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INTRODUCTION

Marine biological invasions due to human activities
are on the increase, and represent a major threat to
marine ecosystems because of their potential to alter
both the habitat and community structure of the
invaded environments (Bax et al. 2003). The cteno-
phore Mnemiopsis leidyi is considered one of the most
detrimental invasive species in the pelagic realm,
mainly due to the fisheries collapses that coincided
with its introduction into the Black Sea in the early
1980s (Kideys 2002) and the Caspian Sea around the
turn of the millennium (Stone 2005, Daskalov &
Mamedov 2007, Roohi et al. 2009). The invasive
M. leidyi has been present in the North Sea at least

since 2005 (Oliveira 2007) and has since also been
observed in the Baltic Sea (Javidpour et al. 2006). Its
appearance has caused concern and received consid-
erable political and research attention, primarily in
view of the potential negative effects of large popula-
tions of predatory jellyfish on zooplankton and fish
larvae. Observations from around the world suggest
that human activities resulting in species introduc-
tions, overfishing, eutrophication, climate change and
habitat degradation could lead to more prominent
blooms, as well as sustained biomass increases of jel-
lyfish (reviewed by Mills 2001, Purcell et al. 2007,
Richardson et al. 2009). The major concern is that
such changes may, due to a positive feedback loop,
result in a regime shift towards an undesirable alter-
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nate ecosystem state dominated by jellyfish (Aksnes
et al. 2009, Richardson et al. 2009).

In the absence of controlling predators, populations
of an invasive species can become a nuisance. In addi-
tion to temperature and food availability (Kremer 1994),
gelatinous predators such as the ctenophore Beroe
ovata and the scyphomedusa Chrysaora quinquecirrha
play an important role in regulating Mnemiopsis leidyi
populations in its native range along the Atlantic west
coast (Purcell et al. 2001 and references therein). Lack
of predators probably contributed to the decimation of
zooplankton and fish in conjunction with the M. leidyi
invasions of the Black and Caspian seas, though habitat
degradation and overfishing seem to have been the ul-
timate culprits behind the collapse of commercially im-
portant fish stocks there (Daskalov 2002, Gucu 2002,
Aksnes 2007). The numbers and adverse effects of
M. leidyi in the Black Sea have considerably re-
duced since the subsequent accidental introduction of
B. ovata, a ctenophore preying on M. leidyi, in the late
1990s (Kideys 2002, Bilio & Niermann 2004).

Predatory interactions between gelatinous zoo-
plankton are common (reviewed by Purcell 1991, 1997,
Arai 2005), and can be important in structuring the
pelagic community; however, rates have rarely been
experimentally quantified (but see for example Båmst-
edt et al. 1994, Purcell & Cowan 1995, Titelman et al.
2007). While neither Beroe ovata nor Chrysaora quin-
quecirrha occurs in the NE Atlantic and Baltic areas
newly invaded by Mnemiopsis leidyi, we hypothesize
that other native gelatinous predators may prove
important in controlling M. leidyi populations. Two
Beroe species, known to feed almost exclusively on
other ctenophores (Swanberg 1974), are native to the
North Sea: B. gracilis and B. cucumis. North Sea B. gra-
cilis has been considered a specialist feeding exclu-
sively on Pleurobrachia pileus (Greve 1970, Greve &
Reiners 1988), and the seasonal population dynamics
of these 2 species in the North Sea are closely con-
nected, with B. gracilis apparently controlling P. pileus
populations (Greve 1981, Greve & Reiners 1988). No
previous records of B. gracilis feeding on M. leidyi

exist. In the present study, we experimentally quanti-
fied predatory interactions between the co-occurring
alien M. leidyi and the native B. gracilis in Gullmars-
fjorden, Sweden.

MATERIALS AND METHODS

Experiments targeting predatory interactions be-
tween the ctenophores Mnemiopsis leidyi and Beroe
gracilis were carried out at The Sven Lovén Centre for
Marine Sciences, Kristineberg, on the west coast of
Sweden from September to October 2009, during a
period of simultaneous occurrence of the 2 cteno-
phores in Gullmarsfjorden.

Experimental animals. Ctenophores were gently
hand collected with beakers from a pier outside the
laboratory. Only healthy-looking animals were chosen
for the experiments, and experimental animals were
only used once. Animals were kept at 17 to 18°C (sim-
ilar to ambient sea temperature at the time of collec-
tion) in gently aerated 50 l holding tanks with Gull-
marsfjorden water from 32 m depth. Tanks were
cleaned, and a portion of the water was changed regu-
larly, resulting in about 30% weekly water renewal.
Mnemiopsis leidyi were fed Artemia sp. ad libitum,
with occasional Centropages typicus additions. Beroe
gracilis were fed daily with live or chopped up M. lei-
dyi. The B. gracilis survived for 6 wk on this diet, and
also spawned successfully in the holding tanks. In the
end the B. gracilis culture crashed, probably due to a
sudden outburst of parasites visible in the mesoglea.
The B. gracilis did not appear to cannibalize each other
in the holding tanks. We sometimes saw partial inges-
tion of one B. gracilis by another when both had simul-
taneously started eating the same M. leidyi prey from
different directions. The partially ingested conspecific
was in all observed cases regurgitated intact.

Beroe gracilis feeding on Mnemiopsis leidyi. To esti-
mate feeding rates we carried out a series of incuba-
tions with B. gracilis feeding on M. leidyi at different
prey concentrations and sizes (Table 1). Animals from
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Table. 1. Summary of experimental conditions in feeding incubations. All experiments were conducted using 1 predator per bot-
tle. Size is given as total length for Beroe gracilis and oral-aboral length for Mnemiopsis leidyi. Data are means (±SD). Volume
for Expts A to D was 13.5 l and for Expt E was 2.32 l. In the column of initial concentrations the number of replicates is given in 

parentheses

Expt Predator Predator Prey Prey Initial conc. Duration 
size (mm) size (mm) (ind. l–1) (h)

A B. gracilis 24.3 ± 0.5 M. leidyi 5.9 ± 0.9 1.19 (3) 5.1 ± 1.7
B B. gracilis 20.4 ± 2.0 M. leidyi 8.5 ± 1.6 0.15(2); 0.30 (3); 0.59 (3); 1.19 (2), 2.37 (1) 13.7 ± 3.4
C B gracilis 20.5 ± 2.9 M. leidyi 12.8 ± 2.0 0.15(2); 0.30 (3); 0.59 (3); 1.19 (2), 2.37 (1) 13.2 ± 3.5
D B gracilis 23.1 ± 2.4 M. leidyi 20.6 ± 2.4 0.15(3); 0.30 (3); 0.59 (3); 1.19 (3) 13.5 ± 2.6
E M. leidyi 10.8 ± 1.1 B. gracilis 1.4 ± 0.3 2.17 (3), 6.52 (3), 13.04 (4), 26.09 (3) 14.6 ± 1.6
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the holding tanks were acclimatized to experimental
water (5 μm filtered Gullmarsfjorden water from 32 m,
salinity: 32.7 to 33‰) for 2 to 12 h prior to experiments.
Prey ctenophores were first gently added to 13.5 l
bottles. The incubations started upon the addition of a
single predatory B. gracilis to each bottle, after which
the bottle was topped and sealed airtight. Bottles
were incubated on a rolling table rotating slowly at
~0.5 rpm, in darkness, at 16.9 to 18.2°C for 3.2 to 17 h
(12.8 ± 3.3, mean ± SD). At the end of the incubation,
the predator was removed and the remaining prey
were enumerated. Only incubations during which
some, but not all, prey were eaten were used in the sub-
sequent analyses. The fraction of entire prey consumed
during these incubations was 0.39 ± 0.17 (mean ± SD).
Subsamples of prey were sized (oral-aboral length Lo-a,
mm) prior to the incubations, while predators were
measured (total length L, mm) after the incubations.

Individual clearance rates F (l ind.–1 h–1) were calcu-
lated as:

where nstart and nend are the number of prey at the
beginning and end of the incubation, V is bottle vol-
ume (l), npred is the number of predators (always 1 in
our experiments) and t is incubation duration (h).
When some of the prey were partly eaten, a search rate
(l ind.–1 h–1) was also similarly calculated by replacing
nend by the number of undamaged prey remaining at
the end of the incubation.

Ingestion I (prey ind.–1 h–1) was calculated as:

where cav is the logarithmic average of prey concentra-
tion during the incubation (e.g. Kiørboe et al. 1982).
For incubation series showing signs of saturation, the
maximum clearance rate Fmax (l ind.–1 h–1) and han-
dling time h (h) were estimated by fitting Holling’s disk
equation

to the individual ingestion rate data as a function of cav.
For non-saturating prey concentrations we also fitted a
linear regression, where the slope is a proxy of Fmax. All
curve fitting and associated statistical testing were
conducted using SigmaPlot 11.0 and SPSS 16.0.

Digestion rates. For non-tentaculate predators, such
as Beroe gracilis, capable of quickly ingesting intact
large prey, a major part of the prey handling time
probably corresponds to digestion time. We therefore
quantified digestion time on prey ranging from 4 to
12 mm (Lo-a). Pairs of a single Mnemiopsis leidyi of a

known size and a single B. gracilis without visible gut
contents, with predator to prey size ratios of <1, were
isolated in beakers and monitored continuously. After
a feeding event was recorded, gut contents were
checked under a dissection microscope ca. every 5 min
until complete digestion, indicated by an absence of
visible prey tissue in the gut, was recorded. We
observed 40 events in total. Predator length was mea-
sured after the experiment. Temperature during the
digestion experiments was 19.3 ± 0.5°C (mean ± SD).

Mnemiopsis leidyi feeding on Beroe gracilis. We also
conducted an incubation series in which small lobate M.
leidyi (Lo-a = 11 ± 1 mm, mean ± SD) were allowed to feed
on B. gracilis larvae (L = 1.4 ± 0.3 mm, mean ± SD) at prey
concentrations ranging from 2.2 to 26.1 ind. l–1 in 2.3 l
bottles (Table 1). The bottles were incubated on a plank-
ton wheel (0.2 rpm) for 14.6 ± 1.6 h (mean ± SD) in dark-
ness. Our ability to successfully recover B. gracilis larvae
was tested with controls without predators (return rate
>99%). Experimental procedure and estimation of rates
were the same as for the incubations with B. gracilis
feeding on M. leidyi.

RESULTS

Beroe gracilis feeding on Mnemiopsis leidyi

B. gracilis fed readily on M. leidyi both in the holding
tanks and during the experiments. Upon encounter
with a potential prey, hungry B. gracilis attacked and
ingested M. leidyi smaller than themselves within sec-
onds (see the supplementary video at www.int-res.
com/articles/suppl/m422p129_supp/). We qualitatively
observed B. gracilis feeding on 3 mm (Lo-a) tentaculate-
stage M. leidyi larvae when these were presented as
prey. However, smaller (<1 mm), recently hatched lar-
vae did not elicit a feeding response in large (>10 mm)
B. gracilis, even at direct contact with the mouth. Tran-
sitional-stage and small lobate M. leidyi were com-
pletely ingested, while larger specimens were often
partially consumed. In the majority of the partial feed-
ing cases, B. gracilis attacked a M. leidyi lobe, cleanly
biting off as much as they could ingest. The proportion
of partially consumed prey increased with prey size,
and in the largest prey size group all feeding was par-
tial (Fig. 1). Because of partial feeding, we estimated
clearance rates for the consumption of whole prey
items, as well as search rates (l ind.–1 h–1) that take into
account all encounters ending in complete or partial
consumption of prey (Table 2). Since we have no way
of knowing whether the complete or partial consump-
tion of prey observed at the end of an incubation is the
result of a single encounter or several partial feeding
events, these values should be considered conserva-
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tive. Functional response curves (Fig. 2) were esti-
mated both excluding and including partial ingestion.

For the smaller prey (av. Lo-a = 8.5 mm), ingestion of
whole prey increased linearly with prey concentration
through the entire range of concentrations studied
(Figs. 2 & 3). For the larger prey sizes (av. Lo-a = 12.8
and 20.6 mm), ingestion rates leveled off at higher prey
concentrations, suggesting that prey handling was lim-
iting (Fig. 2). The linear regressions, which provided
the better fits for the non-saturating prey concentra-
tions for prey sizes 8.5 and 12.8 mm, indicated that Fmax

decreased with prey size (Fig. 2, Table 2). We found no
significant effect of predator size (range: 16 to 28 mm)
on individual clearance rates (linear regression: R2 =
0.04, p = 0.306, n = 30).

Digestion rates

Digestion time for prey with Lo-a of 4 to 12 mm ranged
from 1.6 to 8.4 h prey–1 and increased with prey size
(Fig. 4). A partial correlation between prey wet weight
and digestion time controlling for predator size con-
firmed that prey wet weight could explain much of the
variation in digestion time (partial r = 0.708, p < 0.001,
df = 37), while a partial correlation between predator
size and digestion time controlling for prey wet weight
indicated predator size was not significant in determin-
ing digestion time (partial r = –0.246, p = 0.13, df = 37).
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M. leidyi oral-aboral length (mm)
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Mnemiopsis leidyi feeding on Beroe gracilis

Both transitional stage and adult M. leidyi were able
to feed on B. gracilis larvae (Fig. 5). Larvae were
caught with tentilla as well as lobes and were digested

after ingestion. In incubations with small lobate M. lei-
dyi as predators, the ingestion rate leveled off to about
1.2 prey ind.–1 h–1 with increasing prey concentrations,
yielding an Fmax of 0.35 l ind.–1 h–1 and a handling time
of 0.70 h (Fig. 5).
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Prey size 8.5 ± 1.6 mm
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the non-saturating prey concentrations. For estimates of clearance rates and handling times, see Table 2
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DISCUSSION

North Sea Beroe gracilis, previously considered a
specialist feeder on Pleurobrachia pileus (Greve 1970,
Greve & Reiners 1988), feeds readily on the introduced
Mnemiopsis leidyi and reproduces successfully on this
diet. B. gracilis may be able to utilize M. leidyi as prey
throughout their development. Young B. gracilis are
able to feed on young P. pileus of suitable size (Greve
1970), and, since larval lobate and cydippid cteno-
phores are similar in size and morphology, they can
probably also prey on M. leidyi larvae. We also ob-
served larval B. gracilis attaching to adult M. leidyi. It
remains unclear whether the larvae were indeed feed-
ing, as no wounds could be detected on M. leidyi under
a stereomicroscope. However, Greve (1970) described
a similar behavior with B. gracilis larvae attaching
themselves to P. pileus and called it ‘a kind of tempo-
rary ectoparasitism’.

Reversal of roles

The association between Mnemiopsis leidyi and
Beroe gracilis populations is not straightforward, as the
predatory interactions between the 2 species are size
dependent and their roles may be interchanged. We
found that transitional-stage and larger M. leidyi can
in turn ingest and digest larval B. gracilis (Fig. 5). The
ingestion rate increased up to 8 prey l–1 and leveled out
at ca. 1.2 prey ind.–1 h–1 (Fig. 5). The functional re-
sponse of similarly sized Bolinopsis infundibulum
(Sørnes & Aksnes 2004) and M. leidyi (Hansson et al.
unpubl. data) feeding on Artemia salina nauplii does
not level out until ca. 200 prey l–1. However, by prey
volume, M. leidyi reaches saturation at similar concen-
trations: 7.4 mm3 l–1 for B. gracilis prey at a saturation
concentration of 10 ind. l–1 and 7.8 mm3 l–1 for A. salina
nauplii at a saturation concentration of 200 ind. l–1

(assuming prey volumes of 0.74 mm3 for 1.4 mm B. gra-
cilis larvae and 0.039 mm3 for 0.7 mm A. salina nau-
plii). This suggests that gut volume is an important part
of the handling limitation in M. leidyi.

Predation of Beroe spp. larvae by abundant Mne-
miopsis leidyi could preempt predation pressure by
reducing B. gracilis numbers before they reach a size
at which they are able to reproduce and feed on 
M. leidyi. Similar dynamics with switching of roles
have been observed for other gelatinous prey–
predator pairs such as Aurelia aurita and Cyanea
capillata (Gröndahl 1988, Titelman et al. 2007), as well
as Aequorea victoria and Clytia gregaria (Pennington
1990). However, such effects are, in this case, probably
minor, as they have not been reported from other areas
where Beroe sp. and M. leidyi co-occur.
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Role of prey size

The impact of Beroe gracilis predation on Mnemiop-
sis leidyi depends on prey size. Most importantly,
B. gracilis are unable to completely ingest M. leidyi
approaching their own size (Fig. 1). M. leidyi thus
experience a size refuge from predation by B. gracilis
in the North Sea, where B. gracilis typically grows to
about 3 cm (Greve 1970), while M. leidyi can approach
7 cm in oral-aboral length (M. Haraldsson et al. un-
publ. data). When feeding on Pleurobrachia pileus,
B. gracilis discards prey larger than itself (Greve 1975).
However, the lobate form of M. leidyi is much more
vulnerable to partial feeding than the compact ovoid
shape of P. pileus, and large M. leidyi prey were par-
tially consumed rather than rejected. Partial feeding
behavior, where macrocilial teeth are used to bite off
pieces of prey, is common in beroids and has also been
observed for B. cucumis (Falkenhaug & Stabell 1996)
and B. ovata (Swanberg 1974) feeding on lobate
ctenophores.

Because of the impressive regenerative abilities of
Mnemiopsis leidyi (Henry & Martindale 2000), losing a
lobe is rarely fatal. M. leidyi that escape capture by
jellyfish predators, but lose tissue in the process,
regenerate the lost parts in a few days (Kreps et al.
1997, Hosia & Titelman 2010). Nevertheless, the woun-
ded ctenophores suffer reduced fitness due to alloca-
tion of energy to healing and regeneration rather than
to growth and reproduction. A severed lobe is also
likely to affect feeding efficiency and reproductive out-
put, as both the prey capture surface and the length of
the meridional canals used for reproduction decrease
(Purcell & Cowan 1995). The wounded individual can
also become more susceptible to further predation,
both because of reduced swimming performance and
because exudates from the wounded prey may stimu-
late intensified search behavior by predators. Beroe
cucumis responds to Bolinopsis infundibulum extracts
by increased swimming (Falkenhaug & Stabell 1996),
and we also observed that B. gracilis increased cruis-
ing activity when bits of M. leidyi were added to the
holding containers.

No handling limitations were apparent when Beroe
gracilis were feeding on Mnemiopsis leidyi consider-
ably smaller than their own size (cf. Fig. 2). The B. gra-
cilis cruised around actively searching for prey, and
small M. leidyi could be rapidly ingested upon encoun-
ter (see supplement). For larger prey, however, hand-
ling limitations became more apparent with increas-
ing prey size. The handling time h estimated from
Holling’s disk equation is influenced by prey pursuit,
capture, ingestion and digestion time. Comparing h
with the quantified digestion time for B. gracilis feed-
ing on M. leidyi suggests that handling limitations

largely stem from digestion (Table 2), the duration of
which increased with prey size (Fig. 4). While we do
not know the exact digestion times for partial feeding
on the largest prey, we can expect these to be gener-
ally high because B. gracilis often seemed to engulf as
much of the attacked lobe as they could before biting it
off. Other processes may also have contributed to the
longer handling times of large prey, although they are
probably of less importance. For example, the inges-
tion process may take longer for larger prey, and while
the process of biting off a piece of lobe with the macro-
cilial teeth (Swanberg 1974) was relatively quick, it
still increases prey handling time compared to swal-
lowing a prey whole.

For all prey sizes, the extrapolated digestion time
was much longer than the estimated h (Table 2). This is
because it is available gut space rather than the ongo-
ing digestion process per se that limits further feeding
(Hansson & Kiørboe 2006), so that multiple prey can be
handled simultaneously. We, for example, observed a
Beroe gracilis ingesting one transitional-stage Mne-
miopsis leidyi and then, upon encounter, ingesting a
second one within minutes, so that both were undi-
gested and clearly visible in the gut. A relatively large
portion of the observed digestion time was often spent
on the last poorly digestible morsels, possibly prey gut
contents egested at the end of the digestion process
(Swanberg 1974), which would be unlikely to hinder
further feeding.

Linear regressions provided the best fit for functional
response under limiting prey concentrations for prey
with mean Lo-a of 8.5 and 12.8 mm (Fig. 2, Table 2). The
maximum observed ingestion rate in terms of numbers
of prey was more than twice as high for the smaller of
these prey size groups (Fig. 2). However, ingestion
rates in terms of wet weight, and thus energetic gain,
were similar when feeding on the 2 prey size groups
(Fig. 3). The similarity of the functional response
curves (Fig. 3) for the 8.5 and 12.5 mm Lo-a size groups
would be further increased if partial feeding was also
taken into account. For the 12.5 mm Lo-a prey size
group, further increases in prey concentration invoked
handling limitations (Fig. 2). Assuming Beroe gracilis
feeding is limited by gut volume, we could expect han-
dling limitations at prey concentrations exceeding our
experimental maxima (i.e. 2.37 ind. l–1), also for 8.5 mm
prey (Fig. 2).

Ecological relevance

It is quite common for gelatinous species to feed on
one another (reviewed by Purcell 1991, 1997, Arai
2005). For example, Beroe gracilis’ congener B. ovata
has been shown to exert control on the Mnemiopsis lei-
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dyi populations in the NW Atlantic (Purcell et al. 2001
and references therein) and in the Black Sea (Kideys
2002, Stone 2005). Estimated clearance rates (based on
equations in Finenko et al. 2003) for 2 to 10 cm sized
B. ovata feeding on M. leidyi in the Black Sea are ca.
0.11 to 0.14 l ind.–1 h–1. This is somewhat lower than
our figures for B. gracilis (Table 2). Predation by
B. cucumis has, in turn, been implicated in population
reductions of the lobate Bolinopsis infundibulum along
the Norwegian coast (Falkenhaug 1996). In the North
Sea, B. gracilis itself controls Pleurobrachia pileus pop-
ulations (Greve 1981, Greve & Reiners 1988). How-
ever, B. gracilis is smaller than the other mentioned
Beroe species capable of controlling populations of
large lobate ctenophores, and its small size relative to
M. leidyi affects the dynamics between these 2 species.

Little quantitative data for feeding amongst jellies is
to be found in the literature (but see e.g. Strand &
Hamner 1988, Purcell & Cowan 1995, Titelman et al.
2007), making it difficult to assess potential mortality in
field populations. We applied our feeding rates to con-
current in situ abundances of Mnemiopsis leidyi and
Beroe gracilis at a nearby monitoring station (Släggö,
Gullmarsfjorden), taking into account their vertical
and size distributions (Fig. 6; M. Haraldsson et al.
unpubl. data). B. gracilis–induced mortality on the
entire M. leidyi population was only 8.8 × 10–4 d–1,
when calculated as μpop = Σ(μid cid sd)/Σ(cid sd), where μid

is the mortality and cid is the concentration of prey size
group i in depth stratum d, and sd is the height of the
sampled depth stratum (see Fig. 6 legend for details).
The overall mortality was much reduced by the large
portion of the M. leidyi population that was too big for
complete ingestion by B. gracilis. Mortality from
B. gracilis predation was highest close to the surface,
where the fraction of oversized prey was smallest and
B. gracilis was most abundant. The fraction of M. leidyi
too large to be consumed by B. gracilis increased with
depth, with all individuals below 30 m safe from com-
plete ingestion.

The in situ Beroe gracilis size at Släggö was 16.1 ±
5.2 mm (mean ± SD), the mean size thus being close to
the smallest predator sizes used in our experiments.
We did not consider B. gracilis size in the in situ mor-
tality rate estimations because we found no effect of
size on individual clearance rates in our experiments.
Nevertheless, it may be assumed that B. gracilis
towards the lower range of the in situ size spectrum
would have been able to completely ingest only the
smaller size fractions of Mnemiopsis leidyi, further
diminishing the actual in situ mortality.

Despite significant feeding on Mnemiopsis leidyi in
the experiments, Beroe gracilis was thus at the time of
our study unlikely to significantly reduce the M. leidyi
population in situ. However, this was only a momen-

tary glimpse, and the effect will vary as the relative
abundances and size ranges of the 2 species change
over time.

The spatial and temporal occurrences of the 2 spe-
cies in the North Sea do overlap to a large degree, and
the invasive ctenophore could thus become an attrac-
tive and important prey for Beroe gracilis. In addition
to B. gracilis, other native gelatinous predators may
turn out to have an impact on Mnemiopsis leidyi popu-
lations, thus helping to avoid in this region the prob-
lems experienced in the Ponto-Caspian region. The
other North Sea beroid, B. cucumis, can grow to
>10 cm in length and is assumed to primarily feed on
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the native lobate Bolinopsis infundibulum (Greve
1970, Falkenhaug & Stabell 1996), similar to M. leidyi
in size. With B. cucumis as a predator, M. leidyi would
thus probably not experience the same size refuge as
with B. gracilis. We observed B. cucumis feeding on M.
leidyi in captivity, but did not have enough animals for
experimentation. There are also several species of
scyphomedusae native to the North Sea, most notably
Cyanea spp. and Chrysaora hysoscella, which are able
to feed on M. leidyi (Hosia & Titelman 2010). The sheer
numbers of M. leidyi in the Skagerrak, Kattegat and
other North Sea locations make it an important poten-
tial prey item for any native predator of gelatinous zoo-
plankton in these regions.

Acknowledgements. This is a contribution to the BAZOOCA
project under the BONUS framework. We received financial
support from The Research Council of Norway (Project No.
190304/S40, A.H.) and FORMAS (Project No. 2007-1105,
L.J.H. & J.T.; Project No. 2008-1586, J.T.). We thank Jon Egil
Skjæraasen for constructive discussion on the manuscript and
anonymous reviewers for helpful comments.

LITERATURE CITED

Aksnes DL (2007) Evidence for visual constraints in large
marine fish stocks. Limnol Oceanogr 52:198–203

Aksnes DL, Dupont N, Staby A, Fiksen Ø, Kaartvedt S, Aure
J (2009) Coastal water darkening and implications for
mesopelagic regime shifts in Norwegian fjords. Mar Ecol
Prog Ser 387:39–49

Arai MN (2005) Predation on pelagic coelenterates: a review.
J Mar Biol Assoc UK 85:523–536

Båmstedt U, Martinussen MB, Matsakis S (1994) Tropho-
dynamics of the two scyphozoan jellyfishes, Aurelia aurita
and Cyanea capillata, in western Norway. ICES J Mar Sci
51:369–382

Bax N, Williamson A, Aguero M, Gonzalez E, Geeves W
(2003) Marine invasive alien species: a threat to global
biodiversity. Mar Policy 27:313–323

Bilio M, Niermann U (2004) Is the comb jelly really to blame
for it all? Mnemiopsis leidyi and the ecological concerns
about the Caspian Sea. Mar Ecol Prog Ser 269:173–183

Daskalov GM (2002) Overfishing drives a trophic cascade in
the Black Sea. Mar Ecol Prog Ser 225:53–63

Daskalov GM, Mamedov EV (2007) Integrated fisheries ass-
essment and possible causes for the collapse of anchovy
kilka in the Caspian Sea. ICES J Mar Sci 64:503–511

Falkenhaug T (1996) Distributional and seasonal patterns of
ctenophores in Malangen, northern Norway. Mar Ecol
Prog Ser 140:59–70

Falkenhaug T, Stabell OB (1996) Chemical ecology of preda-
tor–prey interactions in ctenophores. Mar Freshwat Behav
Physiol 27:249–260

Finenko GA, Romanova ZA, Abolmasova GI, Anninsky BE
and others (2003) Population dynamics, ingestion, growth
and reproduction rates of the invader Beroe ovata and its
impact on plankton community in Sevastopol Bay, the
Black Sea. J Plankton Res 25:539–549

Greve W (1970) Cultivation experiments on North-Sea cteno-
phores. Helgol Wiss Meeresunters 20:304–317

Greve W (1975) Die Rippenquallen der südlichen Nordsee
und ihre interspezifischen Relationen. Wissenschaftlicher

Film, Begleitpublikation C 1182. Institut für den Wissen-
schaftlichen Film, Göttingen, p 2–14

Greve W (1981) Invertebrate predator control in a coastal
marine ecosystem: the significance of Beroe gracilis
(Ctenophora). Kiel Meeresforsch Sonderh 5:211–217

Greve W, Reiners F (1988) Plankton time–space dynamics
in German Bight — a systems-approach. Oecologia 77:
487–496

Gröndahl F (1988) A comparative ecological study on the
scyphozoans Aurelia aurita, Cyanea capillata and Cyanea
lamarckii in the Gullmar fjord, western Sweden, 1982 to
1986. Mar Biol 97:541–550

Gucu AC (2002) Can overfishing be responsible for the suc-
cessful establishment of Mnemiopsis leidyi in the Black
Sea? Estuar Coast Shelf Sci 54:439–451

Hansson LJ, Kiørboe T (2006) Effects of large gut volume in
gelatinous zooplankton: ingestion rate, bolus production
and food patch utilization by the jellyfish Sarsia tubulosa.
J Plankton Res 28:937–942

Henry JQ, Martindale MQ (2000) Regulation and regenera-
tion in the ctenophore Mnemiopsis leidyi. Dev Biol 227:
720–733

Hosia A, Titelman J (2010) Intraguild predation between the
native North Sea jellyfish Cyanea capillata and the inva-
sive ctenophore Mnemiopsis leidyi. J Plankton Res.
doi:10.1093/plankt/fbq106

Javidpour J, Sommer U, Shiganova T (2006) First record of
Mnemiopsis leidyi A. Agassiz, 1865 in the Baltic Sea.
Aquat Invasions 1:299–302

Kideys AE (2002) Fall and rise of the Black Sea ecosystem.
Science 297:1482–1484

Kiørboe T, Møhlenberg F, Nicolajsen H (1982) Ingestion rate
and gut clearance in the planktonic copepod Centropages
hamatus (Lilljeborg) in relation to food concentration and
temperature. Ophelia 21:181–194

Kremer P (1994) Patterns of abundance for Mnemiopsis leidyi
in US coastal waters: a comparative overview. ICES J Mar
Sci 51:347–354

Kreps TA, Purcell JE, Heidelberg KB (1997) Escape of the
ctenophore Mnemiopsis leidyi from the scyphomedusa
predator Chrysaora quinquecirrha. Mar Biol 128:441–446

Mills CE (2001) Jellyfish blooms: Are populations increasing
globally in response to changing ocean conditions?
Hydrobiologia 451:55–68

Oliveira OMP (2007) The presence of the ctenophore Mne-
miopsis leidyi in the Oslofjorden and considerations on the
initial invasion pathways to the North and Baltic Seas.
Aquat Invasions 2:185–189

Pennington JT (1990) Predation by hydromedusae on hydro-
zoan embryos and larvae: planktonic kin selection? Mar
Ecol Prog Ser 60:247–252

Purcell JE (1991) A review of cnidarians and ctenophores
feeding on competitors in the plankton. Hydrobiologia
216/217:335–342

Purcell JE (1997) Pelagic cnidarian and ctenophores as preda-
tors: selective predation, feeding rates, and effects on prey
populations. Ann Inst Oceanogr 73:125–137

Purcell JE, Cowan JH Jr (1995) Predation by the scyphome-
dusan Chrysaora quinquecirrha on Mnemiopsis leidyi
ctenophores. Mar Ecol Prog Ser 129:63–70

Purcell JE, Shiganova TA, Decker MB, Houde ED (2001) The
ctenophore Mnemiopsis in native and exotic habitats: U.S.
estuaries versus the Black Sea basin. Hydrobiologia 451:
145–176

Purcell JE, Uye S, Lo WT (2007) Anthropogenic causes of
jellyfish blooms and their direct consequences for humans:
a review. Mar Ecol Prog Ser 350:153–174

137



Mar Ecol Prog Ser 422: 129–138, 2011138

Richardson AJ, Bakun A, Hays GC, Gibbons MJ (2009) The
jellyfish joyride: causes, consequences and management
responses to a more gelatinous future. Trends Ecol Evol
24:312–322

Roohi A, Kideys A, Sajjadi A, Hashemian A and others (2009)
Changes in biodiversity of phytoplankton, zooplankton,
fishes and macrobenthos in the southern Caspian Sea
after the invasion of the ctenophore Mnemiopsis leidyi.
Biol Invasions 12:2343–2361

Sørnes TA, Aksnes DL (2004) Predation efficiency in visual
and tactile planktivores. Limnol Oceanogr 49:69–75

Stone R (2005) Attack of the killer jellies. Science 309:
1805–1806

Strand SW, Hamner WM (1988) Predatory behavior of Phacel-
lophora camtschatica and size-selective predation upon
Aurelia aurita (Scyphozoa, Cnidaria) in Saanich Inlet,
British Columbia. Mar Biol 99:409–414

Swanberg N (1974) The feeding behavior of Beroe ovata. Mar
Biol 24:69–76

Titelman J, Gandon L, Goarant A, Nilsen T (2007) Intraguild
predatory interactions between the jellyfish Cyanea capil-
lata and Aurelia aurita. Mar Biol 152:745–756

Editorial responsibility: Marsh Youngbluth, 
Fort Pierce, Florida, USA

Submitted: August 19, 2010; Accepted: November 10, 2010
Proofs received from author(s): January 19, 2011


	cite1: 
	cite2: 
	cite3: 
	cite4: 
	cite5: 
	cite6: 
	cite7: 
	cite8: 
	cite9: 
	cite10: 
	cite11: 
	cite12: 
	cite13: 
	cite14: 
	cite15: 
	cite16: 
	cite17: 
	cite18: 
	cite19: 
	cite20: 
	cite21: 
	cite22: 
	cite23: 
	cite24: 
	cite25: 
	cite26: 
	cite27: 
	cite28: 
	cite29: 
	cite30: 
	cite31: 
	cite32: 
	cite33: 
	cite34: 
	cite35: 
	cite36: 
	cite37: 
	cite38: 
	cite39: 


