, P. and Hoffmann, E. (2012c) From Fish to Jellyfish in the
Eutrophicated Limfjorden (Denmark). Estuaries and Coasts, 35, 701-713.
https://doi.org/lO.1007/s12237—012—9480—4

Riisgard, H.U., Goldstein, J., Lundgreen, K. and Liiskow, F. (2015) Jellyfish and
Ctenophores in the Environmentally Degraded Limfjorden (Denmark) during 2014

Species Composition, Population Densities and Predation Impact. Fisheries and
Aquaculture Journal, 6, 137. https://doi.org/10.4172/2150-3508.1000137

Riisgard, H.U. and Goldstein, J. (2014) Jellyfish and Ctenophores in Limfjorden
(Denmark) Mini-Review, with Recent New Observations. Journal of Marine Science
and Engineering, 2, 593-615. https://doi.org/10.3390/jmse2040593

Baker, L.D. and Reeve, M.R. (1974) Laboratory Culture of the Lobate Ctenophore
Mnemiopsis mccradyi with Notes on Feeding and Fecundity. Marine Biology, 26,
57-62. https://doi.org/10.1007/BF00389086

Jaspers, C., Haraldsson, M., Lombard, F., Bolte, S. and Kigrboe, T. (2013) Seasonal
Dynamics of Early Life Stages of Invasive and Native Ctenophores Give Clues to

DOI: 10.4236/0jms.2017.74032

469 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2017.74032
https://doi.org/10.3391/ai.2014.9.2.05
https://doi.org/10.3391/ai.2012.7.2.002
https://doi.org/10.3391/ai.2017.12.1.02
https://doi.org/10.5194/os-11-405-2015
https://doi.org/10.3391/bir.2012.1.3.01
https://doi.org/10.3391/ai.2012.7.2.001
https://doi.org/10.1007/s12237-012-9480-4
https://doi.org/10.4172/2150-3508.1000137
https://doi.org/10.3390/jmse2040593
https://doi.org/10.1007/BF00389086

H. U. Riisgard

[24]

(27]

(28]

(32]

(33]

(34]

Invasion and Bloom Potential in the Baltic Sea. Journal of Plankton Research, 35,
582-594. https://doi.org/10.1093/plankt/fbt001

Jaspers, C., Costello, J.H. and Colin, S.P. (2015) Carbon Content of Mnemiopsis
leidyi Eggs and Specific Egg Production Rates in Northern Europe. Journal of
Plankton Research, 37, 11-15. https://doi.org/10.1093/plankt/fbul02

Kellnreitner, F., Pockberger, M., Asmus, R. and Asmus, H. (2013) Feeding Interac-
tions between the Introduced Ctenophore Mnemiopsis leidyi and Juvenile Herring
Clupea harengus in the Wadden Sea. Biological Invasions, 15, 871-884.
https://doi.org/10.1007/s10530-012-0336-4

Tendal, O.S., Riisgard, H.U. and Jensen, K.R. (2007b) Draber-Ribbegoplen i danske
farvande en folkelig undersegelse. Dyr i natur og museum. Nr. 2, side 2-5. Statens

Naturhistoriske Museum, Zoologisk Museum, Kebenhavns Universitet. (In Danish)
http://www.e-pages.dk/ku/421/

Riisgard, H.U., Barth-Jensen, C. and Madsen, C.V. (2010) High Abundance of the
Jellyfish Aurelia aurita Excludes the Invasive Ctenophore Mnemiopsis leidyi to Es-

tablish in a Shallow Cove (Kertinge Nor, Denmark). Aquatic Invasions, 5, 347-356.
https://doi.org/10.3391/ai.2010.5.4.03

Haraldsson, M., Jaspers, C., Tiselius, P., Aksnes, D.L., Andersen, T. and Titelman, J.
(2013) Environmental Constraints of the Invasive Mnemiopsis leidyi in Scandina-
vian Waters. Limnology and Oceanography, 58, 37-48.
https://doi.org/10.4319/10.2013.58.1.0037

Jaspers, C., Moller, L.F. and Kierboe, T. (2011) Salinity Gradient of the Baltic Sea
Limits the Reproduction and Population Expansion of the Newly Invaded Comb
Jelly Mnemiopsis leidyi. PLoS ONE, 6, €24065.
https://doi.org/10.1371/journal.pone.0024065

Huwer, B., Stoor-Poulsen, M., Riisgédrd, H.U. and Haslob, H. (2008) Abundance,
Horizontal and Vertical Distribution of the Invasive Ctenophore Mnemiopsis leidyi
in the Central Baltic, November 2007. Aquatic Invasions, 3, 113-124.
https://doi.org/10.3391/ai.2008.3.2.1

Storr-Paulsen, M. and Huwer, B. (2008) Changes in Distribution and Lengths of
Mnemiopsis leidyi in the Central Baltic Sea between Fall and Spring. Aquatic Inva-
sions, 4, 429-434. https://doi.org/10.3391/ai.2008.3.4.9

Schaber, M., Haslob, H., Huwer, B., Harjes, A., Hinrichsen, H.-H., Késter, EW.,
Storr-Paulsen, M., Schmidt, J.O. and Voss, R. (2011a) The Invasive Ctenophore
Mnemiopsis leidyi in the Central Baltic Sea: Seasonal Phenology and Hydrographic
Influence on Spatio-Temporal Distribution Patterns. Journal of Plankton Research,
33, 1053-1065. https://doi.org/10.1093/plankt/fbql67

Schaber, M., Haslob, H., Huwer, B., Harjes, A., Hinrichsen, H.-H., Storr-Paulsen,
M., Schmidt, J.O., Voss, R., Neumann, V. and Koster, W. (2011b) Spatio-Temporal
Overlap of the Alien Invasive Ctenophore Mnemiopsis leidyi and Ichthyoplankton
in the Bornholm Basin (Baltic Sea). Biological Invasions, 13, 2647-2660.
https://doi.org/10.1007/s10530-011-9936-7

Ghabooli, S., Shiganova, T.A., Zhan, A., Cristescu, M.E., Eghtesadi-Araghi, P. and
Maclsaac, H.J. (2011) Multiple Introductions and Invasion Pathways for the Inva-

sive Ctenophore Mnemiopsis leidyiin Eurasia. Biological Invasions, 13, 679-690.
https://doi.org/10.1007/s10530-010-9859-8

Ghabooli, S., Tamara, T.A., Briski, E., Piraino, S., Fuentes, V., Thibault-Botha, D.,
Angel, D.L., Cristescu, M.E. and MaclIsaac, H.J. (2013) Invasion Pathway of the
Ctenophore Mnemiopsis leidyi in the Mediterranean Sea. PLoS ONE, 8, e81067.

DOI: 10.4236/0jms.2017.74032

470 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2017.74032
https://doi.org/10.1093/plankt/fbt001
https://doi.org/10.1093/plankt/fbu102
https://doi.org/10.1007/s10530-012-0336-4
http://www.e-pages.dk/ku/421/
https://doi.org/10.3391/ai.2010.5.4.03
https://doi.org/10.4319/lo.2013.58.1.0037
https://doi.org/10.1371/journal.pone.0024065
https://doi.org/10.3391/ai.2008.3.2.1
https://doi.org/10.3391/ai.2008.3.4.9
https://doi.org/10.1093/plankt/fbq167
https://doi.org/10.1007/s10530-011-9936-7
https://doi.org/10.1007/s10530-010-9859-8

H. U. Riisgard

[42]

(45]

https://doi.org/10.1371/journal.pone.0081067

Bolte, S., Fuentes, V., Haslob, H., Huwer, B., Thibault-Botha, D., et al (2013) Popu-
lation Genetics of the Invasive Ctenophore Mnemiopsis leidyi in Europe Reveal
Source-Sink Dynamics and Secondary Dispersal to the Mediterranean Sea. Marine
Ecology Progress Series, 485, 25-36. https://doi.org/10.3354/meps10321

Hosia, A. and Falkenhaug, T. (2015) Invasive Ctenophore Mnemiopsis leidyi in
Norway. Marine Biodiversity Records. https://doi.org/10.1017/S1755267215000044

Tiselius, P. and Moller, L.F. (2017) Community Cascades in a Marine Pelagic Food
Web Controlled by the Non-Visual Apex Predator Mnemiopsis leidyi. Journal of
Plankton Research, 39, 271-279.

Hansson, H.G. (2006) Ctenophores of the Baltic and Adjacent Seas—The Invader
Mnemiopsis1s Here! Aquatic Invasions, 1, 295-298.
https://doi.org/10.3391/ai.2006.1.4.16

Oliveira, O.M.P. (2007) The Presence of the Ctenophore Mnemiopsis leidyi in the
Oslofjorden and Considerations on the Initial Invasion Pathways to the North and
Baltic Seas. Aquatic Invasions, 2, 185-189. https://doi.org/10.3391/ai.2007.2.3.5

Moller, J.S. (1996) Water Masses, Stratification and Circulation. In: Jergensen, B.B.
and Richardson, K., Eds., Eutrophication in a Coastal Marine Ecosystem. American
Geophysical Union, Coastal and Estuarine Studies, Vol. 52, 51-66.
https://doi.org/10.1029/CE052p0051

Javidpour, J., Molinero, J.C., Peschutter, J. and Sommer, U. (2009a) Seasonal
Changes and Population Dynamics of the Ctenophore Mnemiopsis leidyi after Its
First Year of Invasion in the Kiel Fjord, Western Baltic Sea. Biological Invasions, 11,
873-888. https://doi.org/10.1007/s10530-008-9300-8

Javidpour, J., Molinero, J.C., Lehmann, A., Hansen, T. and Sommer, U. (2009) An-
nual Assessment of the Predation of Mnemiopsis leidyi in a New Invaded Environ-
ment, the Kiel Fjord (Western Baltic Sea): A Matter of Concern? Journal of Plank-
ton Research, 31, 729-738. https://doi.org/10.1093/plankt/fbp021

Steehr, P.A., Jakobsen, H.H., Hansen, J.L.S., Andersen, P., Storr-Paulsen, M., Chris-
tensen, J., Lundsteen, S., Goke, C. and Carausu, M.-C. (2016) Trends in Records and
Contribution of Non-Indigenous Species (NIS) to Biotic Communities in Danish
Marine Waters. Scientific Report from DCE Danish Centre for Environment and
Energy, No. 179, 44. http://dce2.au.dk/pub/SR179.pdf

Thomsen, P.F. and Willerslev, E. (2015) Environmental DNA—An Emerging Tool
in Conservation for Monitoring Past and Present Biodiversity. Biological Conserva-
tion, 183, 4-18.

Thomsen, P., Kielgast, J., Iversen, L.L., Wiuf, C., Rasmussen, M., Gilbert, M.T.P.,
Orlando, L. and Willerslev, E. (2012) Monitoring Endangered Freshwater Biodiver-
sity using Environmental DNA. Molecular Ecology, 21, 2565-2573.
https://doi.org/10.1111/j.1365-294X.2011.05418.x

Sigsgaard, E.E., Nielsen, I.B., Bach, S.S., Lorenzen, E.D., Robinson, D.P., Knudsen,
S.W., Pedersen, M.W., Jaidah, M.A., Orlando, L., Willerslev, E., Mgller, P.R. and
Thomsen, P.F. (2016) Population Characteristics of a Large Whale Shark Aggrega-
tion Inferred from Seawater Environmental DNA. Nature Eco]ogy & Evolution, 1,
4.

DOI: 10.4236/0jms.2017.74032

471 Open Journal of Marine Science


https://doi.org/10.4236/ojms.2017.74032
https://doi.org/10.1371/journal.pone.0081067
https://doi.org/10.3354/meps10321
https://doi.org/10.1017/S1755267215000044
https://doi.org/10.3391/ai.2006.1.4.16
https://doi.org/10.3391/ai.2007.2.3.5
https://doi.org/10.1029/CE052p0051
https://doi.org/10.1007/s10530-008-9300-8
https://doi.org/10.1093/plankt/fbp021
http://dce2.au.dk/pub/SR179.pdf
https://doi.org/10.1111/j.1365-294X.2011.05418.x

	Invasion of Danish and Adjacent Waters by the Comb Jelly Mnemiopsis leidyi—10 Years After
	Abstract
	Keywords
	1. Introduction
	2. The First Observations
	3. Studies in Limfjorden
	4. Observations in Kattegat and Great Belt
	5. Occurrence in the Central Baltic Sea
	6. Origin and Spreading
	7. Monitoring and Management
	8. Conclusion
	Acknowledgements
	References

