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Abstract
The colonization of the underwater construction of an offshore research platform in the German Bight by Mytilus edulis was
investigated. Mussel abundance, biomass and percentage coverage of the construction were determined from summer 2003
to summer 2005 from different water depths using digital underwater images and scrape samples of the hard substrate
fauna. Growth was estimated from shell length distributions. In 2003 settlement of M. edulis was low at the platform mainly
due to a temporal mismatch between platform construction and occurrence of competent larvae. In summer 2004 mussel
abundance increased remarkably in the intertidal and upper subtidal. Abundance and biomass increased up to 30,000
individuals m�2 and approximately 40 kg m�2 in summer 2005. At the end of the investigation period, the upper part of
the platform foundation was completely covered by M. edulis. Lower parts remained sparsely colonized. Mussel growth rates
were high under offshore conditions because of favourable environmental conditions and reduced biological constraints.
Cumulative effects from wind farm entities are estimated. Mussel accumulations will be an important component in the
estimation of ecological implications of offshore wind farming at least at the local scale.
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Introduction

Marine anthropogenic hard substrates such as arti-

ficial reefs, oil and gas platforms, navigation marks,

bridges and wrecks provide suitable habitats for hard

bottom communities (e.g. Wolfson et al. 1979;

Forteath et al. 1982; Stachowitsch et al. 2002).

During succession, parts of marine hard substrates

often become dominated by mussels (Reusch &

Chapman 1997; Stachowitsch et al. 2002), which

are strong competitors for space (e.g. Okamura

1986; Enderlein & Wahl 2004). In the North Sea

the blue mussel Mytilus edulis Linnaeus, 1758 is one

of the dominant species in the upper sections of hard

substrates (Hardy 1981; Garcia 1991; Leewis et al.

1994) including offshore sites (Wolfson et al. 1979;

Forteath et al. 1982; Page & Hubbard 1987;

Whomersley & Picken 2003; Buck 2007).

In the southern North Sea populations of

M. edulis exhibit a major spawning peak in spring

(Pulfrich 1997). During their planktonic stage

mussel larvae can be distributed over large distances

by currents (Pulfrich 1997; de Vooys 1999). In the

absence of suitable substrates, pediveliger potentially

delay metamorphosis for several weeks (up to 40

days at 108C) (Bayne 1965, 1976) allowing for the

colonization of distant substrates. During extended

dispersal in the water column larvae are exposed to

physical and biological stresses such as those result-

ing from water turbulences and unfavourable cur-

rents (Belgaro et al. 1995; Morgan 1995; Richards

et al. 1995) and predation (Young & Chia 1987;

Rumrill 1990). Larval mortality may exceed 99%

(Thorson 1966; Mileikovsky 1971; Purchon 1977;

Jørgensen 1981) due to starvation and predation by

fish and invertebrates. Moreover, long drifts to

offshore sites result in dilution of mussel larval

densities in the water column (e.g. Young et al.

1998; Metaxas 2001; Walter et al. forthcoming).

While both the nearshore distribution of M. edulis

and the larval occurrence in the water column is well

studied in the North Sea (e.g. Walter & Liebezeit
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2001; Walter 2004), only few and fragmentary data

are as yet available from offshore areas (Buck 2007;

Walter et al. forthcoming). However, if suitable

substrates are available pediveligers settle and grow,

while recruitment success and growth rates depend

on environmental conditions and biological con-

straints such as predation.

Growth and production rates within a mussel

population can be extremely high. Under favourable

conditions mussels can grow 3.5�5 cm within 30�48

weeks (Orton 1914; Walter & Liebezeit 2001) and

reach up to 6�8 cm in length within 1�2 years (Seed

1976; Page & Hubbard 1987). Such rapid growth

seems to be characteristic for many blue mussel

populations in estuarine and other enclosed areas.

On tidal coasts, duration of air exposure of intertidal

mussel beds is considered to be one of the most

crucial factors controlling mussel growth (e.g. Baird

& Drinnan 1957; Faldborg et al. 1994; McGrorty

1997) and may lead to considerable variations in size

and shape between intertidal and subtidal M. edulis

(Baird 1966; Seed 1968).

Recruitment success and the development of

M. edulis populations (including biomass produc-

tion) have not yet been investigated in offshore

waters with respect to time and water depth. The

increased filtration of phytoplankton and the export

of organic material via faeces and mussels falling off

the structure, providing an additional food supply

for predators and scavengers, may have implications

for the local trophic functioning. These data sets also

aid in estimating the potential of open ocean

aquaculture in offshore areas in the German Bight

(Whomersley & Picken 2003; Buck et al. 2004a).

Moreover, from a technical point of view, fouling

will have an impact on material weight and shape

and can further result in large forces interfering with

the grounding structure, thus, with the stability of

offshore objects (Buck et al. 2006).

The aim of this study was to describe the

colonization process of M. edulis on an offshore

artificial hard substrate with respect to water depth,

season and time since construction. Ecological

implications of offshore wind farming in the North

Sea will be estimated from the results.

Material and methods

Study area

The study was conducted at the research platform

FINO 1 that was deployed for research on the

feasibility and possible ecological implications of

future offshore wind farming. The platform was

installed in July 2003 in a soft bottom area

(5480.86?N, 06835.26?E) in the German Bight

(North Sea) about 45 km north of the island of

Borkum (Figure 1a). It stands in a water depth of

approximately 28 m on a steel structure (jacket

design; Figure 1b) with four piles spreading from

7.5�7.5 m at the surface to 26�26 m at the

seafloor.

During the investigation period from 2003 to

2005 salinity ranged from 32.9 to 34.7 psu and the

surface water temperature varied from 38C in spring

to 198C in summer. Oxygen saturation varied

between 90 and 119% in 6 m depth. The principal

tidal current direction was East-South-East and

West-North-West. Daily maximum current velocities

varied from 1 m s�1 at the surface to 0.4 m s�1 at 20

m depth. The average tidal range was 1.90 m with

strong wind-driven fluctuations (unpublished data

provided by the Federal Maritime and Hydrographic

Agency BSH).

Sampling

Images

Recruitment and coverage of M. edulis on the

underwater construction was documented using a

remotely controlled underwater digital camera sys-

tem (Kongsberg model OE 14-108 based on a

Nikon Coolpix at 3.3 megapixel camera). The

camera-system was fixed in a carriage passing along

a vertical guiding track on the north pile of the

platform (Figure 1c). The camera had a constant

distance (20 cm) to the pile surface providing images

of 0.04 m2. Images were taken weekly from August

2003 to December 2004. As the emerging depth

zonation pattern on the platform construction was

not known prior to the colonization by marine

organisms, images were taken at random depths

from the water surface down to 28 m. Water depth of

taken images was determined in relation to MLWS.

On each sampling date, 30�55 images were taken. A

total of 470 images were analysed for the develop-

ment of the M. edulis population using Adobe

Photoshop software version 7.0 (Adobe Systems

Inc., San Jose, CA, USA). Percentage coverage of

M. edulis was determined as the number of pixels

occupied by M. edulis relative to the total number of

pixels on each image. Shadowed areas on the images

(maximum 6%) were excluded from the analysis.

Individuals of M. edulis were counted and expressed

as individuals per square metre (ind. m�2).

Scrape samples

Since mussels usually form three-dimensional ag-

gregates with individuals growing in different layers,

abundances are inevitably underestimated if deter-

mined from two-dimensional images only. Therefore
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abundance (ind. m�2) and biomass (g m�2, wet

weight including shells) of M. edulis were determined

from scrape samples from the surface of the platform

foundation. For biomass calculation, mussels were

opened and the water in the mantel cavity was

removed before weighing. As M. edulis occurred on

the underwater construction in substantial numbers

only in the 1 m depth site (see Results) only scrape

samples taken in this depth were considered. The

20�20 cm scrape samples (except for April 2004

with 10�10 cm) were taken by scuba divers in April

(spring) and July (summer) 2004 and 2005. The

samples were scraped into 500 mm mesh bags and

stored in 4% borax-buffered formalin. In the labora-

tory all individuals of M. edulis were counted and

weighed and total shell length of each individual was

measured to the nearest 1 mm.

While in summer 2004 and summer 2005 four

replicates were taken, only one sample could be

taken due to bad weather conditions in spring 2004

and 2005.

Data processing

A three-dimensional sigmoid regression model was

fitted to the 2004 data obtained from the image

analysis, describing coverage (%) and abundance

(ind. m�2) of M. edulis, respectively, as a function of

German
Bight

camera track

Germany
The Netherlands

(a)

6° 7° 8° 9°

54°

55°

50 0 50 100 km

carriage
with camera

vertical camera
guiding track

Offshore research
platform “FINO 1”

(b) (c)

N

Figure 1. Location and construction design of the offshore research platform FINO 1. (a) Map of the German Bight including the

navigational coordinates of the research platform and engineering drawing (lateral view) of FINO 1; (b) bird’s-eye view of the platform; (c)

jacket construction of the platform foundation including the remotely controlled underwater camera and the vertical guiding track.
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water depth (m) and day of the year (JMP IN version

5.1, SAS Institute Inc., Cary, NC, USA). Maximum

percentage cover was set at 100%. Due to hetero-

scedasticity (Bartlett’s test) abundance and biomass

of M. edulis in summer 2004 and 2005 determined

from the scrape samples were compared by Mann�
Whitney U-test. All results were accepted as statis-

tically significant at alphaB0.05.

Results

Images: mussel abundance and percentage coverage

Substantial colonization of the underwater construc-

tion by M. edulis did not occur before spring 2004

and, therefore, the colonization analysis focuses on

2004 only. As shown exemplarily on images taken

from the same spot in 1 m water depth (Figure 2a�e),

juvenile mussels colonized the submerged parts of

the platform in spring 2004. Thereafter, the density

of M. edulis increased mainly in the upper area of the

platform.

Recruitment of M. edulis was most successful at 0�
2 m depth (Figure 3a). At this depth, the number of

individuals increased in June 2004 (approximately

day 150). Maximum abundance of M. edulis was

reached in autumn 2004 (between day 250 and day

300, i.e. from early September to the end of

October) and decreased thereafter until December.

Only a few individuals settled below 3 m depth

where densities of M. edulis remained low through-

out the entire investigation period.

Mytilus edulis started to cover the underwater

construction substantially in the upper parts in July

2004 (approximately day 200) (Figure 3b). There-

after, M. edulis covered the structure in this depth

until the end of the investigation period at nearly

100% coverage. Below 3 m depth, the underwater

construction remained sparsely covered by M. edulis.

The early temporal and spatial colonization of the

underwater construction by M. edulis in 2004 is best

described in terms of abundance and percentage

coverage by a three-dimensional sigmoid regression

model (Table I; Figure 3). For the abundance data

the model simplifies the colonization process as the

regression plane steadily approaches the maximum

abundance. The calculated maximum abundance is

thus a compromise between the initial maximum

abundance peak in autumn 2004 and the subsequent

lower abundances.

Scrape samples: mussel abundances and biomass

The number of individuals of M. edulis increased

from April 2004 (2000 ind. m�2) to July 2004

(658191625 ind. m�2) (mean9SE; n�4) and

remained fairly constant until spring 2005 (9075

ind. m�2) (Figure 4). Subsequent recruitment

resulted in densities of 31,50796405 ind. m�2

(mean9SE; n�4) in summer 2005. In summer

2005 densities were significantly higher than in

summer 2004 (PB0.05).

The biomass of M. edulis changed only little from

spring to summer 2004 (Figure 4). Biomass in-

creased significantly from 9359301 g m�2 (mean9

SE; n�4) in summer 2004 to 39,83397440 g m�2

(mean9SE; n�4) in summer 2005 (PB0.05).

In summer 2004, maximum shell length of the

mussels was 27 mm (Figure 5). While earliest

recruits were still missing in April 2005 the shell

length ranged from 5 to 59 mm with 45% of the

individuals being in the 10�20 mm range. In July

2005, individuals of all sizes up to 64 mm shell

length occurred in considerable numbers with a

distinct peak at small sizes up to 3 mm.

Discussion

Recruitment success

Generally, mussel settlement on natural and artificial

substrates is highly variable in time and space (e.g.

McGrath et al. 1988; Hunt & Scheibling 1997;

Ramirez & Caceres-Martinez 1999). Settlement and

recruitment success of M. edulis depends on abiotic

factors such as the availability of a suitable substrate

in an appropriate water depth, favourable environ-

mental conditions (Seed & Suchanek 1992) and on

biological factors including larval supply, the timing

of spawning, predation, and the quality and quantity

of food (Bayne 1965, 1976).

Development of M. edulis larvae takes approxi-

mately 4�6 weeks allowing the larvae to spread over

wide geographical regions (Seed 1976; Lane et al.

1985; Widdows 1991; Seed & Suchanek 1992). A

comparison of larval densities measured at different

inshore and offshore locations in the German Bight

indicate that numbers of larvae decrease by some

orders of magnitude towards offshore regions (Table

II) (e.g. Walter et al. forthcoming). Low offshore

concentrations of mussel larvae are due to dilution

during offshore dispersal from their source region

(e.g. Young et al. 1998; Metaxas 2001) and intensive

predation on the larvae. Despite comparatively low

larval abundances M. edulis densely settled in 2003

on offshore mussel collectors installed near the

research platform FINO 1 and at 16 other offshore

sites in the German Bight (Walter et al. forthcom-

ing). Similarly, in 2003, food quality (expressed as

C:N ratio) and quantity (expressed as chlorophyll a

content) were sufficient in the platform area to

sustain mussel growth (Walter et al. forthcoming).

Therefore, the absence of M. edulis on the research

Artificial hard substrate colonization by Mytilus edulis 353
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platform in 2003 seems not to be an effect of low

larval abundances and insufficient food supply at

this offshore site. This assumption was supported by

the intensive colonization of the platform foundation

by M. edulis in the following year. The almost

complete absence of blue mussels from the platform

foundation in 2003 was probably due to a temporal

mismatch between the construction of the platform

in summer and the main Mytilus-larval peak being in

spring (Pulfrich 1996). Similarly, mussel larvae

occurring in smaller numbers throughout the sum-

mer months or even later (de Vooys 1999; Walter &

Figure 2. Underwater images documenting the colonization of the offshore research platform FINO 1 by Mytilus edulis. (a�e) Images taken

from the same position in 1 m water depth in May, June, August, September and December 2004, respectively; (f) presence of the predatory

starfish Asterias rubens within the M. edulis population at a depth of 2.5 m in November 2004. Scale bars: 7 cm.
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Liebezeit 2001) refused to settle on the yet unat-

tractive, recently introduced platform construction.

Settlement and metamorphosis of M. edulis is

induced by habitat-specific chemical cues released

by a particular biofilm (Dobretsov & Railkin 1996;

Dobretsov & Wahl 2001). Macromolecular biofilms

colonized by diatoms and protozoa typically develop

on the surfaces of substrates within one week of

submersion in seawater (reviewed by Wahl 1989). It

is, however, not known whether the biofilm devel-

oped on the platform construction in 2003 emitted

the relevant cues that induce settlement and meta-

morphosis of Mytilus-larvae (e.g. Bao et al. 2007).

For example, the induction of mussel settlement

requires further metabolites released by macroor-

ganisms such as filamentous algae (Dobretsov &

Wahl 2001). Filamentous algae, however, did not

occur on the platform foundation before October

2003 (T. J. Joschko, personal observation).

Mussel recruitment success was negligible below

approximately 3 m depth. Only the upper areas

(down to 3 m) of the submerged parts were fully

covered by M. edulis while in deeper parts of the

platform only single individuals and rare aggregates

were observed. In the White Sea, Dobretsov & Miron

(2001) also found highest settlement in about 1.5 m

depth with densities of settled post-larvae decreasing

below 3 m depth. This distributional pattern was,

however, due to a strong thermocline/halocline

retaining the larvae in upper water layers. Due to

tidal currents the water column at FINO 1 is well

mixed throughout the year without a stable thermo-

cline. In non-stratified waters no clear preference for

the upper zone is apparent in the settlement pattern

of M. edulis (Freeman et al. 2002) and the distribu-

tion of settlers reflects their photo- and geotactic

behaviour (Bayne 1964, 1976). U. Walter and B. H.

Buck (unpublished data) recorded a declining chlor-

ophyll concentration in the German Bight with

increasing depth. Hence, higher food concentrations

Table I. Specific equations and correlation coefficients (R2) of the

three-dimensional sigmoid regression model describing abun-

dance and percentage cover of Mytilus edulis on the underwater

construction of the offshore research platform FINO 1 in 2004 as

a function of x�day of the year and y�water depth (m).

Variable Equation R2

Abundance /f (x; y)�
12338:26

(1 � e�2:67�1:10x)(1 � e12:46�0:06y)
0.75

Cover /f (x; y)�
100:00

(1 � e�20:72�9:52x)(1 � e84:17�0:33y)
0.96

The maximum percentage cover was set at 100%. Data derived

from underwater digital images.
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edulis on the offshore research platform FINO 1 in different water

depths in 2004 determined from digital underwater images. The

surface plot displays the three-dimensional sigmoid regression

model of Table I.
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in surface waters probably favoured survival and

growth of M. edulis in the upper part of the platform

construction. Furthermore, survival of M. edulis in

the intertidal zone of the platform might have been

favoured by limited predation. Predation by the

starfish Asterias rubens often controls the vertical

distribution and abundance of litoral and sublitoral

mussel assemblages (Saier 2001). At the platform, A.

rubens mainly occurred below the exposed intertidal

zone. Heavy wave action probably withholds A.

rubens from parts of the mussel population. Hence,

we suggest that the vertical distribution of M. edulis

on the platform was shaped by more favourable food

supply and reduced competition and predation by

species less tolerant to wave exposure in upper water

layers.

Substrate coverage, biomass and predation

In the upper part of the platform foundation the

number of juvenile M. edulis increased progressively

after settlement in spring 2004 with, however, only

low biomass and percentage coverage directly after

settlement. Mussel abundances determined from

underwater images were about three times lower

than densities determined from scrape samples from

the same time period (June to August 2004). This

difference illustrates the inadequacy of the former

method for estimating the total abundances of small

mussels growing in a fouling assemblage or in dense

mussel aggregates. Nevertheless, underwater images

provide a useful method for describing trends in the

development of abundances and coverage. The high

temporal resolution of the photo sampling allowed

for the observation of rapid processes within the

mussel assemblage such as the massive increase in

surface coverage by M. edulis in 1 m depth from June

to August 2004 (Figure 2b, c). The bare surface area

was rapidly covered in these months probably due to

settlement of new recruits and density-induced

active or passive movements of individuals as an

effect of mussel growth (Littorin & Gilek 1999).

Despite predation, the biomass of M. edulis

increased substantially from summer 2004 to spring

2005 from ca. 1 to 25 kg m�2. During the main

growth season from May to September and the

season of apparently reduced growth from Decem-

ber to February (Dare 1976) mussel abundance

remained fairly constant, indicating that the increase

in biomass was exclusively due to individual growth

instead of new recruitment. The lack of any small

mussels in April 2005 indicates that the sampling

preceded the major annual mussel recruitment in

May/June. In July 2005, all size classes occurred, the

highest proportions being due to small individuals.

Maximum abundance and biomass in summer 2005

(i.e. 2 years after platform installation) were, thus,

due to a combination of growth and successful

recruitment in spring 2005.

Multiple factors such as reduced competition for

space and food during initial colonization of the

platform as well as low sedimentation of suspended

particles on the vertical surface and especially at an

offshore construction (Cheung & Shin 2005; Wes-

terbom & Jattu 2006) might account for the success

of the first recruits under offshore conditions. A shell

length of 26 mm was reached within 2�3 months

after settlement. The growth of some individuals to a

shell length of 55�64 mm within 12 months is

0
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Figure 5. Temporal development of shell length (mm) frequency

distribution of Mytilus edulis in April and July 2004 and 2005 on

the offshore research platform FINO 1 in 1 m depth. [n, total

number of individuals per sampling date (i.e. all replicate samples

pooled) used for shell length determination; numbers of indivi-

duals per length class were standardized to 1 m2.]
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consistent with the commonly high growth rates of

M. edulis in offshore waters (Buck et al. 2004a; Buck

2007). Growth rates of mussels originating from

inshore areas within the German Bight range from

20 to 30 mm (Walter 2004) and from intertidal

mussel beds from 10 to 30 mm within the first year

(Buschbaum & Saier 2001). Growth rates of

M. edulis at offshore sites are, thus, twice as high as

in inshore waters. One reason for higher mussel

growth rates in offshore waters is a lower rate of

infestation by micro- and macro-parasites due to

dilution of parasite densities during offshore trans-

port and missing intermediate hosts such as peri-

winkles that are common in coastal waters but

absent at offshore sites (Buck et al. 2005).

Ecological implication

The almost complete coverage of the upper part of

the research platform by blue mussels proved the

general ability of M. edulis to densely colonize

offshore habitats several tens of kilometres away

from coastal source areas despite the dilution of

larval densities during planktonic offshore transport.

Within the German Bight offshore recruitment of

M. edulis is, therefore, limited by the availability of

suitable hard substrates rather than by larval dis-

persal capacities. Planned wind farms with up to

several hundred turbines will, thus, provide offshore

sites for substantial mussel recruitment.

Our study demonstrates the rapid growth of blue

mussels under favourable offshore conditions of low

environmental stress, unlimited oxygen supply, and

reduced impairment by predation and parasite

infection (Buck et al. 2005). Recruitment success

and rapid growth of the mussels result in the

accumulation of an enormous biomass on the

underwater construction. The upper part of the

jacket structure supported a total of approximately

6 tons of M. edulis in summer 2005, approximately

equivalent to the total soft bottom macrofaunal

biomass in an area of 155 m radius (i.e. �0.1

km2) (assuming 7 g Ash-free Dry Mass (AFDM)

m�2, after Heip & Craeymeersch 1995).

Considerable effects might arise from the aggrega-

tion of the suspension-feeder M. edulis on hundreds

of neighboured wind turbines in extensive wind

farms. According to the German Federal Maritime

and Hydrographic Agency (see www.bsh.de) almost

3000 wind turbines are already planned for the

German Exclusive Economic Zone (EEZ) encom-

passing an area of 28,600 km2. The ecological

significance of the cumulative effects caused by the

aggregation of M. edulis on hundreds of neighboured

wind turbines can be illustrated by calculating their

respective shares of the total benthic biomass and the

consumption of the primary production. The aver-

age macrofaunal biomass in the North Sea amounts

to 7 g AFDM m�2 (Heip & Craeymeersch 1995).

The annual phytoplankton primary production in

the German Bight amounts to 332 g C m�2 (Rick

et al. 2006). To fulfil their energy demands M. edulis

assimilate approximately seven times their own

biomass per year with an assimilation efficiency of

70% (Kautsky 1995, cited in Björk et al. 2000). The

results of this study predict a biomass load of

M. edulis of 39 kg m�2 on the upper parts of the

underwater structure of the wind turbines which is

equivalent to 1.8 kg AFDM m�2 and 1.2 kg C m�2

(conversion factor from Ricciardi & Bourget 1998).

For the total surface area of the platform available in

the upper 5 m, this amounts to 265 kg AFDM or

173 kg C per single structure. Based on these data,

the calculation for the entire area of the German

Table II. Yearly maximum abundances of Mytilus edulis larvae measured at different inshore and offshore sites of the German Bight (North

Sea).

Region

Distance from

shore (km)

Maximum larval abundance

(ind. m�3) Reference Remarks

Inshore

Lower Saxony Wadden Sea B1 9000 Heiber (1988)

Schleswig-Holstein Wadden Sea B1 �800�4000 Pulfrich (1997) Data from 3 years

Dutch Wadden Sea B1 30,000�190,000 de Vooys (1999) Data from 7 years

Dutch Wadden Sea B1 272,000 Bos et al. (2006)

Sylt-Rømø Bight B1 80,000 Bos et al. (2006)

Yade estuary B1 �9000 Walter & Liebezeit (2001)

German Bight 2�3 24,920 Walter et al. (forthcoming)

German Bight 7 14679455 Walter et al. (forthcoming)

Offshore

German Bight 22 637950 Walter et al. (forthcoming)

German Bight (FINO 1 region) 45 708 T. J. Joschko (unpublished)

German Bight (FINO 1 region) 45 147958 Walter et al. (forthcoming)

German Bight 75 2539127 Walter et al. (forthcoming)
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EEZ indicates that the M. edulis accumulated on

3000 wind turbines would result in an increase of the

total macrofaunal biomass of the area by 0.4% which

would consume 0.06% of the annual primary

production. This is negligible compared to the

30% of the primary production generally processed

in the benthic food web (Steele 1974). Calculated on

a more local scale of a single wind farm area

consisting of 80 turbines in an area of 30 km2

(according to the planned wind farm ‘Borkum

Riffgrund West’ in the German Bight, see

www.bsh.de), the accumulated mussels would add

10% to the local macrofaunal biomass and consume

1.4% of the annual primary production.

Current offshore research considers the multi-

functional use of offshore wind farm areas by

including mariculture enterprises such as seaweed

and mussel farming (Buck et al. 2004b). Our results

show the potential of spat settlement and mussel

biomass yield. For commercial operation of offshore

mussel cultures, however, further biological data are

required such as offshore larval densities, growth

rates, losses driven by mortality and predation, and

the reliability of successful recruitment.

The cumulative effects on the environment � both

in space through large numbers of turbines and

including various indirect ecosystem effects � are at

present difficult to estimate. There also remain the

as yet unanswered question as to whether and what

kind of fisheries may be conducted in offshore wind

farms and possible secondary uses. Therefore,

further investigations are required before conclusive

predictions of expected environmental effects from

the intensive development of offshore wind energy

can be made. The expected mussel accumulations

remain an important component in the estimation of

ecological implications at least on a local scale.
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