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Marenzelleria viridis (VerriLL, 1873), a North American spionid polychaete, was first recorded in brack-
ish water ecosystems of the Wadden Sea and Baltic Sea in the early 1980s. It has spread rapidly and is now
a dominant element of the macrozoobenthos in meso- and oligohaline estuaries and coastal lagoons. The
distribution and abundance of this polychaete was studied in the southwestern part of the Baltic Sea in
1993/94 in relation to environmental factors. All available macrozoobenthos samples from German Baltic
waters were used to construct a general distribution map. Highest abundances and biomasses were found in
semi-enclosed lagoons (39 000 ind. m? and 70 g ash free dry weight m?). The western horizontal distribu-
tion border and the vertical distribution range were following the 15 %o isohaline. Neither a horizontal nor
avertical limit was found to the east. Dense settlement was restricted to sediments with an organic content
of less than 5 % and a silt content of less than 10 %.

Simultaneous population studies were carried out in the Oder Estuary and the Darss-Zingst Bodden from
April 1993 to April 1994. Three different age groups were identified throughout the year. Settlement of
larvae took place in autumn. Successful larval settlement was restricted to areas with a salinity above 5 %o
and a winter phytoplankton concentration above 5 g Chl ¢ m?. Benthic stages were found to be highly
motile. Adults occurred up to 50 km away from recruitment areas. Potentially important causes of dispersal
processes are discussed.
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(PaLLas) and My arenaria (L.), make up the predomi-

INTRODUCTION . :
nant biomass in some coastal areas (LeEppAkosk1 1991).

The introduction of alien species to marine areas is an old
phenomenon. Recently, unintentional introductions of
coastal marine species to new environments have increased.
Extensive man-induced changes of estuaries and the in-
creasing size and speed of ships have augmented the risk
of spreading species over seas. Ballast water and artificial
waterways have been described to be the main causes of
unintentional introductions (CArLTON 1985; Jansson 1994).

The Baltic Sea is especially receptive to successful
invadings. The history of coastal lagoons is short (2 000-
6 000 years) and species assemblages have a low diver-
sity. Many niches are unsaturated. About 30 animal spe-
cies have been reported as introduced east of the Arkona
Basin until 1984 (Leprikoski 1984). Among these, two
macrobenthic bivalve species, Dreissena polymorpha

A North American polychaete, Marenzelleria viridis
(VErriLL, 1873), was introduced to the Baltic during the
1980s. The first specimens in Europe were found in 1982
in the Forth Estuary, Scotland (McLusky & al. 1993) and
in 1983 in the Ems cstuary between The Netherlands and
Germany (Essink & KiLeer 1988). 1t is assumed that lar-
vae were transported across the Atlantic in the ballast wa-
ter of ships. Since, it has spread rapidly around the North
Sea (Essivk & KLEer 1993).

Bick & BurckHARDT (1989) observed the first speci-
mens of M. viridis in the Darss-Zingst Bodden, a coastal
lagoon system of the southern Baltic Sea, in 1985. Densi-
tics of about 1 000 individuals m? were reported from the
eastern part of the Darss-Zingst Bodden and all over the
Oder Estuary already in 1988 (Gruszka 1991a; ARNDT
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Fig. |: Study area in the Baltic Sea. Labels indicate subareas mentioned in the text.

1994; M. Saavedra pers. commn). This spionid polychaete
was probably imported by ballast water to one of the big
harbours in the Oder Estuary around 1983/84. The
polychaete dispersed eastward to Estonian inshore areas
and to the south coasts of Sweden and Finland. The first
specimens were found there in 1989 and in 1990 (Persson
1990; Norkxo & al. 1993; Zmupzinski & al. 1993). Today
it is dominant in some Baltic coastal benthic communities
atabout 90 % (e.g. Zmupzinski 1993; ZETTLER 1994). West
of the Oder Estuary it was reported only for the Wismar
Bay by Prena & GosseLck (1989) and the Schlei Estuary
(V. Schréren, pers. commn). The North Sea and Baltic
Sea populations are of different genetic origin (Bastrop &
al. 1995). There is no doubt, that these populations were
introduced separately. They might even belong to differ-
ent species (R. Bastrop & M. Rohner, pers. commn).

M. viridis has been studied intensively since it was dis-
covered to become an important component of the coastal
macrozoobenthos of the Baltic Sea. Field studies and labo-
ratory investigations were carried out to analyse the life
cycle (Bocuerr & al. 1993), the distribution and physiologi-
cal capacities according to ecological factors (ZMupzinskI
& al. 1993; Bochert & Bick 1995; FritzscHE & von
OErTzEN 1995; ZETTLER & al. 1995). This paper presents a
descriptive picture of the recent distribution of M. viridis
for the southwestern Baltic Sea. Comparable analyses of

population dynamics were used simultaneously in several
subareas of the Oder Estuary and the Darss-Zingst Bodden
to describe its niche in the field in relation to various envi-
ronmental factors.

MATERIAL AND METHODS

Study area

Samples were collected in 1993/94 from the German part of the
Baltic Sea and adjacent Polish waters (Fig. 1). The salinity ranged
from 15-25 %o in the West (Kiel Bay) to less than 2 %o in the East
(Oderhaff). Samples were taken in shallow coastal regions up to
0.5 m depth and down to 40 m deep offshore (Arkona Basin). A
recent description of the hydrography of the southwestern part of
the Baltic Sea is given by NEHRING & al. (1994). Detailed
hydrographic data are presented for the Oder Estuary and the
Darss-Zingst Bodden by Lamre (1993) and ScHLUNGBAUM & al.
(1994a, b).

Sampling design and data analysis

Macrozoobenthos samples were collected in the Darss-Zingst
Bodden (50 sampling sites), the Pomeranian Bay (35 sampling
sites) and the Oderhaff (85 sampling sites) between April and
September 1993 to compute detailed distribution maps. Density
isolines were calculated by kriging with WINSURF software package.
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The applied sampling methods were comparable for these ar-
eas. Reineck-Box corers (0.0225 m? and 0.006 m?, penetration
depth 15-20 cm) were used in the Pomeranian Bay and in the
Oderhaff. Sampling was carried out by a hand-operated tube corer
(0.0078 m?, penetration depth 40 cm) in the Darss-Zingst Bodden.
All samples were sieved with a 0.5 mm sieve. Ash free dry weight
(AFDW) was measured following the HELCOM-guidelines
(HeLcom 1988) for samples collected in the Pomeranian Bay

M. viridis is known to burrow up to 35 cm deep into the sedi-
ment. Only about 20-30 % of the large mature worms live in the
upper 10 cm of the sediment. In the Darss-Zingst Bodden, occa-
sionally, up to 45 % of the adults were found burrowed deeper
than 20 cm (ZeTTLer & al. 1994). However, the penetration depth
of the box corer was deep enough to catch all worms in the
Pomeranian Bay (burying deeper than about 10 cm was prevented
there by athick layer of bivalve shells). Perhaps, 10-20 % of the
worms were lost in samples from the Oderhaff. Unfortunately, an
intercalibration with the deep penetrating hand-operated tube corer
was technically impossible.

Detailed population studies were carried out in selected subareas
between April 1993 and April 1994 at 1-3 sites (Fig. 1, not for
subarea 4). Sites of subarea 1 were 2-4 m deep. Sites of subareas
2 and 3 were 0.5 m deep. Sites of subareas 5 and 6 were 9-10 m
deep. All samples taken from these areas were collected in the
same way as described above. Maximum width of all specimens
was measured within the first 30 segments by only two persons to
minimize systematic errors.

We also analyzed sediment parameter and phytoplankton con-
centration in all subareas. According to the small-scale spatial
variability in the distribution of M. viridis (ZeTTLER & Bick 1996),
relationships between sediment parameter and densitiy estimates
were plotted only for macrofauna and sediment samples, simulta-
neously collected. Sediment samples were taken from the upper
5 cm. Median grain size, silt content (relative DW of the fraction
< 63 um after wet sieving) and organic content (loss on ignition
after incineration at 500° C) were measured. Samples taken be-

fore April and later than September were excluded from the analy-
sis to minimize the impact of reproductive processes. Monthly
measurements of water chlorophylla concentration were obtained
from 1-5 sites per subarea between 1992 and 1994. Chlorophyli
a was analysed according to JErrrey & Humphrey (1975). Data
were splitted into summer months (June-September) and winter
months (November-February). Spring bloom data from March-
May and data from October (maximum of planktonic larvae) were
excluded.

Salinity was measured for each sampling site and date.

Furthermore, we computed a distribution map for the German
part of the Baltic Sea. Several hundred macrozoobenthos samples
were collected in this area in 1993/94, mainly for monitoring pur-
poses. A large vartety of sampling gear was applied due to the
different scope of each investigation. The sampling methods ap-
plied in the Oder Estuary and in the Darss-Zingst Bodden were
already described. An Ekman-Birge grab sampler (0.021 m2, pen-
etration depth 5-10 cm) was used in a few coastal inlets in the
West. Van-Veen grab samples (0.1 m?, penetration depth 8-12
cm) were taken in Kiel Bay, Mecklenburg Bay, Wismar Bay, and
in the Arkona Basin. Al these samples were sieved with a | mm
sieve (Table 1).

Hence, large differences in density estimates occurred accord-
ing to the penetration depth of the grabs applied. A logarithmic
scaling of density isolines was used, therefore, to compute a gen-
eral distribution map. Density estimates obtained from Ekman-
Birge grab samples for instance, presented only between 30 %
and 50 % of the true values. An intercalibration between box corer
samples, sieved with a 0.5 mm sieve, and Van Veen grab sam-
ples, sieved with a 1 mm sieve, was performed in the Pomeranian
Bay in April and October 1993. Mean densities of M. viridis were
about 50 % lower in Van Veen grab samples than in box corer
samples (PowiLLET & al. 1996). However, the impact of underes-
timation of densities onto the shape of density isolines was less
important, since most of the grab samples were taken in the West,
where no M. viridis occurred.

Tab. 1: Sampling methods, applied in different parts of the study area.

subarea grabtype  sampling penetration sieve mesh
area(m?)  depth(cm) size (mm)
Kiel Bay Van Veen 0.1 10-12 1
Wismar Bay Van Veen 0.1 8-10 1
Ekman Birge  0.021 5-10 1
Mecklenburg Bay Van Veen 0.1 10-12 1
Warnow Estuary Van Veen 0.1 8-10 1
EkmanBirge  0.021 5-10 1
Arkona Basin Van Veen 0.1 10-12 1
DarB-Zingst Bodden  hand-operated 0.0078 40 0.5
tube corer
Greifswalder Bodden box corer 0.006 15-20 0.5
Pomeranian Bay box corer 0.0225 15-20 0.5
Oderhaff box corer 0.006 15-20 0.5
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Fig. 2: Distribution of sampling sites used for plotting a distribution map.
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Fig. 3: Distribution and densities of Marenzelleria viridis in the southwestern Baltic Sea in 1993/1994.
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Differences in density estimates were caused also by differences
in the sieve mesh sizes. Juveniles were observed passing com-
pletely through the meshes of the 1 mm sieve up to a size of less
than 0.8 mm (PowiLLEIT & al. 1996). Settlement of larvae takes
place in the Darss-Zingst Bodden between October and January
(BocHERT & al. 1993). Juveniles from inner coastal lagoons reach
a width of about 1 mm in March/April. Therefore, samples col-
lected between October and March were excluded from the data
analyses to minimize the impact of juvenile abundances. At least
200 samples could be used for computing a general distribution
map with WINSURF software package (Fig. 2).

RESULTS

General distribution in the southwestern Baltic

M. viridis was found in all inner coastal waters east of
Mecklenburg Bay (Fig. 3). Mean densities ranged
between 1 000 and 5 000 ind. m%. Maximum values were
39000 ind. m* for the Darss-Zingst Bodden in May 1994
and 28 000 ind. m? for the Oderhaff in summer 1993.
Much lower densities were observed in offshore waters.
Densities in the Pomeranian Bay decreased rapidly about
5 miles off the Greifswalder Bodden from 3 000 to 4 000
ind. m to 100-300 ind. m. Densities at the southern slope
of the Arkona Basin did not exceed 30 ind. m™ at 30 m
water depth. No specimens were found in the deeper cen-
tral part of the Arkona Basin. Low densities between 10
and 30 ind. m? were found at 30 m depth in the eastern
part of the Kadett Furrow. The polychaete was not found
in Mecklenburg Bay. Only single individuals occurred oc-
casionally north of the Warnow Estuary near Rostock.
Within this estuary densities ranged between 10 and 100
ind. m?. A single specimen was collected during extensive
sampling in the innermost part of the Wismar Bay in 1993.
No worms were found in Kiel Bay. The species was re-
ported recently from the Schlei Estuary which enters Kiel
Bay. Densities seem to be high there, but have not yet been
estimated (V. Schroren, pers. commn). These animals also
belong to the Baltic Sea genotype of M. viridis (R. Bastrop
& M. Réhner, pers. commn).

Distribution in the Darss-Zingst Bodden and the Oder
Estuary

Fig. 4 shows detailed distribution maps of M. viridis for
the Darss-Zingst Bodden and the Oder Estuary in summer
1993. Maximum densities were revealed in the middle of
the Darss-Zingst Bodden and in the south of the Oderhaff
(10 000 and 28 000 ind. m?, respectively). High density
values of inner coastal waters were restricted to sites near
the coastline and less than 2 m depth. The species was
often generally absent from the deeper central parts of the
lagoons (3-5 m). Stations studied in the Pomeranian Bay
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Fig. 4: Distribution and densities of Marenzelleria viridis in se-
lected waters along the southern Baltic Sea. Dots indicate sam-
pling sites. Note differences in density scaling between maps.

ranged from 6-20 m depth. No relationship was observed
between abundance and depth. High densities of about
3 500 ind. m? were found only in the Southwest of the
bay, close to river mouths. Numbers decreased rapidly with
increasing distances from the shore. Only single specimens
were recovered at the northern edge to the adjacent Arkona
Basin.

Comparable weight measurements were available for a
few stations only. Highest biomass values of 8-9 g AFDW
m? were found in the southwestern part of the Pomeranian
Bay. Biomass values ranged from 0.2-1.3 g AFDW m?
offshore. Wet weight measurements from the Darss-Zingst
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Fig. 5: Relationship between density of Marenzelleria viridis and sediment parameters in different subareas.
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Fig. 6: Median densities of Marenzelleria viridis (zero values
excluded), annual mean salinity, median summer concentration
of chlorophyll a and median winter concentration of chlorophyll
a in six subareas along the southern Baltic. Thick lines indicate
quartites, thin lines indicate minimum and maximum. Note loga-
rithmic scaling of three Y-axes.

Bodden were transformed into AFDW by own conversion
factors. Mean values ranged from 30-40 g AFDW m?
(maximum 70 g AFDW m™).

Environmental factors

The relationship between abundance and sediment param-
cter is given for samples from the Pomeranian Bay, the
Darss-Zingst Bodden and the Oderhaff collected during
summer 1993 (Fig. 5). Adult M. viridis occurred in
sediments with an organic content between 0.1 and 10 %
and a silt content between 0 and 10 %. The median grain
size of colonized sediments ranged from 0.05 to 0.35 mm.
lLarge differences occurred between the subareas in the
range of the sediment types investigated. Whereas
sediments in the Pomeranian Bay were found to be almost
sandy with an organic content below 1 % of sediment DW,
a great variety of sandy and muddy sediments was encoun-
tered in inner coastal waters. Stations differed substantially
in organic content and silt content of the substrate, but not
in median grain size.
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Salinities of the subareas ranged from 1.7 to 14 %o in
1993 and were lowest in the Oderhaff (subarea 1). Fig. 6
shows that highest values of more than 10 %o were meas-
ured in the eastern part of the Darss-Zingst Bodden (subarea
4)and in the Northwest of the Pomeranian Bay (subarea 6).

No intra-annual cyclic variation was found for the chlo-
rophyll a content of the shallow lagoons in the Darss-Zingst
Bodden. Median values ranged from 25 to 105 mg Chlam?®.
The chlorophyll concentration decreased from the west
(subarea 2) to the east (subarea 4) of the Bodden chain.
Similar high values were found in the Oderhaff (subarea 1)
during summer, but concentrations decreased in winter.
The median winter concentration of chlorophylla was only
13 mg m>. The lowest chlorophyll concentrations were
found in the Pomeranian Bay (subareas 5, 6). Median sum-
mer values were 11 and 2.3 mg Chl @ m?, respectively.
Winter values appeared to be even lower (4.3 and 1.8 mg
Chlam?, respectively).

Population dynamics

Fig. 7 presents the dynamics of the total population den-
sity of six sites from April 1993 to October 1994. Only
subarea 2 showed a clear increase in total density within
the time period under investigation. Salinity increased in
subarea 2 from about 2 %o in 1992 to about 5 %o in 1993.
A successful recruitment of larvae in autumn 1993 caused
the exponential increase in densities (see also Fig. 8). Only
slight temporal variation of abundances was observed at
all other sites.

Fig. 8 shows the details of the population dynamics of
selected single sites from the same subareas. We selected
sites with the largest n-values for presentation, because
there was no difference in the population dynamics be-
tween sites within a certain subarea. Subarea 4 was not
investigated.

A clear annual life cycle was observed in the Darss-Zingst
Bodden in subareas 2 and 3. Settlement of larvae took place
in late autumn. Juveniles were growing fast. They grew to
a width of about 1.2 mm by April 1993 and up to about
1 mm by April 1994. They reached a mean width of about
2.1 mm in September and could not be distinguished from
adult cohorts by width measurements in winter (about
2.5 mm mean width of adults). Two different adult co-
horts were distinguished by a difference in the number of
segments with large gills between one and two year old
specimens. Whereas the large gills of one year old worms
appeared only within the first 40-50 segments, large gills
of two year old worms reached up to the 60th segment
(Zettler, own obs.). The maximum width of adults was
3.1 mm.

Only few first year worms were found in the Oderhaff
in 1993/94 (subarea 1). Older cohorts occurred through-
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Fig. 7: Population trends of Marenzelleria viridis at two sampling
sites from three different subareas along the southern Baltic.
100 % values of the population-index: Darss-Zingst Bodden:
5223 ind. m? - squares; 7 176 ind. m* - crosses, Pomeranian Bay:
148 ind. m - squares, 3 244 ind. m* - crosses; Oderhaff: 2 558
ind. m* - squares, 4 226 ind. m - crosses.

out the year and grew to a mean width of 2.5 mm (maxi-
mum 3.1 mm).

First year specimens were found occasionally in the off-
shore part of the Pomeranian Bay (subarea 6). Two year
old specimens seemed to be dominant. The largest worm
ever found was 2.6 mm in width. The mean width of adults
was about 2.2 mm.
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An inverse population structure with low numbers of
first year worms and large numbers of adult worms was
found at coastal sites in the Pomeranian Bay (subarea 5).
Three cohorts could be distinguished for all seasons. No
other variation than a slight increase of adult cohorts in
late summer was observed throughout the year. Juveniles
grew only to amean width of 1.1 mm within the first year
of life. Adult worms usually did not exceed a mean width
of 1.8 mm. The maximum width of adults was once 2.2
mm and 2.4 mm, respectively. Separation of adult cohorts
was not investigated.

DISCUSSION

Species are known to be distributed along natural gradi-
ents of environmental factors. Gradients of several factors
usually overlap each other. The importance of a single fac-

tor for the regulation of the density of a species follows an
optimum curve or a saturation curve. The realized niche
depends on the combination of all important factors. The
character of the minimum factor changes spatially and tem-
porally due to kind of overlap in many different environ-
mental factors. Hence, the acceptable range of a single fac-
tor may change between areas and times in relation to the
prevailing composition of other factors (Gray 1984).

During our investigation we discovered M. viridis ina
wide range of brackish habitats. It propagated in semi-en-
closed shallow lagoons as well as in coastal zones and off-
shore bays. Thus, the species occurred in areas exhibiting
also a wide range of environmental conditions. The fol-
lowing account will describe the realized pattern of opti-
mum or saturation curves of environmental factors in the
southwestern Baltic Sea in relation to data available from
experimental studies.
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Salinity

M. viridis was found during this study at salinities of al-
most 1 %o and up to almost 15 %o. Abundances were high-
est at salinities of around 5-8 %o and decreased rapidly above
10 %o. A low salinity range from 2 to 8 %o was reported
also for the eastern Baltic Sea by Zmupzinski & al. (1993).
Salinity of interstitial water at the Ems Estuary varied be-
tween S and 17 %o (Essink & Kieer 1993). The species is
most frequently found in areas of reduced salinities in North
America. It is known to dominate the salinity range be-
tween 0.5 and 15 %o (Bogesch 1977; Doeries & Howarp
1975).

Early larval stages are unable to develop at salinities of
less than 5 %o. The growth of older larvae ceases, accord-
ing to Georae (1966) and BocHErT & Bick (1995). These
experimental studies were confirmed by our population
studies in the Oderhaff at salinities between 1 and 4 %e.
Although, high densities of planktonic larvae were reported
for the Oderhaff by Gruszka (1991b), no successful set-
tlement of juveniles was observed. Most likely, the larvae
were drifted occasionally into the Oderhaft by strong wa-
ter influxes from the Pomeranian Bay during storms (LAMPE
1993). The absence of juveniles in the offshore part of the
Pomeranian Bay can not be explained by this factor, be-
cause no signiticant differences were found between the
salinities of all other subareas.

We are unable to explain why adult stages did not oc-
curred in the southwestern Baltic Sea at salinities above
15 %o. There are some indications from recent experimen-
tal studies that adult worms, adapted to the horohalinicum,
avoid salinities above 15 %o. Fritzsche (1995) reported
hyperosmoregulation by this polychaete for a salinity range
between 0 and 30 %o. He also recorded a 50 % mortality
rate of adult stages, adapted to salinities of 5 %o, at a salin-
ity of almost 30 %e. From this it can be concluded that M.
viridis is a typical genuine brackish water species, well
adapted to the horohalinicum (Kmne 1971; ArnDT 1989).

Water depth

At present, M. viridis inhabits depths between 0.2 and 30
m in the southwestern Baltic with a maximum nearshore
at depths below 2 m. Zmupzinski & al. (1993) recorded the
polychaete down to 50 m with a maximum 0f20-30 m in
the eastern part of the Baltic Sea. The deepest observa-
tions of single adult specimens from the Baltic ranged down
to 90 m in the Bornholm Basin (own obs. in 1993). The
lower depth range of the species in the southwestern Bal-
tic Sea was probably caused by high salinity values of the
bottom water at 20-25 %o after a massive salt water influx
from the North Sea in January 1993 (NEHRING & al. 1994).

Sediment type

Adult M. viridis inhabit vertical J-shaped, mucus-lined
burrows with a mean diameter of about 2 mm. The depth
of the burrow is governed mainly by sediment type: the
more sandy or muddy the substrate, the smaller the depth
(Dauer & al. 1981; ZeTTLER & al. 1994). Tubes were gen-
erally deeper in sand than in mud (Hines & Comrors 1985).

Water content and grain size of the substrate are impor-
tant factors for burrowing polychaetes (e.g. EsseLiNk &
Zwarts 1989). A high water content is likely to be unfa-
vourable for the stability of the unbranched burrows of M.
viridis. An increase in water content of the substrate is
usually correlated with an increase in organic- and silt con-
tent (ScHLUNGBAUM & al. 1994b). Adult worms from the
southwestern Baltic Sea were restricted to sediments with
an organic content below 5 %. They never occurred in
sediments with an organic content above 10 %. Similar
values were found for the silt content. No lower limit was
observed. KINnEr & al. (1974) reported major occurrences
in sediments of 0-25 % silt content from a North Ameri-
can Estuary.

Silty sediments with high organic contents were re-
stricted to the central parts of the semi-enclosed lagoons
under investigation. Due to the effects of eutrophication
large oxygen amplitudes occurred there during summer
(Lampe 1993, ScuLungBaUM & al. 1994b; own measure-
ments). In contrast, nearshore areas of the lagoons were
sandy and well oxygenated in most cases. As described
above, M. viridis inhabited mainly shallow sandy nearshore
parts of inner coastal waters and was often absent from
the deeper central parts. The impact of temporal events of
oxygen deficiency and formation of sulphide in the muddy
central areas on densities of M. viridis is unclear. The
spionide has remarkable adaptation strategies enabling it
to live under such inhospitable conditions (FriTzscHE &
von OertzeN 1995). Oxygen depletion of about 20 days
were observed to reduce abundances in the Pomeranian
Bay in summer 1994, especially of first year specimens.

Also, coarse gravel might cause negative effects on
penetrability and stability of the substrate. The lower and
upper value of the vulnerable grain size was not measured
precisely during this study. No preferred grain size range
was found between 0.15 and 0.35 mm median grain size.
Only two sites with a median grain size below 0.1 and
above 0.4 mm were studied. Single worms were found at
these sites.

Food supply

Polychaetous annelids of the family Spioridae feed at the
sediment-water interface with a single pair of tentaculate
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palps. They have been classified as selective surface de-
posit-feeders as well as suspension-feeders (HempeL 1957;
FaucHALD & Jumars 1979). Due to the available food sup-
ply, M. viridis can utilize particles both in suspension and
from sediment surface (Dauer & al. 1981). If no suspended
particles are available, both palps stay in contact with the
sediment surface. Palps are lashing in the water column
when suspended particles occur. Individuals from muddy
sediments were observed to continue surface deposit-feed-
ing even when suspended particles were available. The
worms significantly increase the rate of defecation when
suspended particles are present (Dauer & al. 1981, own
laboratory observ.).

Qualitative and quantitative observations on the food
composition of M. viridis from the southwestern Baltic
Sea revealed mainly planktonic algae from all semi-enclosed
lagoons. Fresh phytoplankton and resuspended organic
material are the most important food sources. Sand gravel
was a considerable part of the material found in intestines
too. Specimens of the Pomeranian Bay mainly contained
sand. A minor part of fresh phytoplankton was found only
near river mouths (R. Burckhardt & B. Meyer-Harms, pers.
commn; own observ.).

However, fresh phytoplankton is supposed to be the most
important food source of M. viridis. Therefore, abundances
of this spionid still can be related to the feeding biology.
Water phytoplankton concentration can be used to describe
the food supply, because the water column in shallow
coastal waters is usually well mixed by wind forcing down
to the bottom. Our observations indicate a clear positive
relationship between distribution, abundances, population
dynamics, and growth rate and the phytoplankton concen-
tration of the water column. Abundances of adult stages
were about ten times higher in inner coastal waters than in
offshore parts of the Pomeranian Bay (10 000-20 000 ind.
m? and 100-200 ind. m?, respectively). The same differ-
ence was found for the chlorophyll concentration
(50-100 mg Chl ¢ m™ and 3-5 mg chla m?, respectively).
Maximum widths and growth rates were much greater in
the semi-enclosed lagoons than in the Pomeranian Bay too.
No successful settlement of juveniles was found in off-
shore parts of the Pomeranian Bay with winter chlorophyll
a contents below 5 mg m?.

Outlook for future dispersal of M. viridis

Since this North American polychaete was found in the
Baltic Sea, it has proliferated very successfully. It has prob-
ably established itself permanently and has already become
the dominating species in many horohaline coastal parts of
the Baltic Proper. A similar process was observed in estu-
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aries around the North Sea. The rapid dispersal can be ex-
plained by several causes. First of all, the species propa-
gates in a wide range of horohaline to oligohaline extreme
biotopes with periods of hypoxic and anoxic conditions.
There are not many other large benthic invertebrates liv-
ing in such environments within the Baltic Sea. Nereis
diversicolor (O.F. MULLER) is the only polychaete inhabit-
ing the same areas. Within the horohalinicum until today
no negative interspecific interactions were detected with
other macrobenthic invertebrates (ZETTLER 1994; ZETTLER
& Bick 1996).

Due to the effects of eutrophication, primary produc-
tion is extraordinary high in Baltic estuaries (¢.g. WAsMUND
& Schiewer 1994). No food shortage will limit the
phytoplankton feeding spionide because of the absence of
large filter-feeding bivalves in horohaline waters. Compe-
tition for food is likely to occur in oligohaline waters with
mussel beds of Dreissena polymorpha and in coastal off-
shore parts with high densities of filter-feeding bivalves,
Mbytilus edulis (L.) and Mya arenaria. Bivalves are also
known to reduce the recruitment rate of larvae (HiNnes &
al. 1989).

The motility of older larval stages and benthic stages is
important for the species success too. Adult stages were
found in the southwestern Baltic up to 50 km away from
successful recruitment areas. The phenology and causes
of planktonic phases in the Baltic Sea have not been prop-
erly investigated yet. The life cycle of North American M.
viridis involves three planktonic phases: a juvenile disper-
sal up the estuary, an adult dispersal down the estuary and
a spawning phase (Dauer & al. 1982). Dauer & al. (1981)
observed intensive movements of worms in relation to food
supply.

The enormous production of larvae (Bocrert & al. 1993)
is probably the reason for the rapid speed of dispersal. The
chance of the larvae to survive a ballast water ship trans-
port to the receiving ecosystem is high. Transport distances
are short within the Baltic. Most of the Baltics™ harbours
are horohaline brackish and eutrophicated. It is precisely
in such areas, that alien species are numerous (LEPPAKOSKI
1984 Jansson 1994).
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