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PROCEEDINGS OF THE 14TH BALTIC MARINE BIOLOGISTS SYMPOSIUM

THE NEWCOMER MARENZELLERIA VIRIDIS
(VERRILL, 1873), ITS DEVELOPMENT AND
INFLUENCE ON THE INDIGENOUS
MACROZOOBENTHOS IN A COASTAL WATER OF
THE SOUTHERN BALTIC

Michael L. Zettler

University of Rostock, Department of Zoology, Universitdtsplatz 5, D-18051
Rostock, Germany

Abstract. Marenzelleria viridis (Verrill 1873), a spionid polychaete that immigrated into
brackish water ecosystems of the North Sea and Baltic Sea from North America in the early
cighties, has spread rapidly in its European biotopes and is now an dominant element of the
fauna in some regions. It was first found in the Darss-Zingst bodden chain, an inland
estuary on the south Baltic coast, in 1985. Continuous monitoring from 1992 to 1995
shows that M. viridis has continuously spread in these waters and has revealed the effects
on the indigenous fauna. The highest abundances and biomasses (about 30,000 ind/m? and
400 g wet wt/m2 {50 ¢ AFDW/m?2]) were found in the inner part of the estuary (S=3-5%o).
Significant positive correlations (abundance and rank correlations) existed between the
adult and juvenilc subpopulations of M. viridis and between juvenile M. viridis and
chironomids (larvae of the Chironomus plumosus and Ch. halophilus types). Negative
correlations were calculated between the spionid and both Corophium volutator and the
naidids. The correlations between the spionid and Hediste diversicolor are unclear. Unlike
adult M. viridis, which corrclate positively with the nereids, the correlation between
juvenile M. viridis and nereids appears to be negative. However, neither correlation was
significant.

The abundance and biomass data collected for various macrozoobenthos representatives
(Hydrobia ventrosa, H. diversicolor, C. volutator, chironomids and oligochaetes) during
the present study are compared with those available in the literature to draw conclusions
regarding the influence of the new species.

Investigation of the population dynamics of M. viridis shows that it has an unusually
long life span of 2-3 years. Up to 3 co-existing generations have been observed in a single
year.

Key words: bioturbation, establishment, introduction, Marenzelleria, population dynamics,
relationship.
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Introduction

Colonization of the Baltic Sea, a brackish sea which arose in its present form
after the last glaciation and is thus historically quite young, has been a
competition among immigrant species from various parts of the world. Ice age
relics such as Saduria entomon and Mysis relicta have been joined during the past
centuries particularly by immigrant species from the Pontic-Caspian region (e.g.
Dreissena polymorpha, Cordylophora caspia) and North America (e.g. Arenomya
arenaria, Rithropanopeus harrisi) (Jansson 1994, Leppakoski 1984). Increasing
tourism, aquaculture and worldwide sea transport have led especially in recent
years to further immigrations of invasion-like character. The relatively low
density of colonization and the stress factor of low, irregularly fluctuating
salinities permit primarily brackish water species to find ever new niches.

Two organisms that have immigrated or been imported into the area during the
past few years come from North America. Gammarus tigrinus (Crustacea,
Amphipoda) and Marenzelleria viridis (Annelida, Polychaeta) have managed to
establish themselves in most coastal Baltic waters and are now the dominant
elements of the fauna in several places (e.g. Essink and Kleef 1993, Gruszka
1991, Giinter et al. 1995, Lagzdins and Pallo 1994, Olenin and Chubarova 1992,
Persson 1994, Rudclph 1994, Zettler 1994, 1995b, 1996, Zettler et al. 1994,
Zmudzinsky et al. 1993).

M. viridis was found for the first time in the bodden chain south of Darss-
Zingst by Bick and Burkhardt (1989). The biology of the species was studied
closely in these South Baltic waters from 1992 to 1995, attention being
concentrated mainly on population dynamics and influence on the indigenous
macrozoobenthos.

Material and Methods

The investigation area, the bodden chain south of the Darss-Zingst Peninsula,
is north-east of Rostock, has a length of about 40 km from west to east and
occupies an area of around 200 km? (Fig. 1). Its salinity is relatively low (1-10 %)
and is subject to seasonal and interannual fluctuations owing to freshwater
inflows and its open connection to the Baltic Sea. The salinity decreases from east
to west, the lowest salinities (1-5 %¢) being measured in the inner parts of the
bodden chain (stn. 2). At station 1 it fluctuates between 6 and 10 %o, and at station
3 it varies between these extremes.

Three samples per station were collected by monthly from 1992 to 1995 using
a corer with a cross section of 78.5 cm? and a penetration depth of 40 cm. The
samples were washed through an 0.3 mm mesh sieve and fixed in 4% borax-
buffered formalin. The animals were sorted under a dissecting microscope with a
magnification of x10 in the laboratory.
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Figure 1. Investigation area Darss-Zingst bodden chain in the north-eastern part of
Germany with the stations 1 to 3.

Data taken from the literature were used to ascertain the extent to which the
immigration of M. viridis has effected the composition and density of the fauna.
The results have been presented in numerous publications, diploma and doctoral
theses (Arndt 1988, 1989, 1994., Moller 1984, Thiel 1990, Zettler 1993, 1994,
1995a, 1996, Zettler et al. 1994, 1995). From 1969 to 1991, samples were
collected using grabs of the Ekmann-Birge (225 ¢m?), Hydrobios (250 cm?) and
van Veen (600 cm?) types penetrating down to 10 cm, and the mesh size used for
sieving was 0.5 mm. As a rule, samples were collected only twice a year (spring
and autumn).

In all studies, the biomass was measured with an accuracy of 0.1 g wet weight
and presented as g/m?.

The Spearman rank correlation was used to calculated inter- and intraspecific
correlations between juvenile and adult M. viridis and Hydrobia ventrosa, Hediste
diversicolor, Corophium volutator and chironomids.

Results

The abundance of M. viridis steadily increased at station 1 after its first
appearance there in the mid-eighties, rising from a few hundred ind./m? at the
beginning to a mean density of 8,500 ind./m? and a wet weight of 400 g/m? in
1994 (Fig. 2). However, this proliferation was not accompanied by a decrease in
the numbers of indigenous representatives of the macrozoobenthos.
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Figure 2. Macrozoobenthos abundances and biomasses in the Darss-Zingst bodden chain at
stn. 1 from 1969 to 1995 (September).

Quite the opposite, the abundances and biomasses of most macrobenthic
organisms (H. diversicolor, H. ventrosa and oligochaetes are now considerably
higher than 10 or 20 years ago. The abundances of the polychaetes M. viridis and
H. diversicolor have both increased since 1987. In addition, the nereids have
spread to the inner parts of the bodden chain. The abundance and biomass of



284 M. L. Zettler

H. diversicolor have increased two to four-fold since 1988: the maximum
abundances and biomasses recorded for the period 1969-1988 were 630 ind./m?
and 25 g/m? respectively compared with 2,000 ind/m? and 50-100 g/m?
respectively in 1994. In 1995 all abundances decreased, probably because of low
salinities (Fig. 9).
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Figure 3. Abundances of M. viridis in the Darss-Zingst bodden chain at stn. | from March
1992 to September 1995 (means of 3 samples per month with standard deviation).

Fig. 3 shows the development and variability of the abundance of M. viridis
from 1992 to 1995 (September) at this station. It has varied between 2,000 and
11,000 ind./m? during the past 4 years. These increases in abundance continued
until mid-1994, when the abundance declined owing to poor reproductive
performance.

The relative abundances and biomasses of the macrozoobenthos at station 1 are
shown in Fig. 4. The spionid now has a relative abundance of 40 % in terms of
individual density and of 80 % in terms of biomass. Other species we found
included Hediste diversicolor, Hydrobia ventrosa and Tubifex costatus with
relative abundances of 10 to 20%. Altogether, 23 taxa were found at this station
(Table 1).
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Figure 4. Relative abundances and biomasses (in %) within the macrozoobenthos in the
Darss-Zingst bodden chain at stn. 1 from 1992 to 1995.

Table ]

Mean abundances (ind./m?) of the taxa found at stations 1, 2 and 3 (annual means from 12

months samples of 3 hauls each), (1995 only until September)

Station 1 (23 Taxa)

Station 2 (12 Taxa)

Station 3 (18 Taxa)

Taxa

1992 | 1993 | 1994 | 1995

1992 | 1993 | 1994 ] 1995

1992 | 1993 [ 1994 ] 1995

Arenomya arei.

Bithynia tentac.

Cerastoderma lain.

Chironomidae
Corophium volui.
Cyuthura carin,
Embletonia pall.
Ganimarus spec.
Gammarus Hgri.
Hediste diversic.
Hydrobia spp.
Idotea balthica
Jacra albifrons

Manayunkia aest.

L1t 101 132 0
56 133 38 19
32 11 81 137
1775 1178 47 0
0 5 4 0
0 0 8 5
56 27 13 24
0 0 0 24
1656 1852 1533 1618
4137 4522 3312 1911
220 218 110 tdo
t 101 132 61
37 16 200 354

0 0 0 14
2436 2711 2088 5704
0 0 4 0
I 25 67 75
0 0 0 184
5 0 0 9
11 50 21 0

0 o 4 0
0 0 151 85
2091 8771 722 0
0 0 8 0
0 0 0 5
2459 2202 1764 1595
296 441 1760 316
0 21 4 0
0 0 0 5
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Marenzelleria vir.
Nuis elinguis
Neanthes succinea
Puranais litoralis
Piscicola geom.
Potamopyrgus ant.
Prostoma obscura
Sphaeroma hook.
Stylaria lacustris
Theodoxus fluv.

Tubifex costarus

8467 5129 1242 8008 27640 4430
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Figure 5. Macrozoobenthos abundances and biomasses in the Darss-Zingst bodden chain at
stn. 2 from 1986 to 1995 (September).

Station 2 is situated inside the bodden chain and has a much lower salinity.
M. viridis colonized this station 1 or 2 years later than station 1 (Fig. 5). The
chironomids (Chironomus plumosus and Ch. halophilus types) were the dominant
faunistic elements before the arrival of the spionid and achieved mean densities of
200-2,000 ind./m? (max.: 6,200 ind./m?) and biomasses of 3—-10 g/m? (max.:
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80 g/m?). Chironomid abundance has not decreased since M. viridis arrived at the
station. The spionid has proliferated since 1990 and had a mean abundance of
around 25,000 ind./m? and biomasses of between 350 and 400 g/m? in 1994. In
1995 the abundance of M. viridis decreased owing to poor reproductive
performance due to low salinities of around 2 %o in autumn 1994 (Fig. 9).

Fig. 6 shows the variations in abundance at Station 2 during the past 4 years.
Abundances increased until 1994, reaching a maximum density of 60,000 ind/m?
in February of that year, and then decrease from mid-1994 onwards. The mean
density observed in 1995 was 4,000 ind./m2.
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Figure 6. Abundances of M. viridis in the Darss-Zingst bodden chain at stn. 2 from March
1992 to September 1995 (means of 3 samples per month with standard deviation).

M. viridis has achieved a relative abundance of 50 % in terms of individuals
and 90 % in terms of biomass at this station during the past 4 years (Fig. 7).
Altogether 12 taxa were found here (Tab. 1).

The development of generations of M. viridis at stn. 2 shown in Fig. 8. The
spionid polychaete has a life span of at least 3 years. As a rule, three generations
coexist as any one time. Four generations (F1 to F4) were distinguished during
our studies.

The key to the varying success of reproduction in the past four years is to be
found in the salinity range during this period (Fig. 9). The larvae of M. viridis can
not develop at salinities below 5 %o. No new generations were produced at
stations where the salinity was lower than 5 %o. Reproduction was restricted to
areas with higher salinities.
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Figure 7. Relative abundances and biomasses (in %) within the macrozoobenthos in the
Darss-Zingst boddenchain at stn. 2 from 1992 to 1995.
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Figure 9. Range of salinity in %e in the Darss-Zingst bodden chain at stns. 2 and 3 from
1992 to 1995 (5 %e-boundaries as thicker lines).

This is also reflected in the size-frequency distribution of M. viridis at stn. 2
based on the greatest width in mm between the 5th and 10th setigers (Fig. 10). In
1992 and 1993 M. viridis successfully reproduced and settled at this station. In
1994, however, there was no apparent reproduction, only a few isolated specimens
being found at the beginning of 1995, and these were probably immigrants from
more saline areas.

Also, growth was more rapid in the F2 generation from 1992 to 93 in the F2
(0.8 mm) than in the F3 generation from 1993 to 94 (0.4 mm). This was probably
due to the higher abundance (6,000 in 1992/93 compared with 60,000 in 1993/94)
and the corresponding increase in intraspecific feeding competition after
settlement in autumn of 1993,

The size-frequency distribution at stn. 3 (Fig. 11) shows that reproduction
takes place normally at salinities of around 5 %o and above. Successful
reproduction and settlement were observed every year during our studies at this
station.
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Fig. 12 presents the interactions and relationships between M. viridis and other
indigenous macroozoobenthos representatives. Significant negative correlations
were observed between adult M. viridis and both the naidids (Paranais litoralis
and Nais elinguis) and the amphipod Corophium volutator. Significant positive
interactions were found between adult and juvenile M. viridis.

The correlations found between juvenile M. viridis and the chironomids (Ch.
plumosus and Ch. halophilus types) were significantly positive. The correlations
between H. diversicolor and adult and juvenile M. viridis were different, but not
significant.
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Figure 12. Spearman's rank correlation between adult/juvenile M. viridis and other taxa of
the macrozoobenthos (*p=0.05; **p=0.01; ***p=0.001).

Discussion

M. viridis has spread rapidly since it was first found in the bodden chain and is
now one of the predominant faunistic elements. The dramatic increase in its
abundance and biomass seemed bound to have some impact on the indigenous
macrozoobenthos. However, comparison of our results with data published in the
literature reveals no negative influence. On the contrary, the spionid even seems
to facilitate colonization of the substrate by other organisms. Sarda (personal
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communication) reported similar results, calling the M. viridis found during his
studies in North America cold-tolerant opportunists. In contrast to the significant
negative correlations found between M. viridis and H. diversicolor by Atkins et al.
(1987), nereid abundances and biomasses do not seem to have declined in the
bodden chain. Essink and Kleef (1993) and Saavedra-Perez (1990) also noted that
abundances of H. diversicolor decreased after the spionid had appeared, but the
reductions were not significant. Unfortunately, these authors did not study adult
and juvenile animals separately in this respect. Kolbe (1993) found no negative
correlation in the Weser estuary (Germany). Competition and predation studies
(Rohrig, 1995, Zettler, unpubl.) have shown that adult M. viridis (>200 setigers)
and adult H. diversicolor (>80 segments) do not influence each other negatively.
Although a negative correlation between adult H. diversicolor seems likely, the
values we obtained did not yield a significant correlation.

The reason for the significant negative correlation between juvenile M. viridis
and C. volutator is unclear. Adult M. viridis also correlated negatively with this
amphipod. The tentacular motions and burrowing activity of the spionid possibly
create sufficient disturbance to induce C. volutator to emigrate. This negative
effect has also been observed in both laboratory and field studies (Zettler 1995a,
Zettler unpubl.). Réhrig (1995) has also reported similar results in the bodden
chain. In the North Sea, m contrast, Essink and Kleef (1993) found significant
positive correlations between M. viridis and C. volutator.

What might be the factor encouraging some organisms to settle while
inhibiting others? M. viridis builds L-shaped, vertical and non-ramified burrows
extending down to a depth of about 35 cm (Zettler et al. 1994). The effect of these
bioturbate activities might be to prepare the sediment or make it more attractive
for other organisms (as proposed by Gallagher et al. 1983). On the other hand,
other organisms that are less tolerant to bioturbation would avoid the area.
Possible reasons for the facilitatory and inhibitory effects of M. viridis are
presented in Fig. 13. .

The fluctuations in the abundance of M. viridis are very closely linked to
reproductive success. Successful reproduction takes place only in regions with
salinities higher than 5 %o since the planktic larvae need such salinities to develop
(Bochert and Bick 1995). Owing to its mobility, however, the spionid is able, both
as larvae and adults, to reach other areas with Iower salinities either actively or by
riding currents. The relatively long life span of about 3 years allows it to survive
periods of low reproduction in such areas. This explains how M. viridis has
successfully established in areas of the bodden chain with salinities between 0.5
and 10 %o. Also able to survive exposure of the sediment to the air and even ice
without difficulty, the species is perfectly adapted to the varying abiotic factors in
the bodden chain (see also Zettler 1995a).
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Figure 13. Possible reasons for the facilitatory and inhibitory effects of M. viridis.

And why was the immigration of M. viridis into the coastal waters of the Baltic
so successful? The Baltic Sea is relatively young. Since the composition of
indigenous species was drastically impoverished by the last glaciation, it has been
a scene of constant new colonization and succession (Leppikoski 1984, 1991).
The gaps in the Baltic communities have obviously left plenty of room for
immigrants. However, we must wait and see if the new species can hold their own
and find a suitable niche for the longer term ("The role of an organism within a
community” Krebs (1994) p.245).
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