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Abstract Hydrodynamic drift modeling was used to
investigate the potential dispersion of Mnemiopsis
leidyi from the Bornholm Basin in the Baltic Sea
where it has been observed since 2007 further to the
east and north. In the brackish surface layer disper-
sion is mainly driven by wind, while within the
halocline dispersion is mainly controlled by the
baroclinic flow field and bottom topography. Model
runs showed that the natural spreading via deep water
currents from the Bornholm Basin towards north and
east is limited by topographic features and low
advection velocities. Based on the information on
ranges of salinity and temperature, which limit
survival and reproduction of this ctenophore within
the Baltic Sea, arecas have been identified where the
American comb jelly, M. leidyi could potentially
survive and reproduce. While, we could show that
M. leidyi might survive in vast areas of the northern
Baltic Sea its reproduction is prevented by low
salinity (<10 psu) and temperature (<12°C). Thus,
due to the combined effect of low salinity and
temperature, it is not probable that M. leidyi could
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establish permanent populations in the central or
northern Baltic Sea. However, it seems that in the
southern parts of the Baltic Sea environmental
conditions are suitable for a successful reproduction
of M. leidyi.
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Introduction

Aquatic invasive species have been identified glob-
ally as one of the major threats to marine ecosystems,
causing biodiversity loss and adverse environmental,
economic and social impacts (Leppékoski et al. 2002;
Occhipinti-Ambrogi and Savini 2003). The most
important global pathway for introductions is ship
traffic including transfers by both ballast water (for
free-swimming organisms) and sediments (for resting
stages and benthic organisms) and ship fouling (for
sessile organisms) (Molnar et al. 2008). Shipping is
very effective in species transport due to its easy
overcome of natural dispersal barriers e.g. too saline
or cold water in the open ocean. It is important to
note that over 80% of all marine introductions have
been unintentional and 31% have happened via
ballast waters of ships (Molnar et al. 2008). After
establishment a non-indigenous species may also
spread further from the primary site of introduction
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via a combination of natural dispersal and human-
associated transport mechanisms. Currents and related
drifts are among important natural dispersal pathways,
which transport particles and organisms both verti-
cally and horizontally, and may serve as a pathway for
secondary spread of alien species as well.

The study area of this paper, the Baltic Sea
(Fig. 1a), is one of the largest brackish seas in
the world. It is a semi-enclosed basin connected to the
main Atlantic Ocean only via the Danish Straits. The
water exchange through these straits is limited, and as
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Fig. 1 a The Baltic Sea area. The stations for Temperature-
Salinity plots (red symbols and labels) are included in the map.
b The typical temperature, salinity and oxygen profiles in the
Baltic Sea during summer stratification (station BY15, central
Baltic Sea, in May 2007)
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a consequence of the positive freshwater balance the
Baltic Sea water mass is brackish, with mean salinity
of about 7 psu—one-fifth of the salinity of normal
ocean waters. Inflowing highly saline water masses
enter the Baltic Sea through the Danish Straits, move
further to the east, sink, and fill deepwater pools. As a
result, the Baltic Sea water body has a permanent
two-layer structure: the upper brackish layer and the
more saline bottom layer, separated by a permanent
halocline. The depth of the halocline is usually
40-80 m (Fig. 1b). The Baltic Sea lies between
maritime temperate and continental sub-Arctic cli-
mates zones. In winter it is partly ice-covered. During
spring and summer a seasonal thermocline develops
which separates a warm mixed layer from the old
winter water body (for hydrographical details see
Leppéranta and Myrberg 2009).

All euryhaline and eurythermal species are poten-
tial invaders to the Baltic Sea. Since most originate
from warmer areas, global warming can be expected
to increase future invasions (e.g. Paavola et al. 2005).
However, the ability of these species to survive and
reproduce in low salinity is a key factor to determine
their invasion success. About 120 alien species have
been recorded in the Baltic Sea (Baltic Sea Alien
Species Database, http://www.corpi.ku.lt/nemo/alien_
species_search.html). One of the recent invaders
is the American comb jelly, Mnemiopsis leidyi
A. Agassiz 1865, which has caused large ecosystem
perturbations in the Black Sea and the adjacent areas
(Vinogradov et al. 1989). It is a voracious predator
capable of very rapid reproduction in optimal con-
ditions, and thus it has been under suspicion to cause
crashes of commercially important fish stocks by
eating their young as well as competing for plankton
food with them (e.g. Shiganova et al. 2003). This
species originates from the estuaries and coastal
regions of the east coast of North, Central and South
America (Purcell et al. 2001). It has been uninten-
tionally introduced with ballast water to the Black
Sea in 1982 (Vinogradov et al. 1989) and later, in
1999, to the Caspian Sea (Ivanov et al. 2000). The
first records of M. leidyi in northern European waters
were made in 2005 in Oslofjorden, Norway (Oliveira
2007), then later in the North Sea, off the western
coast of the Netherlands (Faasse and Bayha 2006),
and on the Swedish west coast, in the Skagerrak and
in the Kiel Bight, southern Baltic Sea in autumn 2006
(Javidpour et al. 2006; Hansson 2006). In 2006-2007
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it was widely distributed in the Danish waters (Tendal
et al. 2007). The species is easily identified from
other ctenophores when the lobes have been devel-
oped, which are characteristic for adult specimens.
However, small individuals i.e. cydippid stage larvae
are difficult to identify to species level without
applying genetic methods (Gorokhova et al. 2009;
Reusch et al. 2010). This identification problem led to
confusion to widely think that M. leidyi had spread to
almost the whole Baltic Sea (e.g. Lehtiniemi et al.
2007). However, based on genetic analyses the spe-
cies occurring in the central and northern Baltic Sea
was proven to be an arctic comb jelly (Mertensia
ovum) (Gorokhova et al. 2009). In light of the new
accumulating genetic evidence it seems most proba-
ble that M. leidyi has not been found, until now, north
or east of the Bornholm Basin and the Bay of Gdansk
(Figs. 1, 2, Lehtiniemi unpubl.).

M. leidyi is known to have a wide tolerance for
environmental conditions, including salinities of
2-38 psu, temperatures between 2 and 32°C and
low oxygen levels, which enable effective spreading
to new areas (Purcell et al. 2001; Fuentes et al. 2010).
Although showing wide tolerance to these physical
parameters, M. leidyi is clearly close to the limit of its
occurrence in such conditions where both salinity and
temperature are near the lowest tolerance limits. It
has been shown in the Chesapeake Bay that it
tolerates lower salinities (even 2 psu) during summer
when temperatures are higher compared with winter
situation when it needs over 6 psu salinity to survive
in cold temperatures (Purcell et al. 2001).

To be able to establish permanently, M. leidyi
should be able to reproduce, which requires better
environmental conditions compared with the condi-
tions in which it survives. It is reported from other
regions of the world ocean that reproduction occurs in
temperatures above 12°C and in salinities above
6 psu although egg production increases remarkably
in warmer temperatures (Purcell et al. 2001).

The aim of this study is to identify potential areas
where M. leidyi could disperse by natural drifting
from the southern Baltic Sea. In addition, based on
reproduction experiments done in different salinities
in the laboratory as well as on environmental
thresholds for survival from the literature, we
estimated areas in the Baltic Sea where the species
could potentially (1) survive and (2) reproduce with
respect to hydrographic conditions.
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Fig. 2 Bottom salinity measured onboard R/V Aranda in June
2009 and Mnemiopsis leidyi observations. The northern
and easternmost areas (blue squares; Haslob et al. 2007; Janas
and Zgrundo 2007; Huwer et al. 2008; Schaber et al. 2011) and
stations (blue dots; observations done onboard R/V Aranda
February 2010) where M. leidyi has been observed and stations
where it has not been observed (red dots) in the Baltic based on
genetic analyses or observations of adult M. leidyi individuals
with lobes

Materials and methods
Drift model
Baltic sea ice-ocean model (BSIOM)

The numerical model, used in this study, is a general
three-dimensional coupled sea ice-ocean model of the
Baltic Sea (Lehmann and Hinrichsen 2000; Lehmann
et al. 2002). The horizontal resolution used is 5 km
(eddy-permitting), and vertically 60 levels are spec-
ified, which enables to resolve the upper 100 m with
levels of 3 m thickness. The model domain comprises
the Baltic Sea, including the Kattegat and the
Skagerrak. At the western boundary, a simplified
North Sea basin is connected to the Skagerrak, to take
up sea-level elevations and to provide characteristic
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North Sea water masses due to different forcing
conditions (Lehmann 1995; Novotny et al. 2005). The
coupled sea ice-ocean model is forced by meteoro-
logical data taken from the Swedish Meteorological
and Hydrological Institute (SMHI Norrkoping,
Sweden) database (Lars Meuller, pers. comm.) which
covers the whole Baltic drainage basin on a regular
grid of 1° x 1° with a temporal increment of 3 h. The
database, which for modelling purposes is further
interpolated onto the model grid, includes surface
pressure, precipitation, cloudiness, air temperature
and water vapour mixing ratio at 2 m height and the
geostrophic wind. Additionally, runoff data are
specified for 42 individual rivers distributed around
the Baltic and the Kattegat (Bergstrom and Carlsson
1994). BSIOM has been run for the period
2005-2008 starting from an existing model run
covering the period 1979-2005. Three-dimensional
fields of temperature and salinity as well as the
current field have been extracted as daily averages
from the model to be further used in a Lagrangian
particle tracking model (Hinrichsen et al. 1997).
Thus, circulation and drift track models are operated
subsequently. The advantage of an offline subsequent
processing of the drift track model is that drifters can
be released freely within the 3-d model fields and
drift tracking can be forward or backward. This
model system has been proven to be useful in a
number of drift studies (e.g. Hinrichsen et al. 2003;
Lehmann and Javidpour 2010).

Drifters were released only at those positions
where Mnemiopsis leidyi was reported to occur in
May and November 2007 (Haslob et al. 2007; Huwer
et al. 2008; Fig. 2). In May the comb jellies occurred
mainly within the halocline (Haslob et al. 2007;
Schaber et al. 2011). Therefore, drifters were released
at 60, 65, 70, 75, 80 and 85 m depths once a day from
24 to 27 of May 2007. There were 11 positions in the
Bornholm Basin and Stolpe Channel where Mnemi-
opsis has been observed. To increase the number of
drifters, 5 drifters were released at each position at a
distance of about 5 km from each other. Drifters were
tracked until the end of November 2007. Another set
of drift model runs was conducted by releasing
drifters in November 2007, again only at those
positions where the comb jelly was recorded, every
4th day from 3 to 15 November. Due to the reported
vertical occurrence pattern of the majority of the
population at that time of the year drifters were
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released every 5th meter from 20 to 80 m depth
(Huwer et al. 2008). Drifters were tracked until the
end of December 2007. In total 330 drifters were
released for each experiment in May and 741 in
November.

Temperature-Salinity (TS) as regulating
physical factors

To estimate the potential for Mnemiopsis leidyi
survival and reproduction we collected information
from literature on the tolerance limits of survival
from around the world (Table 1). In the Baltic Sea
(Bornholm Basin) M. leidyi has been observed
in temperatures > 4°C and in salinities > 7 psu
(Table 1, references therein). Tolerance experiments
conducted in the laboratory also suggest that M. leidyi
should survive in temperatures above 3°C and in
salinities over 4.5 psu (Table 1; Sarpe et al. 2007).
Therefore we chose to use tolerance limits of 3°C and
4.5 psu for M. leidyi survival in our estimations in the
Baltic Sea area. Reproduction experiments conducted
in the southern Baltic have shown that M. leidyi
reproduces in temperatures above 12°C (Sarpe et al.
2007). The salinity tolerance limits for reproduction
were not available from the literature. Thus we
conducted laboratory experiments to study this (see
below).

To identify typical temperature and salinity con-
ditions of the different sub-basins of the Baltic Sea
(stations marked in Fig. la) we used TS-diagrams
(modified from Leppéranta and Myrberg 2009). The
TS-diagrams are drawn from physical data collected
at HELCOM monitoring stations of all sub-basins of
the Baltic Sea and in Kiel Fjord from bottom to
surface covering all seasons. These data show the
long-term hydrographic conditions at stations, which
are representative in the respective sub-basins. Gen-
erally, TS-curves in the Baltic are hook-shaped and
express more continuous stratification than pure
water masses. A vertical alignment of TS-values in
a TS-diagram represents temperature stratification,
whereas a horizontal alignment stands for salinity
stratification. In the TS-curves high salinities are
linked to advection of water masses from the North
Sea. Those saline (i.e. having large density) water
masses are warmer than the ambient Baltic waters as
well. Such stratified water masses situate at the near-
bottom layer in the Baltic Sea due their large density.
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In the TS-profile this becomes visible as a hook-
shaped profile. TS-curves illustrate well how the
halocline separates the advected lower layer and
vertically mixed upper layer from each other. If the
hook falls horizontal and the TS-line is L-shaped,
then the lower water is isothermal but stratified in
salinity. We chose TS-diagrams to show the com-
bined effect of temperature and salinity for M. leidyi
survival and reproduction. We added the temperature
and salinity tolerance limits for M. leidyi survival and
reproduction on the TS-diagrams to show the
potential areas where M. leidyi could possibly survive
and/or reproduce.

Reproduction experiments

Experiments to determine egg production (as number
of laid eggs) as well as hatching success of larvae at
different salinities were conducted at the Leibniz
Institute of Marine Sciences in Kiel, Germany.
Lobate individuals of 2 £ 0.5 cm were collected by
vertical net sampling from Kiel Fjord during summer
2008. Active and healthy specimens were chosen for
fecundity experiments. We manipulated five levels of
salinity (5, 10, 15, 20 and 30 psu) representative of
the Baltic Sea salinity gradient, which changes from
30 psu in the west to <5 in the north. At least 10
individuals for each salinity treatment were placed in
a glass bottle containing 10 1 of membrane filtered
seawater (0.2 pm) and were acclimated gradually
from ambient salinity (15 psu) to other salinities.
M. leidyi is an osmoconformer that needs a few hours
to re-establish its equilibrium buoyancy (Yazdani
Foshtomi et al. 2007), thus acclimation time of 1 day
is supposed to be sufficient. To avoid introducing
starvation as confounding factor into the experiment,
individuals were fed with natural mesozooplankton
twice during the period of acclimation.

Six actively swimming specimens from each
salinity treatment were chosen and incubated indi-
vidually in 21 culture flasks for the reproduction
experiment. Experimental jars were placed in culture
cabinet in dark conditions and allowed to reproduce
for 36 h under an ambient temperature of 18°C. After
36 h of incubation the adult was removed with a large
pipette or hose and the water was filtered and scanned
for eggs.

To get a closer look at the development time from
egg to larva 20 eggs from each salinity treatment
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were taken randomly and incubated in a cell culture
for 1 week at 18°C. As animals incubated at the
lowest and highest salinities did not produce suffi-
cient numbers of eggs, we introduced eggs of
neighboring salinities into 5 and 30 psu treatments.
The development from eggs to larvae was monitored
daily for 6 days with a binocular microscope.

The data was transformed to fulfil the require-
ments for parametric tests. One-way analysis of
variance was conducted to compare means among
salinity treatments.

Results
Spread via drift

The spread of drifters gives a very detailed view
(Fig. 3) of how deep water currents at the depth of
60-85 m in May and 20-80 m in November transport
particles and freely floating organisms or in other
words, tracks of drifters reflect the prevailing circu-
lation in the corresponding depth ranges. On average
drifters stay in the depth range in which they have
been launched. Drifters which have been released in
May 2007 in the Bornholm Basin resided mainly in
the basin, but a part drifted through the Stolpe
Channel into the Bay of Gdansk and the southern part
of the eastern Gotland Basin (Fig. 3a). Those which
have been released in the Stolpe Channel partly
reached the Gdansk Basin and partly moved to the
north into the eastern Gotland Basin, some of them
recirculating in the central eastern Gotland Basin. It
took about 6 months to reach the most northern
positions. It is interesting to note that none of the
drifters released in the Stolpe Channel entered the
Bornholm Basin. In November drift patterns were
much more dispersive, due to stronger winds and
increased turbulence, and because drifters were
released in shallower depths where the impact of
the wind on the circulation is the strongest. Drifters,
which have been launched in the Bornholm Basin
partly ended up in the Arkona Basin but also in the
Bay of Gdansk. Drift tracks starting in the Stolpe
Channel revealed similar patterns as in May
(Fig. 3b). It is interesting to note that the lengths of
the drift routes were considerably shorter for those
drifters, which have been released in the middle of
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Fig. 3 Patterns of dispersal
of Mnemiopsis leidyi in the
central Baltic Sea by using
the Lagrangian particle-
tracking model. Launching
positions of drifters (black
circles) released in 26th of
May 2007 (a) and 3rd of
November 2007 (b) and

¢ 15th of November in the
area where M. leidyi has
been observed and end
positions (red circles) in
December 2007. Colors
denote drifters launched in
different depths, a 60 m
(yellow), 65 m (green),

70 m (magenta), 75 m
(white), 80 m (black), 85 m
(red) and in b and

¢ 20-40 m (white),

45-60 m (green), 65-80 m
(yellow). In May the drifters
were launched from

60-85 m and in November
from 20-80 m depths
according to the
observations on the major
parts of the M. leidyi
populations (Haslob et al.
2007; Huwer et al. 2008)
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Mnemiopsis Drift 26th May 2007 - Nov 2007, 60-85 m
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Mnemiopsis Drift 3rd November 2007 - December 2007, 20-80 m
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Mnemiopsis Drift 15th November 2007 - December 2007, 20-80 m
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Fig. 4 Egg production (number of eggs produced by one
ctenophore per day) and larval survival (percentage of larvae
survived per 6 days) of Mnemiopsis leidyi in 18°C in different
salinities from 5 to 30 psu. Average £+ SD

November 2007 compared with those released earlier
in this month (Fig. 3c).

Reproduction and larval survival experiments

The reproduction experiments conducted in different
salinities show that M. leidyi produces eggs at a
high rate (Max. ~3500 eggs) in salinities from 10 to
20 psu (Fig. 4a). Although in 10 psu salinities the
production rate is lower than in 15 and 20 psu
salinities, it is not significantly different (Tukey HSD
test: P > 0.05). In salinity treatments of 5 or 30 psu
some eggs were produced, however the rate of
reproduction was negligible (on average 6 eggs at
5 psu and 3 eggs at 30 psu). Larval survival was also
high in higher salinities ranging from 15 to 30 psu,
10 psu being the lowest salinity were larvae survived.
In 5 psu no larvae survived (Fig. 4b).
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Fig. 5 Temperature-Salinity plots for stations from different P
sub basins of the Baltic Sea (starting from the southern and
westernmost stations in Kiel Fjord in upper left corner and
ending to the northernmost station F2 in lower right corner).
For station locations see Fig. 1. Black dots show temperature
and salinity measurements taken by CTD on board research
vessels Aranda (Finnish Institute of Marine Research,
1979-2007) (redrawn from Leppdranta and Myrberg 2009)
and Polarfuchs (Leibniz Institute of Marine Reseach, IFM-
GEOMAR, Kiel Fjord; 2004-2009). The lines in the back-
ground indicate isolines of the density of the sea water. The
light blue indicates the temperature and salinity ranges where
Mnemiopsis leidyi could survive and light orange indicates the
ranges for reproduction

Physical factors limiting survival
and establishment

The hydrographic conditions (temperature and salin-
ity) enabling M. leidyi to survive and/or reproduce in
the Baltic Sea are marked in the Temperature-Salinity
(TS) diagrams for stations in all sub-basins of the sea
(Fig. 5). The required environmental conditions
(temperature > 3°C and salinity > 4.5 psu) for sur-
vival are met on all studied stations and sub-basins
except in the northernmost basin, the Bothnian Bay
(station F2), where all TS measurements fall outside
the survival range. On the stations in Kiel Fjord and
on BY2 and BYS5 (Fig.5) in the Arkona and
Bornholm Basins, respectively, almost all TS mea-
surements coincide with the survival conditions
required. In these areas M. leidyi has been observed
every year since 2007 (Huwer et al. 2008; Javidpour
et al. 2009; Schaber et al. 2011) including present
observations (own observations February 2010, see
Fig. 2). In the Gotland Basin (BY15) and the Gulf of
Finland (LL7) part of the TS measurements fall
outside the physical survival range. However, large
part of the water column (large part of the TS
measurements) are still in that range, which should
enable survival in those areas. In the Bothnian Sea
(SR5) observed salinity range is very narrow, and
close to the limits of survival for M. leidyi. In
addition, temperature is most of the time near the
lower limit for survival as well.

The salinity and temperature requirements for
reproduction are much higher and therefore not met
in most of the sub-basins (Fig. 5). The only areas
where TS measurements lay inside the range enabling
reproduction are in the western Baltic Sea: in the Kiel
Bight. Also in the Arkona and Bornholm Basins a
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Fig. 6 Map showing hypoxic (grey: oxygen level between 0
and 2 ml 17') and anoxic (black: oxygen < 0 ml 17") areas in
August 2008. Oxygen measurements are taken onboard R/V
Aranda (Finnish Environment Institute) during HELCOM
monitoring cruise

few TS measurements coincide with the requirements
but most of the time salinity and temperature are too
low for reproduction. In the central and northern
Baltic all TS measurements are far from the needed
conditions (Fig. 5). However, the required tempera-
ture for reproduction is found every year during
summer above the thermocline in all sub-basins of
the Baltic, but salinity is too low in this layer.
Therefore the regulating factor for reproduction is
mainly salinity in the southern, central and northern
Baltic Sea.

One important factor, in addition to salinity and
temperature, influencing survival of M. leidyi is the
oxygen content of the water. The strong stratification,
which prevents mixing of the water column, causes
deep-water hypoxia or even anoxia in the central
Baltic Sea (Fig. 6). This most probably affects
M. leidyi survival (Breitburg et al. 2003) during slow
drifting from the southern Baltic Sea via deep water
currents (Fig. 3).
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Discussion
Spreading possibilities

Mnemiopsis leidyi has been observed in the Kattegat,
Danish Straits, Bornholm Basin and Bay of Gdansk
(Hansson 2006; Haslob et al. 2007; Javidpour et al.
2006, 2009; Kube et al. 2007; Huwer et al. 2008;
Schaber et al. 2011). In the Bornholm Basin it is
found in the deep water layers near the halocline (in
40-80 m depth) (Haslob et al. 2007; Huwer et al.
2008; Schaber et al. 2011; own observations February
2010). Based on the drift modeling we did, this is the
most probable source population for secondary
spread to other areas in the central and northern
Baltic Sea. The deep-water currents transport parti-
cles through the Stolpe Channel to the Bay of Gdansk
and eastern Gotland Basin. Our drift model runs
showed that when floating particles were launched at
the same time as the first observations of M. leidyi
were made in the Bornholm area (Haslob et al. 2007)
they moved first towards the east into the Bay of
Gdansk and then to north ending up in the Gotland
Basin. This took about 6 months. There is not much
published information on the longevity of M. leidyi or
other ctenophores but even in the cold waters of the
Arctic Seas the life cycle is not more than 2-3 years
(Siferd and Conover 1992; Lundberg et al. 2006). We
assume that M. leidyi, which is reported to spawn
during summer when water is warm (e.g. Purcell
et al. 2001; Costello et al. 2006), has a short life cycle
(Baker and Reeve 1974), and probably does not live
for more than a year. This would mean that adult
specimens drifting in the deep water currents from
the Bornholm Basin and Stolpe Channel towards
north do not live long enough to survive the transport.
If the life cycle is longer in colder environments like
the Baltic Sea, as observed in other animals (e.g.
Begon et al. 1990), some individuals might survive
the drifting time and potentially invade the Gotland
Basin and even more northern basins. In our exper-
iments most of the drifters launched in the Bornholm
Basin were circulating there and were retained in the
basin. Only those which were launched in the Stolpe
Channel reached northern parts of the eastern Gotland
Basin, and only those can potentially reach the Gulf
of Finland and the Bothnian Sea.

Another potential factor restricting the survival
during transport is low oxygen levels or even anoxia
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in deep waters over the central Baltic Sea. M. leidyi is
known to tolerate low oxygen conditions (Purcell
et al. 2001), however it cannot survive in anoxic
waters (Purcell and Decker 2005). Based on the drift
model results, it is evident that drifters spread to areas
in the central Baltic Sea, eastern Gotland Basin,
where deep water areas suffer from oxygen depletion
or even anoxia (Fig. 6), which would exert an
additional stress on M. leidyi. Low oxygen affects
also negatively other biota, decreasing the amount of
available food for the comb jellies during drifting.
Thus, it is unlikely that M. leidyi could spread
naturally to the northern parts of the Baltic Sea via
currents from the North Sea or from the Bornholm
Basin during our period of investigation. This is in
line with a recent study of potential pathways of
invasion and dispersal of M. leidyi in the Baltic Sea
by Lehmann and Javidpour (2010). They excluded an
invasion solely by advection from the Kattegat to the
central Baltic Sea. Nevertheless, it may still be
transported across the central Baltic Sea in ships’
ballast water. Thus, an invasion originating from the
main harbors of the southern Baltic Sea could be a
potential way for spread to the northern areas.

Survival and reproduction

Although Mnemiopsis leidyi is known to live in a vast
range of environmental conditions (e.g. Vinogradov
et al. 1989; Purcell et al. 2001; Riisgard et al. 2007,
Shiganova and Malej 2009; Roohi et al. 2010;
Fuentes et al. 2010) the combination of physical
conditions close to the tolerance limits may prevent
the species to invade and establish. We have shown
that M. leidyi may spread further north as a secondary
spread from the present occurrence area in the
Bornholm Basin if we assume that individuals have
a multi-year life cycle and are able to pass the central
Baltic area suffering from oxygen depletion.
Although M. leidyi can survive hypoxic waters
(Breitburg et al. 2003) its zooplankton prey most
probably cannot and avoid the area (Kolesar et al.
2010), which further hampers survival of the cteno-
phores during drifting. The invasion is also possible
via ship’s ballast water from the southern Baltic ports
(e.g. Port of Gothenburg; Lehmann and Javidpour
2010). Hydrographical factors (mainly temperature
and salinity) should not limit its survival in the
central and northern parts of the Baltic Sea because

conditions over survival thresholds (salinities >
4.5 psu and temperatures > 3°C; laboratory tests:
Sarpe et al. 2007; USA: Purcell et al. 2001; southern
Baltic: Haslob et al. 2007; Kube et al. 2007; Janas
and Zgrundo 2007, see Table 1) are widely found in
these regions. Temperature-Salinity plots indicate
that M. leidyi could survive in all other areas of the
Baltic Sea except the northernmost parts of the Gulf
of Bothnia and easternmost parts of the Gulf of
Finland where both salinity and temperature are too
low and their combined effect can limit the survival.
M. leidyi may occur at lower salinities if temperature is
higher (Purcell et al. 2001), which means that the most
suitable part of the water column in the central and
northern Baltic for this species would be in the surface
layers during summer (higher temperature although
lower salinity compared to the bottom waters, better
food availability; Ojaveer et al. 1998; Schulz et al.
2007). During summer it would also be possible to
survive in the near-bottom waters but during winter-
time the combined effect of very low temperature
(if not at freezing point) in the surface waters and low
salinity in the whole water column are too harsh for
M. leidyi to survive (Javidpour et al. 2009).

The highest abundances of M. leidyi have been
observed in salinities between 16 and 20 psu and in
temperatures between 14 and 17°C in the western
Baltic Sea (Javidpour et al. 2009) and above 13.5 psu
salinities in the Bornholm Basin (Schaber et al.
2011). These conditions are optimal and therefore
also reproduction should occur when these conditions
are met if enough food is available (Shiganova et al.
2003; Costello et al. 2006). Our laboratory experi-
ments support this by showing that the highest egg
production rates as well as larval survival rates were
observed in 15-20 psu salinities and 18°C. We have
shown that these conditions are found only in the
western parts of the Baltic Sea during summer
time (Fig. 5). This indicates that the probability of
M. leidyi reproduction is very low in the southern
parts (Arkona and Bornholm Basins) of the Baltic as
Schaber et al. (2011) proposed and even lower in the
central or northern parts of the sea. Although eggs
were produced in 10 psu salinities the larval survival
rate was very low in 10 psu. Only a few surviving
larvae could not sustain a permanent population. This
indicates that in the Arkona and Bornholm Basin,
reproduction may take place only irregularly as
environmental conditions above the tolerance limits

@ Springer
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for reproduction are only seldomly met in these areas.
The best, and in many parts of the world the only
time, for reproduction is summertime due to annual
temperature variations (Purcell et al. 2001; Costello
et al. 2006). In the Baltic Sea, sufficient temperatures
for reproduction are only found above the thermo-
cline during summer. However, strong stratification
prevents to a large extent mixing of the deeper and
saltier waters with this fresher and warmer water,
making the surface waters too fresh for M. leidyi
reproduction in all sub-basins east and north of the
Arkona Basin. In the Gulf of Bothnia and the eastern
Gulf of Finland, the stratification is not so pro-
nounced, which could allow mixing of the water
column. However, in these areas the salinity is in any
case so low that M. leidyi survival is not very
probable.

Food availability is very important for M. leidyi
reproduction as well (Baker and Reeve 1974; Cos-
tello et al. 2006). Although the species can survive in
low prey concentrations it needs to attain high
feeding rates for effective egg production (Purcell
et al. 2001 and references therein). In the central and
northern Baltic Sea the salinity stratification would
restrict M. leidyi survival to near or below halocline
waters where the availability of zooplankton prey is
very low (Ojaveer et al. 1998; Schulz et al. 2007).
Thus reproduction would be even less probable in
those waters.

For an invasive species it is important to establish
permanent populations in the invaded areas. That is
the only way to spread further and cope with
changing physical conditions. Our results show that
M. leidyi would not be able to reproduce in the
central or northern basins of the Baltic Sea although it
would be able to survive in case it would spread
there. Thus, the only areas which may have perma-
nent populations of M. leidyi are found in the
westernmost parts of the Baltic Sea. However,
M. leidyi is observed in high abundances in the
Bornholm Basin as well (Schaber et al. 2011)
although the populations are not probably reproduc-
ing there but advecting from the more western areas.
Further studies should be done in these areas where
the populations attain high abundances and impacts
on the food web may be seen in order to understand
the level of threat this species poses to the ecosystem
functioning.

@ Springer

Summary

We have shown that the probability for a spreading of
Mnemiopsis leidyi from the Bornholm Basin to the
central or northern parts of the Baltic Sea via currents
is very low due to the combination of low drift speed
near the halocline and large anoxic areas in the
central Baltic. The survival of the species—if it
would anyhow spread to the north—would be pos-
sible although the sub-optimal combination of low
salinity, low temperature and low food availability
would lower the survival rate. We hypothesize that
the only real possibility for M. leidyi introduction
would be via ballast waters of ships coming e.g. from
the southern Baltic. These populations would be
already adapted to Baltic salinities which make the
survival more probable even in the northern basins.
The higher requirements of temperature and salinity
for reproduction make effective reproduction possible
only in the western parts of the Baltic Sea. In the
central and northern Baltic Sea the species could not
reproduce and thus establish permanent populations.

Acknowledgments We thank the crews of R/V Aranda and
Polarfuchs for help during samplings. We thank two
anonymous referees for fruitful comments on the manuscript,
Mona Becherer for conducting the reproduction experiments,
Hilkka Pellikka and Tarja Katajisto for drawing the TS-plots
and Jan-Erik Bruun for the salinity and oxygen maps.

References

Baker LD, Reeve MR (1974) Laboratory culture of the lobate
ctenophore Mnemiopsis mccradyi with notes on feeding
and fecundity. Mar Biol 26:57-62

Begon M, Harper JL, Townsend CR (1990) Ecology—indi-
viduals, populations and communities. Blackwell Science,
Massachusets

Bergstrom S, Carlsson B (1994) River runoff to the Baltic Sea:
1950-1990. Ambio 23:280-287

Breitburg DL, Adamack A, Rose KA, Kolesar SE, Decker MB,
Purcell JE, Keister JE, Cowan JH (2003) The pattern and
influence of low dissolved oxygen in the Patuxent River, a
seasonally hypoxic estuary. Estuaries 26:280-297

Costello JH, Sullivan BK, Gifford DK, Van Keuren D, Sullivan
LJ (2006) Seasonal refugia, shoreward thermal amplifi-
cation, and metapopulation dynamics of the ctenophore
Mnemiopsis leidyi in Narragansett Bay, Rhode Island.
Limnol Oceanogr 51:1819-1831

Faasse MA, Bayha KM (2006) The ctenophore Mnemiopsis
leidyi A. Agassiz 1865 in coastal waters of the Netherlands:
an unrecognized invasion? Aquat Invasions 1:270-277



Spreading and physico-biological reproduction limitations

Fuentes VL, Angel DL, Bayha KM, Atienza D, Edelist D,
Bordehore C, Gili J-M, Purcell JE (2010) Blooms of the
invasive ctenophore, Mnemiopsis leidyi, span the Medi-
terranean Sea in 2009. Hydrobiologia 645:23-37

Gollasch S, Leppikoski E (2007) Risk assessment and man-
agement scenarios for ballast water mediated species
introductions into the Baltic Sea. Aquat Invasions
2:313-340

Gorokhova E, Lehtiniemi M, Viitasalo-Frosén S, Haddock
SHD (2009) Molecular evidence for the occurrence of
ctenophore Mertensia ovum in the northern Baltic Sea and
implications for the status of the Mnemiopsis leidyi
invasion. Limnol Oceanogr 54(6):2025-2033

Hansson HG (2006) Ctenophores of the Baltic and adjacent
Seas—the invader Mnemiopsis is here!. Aquat Invasions
1(4):295-298

Haslob H, Clemmesen C, Schaber M, Hinrichsen HH, Schmidt
JO, Voss R, Kraus G, Koster FW (2007) Invading Mne-
miopsis leidyi as a potential threat to Baltic fish. Mar Ecol
Prog Ser 349:303-306

Hinrichsen HH, Lehmann A, St. John MA, Brugge B (1997)
Modelling the cod larvae drift in the Bornholm Basin in
summer 1994. Cont Shelf Res 17(14):1765-1784

Hinrichsen HH, Lehmann A, Méllmann C, Schmidt JO (2003)
Dependency of larval fish survival on retention/dispersion
in food limited environments: the Baltic Sea as a case
study. Fish Oceanogr 12(4/5):425-433

Huwer B, Paulsen MR, Riisgard HU, Haslob H (2008) Abun-
dance, horizontal and vertical distribution of the invasive
ctenophore Mnemiopsis leidyi in the central Baltic Sea,
November 2007. Aquat Invasions 3:113-124

Ivanov VP, Kamakin AM, Ushivtzev VB, Shiganova T,
Zhukova O, Aladin N, Wilson SI, Harbison GR, Dumont
HJ (2000) Invasion of the Caspian Sea by the comb jel-
lyfish Mnemiopsis leidyi (Ctenophora). Biol Invasions
2:255-258

Janas U, Zgrundo A (2007) First record of Mnemiopsis leidyi
A. Agassiz, 1865 in the Gulf of Gdansk (southern Baltic
Sea). Aquat Invasions 2(4):450-454

Javidpour J, Sommer U, Shiganova T (2006) First record of
Mnemiopsis leidyi A. Agassiz 1865 in the Baltic Sea.
Aquat Invasions 1(4):299-302

Javidpour J, Molinero JC, Lehmann A, Hansen T, Sommer U
(2009) Annual assessment of the predation of Mnemiopsis
leidyi in a new invaded environment, the Kiel Fjord
(Western Baltic Sea): a matter of concern? J Plankton Res
31(7):729-738

Kolesar SE, Breitburg DL, Purcell JE, Decker MB (2010)
Effects of hypoxia on Mnemiopsis leidyi, ichthyoplankton
and copepods: clearance rates and vertical habitat overlap.
Mar Ecol Prog Ser 411:173-188

Kube S, Postel L, Honnef C, Augustin CB (2007) Mnemiopsis
leidyi in the Baltic Sea—distribution and overwintering
between autumn 2006 and spring 2007. Aquat Invasions
2:137-145

Lehmann A (1995) A three-dimensional baroclinic eddy-
resolving model of the Baltic Sea. Tellus 47:1013-
1031

Lehmann A, Hinrichsen HH (2000) On the wind driven and
thermohaline circulation of the Baltic Sea. Phys Chem
Earth Part B: Hydrol Oceans Atmos 25:183-189

Lehmann A, Javidpour J (2010) Potential pathways of invasion
and dispersal of Mnemiopsis leidyi A. Agassiz 1865 in the
Baltic Sea. Hydrobiologia 649(1):107-114. doi:10.1007/
s/10750-010-0233-8

Lehmann A, Krauss W, Hinrichsen HH (2002) Effects of
remote and local atmospheric forcing on circulation and
upwelling in the Baltic Sea. Tellus 54A:299-316

Lehtiniemi M, Pdikkonen JP, Flinkman J, Katajisto T, Gor-
okhova E, Karjalainen M, Viitasalo S, Bjork H (2007)
Distribution and abundance of the American comb jelly
(Mnemiopsis leidyi)—a rapid invasion to the northern
Baltic Sea during 2007. Aquat Invasions 2(4):445-449

Leppékoski E, Gollasch S, Olenin S (2002) Invasive aquatic
species of europe. Distribution, impacts and management.
Kluwer, Dordrecht

Leppdranta M, Myrberg K (2009) Physical oceanography of
the Baltic Sea. Springer, Berlin

Lundberg M, Hop H, Eaine K, Gulliksen B, Falk-Petersen S
(2006) Population structure and accumulation of lipids of
Ctenophore Mertensia Ovum. Mar Biol 149:1345-1353

Molnar JL, Gamboa RL, Revenga C, Spalding MD (2008)
Assessing the global threat of invasive species to marine
biodiversity. Front Ecol Environ 6(9):485-492. doi:
10.1890/070064

Novotny K, Liebsch KG, Dietrich R, Lehmann A (2005)
Combination of sea-level observations and an oceano-
graphic model for geodetic applications in the Baltic Sea.
In: Sanso F (ed) A window on the future of geodesy. Vol.
128 of Springer Series of IAG Symposia. Springer, New
York, pp 195-200

Occhipinti-Ambrogi A, Savini D (2003) Biological invasions
as a component of global change in stressed marine eco-
systems. Mar Pollut Bull 46:542-551

Ojaveer E, Lumberg A, Ojaveer H (1998) Highlights of zoo-
plankton dynamics in Estonian waters (Baltic Sea). ICES
J Mar Sci 55:748-755

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(3):185-189

Paavola M, Olenin S, Leppikoski E (2005) Are invasive spe-
cies most successful in habitats of low native species
richness across European brackish water seas? Estuar
Coast Shelf Sci 64:738-750

Purcell JE, Decker MB (2005) Effects of climate on relative
predation by scyphomedusae and ctenophores on cope-
pods in Chesapeake Bay during 1987-2000. Limnol
Oceanogr 50(1):376-387

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

Reusch TBH, Bolte S, Sparwel M, Moss AG, Javidpour J
(2010) Microsatellites reveal origin and gentic diversity of
Eurasian invasions by one of the world’s most notorious
marine invader, Mnemiopsis leidyi (Ctenophora). Mol
Biol 19:2690-2699

Riisgard HU, Bgttiger L, Madsen CV, Purcell JE (2007)
Invasive ctenophore Mnemiopsis leidyi in Limfjorden
(Denmark) in late summer 2007—assessment of abun-
dance and predation effects. Aquat Invasions 2:395-401

@ Springer


http://dx.doi.org/10.1007/s/10750-010-0233-8
http://dx.doi.org/10.1007/s/10750-010-0233-8
http://dx.doi.org/10.1890/070064

M. Lehtiniemi et al.

Roohi A, Kideys AE, Hashemian ASA, Pourgholam R, Fazli
H, Khanari AG, Eker-Develi E (2010) Changes in biodi-
versity of phytoplankton, zooplankton, fishes and macro-
benthos in the Southern Caspian Sea after the invasion of
the ctenophore Mnemiopsis leidyi. Biol Invasions
12:2343-2361

Sarpe D, Grosskopf T, Javidpour J (2007) Mnemiopsis leidyi—
analysis of an invader in the Kiel Fjord with focus on
respiration and reproduction rate, 42nd European marine
biology symposium, 27-32 August 2007, Kiel, Germany

Schaber M, Haslob H, Huwer B, Harjes A, Hinrichsen H-H,
Koster FW, Storr-Paulsen M, Schmidt JO, Voss R (2011)
The invasive ctenophore Mnemiopsis leidyi in the central
Baltic Sea: seasonal phenology and hydrographic influ-
ence on spatio-temporal distribution patterns. J Plankton
Res. doi:10.1093/plankt/fbq167

Schulz J, Mollmann C, Hirche H-J (2007) Vertical zonation of
the zooplankton community in the Central Baltic Sea in
relation to hydrographic stratification as revealed by
multivariate discriminant function and canonical analysis.
J Mar Syst 67:47-58

Shiganova T, Malej A (2009) Native and non-native cteno-
phores in the Gulf of Trieste, Northern Adriatic Sea.
J Plankton Res 31:61-71

@ Springer

Shiganova T, Musaeva EI, Bulgakova YV, Mirzoyan ZA,
Martynyuk MI (2003) Invaders ctenophores Mnemiopsis
leidyi (A. Agassiz) and Beroe ovata Mayer 1912, and their
influence on the pelagic ecosystem of the northeastern
Black Sea. Biol Bull 2:180-190

Siferd TD, Conover RJ (1992) Natural history of ctenophores
in the Resolute Passage area of the Canadian High Arctic
with special reference to Mertensia ovum. Mar Ecol Prog
Ser 86:133-144

Tendal OS, Jensen KR, Riisgard HU (2007) Invasive cteno-
phore Mnemiopsis leidyi widely distributed in Danish
waters. Aquat Invasions 2(4):455-460

Vinogradov ME, Shushkina EA, Musayeva EI, Sorokin PY
(1989) A new exotic species in the Black Sea: the
ctenophore Mnemiopsis leidyi (Ctenophora: Lobata).
Oceanology 29:220-224

Yazdani Foshtomi M, Abtahi B, Esmaili Sari A, Taheri M
(2007) Ion composition and osmolarity of Caspian Sea
ctenophore, Mnemiopsis leidyi, in different salinities.
J Exp Mar Biol Ecol 352:28-34


http://dx.doi.org/10.1093/plankt/fbq167

	Spreading and physico-biological reproduction limitations of the invasive American comb jelly Mnemiopsis leidyi in the Baltic Sea
	Abstract
	Introduction
	Materials and methods
	Drift model
	Baltic sea ice-ocean model (BSIOM)

	Temperature-Salinity (TS) as regulating physical factors
	Reproduction experiments

	Results
	Spread via drift
	Reproduction and larval survival experiments
	Physical factors limiting survival and establishment

	Discussion
	Spreading possibilities
	Survival and reproduction

	Summary
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


