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Experimental trials on the feasibility of offshore seed production of
the mussel Mytilus edulis in the German Bight: Installation, technical
requirements and environmental conditions

Bela Hieronymus Buck

Alfred Wegener Institute for Polar and Marine Research (AWl). Am Handelshafen 12. 27570 Bremerhaven (Germany)

Abstract

This study summarizes the activities and findings during a two year investigation on the grow-out of blue mussels (Mytilus
edulis) and the technical requirements to withstand harsh weather conditions at an offshore location. The experimental sites
were two different test areas. each 5 ha in size, 12-15 m in depth, in the vicinity of the offshore light house "Roter Sand" located
15-17 nautical miles northwest of the city of Bremerhaven (Germany). Two versions of submerged long line systems were de­
ployed: a conventional polypropylene long line in 2002 as well as a steel hawser long line in 2003, both featuring different ver­
sions of buoyancy modes. The spat collectors and grow-out ropes were suspended perpendicular from the horizontal long line
for several months beginning in March of each respective year. The test sites were visited and sampled on a monthly basis
using research vessels. Larval abundances in the surrounding water column reached numbers of up to 1,467 individuals·m"3
Post-larval settlement success varied through the entire experimental period, ranging from 29 to 796 individuals of spat per
meter of collector. Settled mussels reached a shell length of up to 28 mm six months after settlement Based on the groVYth
rates observed for the seed, it is projected that mussels would reach market size (50 mm) in 12~15 months post settlement, and
at the observed densities, each meter of collector rope could yield 10.9 kg of harvestabl.e mussels. The polyp ropy lene line re­
sisted storm conditions with wind waves of up to 6.4 m and current velocities of 1.52 rns I and was retrieved in autumn of 2002.
In contrast, the steel hawser-based line did not withstand the harsh weather conditions. The steel-based line consisted of six
twisted strands that were untwisted by the strong currents and turbulences and consequently the individual strands were torn.
Additionally, the line was accidentally cut by a yacht in July 2003. The biological study revealed that the tested location near
"Roter Sand" has the potentia! to become an offshore seed production site as well as being exploitable as a grow-out site for
mussel production to market size. In light of the technical results, recommendations for mussel culture strategies using a poly­
propylene longline system are given.

Keywords: mussel farming, SUbmerged longllne, culture design, offshore aquaculture, larvae distribution, settlement

Introduction

Presently, a number of species of mussels are
farmed globally, the most common of which is
the blue mussel (FAO 2004). Following the data
recorded by the FAO, China is now the largest
producer of blue mussels where its culture tech­
nique depends on a high proportion of spat be­
ing produced from hatcheries. Other important
producers of blue mussels are Spain, the Neth­
erlands, France, and the United Kingdom fol­
lowed by Ireland and Germany (FAO, 2004).

In Europe, blue mussel farming started early
in the past century and was based mainly on the
raft method. Other off-bottom culture techniques
are pole (France), rack (also France and Tahiti)
and longline (e.g. Ireland, Norway, New Zealand,
China) systems (Hickman 1992). In Germany,
the Netherlands and Denmark, mussels are
cultivated using the on-bottom culture method
(Seaman & Ruth 1997). Mussels are collected
from natural beds and transferred to licensed
culture plots, where environmental conditions
are suitable for growth and fattening. However,
the intertidal and subtidal bottom culture plots
are SUbjectto predation pressure, such as ducks

(e.g. Somateria mo/lissima [Hamilton 1997,
Hamilton 1999]), starfish (e.g. Asterias rubens
[Kristensen and Lassen 1997, Reusch and
Chapman 1997, Dolmer 1998]) or crabs (e.g.
Carcinus spp. [Leonard et al. 1998]). Further­
more, this technique depends on the availability
of seed mussels obtained from wild habitats in
the Wadden Sea (Seaman and Ruth 1997). Ad­
ditionally, due to the nature reserve status of
almost 98 % of the German North Sea coast, the
development and scale-up of the mussel aqua­
culture sector is limited. Culture plot sizes are
decreasing in order to follow the mussel man­
agement plans of Schleswig-Holstein and Lower­
Saxony (e.g. CWSS 2002, Buck 2002) with no
new licenses being approved in the future.

In most places in Europe the development of
mussel culture has taken place almost exclu­
sively in protected nearshore waters and estua­
rine habitats. In Germany, sheltered locations
are rare and because of stakeholder conflicts the
development of coastal aquaculture is rather
stagnant. However, it is widely believed that the
commercialization of ocean mariculture in more
exposed locations, in the open ocean, has tre­
mendous future economic potential (Buck 2002,
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Ewaldsen 2003). In 1998, the University of New
Hampshire initiated the Open Ocean Aquacul­
ture Demonstration Project to investigate the
commercial potential of environmental responsi­
ble seafood production, employment opportuni­
ties, engineering solutions and operational meth­
odologies of offshore aquaculture (Bucklin &
Howell 1998). As part of the project Langan &
Horton (2003) deployed two 120 m submerged
longlines for shellfish culture 10 km off the coast
of Portsmouth (New Hamshire) in the south
western Gulf of Maine, where the biological and
commercial feasibility of Mytilus edulis cultivation
were tested.

In the German North Sea, offshore cultiva­
tion of some candidates, such as the two sea­
weed species of Laminaria digitata and L. sac­
charina, showed promising results (Buck &
Buchholz 2004; 2005). However, no attempts to
use the open ocean in the North Sea for mussel
aquaculture were established yet. Since 2000 a
new industry enters the scene: the offshore wind
farm operators in the German Bight. These new
stakeholders are seen as a chance to combine
renewable energy production with cultivation of
organisms, thereby the idea for synergistic re­
source uses in form of offshore aquaculture was
born. While the offshore wind farm areas are
closed for commercial shipping and fishery,
aquaculture constructions can be installed within
these wind farms utilizing the same protective
benefits (Krause et al. 2003). Additionally, the
wind generators themselves represent infrastruc­
ture to which aquaculture constructions can be
linked (Buck et al. 2006, Buck et al. 2004).

Offshore sites in the North Sea are exposed
to high waves and strong currents, requiring
engineering structures that can survive the larg­
est wave formations at a site while at the same
time supporting the growth of the cultured organ­
isms, preventing detachment and subsequent
loss. Numerous environmental conditions are
important to the success of an offshore mussel
aquaculture operation, such as phytoplankton
biomass represented by chlorophyll content and
the CIN-ratio, to obtain good growth rates, phys­
ico-chemical parameters within optimum range
to prevent losses due to mortality, predation, and
a reliable seasonal occurrence of abundant natu­
ral larvae and juvenile spat fall for settlement on
collectors. Until today, there are no data avail­
able on an overall offshore design of construc­
tions for mussel longline cultivation in the North
Sea. In this case, the term "offshore" will be de­
fined (1) being in an area fully exposed to all
kinds of environmental conditions (Ryan 2005)
and because of tremendous stakeholder con­
flicts (Dahle et al. 1991) in coastal areas (2)
being at least 8 nautical miles off the coast (Buck
2004).
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This is the first study in European territorial wa­
ters where a new longline-design was installed
to resist an extremely high energy environment,
to test system strength and to focus on site se­
lection criteria. Further, the biological and tech­
nical feasibility of mussel spat collection at an
offshore location adjacent to a planned offshore'
wind farm was investigated. To follow some
important biological aspects in this study several
parameters were routinely measured, such as
the concentration of mussel larvae in the water
column and the settlement success. Further­
more, a biological supporting programme was
carried out to determine local conditions, such as
chlorophyll concentrations and CIN-ratio to indi­
cate food availability and quality, temperature
and salinity to indicate conditions within the wa­
ter body as well as some oceanographic data,
such as current velocity and wave height to test
system strength. The technical feasibility was
tested by employing two promising versions of
longline constructions. The techniques were
designed to withstand harsh conditions while
also supporting suitable operational require­
ments such as maintenance and retrieval tech­
niques for mussels grown to market size. In ad­
dition, the system should be commercially feasi­
ble and operate a durable longline and mooring
system.

Material & Methods

Location of the study sites and local environ­
mental conditions

Two study sites (12-15 m in depth) were estab­
lished in the vicinity of the offshore lighthouse
"Roter Sand", which is located 17 nautical miles
NW of the city of Bremerhaven (Germany). This
marine area, commonly called "Norderqrunde",
was chosen because of the adjacent offshore
wind farm, planned from the company "Energie­
kontor" (Fig. 1). Because of an option contract
between the wind farm operator and the respon­
sible Water and Shipping Agency (WSA) a per­
mit at the same site could not be obtained. An
approval in the vicinity of the planned wind farm
site for the utilisation of the study sites was ob­
tained in January 2002.

The wave climate, the current velocities and
direction at the study sites were under continu­
ous observation of the Federal Maritime and
Hydrographic Agency (BSH) and the local Water
and Shipping Agency (WSA), which deployed a
wave-following buoy (Waverider, Datawell) and
an acoustic doppler current meter (RCM 9,
Aanderaa) and shared the data sets obtained
during the study period.
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Fig, 1 Map of the southern German Bight The enlarged red inset illustrates the test area No, I, "Nor­
derqrunde", and the test area No, 11 at the offshore lighthouse "Roter Sand", The wind mills indicate
the planned offshore wind farm "Energiekontor",
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Design and construction of the tonqline and
mooring system

Longline shellfish culture involves a system of
horizontal ropes anchored to the seafloor with
buoys to provide flotation, to which vertical drop­
pers are attached. The specific design of the
system dimensions depends on site conditions.
Here, longlines were used for both, spat collec­
tion as well as for the grow-out of juvenile mus­
sels. Two different anchored longlines (Fig. 2)
were installed in order to test their suitability
under open sea conditions in terms of material
and functionality: (1) a polypropylene- based
design in 2002 and (2) a steel hawser-based
design in 2003. In a first test the longline sys­
tems and their mooring devices were modelled
and designed. A local cable and wire manufac­
turer supported the engineering development for
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the culture design. All components were se­
lected and procured to start the preparation and
assemblage of the longline during wintertime.

Both culture systems were based on the
same fundamental setup (Fig. 2). The longline
operated in a submerged mode at a depth of
about 5 m horizontally below the surface to avoid
the destructive effects of surface waves. The
longline had at both sides a 10 m "undisturbed
end", which could not be retrieved when sam­
pling or harvesting. Buoys were fixed along the
longline in combination with suspended mussel
spat collectors. The 3-stranded collectors
(GaNcian type, 2.5 m long, Fig. 3a-b), equipped
with horizontal inserted pegs to prevent attached
mussels to be shaken off through current and
wave forces, were suspended every 2 m per­
pendicular from the longline in a parallel manner.
Each collector had a weight of approximately

longline typ I: polypropylene-based backbone

ball-like floats

longline typ 11: steel hawser-based backbone

B
marker
buoy

marker-line

1. segment 2. segment

Fig. 2 Submerged longline system designs with spat collector harness: (a) polypropylene-based
longline above (longline I) and (b) a steel hawser-based long line. The insets show the (c) coupling
elements and (d-e) the connection of floats and collectors. (c) polypropylene and steel hawser, (d-e)
steel hawser.
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3 kg at the bottom end and was on the top end
hooked into the longline by shackles. Tufts of
unravelled polypropylene lines (Tortell 1976)
were also connected to the longline (Fig. 3c) to
determine the settlement of mussel post-larvae
(Fig. 3d). The long line was secured at each end
with an anchor consisting of a 4 t concrete block.
A chain cable attached to the concrete block was
connected to the anchor-line, which itself holds
one end of the longline. Additionally, each con­
crete block was equipped with a marker-line and
a marker buoy (300 kg). The marker line had a
service load of several tonnes that it could be
used to tauten the longline and to retrieve the
concrete block at the end of the project. All
mooring components were selected and sized
for the use in muddy sea bottom and for long
term durability. All long line segments had spliced
eye loops with embedded galvanized thimbles at
the ends and at all coupling elements shackles
and swivels were used (Fig. 2a).

The 3-stranded polypropylene-based long­
line (0 =32 mm) was made of two 35 m long
segmental parts connected to each other. To
keep the longline afloat each segment was
equipped with one 80 kg buoyancy barrel in the
centre and with 115 kg barrels at the coupling to
the anchor-line. Further, a few 35 kg ball-like
surface marker floats were fixed to a 5 m rope,
which was connected to the longline. Three steel
barrels filled with concrete (200 kg) tightened the
longline to the sea bottom at the coupling to the
anchor-line and in the centre.

The 3-stranded steel hawser-based long line
(0 =20 mm) had a similar set up as it was de-

Fig. 3 Collector and tuft design for the settle­
ment of Myti/us larvae. (a) shows a collector
rope (Galician type) for the settlement and grow
out of blue mussels, (b) shows an enlargement
of the collector rope to display attached fringes
which ease larval settlement, (c) presents a tuft
for larval settlement and (d) demonstrates a tuft
fully overgrown by juvenile blue mussels.

scribed for the polypropylene line, however, the
longline consisted of more sections: seven 10 m
long segments with each three 10 kg submersed
floats in the centre and at each coupling ele­
ments 21 kg submersed floats. All floats were
connected to a short wire element, which itself
was spliced perpendicularly into the hawser and
squeezed by one of the hawser's strands (Fig.
2b). An alternative attachment was the use of flat
steel panels tightly fixed to the longline to which
both, the floats and the collectors, were attached
(Fig. 2c). Due to the weight of the steel wire the
longline had more floaters than the polypropyl­
one-based longline and no additional weights
were attached to the longline. At all coupling
elements pencil-like fenders (28 kg) were at­
tached to mark the longline at the surface.

Deployment of the entire longline system and
maintenance

The Water and Shipping Agency (WSA; Bremer­
haven) provided assistance to deploy the moor­
ings and to install the entire longline by using the
buoy tender Bruno /fling. Both longlines were
deployed in March, the polypropylene-based line
in test area I (2002) and the steel hawser-based
longline in test area II (2003) (Fig. 1). Marker
buoys were deployed to establish the corners of
both chartered test areas in order to mark and
protect the site for navigation purposes. In test
area II marker buoys were lighted. In the area of
Nordergrunde the main current direction is bidi­
rectional from NW to SE depending on tides. To
avoid high drag forces on the longline we de­
cided to deploy the entire longline parallel to the
flow.

The polypropylene longlines were installed
when the concrete blocks with the chain cable
and the anchor-line had already been deployed
at sea. The anchor-line had already been con­
nected to the 115 I barrel to keep it afloat. After­
wards, each part of the two 35 m long lines,
which were fully equipped with collectors and
floats, were deployed at sea and connected to
the anchor-lines and to each other in the centre.

The steel hawser-based longline was fully
equipped with floats and collectors ahead of time
and prepared on board of the servicing vessel
Bruno /fling. One end of the longline had already
been fixed to the chain cable of one mooring.
While lowering the first concrete block to the sea
bottom the long line was carefully paid out until
the second concrete block was deployed. Later,
the long line was tightened by pulling the con­
crete block with the marker-line until all long line­
floats were submersed.

From March to November 2002 and March
to July 2003, monthly cruises were made to the
study site for servicing purposes and data collec­
tion. Upon inspection and at harvest time the
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upper portion of the longline was raised to sea
level. Fouling (except mussels) on the collector
ropes and other deployed parts of the longline
was not removed in order to follow how fouling
develops and to determine how increasing
weight impacts the total load on the longline. As
the grow-out of mussels increases the sus­
pended weight buoyancy was calculated and
flotation was added do prevent the longline from
sagging.

Biological supporting programme

Post-larval settlement was observed by individu­
ally retrieving collectors and tufts to take mussel
samples. In the lab, numbers of settled post­
larvae of Mytilus edulis were counted and meas­
ured in size under a stereomicroscope and
transformed into mussel abundance per cm of
rope.

Temperature and salinity profiles were taken
using a CTD sensor (OTS 124, ME Kiel). Data
describing chlorophyll contents and nutrient con­
centrations (nitrite, nitrate, ammonium, phos­
phate) of the surrounding water column were
used from data provided by the BSH
(2002/2003), the NLO (2003) and using the find­
ings of Buck and Buchholz (2004). The nutrient
concentrations were additionally used to de­
scribe the local conditions for phytoplankton
growth in terms of site selection criteria.

On each cruise, seawater samples (3 repli­
cates) were taken in a depth of 2-5 m to deter­
mine CIN-ratio and larval concentrations. 5 I of
seawater were pumped for particulate organic
carbon (POC) and particulate organic nitrogen
(PON) analysis and were stored deep frozen and
analyzed in the laboratory. C/N analysis was
modified after the methodology described by von
Bodungen et al. (1991). Samples were filtered
over precombusted (450 :~, overnight) glass
fibre filters (Whatman GF/C'), washed with 2 ml
distilled water and dried at 65°C. After weight
determination the samples were acidified with
1M HCI to remove inorganic carbonates and
redried. C/N was then determined by high tern-
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perature combustion (Nitrogen Analyser 1500,
Carlo Erba Strumentazione). Acetanilide was
used as calibration standard. To assess the
abundance of mussel larvae prior to settlement,
50 I of seawater were pumped from 5 m below
water surface. Water samples were then filtered
through a metal plankton net (mesh size: 125
urn) and fixed in buffered formaldehyde (4 %) for
later analysis. In the laboratory, larval samples
were transferred to a grid chamber and larval
concentration counted using a stereomicro­
scope.

statistical analysis of data

Means and .standard deviations (mean ± SD) of
data on current velocities, wave heights, salinity,
particulate organic carbon, particulate organic
nitrogen, chlorophyll, larvae numbers, shell
length and settlement success were calculated
and some are presented in graphs as appropri­
ate using Microsoft Office Excel 2003 software;
these are shown in bars.

Results

Environmental conditions

Current velocities measured at "Nordergrunde"
ranged from 0 to 1.52 rns' (n = 5188) showing a
pronounced diurnal tidal variation (Fig. 4a). The
current direction showed a bidirectional flow from
NW to SE (314° <-> 114°, Y = -1.0497x + 4.5078)
(Fig. 4b). The mean significant wave height dur­
ing a 280 day measurement campaign in 2002
was recorded at 1.49 m ± 1.01 (n =2259) with a
maximum wave height of about 6.46 m (Fig. 4c).
Temperature data varied throughout the year
from 1.8 to 22.4 °C as well as through tidal ef­
fects by 2.4 °C (Fig. 4d, 1). Likewise, salinity
was affected by the tidal regime and ranged from
267 to 31.1 ppt (Fig. 4d).

Particulate organic carbon concentrations
ranged from 198.53 ± 17.6 fJ9T1 (July) to 515.58
± 176.5 fJ9T1 (JanJFeb.) and 549.85 ± 385.8

Tab. 1 Data of environmental conditions at the offshore test locations in 2002

Nutrients [tJmolll]
POC PON ChI.

Months
Temperature

re: [pg/l] [pgllj [pgllj

Ammonium Nitrate Phosphate
DeC.-Feb. 0.3 - 4.4 1.1 - 13.4 0.1 - 0.4 18 - 50 35.2 - 84.3 543.3·669.7 3.3 - 3.7
MaL-May 1.8 - 5.9 6.1·55.4 0.2 - 0.9 6.1 -11.3 48.2 - 84.1 335.7 . 549.8 4.5·33.6
Jun.-Au9 0.9 - 6.5 02 - 49.3 1.3 - 1.7 14.1 -18.8 29.4·34.3 1747 - 2171 4.9 - 16.4
Sep.-Nov 0.3 - 6.6 0.9 - 10.2 0.1 - 0.5 182 - 2.1 50.1 - 65.4 327.1 - 450.6 3.9 - 5.3
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f,lg'I,l (April). Particulate organic nitrogen ranged
from 31.86 ± 2.6 f,lgT1 (July) to 66.69 ± 21.6 f,lgT
1 (Jan./Feb.) and 84.1 ± 48.7 f,lgT1 (April) (Tab.
1), respectively. This resulted in a POC/PON
ratio ranging from 6.2-7.7 throughout both years.
Highest concentrations occurred in spring/early
summer, reflecting the spring phytoplankton
bloom which is typical in this area (Waiter et al.
submitted). Total chlorophyll concentrations
varied throughout the entire project period bein~

lowest in January/February 3.45 ± 0.18 f,lgT
and September 4.63 ± 0.65 f,lgr1 and highest in
April 33.61 ± 1.56 f,lgT1 (Tab. 1).

Concentrations of nutrients (ammonium, ni­
trate, and phosphate) analysed by the BSH and
the NLO and according to Buck and Buchholz
(2004) varied over an annual cycleas shown in
Table 1. From these data it can be concluded
that nitrogen and phosphate concentrations in
the surrounding water were not limiting at any
time of the test period, thus providing sufficient
nutrients to allow phytoplankton growth.

Larval concentration and spat settlement

In April 2003, 25 ± 5 mussel larvae per m3

(ind. ·m,3, n =3) were recorded in the water col­
umn at "Nordergrunde". Highest larval densities
were determined in May with 1,467 ± 455 ind-rn
3 (n =3), while a followinq gradual decrease in
larval abundance attained 267 ± 110 ind.rn' (n
= 3) in early September.

Wild mussel spat was found to settle abun­
dantly in dense colonies on collector ropes,
which appeared to compete successfully for
space and food against fouling organisms over
time. At the end of July, significant mussel
growth was observed during site visits, but these
mussels were too small for consumption.

During the last site visit in September 2002,
the crew on board the RV Uthotn stripped a vast
quantity of mussels from several collectors.
Upon rising of the submerged longline to a posi­
tion above sea level alongside of the RV Uthorn
in Sept~mber 2002 an amazingly large growth of
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Discussion

Mussel larvae numbers and post-larval settle­
ment

Fig.5 Annual chI. (a, b, C,-2 and phaeophytin)
characteristics at the test site (Nordergrunde)
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chosen for service were too long (particularly
during the summer growing season) so that
parts of the collector harness including the floats
submersed fully and touched the seafloor. Addi­
tionally, (in both constructions) loss of buoyancy
resulted in a lowering of the total construction.

There is another lesson to be learned. De­
spite operating in an officially closed area en­
counters with sea traffic is not out of option. Un­
fortunately, a private yacht ignored the naviga­
tion marks and entered the test area in July
2003. With the attempt to cross the test area, the
boat got entangled in the longline and some of
the buoyancy ropes, which resulted in c1iping the
longline. An immediate retrieval of the entire
longline to save samples and parts of the con­
struction was not possible due to harsh weather
conditions. Some days later only a fully de­
stroyed longline could be heaved from the sea
bottom. Due to the tidal currents the collector
harness touched the sea bottom and chafed of
the sediment, which resulted in the loss of all
settled mussels.

When the longline was retrieved the con­
crete blocks were broken easily out of the clay at
the site and raised by the anchor chain. On all
mooring components heavy mussel growth was
found. More mussels were recorded on the un­
disturbed ends of the longline at each side.

Most of the mooring system, in particular the
longline and its harness, was later inspected
onshore. On a few spots near the eye loops
some slight damage of the material was found,
but most of the line, after removing the fouling,
looked intact and almost new.

At "Nordergrunde" the cultivation of blue mussels
can only be successful following a regular and
reliable supply of Mytifus larvae originating from

Longline design

self seeded mussels was discovered. The 32
mm diameter longline had grown to up to 15-20
cm in diameter with marine growth during its six
months submerged exposure at the offshore
farm site "Norderqrunde". Growth patterns along
the line varied in mussel density, but the fre­
quently large accumulations of mussels were
always associated with abundant colonies of
fouling organisms. The density of mussels on the
grow-out lines ranged betvveen 55 ± 17 (March)
to 700 ± 197 (May) lnd.rn" line length during the
first year of spat collection (mean 397 ± 374
ind. -rn') and ranged between 29 ± 20 (July) to
796 ± 400 (May) indrn' in the second year.
That yielded to an average of nearly 10.9 kg of
mussels per meter collector rope. Mussel spat
was 28 ± 9.2 mm in size within six months of
growth. These results indicate that a single
longline of a dimension similar to that used for
this project can yield up to 700 to 1000 kg of
mussel seed in a six months grow-out period
and would last 12-15 months to bring those mus­
sels to market size.

Problems encountered during the project include
material failure, heavy fouling on the collector
lines and other infrastructural units resulting in
large ballast weights, while heavy predation on
mussel seed by sea stars was also encountered.
Another difficulty was maintaining proper head­
line depth as the mussels grow and add weight
to the line.

On the engineering side the field experience
with the deployment and servicing of units has
been invaluable. Specific assets and drawbacks
in both long line constructions were found, and
this holds true for both, the polypropylene-based
longline as well as the steel-hawser-based
longline. Most problems emerged by lifting of the
longlines manually as well as by the cranes of
the vessels. While all segments from the steel
wire line had steel rings (mostly chain links) at all
coupling elements to ease the hook up of the
line, the saving of the polypropylene line often
failed. The segmentation also allows the re­
placement of spare parts. Unfortunately, the
transverse Wires, which hold the floaters above
and the collectors below, were quickly weakened
and frequently broke because they were perma­
nently being bended through the tidal currents.
These stress forces affect the lifetime greatly.
The polypropylene line was resistant to the high
energy environment of the North Sea, but chafed
within the inner parts of the eye loops and there­
fore some of the thimbles were lost.

The weight of the suspended collector har­
ness increased significantly with time, and extra
floatation had to be added to support the buoy­
ancy of the longline. However, the time intervals
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local spat fall. These two characteristics are the
basis of every mussel culture enterprise and
have been investigated even in countries, where
mussel farming today is not yet established
(Ekaratne 1987, Menzel 1991). In terms of mus­
sel farming in Germany, mussel settlement has
been found to be quite variable from year to year
and from site to site (e.q Waiter and Liebezeit
2001, Ewaldsen 2003). Generally, however, late
spring and early summer (Pulfrich 1997) is
deemed to be the best time to collect spat on the
pegged downropes used for on-growing (Waiter
and Liebezeit 2001,). In addition, these scientists
found out that even in years with a low spat fall
determined on bottom culture plots mussel lar­
vae are in vast quantities in the water column
and are able to settle on suspended substrates.

Due to the anti-clockwise tidal currents in the
North Sea (Becker et al. 1992, Ducrotoy et al.
2000) the settled post-larvae may originate from
inshore mussel beds along the Lower-Saxonian
coast and, in some cases, from the intertidal
areas from the Dutch Wadden Sea. Data of lar­
vae numbers determined in the water are
equivalent to those reported by Dobretsov and
Miron (2001) for the White Sea and Caceres­
Martinez and Fi~ueras (1998) for NW Spain
being "'1.3·103·m- and 1.2·103·m-3

, respectively.
Due to a dilution effect long drifts to offshore
sites result in declining densities of mussel lar­
vae in the water column (young et al. 1998,
Metaxas 2001, Buck 2004, Bos et al. 2006).
While nearshore distribution and larval numbers
within the water column are well known in the
North Sea (e.q. Waiter & Liebezeit 2001), only a
few data are as yet available in offshore areas
and are fragmentary (Buck 2004, Waiter et al.
2006). However, if suitable substrates are avail­
able pediveligers settle and grow, while recruit­
ment success and growth rates depend on envi­
ronmental conditions.

The larval peak at "Nordergrunde" timely co­
incides with highest larval concentrations found
by Heiber (1988), Pulfrich (1995), Pulfrich
(1997), de Vooys (1999), and Waiter and Lie­
bezeit (2001). However, the peak varies within
the White Sea, NW Spain and the test location.
While in the White Sea larval concentrations are
highest in early August and in Spain between
March and April the findings in this study show
the most larval numbers in May. The reason for
the differing regional spat falls may result from
the water temperature reaching 12-14°C in
March/April in Spain and at the same level first in
May at "Norderqrunde". In the White Sea, 12°C
is first reached in August, which explains the late
spat fall in Russia. The temperature peaks and
the therefore resulting high concentration of
Myti/us larvae are due to latitudinally differences.
In southern regions the reproductive cycle starts
earlier in the year due to increasing water tem­
perature than conspecifics further north (Gabbott

1975). That explains the late spat fall in Norway
in July-September (Lande 1973).

It is also reported that food supply deter­
mines the reproductive cycle of Myti/us edulis
(Kautsky 1982, Seed & Suchanek 1992). As a
value to measure food supply the concentration
of chlorophyll in the water column as well as the
POC/PON ratio was used. Here, the findings
support this suggestion showing chlorophyll
concentrations being highest in April/May and
POC/PON ratios being around 6.8 and reflecting
a "healthy planktonic organism community"
(Kraul 1994). Additionally, nutrients were at no
time a limiting factor to sustain microalgal
growth.

Settlement of mussel spat on tufts reached "'.
700-800 lnd.rn' of the Galician type collector
rope. Unfortunately, there are no data from off­
shore sites to compare these data with. Results
from inshore sites at the Jade estuary at the
German coast were determined by Waiter and
Liebezeit (2001) ranging between 10,000-70,000
indrn' rope. This location has numerous natu­
ral mussel beds and culture plots in its vicinity
which explains the vast quantity of mussel spat
per meter of rope. Nevertheless, the settlement
data coincide with spat numbers used for re­
seeding after thinning out of spat collectors for
the grow-0ut phase in offshore cultures (Langan
2001). Finally, if the natural settlement of '" 800
ind.-rn' at the longline site proves to be a reli­
able annual event, it can be suggested to elimi­
nate the costly step of thinning and re-seeding
the mussel spat. The growth rate determined at
"Nordergrunde" was approximately 5 mm per
month, which denotes that grow-out from settle­
ment to '" 30 mm can be achieved in 6 months.
To cultivate mussels to market size « 5 cm ac­
cording to the Hagena [pers. cornm.], including a
decline in growth rate during winter time), a
growth period of at least 12 months can be cal­
culated. Thus, a full production cycle from spat
settlement to market size can be reached within
12 to 15 months.

Myti/us larvae in the water column and post­
larvae settling on collectors were recorded. Ide­
ally, grow-out locations for post-larvae are situ­
ated away from heavy spat settlement areas to
avoid layers of spat attaching to larger mussels.
At the location "Nordergrunde" the spat fall is low
compared to findings of Waiter & Liebezeit
(2001), thus, preventing heavy overgrowth of
free living post-larvae on newly suspended ropes
with grow-out mussels.

Environmental factors

Temperature: While increasing growth of mus­
sels ranges between 3 and 20°C, a reduced
growth above 20°C and below 3°C was exam­
ined by Almade-Villela et al. (1982). They further
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determined that Mytilus edulis is well-adapted to
constantly changing environmental conditions,
which is the case at "NordergrLinde" in the We­
ser estuary, where temperature ranges annually
from 1.8 to 22.4°C and tidally about 2.4°C. The
relatively warm waters at "NordergrLinde", partly
originating from tile river Weser estuary and
diluted with offshore waters (Fig. 4b), provide
long term mussel growing conditions and may
enable aquaculturists to collect mussel spat as
well as to grow mussels out to a marketable size
within short time.
Salinity: When salinity falls below or above a
certain value (15 ppt I 50 ppt, Wilson & Seed
1974) for prolonged periods filtration rates de­
crease (Widdows & Donkin 1992, Gosling 2003).
In worst cases, high mortalities within the culti­
vated mussels may occur (Almada-Villela 1984,
Gruffydd et al. 1984). Decrease in salinity levels
is usually the major and frequent problem,
mainly caused by the influx of large volumes of
fresh water from the river Weser or land runoff
during the rainy season. Blue mussels may sur­
vive reduced salinity up to 4-5 ppt for a short
time, however, those concentrations limit the
mussel's growth rate and could lead to high mor­
talities (Kautsky et al. 1990). Such a drop in
salinity will not occur in the Weser estuary at the
location "NordergrLinde", which range from 26.7
t031.1 ppt.

Maintenance, sampling and harvest

The vessel used during this project, mainly the
RV Uthom, is too large to manoeuvre within the
test area or to handle the longline system. Addi­
tionally, no special equipment normally used to
lift longlines, to harvest mussels or to inspect the
entire system were available. Thus, inflatable
boats were used for maintenance works and
sampling procedures. The longline, however,
had to be lifted by hand to sample the collectors.
The handling of the gear and the use of the
smaller boats even at waves of "only" 2 m in
height or within the short period during slack
time made the offshore work difficult, even in
some cases, weather conditions made the ser­
vicing and sampling procedure impossible.

The presence of fouling organisms is unde­
sirable because they compete for food and
space and critically increase the weight of each
hanging unit. Generally, there is a need to re­
move these organisms (Bussani 1983). This
laborious process, however, is not required in
this particular site, as the increasing density of
mussels over time take over space and force
fouling organisms to detach or kill them by over­
growth. Further, total biomass of fouling can be
reduced by deploying the longline and the col­
lectors in early May prior to larval settlement to
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prevent the settlement of other organisms drift­
ing in the water column in March to early May.

At "Nordergrlinde" the natural time from set­
tlement to a size of 28 mm was measured to be
approximately 6 months. At this time, one has to
decide to grow mussels to market size or to sup­
ply the on-bottom culturists with spat. Only the
latter technique requires a change of the set up.
As already described above, it can be suggested
to avoid this laborious procedure and follow an
extensive way of mussel cultivation by leaving
the settled mussels on the ropes until they reach
market size. To follow the second possibility the
culture season ends with seed harvest and mus­
sels are planted on bottom culture plots in in­
shore areas. In this study, the mussels were
harvested once when retrieving the entire
longline and did not follow a grow-out period to
determine, if suspended mussels do have thin­
ner shells, which can lead to a shell damages.

The longline design: po/ypropylene versus steel
hawser

The longline system design is probably the
method that has been mostly used world-wide,
especially for Mytilus cultivation (Polk 1996,
Hesley 1997, Stickney 1998, Bridger & Costa­
Pierce 2003). Similar to mussel rafts, the
longline has been frequently modified over the
course of time. In contrast to rafts operating in a
floating mode on the water surface (Hickman
1992), making themselves unsuitable for high
energy offshore environments, longlines can be
deployed in a submerged mode at various
depths to avoid some of these forces at near
surface levels (Danioux et al. 1997). Such a
flexible system was chosen for the German Bight
and moored at the offshore lighthouse "Roter
Sand" for long-term monitoring and testing,

These two longline systems were deployed
in order to determine if offshore mussel growth
at the location "NordergrLinde" was feasible at a
rate that it might become a form of offshore
shellfish aquaculture. In comparison to other
culture constructions, the longline system was
chosen due to the easy deployment and the
cheaper investment costs in comparison to other
culture systems (Gosling 2003). Longlines can
withstand relatively strong wind and wave action
due to the flexibility of the system itself (Lovatelli
1988) and can resist harsh winters (Gosling
2003). Furthermore, growth rates of mussels are
reported to be better using longline systems
(Chaitanawisuti & Menasveta 1987, Hickman
1992). The only study where growth of mussels
were investigated at three different culture de­
signs, the pole, the on-bottom and the longline
method, the long line cultivated mussels demon­
strated the best growth rates (Garen et al. 2004).
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This can be explained by the fact that longline
mussels are fully suspended in the water and do
only have a little hard substrate in the collector's
centre and are therefore flushed by phytoplank­
ton-rich seawater at all time.

Both, the polypropylene as well as the steel
hawser longline, showed advantages while at
the same time disadvantages. Maintenance work
at both lines was complicated due to the sub­
mersed mode. Here, the polypropylene line with
its surface floats eased the retrieving of the
long line by lifting the floatation ropes to reach
the harness. A lack of specific equipment, as it
was described above, caused these problems
and not the submerged design of the longline.
On the contrary, the use of ball-like floats at the
polypropylene line caused an increase in drag
force, friction and tension on the entire system.
Elongated fenders would protect the construc­
tion by better riding the swell to result in vertical
movements, while the ball floats had resulted in
jerking behaviour that created substantially more
stress on all the materials and could further re­
sult in a loss of mussels by shaking them loose.
However, it is necessary to reduce surface floa­
tation as much as possible. Floats used in the
submerged mode (steel hawser line) did not
affect the longline greatly. But floats, which are
attached to submerged parts of the longline
should have in-compressible mantle, thus, no
additional pressure due to water depth can limit
the buoyancy.

Due to heavy weather conditions accom­
plished with strong currents and high wave ac­
tion both systems were partly damaged. Tan­
gling of the growing lines occurred and mussels
were shaken off at times, when the longline was
not submerged. While strands in the eye loops
despite the inserted thimbles untwisted by the
current and turbulences the longline could be
retrieved easily. The segmentation of the steel
hawser line showed advantages in the construc­
tion period and favoured the change of seg­
ments at sea stage. Unfortunately, the spliced
wires with loops, to hold the collector on the
bottom end and its buoyancy on the top end did
not withstand the current. All wires were un­
twisted or broken and parts of the harness, such
as collectors and floaters, lost. The replacement
of the wires by metal plates resisted the current
and wave actions and protected the harness
from damage or loss.

Finally, we suggest eliminating the use of
wire which can result in chafing of polypropylene
lines and will not be able to resist permanent
movement due to currents and waves. Connec­
tion materials such as shackles, thimbles and
swivels bring a lot of weight which have to be
absorbed by adding more floatation, increase
investment costs and could also cause chafing
of lines and collectors.

Site selection: NordergrOnde

Depth and aerial exposure: Water depth is not
usually a limiting factor in mussel culture, how­
ever, it will determine what culture method can
be used and depth ranges between 1-15 m, at
some instances up to 50 m depth (Loste 2001,
Langan pers. comm) have been commonly re­
ported as being useful. In areas where the mean
tide level is usually less than 1.5 m, on-bottom
culture on the seafloor or on other materials
(racks, bamboo sticks) can be practiced. Proba­
bly the most important aspect with regard to
water depth in tidal seas is to avoid long expo­
sure periods to air during the extreme low water
spring tides. Long exposure periods increase the
culture period mainly due to the fact that during
these periods the molluscs stop feeding and
growth declines with aerial exposure duration
(Yamada 1989) while also being exposed to
rapid temperature changes (particularly during
sunny days). For suspended culture methods,
such as the deployed longlines, mussels feed
continuously and therefore grow rapidly (Seed
1968). Water depth can be a limiting factor in
tidal seas as usually a minimum water column
height is essential during the low water spring
tides due to variations in food availability within
the water column (Rodhouse et al. 1984, Page
and Hubbard 1987). At the site Nordergrunde,
we suggest to submerge the longline at least 6-7
m to avoid the energy forces from waves. Sites
with a depth of > 20 m would have a lesser im­
pact on the longline system and would further
allow longer collectors to guarantee economic
return. Furthermore, the hanging harness should
never touch the bottom mainly to prevent preda­
tors such as crabs and sea stars from reaching
the bivalves, avoid exposing the mussels to high
water turbidity near the seabed, and also avoid
losing the mussels at the lower end of the collec­
tors as a result of their friction with the ground.
Therefore, a longline system was designed,
which fits exactly to the location and its physical
demands. The location "Norderqrunde", where
the longline design used in this study was de­
ployed has a water depth at low tide of about 12
m. The collector harness suspended along the
submerged longline in a depth of 5 m below the
surface has a length of 2-3 m. Therefore the
culture ropes are at all sea stages above the sea
floor (at least 4 m) also during extreme low water
spring tides or at harsh weather conditions with
wind waves of up to 6 m.
Food availability: The annual chlorophyll con­
centrations indicate a distinct early phytoplank­
ton spring bloom followed by lower summer val­
ues. There was a sufficient chlorophyll concen­
tration in the surrounding water to sustain mus­
sel growth (Sara et al. 1998). The determined
seasonal availability of inorganic nutrients as an
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indicator for phytoplankton growth conditions
became at no time limiting. The data are, even
though at present not effectual for site selection
criteria, sufficiently indicative to be used for cor­
relations between phytoplankton density and
composition, survival and settlement of larvae
and growth of mussels.
Currents and waves: In the Wadden Sea cur­
rent velocities of up to 1.5 rns usually generate
high turbidity and high siltation rates (Ehlers
1988, Brown et al. 1989). The presence of sus­
pended materials above a certain level hinders
the filtering activity of bivalves which often re­
main closed to avoid tissue damage and becom­
ing clogged (Gosling 2003). Furthermore, finely
suspended matter such as clay, sand, and other
organic and inorganic pariiculate materials at the
culture site is usually undesirable as it causes ill
effects on the bivalves being cultured and often
resulting in high mortalities (Lovatelli 1988). The
collector harness of the deployed longline con­
struction has enough clearance from the sea
bottom to avoid sand uptake by the mussels and
no further mussel cleaning from incorporated
sand is necessary. Additionally, Secci-Depth
readings showed a low turbidity load within the
test area (Buck, unpublished data) with values
ranging from 3-8 m in summer time. Tienson­
grusmee et al. (1986) have shown that water
containing a high suspended particle load of
more than 400 mg-r' have a lethal effect on the
grow-out of mussels, thus sites having a disc
reading less than 15 cm are usually considered
unsuitable for bivalve culture.

However, moderate currents are needed to
provide adequate transport of water masses
carrying the food supply in form of phytoplank­
ton. Slow water movement usually results in
slow growth of the bivalves due to the poor re­
plenishment of the food (Wild ish and Kristman­
son 1984,1985; Jenkins 1985; Hickman 1989),
however, mussels cultured within a high energy
environment are not food-limited particularly in
waters of high primary productivity (Klepper and
van de Kamer, 1988). Slow currents also pro­
mote the settling of organic and inorganic par­
ticulate materials on the cultured organisms
(Lovatelli 1988). Indeed, clearance rates also
decrease when current velocity exceeds a cer­
tain value due to the pressure differential be­
tween the inhalant and exhalent siphon (Gosling
2003). Potential sites for long line culture should
have a current speed within the range of 0.02­
1.5 ms' (Rosenberg and Loo 1983, Hickman et
al. 1991). At "Nordergrunde", measurements of
current velocities at a depth of 4, 6 and 8 m
depth were 0.53 ± 0.25, 0.49 ± 0.23 and 0.44 ±
0.21 ms', respectively, (WSA 2002) to insure a
minimum particle flow.

Exposure to high wave action normally dis­
qualifies a potential cultivation site due to the
loss of mussels through passive detachment
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(Scarratt 1993). Although, waves of up to 6.4 m
in height were determined, the choice of floata­
tion and the depth of the suspended collector
harness may offset the effect of extreme wave
forces as it is the case for the dense living mus­
sel spat at the deployed submerged long line
system at "Nordergrunde". Mortalities of mussels
may occur if they are exposed to extreme wave
action while at the same time food limited (Gos­
ling 2003). The suspended cultivation method
and the determined chlorophyll concentration as
well as the POC/PON values eliminate these
effects.
Pollution: Pollution of inshore areas and estuar­
ies has been one of the most delicate subject for
coastal countries in the past few years and has
been a problem for decades in areas where
mussel or oyster farming has been traditionally
practiced (e.g. The Netherlands, Spain and
France). The location of and the distances to the
pollution sources relative to the selected offshore
farm site should be carefully considered, particu­
larly with regard to ongoing urban sewage re­
lease or diffuse coastal inputs from intensive
agricultural activities. The coastal current pat­
terns responsible for long-distance transport of
potential pollutants should be carefully consid­
ered. Fortunately, the River Weser estuary and
the adjacent offshore location at "Nordergrunde"
are monitored by the Bund Lender Messpro­
gramm and various other local authorities, pro­
viding sufficient safeguard. Furthermore, mus­
sels originating from wild habitats and culture
plots are monitored routinely and are screened
for toxins by local authorities (Zander, pers.
comm.) There seems to be no need for further
expansion of such costly monitoring activities for
this location.

Conclusion

Site selection for an offshore aquaculture system
is a process by which a number of factors need
to be carefully analysed prior to the planning and
technical installation thereby minimizing the risk
of inappropriate investment. Despite the techni­
cal difficulties mentioned above, there seems to
be suitable settlement densities and sufficiently
fast growth at the test sites to employ a culture
strategy for a complete growth cycle (from set­
tlement to market size). It also seems to be fair
to say that the data indicate a potential for mus­
sel production in the offshore waters of the Ger­
man Bight limited mainly by available space. The
resulting knowledge of the project for desig n
engineering and understanding operational logis­
tics and management requirements is consid­
ered to be vital for the potential commercial de­
velopment of a viable mussel offshore aqua cul­
ture industry.
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The submersed deployment of a longline as
harness for suspended mussel culturing elimi­
nates the worst effects of surface waves and
makes the system components robust and sus­
tainable for a long time use. It is anticipated that
material failures can be minimized by using
polypropylene-based systems instead of stiff and
inflexible wire-based systems or submerged
elongated fender type installations. However,
several serious scientific questions (e.g. long
term health status, fitness, spat fall), technologi­
cal problems (e.g. connection to offshore con­
structions such as wind generators), and eco­
nomic (e.g. economic returns, investment costs)
as well as policy issues remain to be clarified or
resolved before the potential of this form of
aquaculture can be realized.

Outlook

The excellent growth rates of mussels during the
present study led to the suggestion to build and
install a number of longlines parallel to each
other to prove the principal. This is considered to
be an opportunity to conduct offshore mussel
culture for a commercial enterprise by various
ways: (1) to collect mussel spat to supply the on­
bottom culturists in the tidal flats within the
backwaters of the Frisian Island because of seed
mussel shortages frequently occurring in subse­
quent years, (2) to collect the mussel spat and
grow it to market size offshore, or (3) to use spat
from inshore areas and use the offshore site as
a grow-out location. For these purposes it is
necessary to ascertain the consistency of seed
settlement rates at a potential farm location.
Also, while allowing settled seed to grow to mar­
ket size on collector lines and therefore eliminat­
ing stripping and re-seeding to growing ropes,
sizes could be inconsistent and yield of market
mussels could be reduced and need to be veri­
fied.

Offshore cultivation of marine organisms is
at the brink of becoming a new aquaculture pro­
duction sector. Therefore, the development of a
commercially viable offshore aquaculture opera­
tion on a pilot-scale basis seems to be a feasible
undertaking once the testing is completed to
reduce risks in all relevant technical and biologi­
cal areas under concern. More specifically, fu­
ture project activities should include R&D ele­
ments targeted at reducing operational risks
through a coordinated, interdisciplinary effort
involving engineering research on offshore struc­
tures, analysis of scientific criteria concerning
biological productivity, and studies on project

economics. Finally, tests to assess the suitability
(or comparability) of the resulting product at
existing or new markets, while there is still a
need to clarify the regulatory and licensing is­
sues associated with offshore activities.

Although not harmful to the mussels them­
selves, growing areas may occasionally suffer
from outbreaks of harmful toxic algae which the
mussels consume, rendering them unsuitable for
human consumption. An algae-early-warning
system, which already exists for overall monitor­
ing purposes but too wide-spread to serve the
small-scale requirements of such a localized
offshore industry should be expanded to areas
used for offshore mussel culture.

In the past, because of the limited extent of
areas used for aquaculture, such natural envi­
ronmental events (e.g. algal blooms) have been
dismissed as inconsequential. However, the
proposed massive increase in areas to be used
for mussel cultivation changes the scale of any
impact and prompts concern. In particular, the
construction of large (2000-4000 ha) mussel
farms up to 7 km offshore will extend mussel
cultivation into areas used by offshore species
(petrels, shearwaters, seals and whales) that
have not previously encountered mussel farms.
The potential interactions with these species
(e.g. disease transfer) will have to be tested.

Finally, once an offshore wind-farm is in­
stalled mussel culture constructions should be
tested in a connected manner with the pylon of a
wind farm. In this special case, it is of great im­
portance that expensive offshore techniques,
such as offshore windmills and offshore culture
systems, do not develop independently.
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Response of offshore cultivated Laminaria sacchaIina to hydrodynamic forcing
in the North Sea

Buck BH, Buchholz CM (2005). Aquaculture 250: 674-691

Abstract

The aim of the presented investigation was to test the sensibility of macroalgal aquaculture in
offshore wind farms in the North Sea and to find arguments for the choice of appropriate sites
among the planned wind farms. Based on experience with an onshore aquaculture of
Laminaria saccharina conducted in 2002, we assessed the maximum hydrodynamic forces
affecting fanned algae by applying the model software "Wavcl.oad". Drag measured in a
towing tank was considerably higher on algae with a more ruffled margin and wider blade
collected from sheltered environments than on flat and narrow fanned Laminaria despite
comparable blade areas. Drag varied accordi ng to frond size. current velocity and acceleration
reaction. Dislodgement of laminarian holdfasts and the forces necessary to break the stipe
depended on blade length and surface area. Neither did our measured nor our calculated
values of drag exceed those forces provided the algae had been grown in a current> I m·s·'.
Even in storm conditions with maximum current velocities of 1.52 m's'! and wave heights of
up to 6.4 m can cultivated L. saccharina withstand the high energy environment.
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Abstract

The aim of the presented investigation was to test the sensibility of macroalgal aquaculture in offshore wind farms in the
North Sea and to find arguments for the choice of appropriate sites among the planned wind farms. Based on experience with an
offshore aquaculture 11\1111 of Lannnaria saccliarina conducted in 2002, we assessed the maximum hydrodynamic forces
affecting fanned algae by applying the model software "Wavel.oad". Drag measured in a towing tank was considerably higher
on algae with a more rufi1ed margin and wider blade collected from sheltered environments than on flat and narrow fanned
Laminaria despite comparable blade areas. Drag varied according to frond size, current velocity and acceleration reaction.
Dislodgement of laminarian holdfhsts and the forces necessary to break the stipe depended on blade length and surface area.
Neither did our measured nor our calculated values of drag exceed those forces, provided the algae had been grown in a current
.> 1 III s-;. Even in storm conditions with maximum current velocities of 1.52 111 S ·1 and wave heights of up to 6.4 m can
cultivated L. saccliarina withstand the high energy environment.
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1. Introduction

Along the German North Sea coast the occur­
rence of kelp of the genus Laminaria is restricted to

'" Corresponding author. Tel.: +49 4714831 1868; fax: +49471
4831 1425.

E-mail address.·bbuck@awi-bremerhaven.de (B.B. Buck).

0044-8486/$ - see front matter &-.: 2005 Elsevier B.Y All rights reserved
doi:10.1016!j.aqu.acultLlTe.2005.04.062

the surroundings of the rocky island of Helgoland,
the only hard substratum area in the wider German
Bight. Due to the nature reserve status of Helgo­
land, harvesting of wild growing Laminaria sac­
charina is prohibited while aquaeulture of this
endemic species would be acceptable. Mariculture
in offshore areas might help to meet the future
demand for single species and clean macroalgae
grown under well-controlled conditions for phanna-
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ceutical or cosmetic use (Buck and Buchholz,
2(04).

Various efforts to find suitable locations for the
establishment of aquaculture facilities for macroalgae
in the German 13 ight were unsatisfactory, due to the
lack of appropriate natural substrate and adverse hy­
drographic and weather conditions (Luning and Buch­
holz, 1996; Buck, 20(2). They cause a generally very
rough wind wave climate in combination with strong
tidal currents in the North Sea (e.g., Ducrotoy et al.,
2(00). Moreover, the bottom topography of the Ger­
man Bight, which becomes rather shallow in the
southern part, contributes to the wave impact. Current
velocities at the surface can reach 2----2.5 111S-l or even
3.4 m s I in somc nearshore areas (Mittelstacdt et al.,
1983; Dick et al., 1992). Wave heights of 5-6 m are
common during storms (BSH, 20(H).

Generally, the National Park "Waddcn Sea" (NPG,
200 I) in the south of the German Bight with its
sheltered tidal mud flats as well as the seaward
sandy beaches of the belt of Frisian islands does not
offer suitable locations for mariculture endeavours.
An exception is the highly regulated bottom culture
of blue mussels (Mytillls edulis; and oysters iCrassos­
trea s!Jgas). Cultivation of other marine organisms is
not permitted (Boysen, 1991) and would most likely
raise stakeholder conflicts in nearshore areas (Buck,
2002; Buck et al., 20(H).

An alternative for the development of marine
aquaculture is the utilisation of existing or projected
offshore constructions (Krause et al., 2003; Buck et
al., 2(04). The attachment of culture units to rigid
platforms could prevent damage or even loss of
whole culture modules. Presently, the obvious
aims of such aquaculturc considerations arc the
planned offshore wind farms in Europe. These
wind farms will probably cover larger areas of the
North Sea and bold potential for multifunctional
uses.

Moving to the offshore area of a wind farm to
cultivate macroalgac would be a way to overcome
the conflicts of space allotment and utilisation. Lami­
narians characteristically grow in tidal habitats with
continuous but varying water motion. In offshore
areas these plants must cope with violent currents
and high waves causing acceleration reactions. In
contrast to other seaweeds with a relatively rigid and
upright stipe (e.g., Eisenia arborea, Pterygophora

californica 01' Laminaria hvperborea.; L. saccharina
has a flexible stipe, which is capable of quickly
reorienting and thus becoming aligned with the direc­
tion of the current. However, the response of cultured
algae to this high energy environment of the North
Sea is still unknown. If cultured kelp can be expected
to stay in place while growing in the rough offshore
environment, this would facilitate a commercially
successful mariculture, provided culture techniques
concerning seeding strategies and the design of cul­
ture constructions will be improved (Buck and Buch­
holz. 20(4). The multifunctional use of offshore
habitats could moreover combine the needs of stake­
holders, such as wind fanners and fishermen, who
would probably run the mariculturcs.

While Kawamata (2001) has been the only one so
far to use culture derived Laminaria seedlings (L.
japonica) tor his biomechanical investigations, Gcr­
ard (] 987) conducted her experiments on L. saccliar­
ina collected from the sea. The present study
describes the resistance of maricultured and wild
grown L. saccharina to tile impacts of tidal currents
and wave action. Morphological parameters of lami­
narian blades were taken into account, drag coeffi­
cients were determined, dislodgement and breaking
forces, and hydrodynamic field conditions were mea­
sured and evaluated.

2. Material and methods

2.1. Origin of experimental plants

The experiments were conducted with wild and
cultured L. saccharina from the German North Sea
(Fig. l ). Wild specimens were collected by divers
from habitats around the island of Helgoland (Hgl;
54'll'N, 7"54'E) (right inset in Fig. 1) from a water
depth of 1-4 m. Cultured L. saccharine were taken
from a new ring construction designed for cultiva­
tion of algae (Buck and Buchholz, 2(04). The ring
was located at an experimental offshore aquaculture
farm adjacent to the lighthouse "Rotor Sand"
(5V49.9'N, g08.7'E), at a distance of 17 nautical
miles from the city of Bremerhaven. At this location
water depth and the sandy bottom do not normally
allow settlement and growth of benthic algae, and
tile hydrodynamic conditions are rougher than in
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Fig. 1 1\-13p of theGerman NorthSea region.Right inset:Enlarged islandofHclgoland, wherespecimens of L. saccharine werecollected (black
spots). Left inset: Culture unu for L. saccharine locatedat the aquaculture [ann near the offshore lighthouse"Rcter Sand"

natural L. saccharina beds. The cultured algae were
grown on 6 nun ropes attached to a culture unit at a
depth of I m below the water surface (left inset in
Fig. I).

2.2. Determining site-specific. environmental
conditions

In order to describe the local hydrodynamic con­
ditions at the experimental farm, current velocities
and directions were measured by the Water and
Shipping Agency (WSA) Bremerhaven with an
acoustic Doppler current meter (ReM 9, Aanderaa).
TIle sensor was placed in the vicinity of the offshore
aquaculture farm tor 1 month, Data on significant
wave height, direction of waves with the absolute
energy maximum, wave length, periods of wind
waves and swell were obtained by a wave following
buoy (Waverider, Datawell). The buoy was deployed
by the Federal Maritime and Hydrographic Agency

(BSH) 4 nautical miles NE of the aquaculture farm
"Roter Sand" in early 2002 and recorded data tor
300 days.

2.3. Morphometric analysis of L. saccharina fronds

Morphological data of L. saccharin Cl thalli were
acquired to assess growth patterns (length, width,
surface area, volume) and test their possible correla­
tions with drag, dislodgement and breaking forces,
and effects on acceleration reactions.

For measurements, sporophytes were individually
collected at sea from culture lines or from the natural
habitat. Blade length was measured from the transition
zone between stipe and blade to the blade tip. Blade
width was recorded well beyond the meristematic
zone or for larger algae at 15 cm distance from the
transition zone. To test the correlation between blade
length and blade width 1300 algal fronds of different
sizes from two seaweed culture constructions in the
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left and righttrapezoid

German Bight (Buck and Buchholz, 2004) were mea­
sured. From these results standard algae were calcu­
lated for a length of 50 cm (Standard 50=S50) and
100 cm (Standard 100= S100) in order to additionally
scrutinize the drag coefficient (CD) relevant to all
sizes of laminarians.

Blade area was assessed by two different methods
in order to find an appropriate technique for further
investigation. The tapering of the distal and proximal
blade ends was neglected by simply multiplying
length and width of the lamina. In addition, algae of
different sizes were cut in pieces, pressed between two
glass plates and photocopied (11 = 50). A plate marked
with a grid (one square = I cnr') was superimposed
and the "rea]" blade area (single-sided) measured to
the nearest cnr' (Kochl and Albertc, 1988: Koehl,
2000).

For calculation of the blade volume the fronds
were sectioned at IS cm distance from the transition
zone and the thickness of the blade's margin (I'M,,)
and centre (Tee,J measured using a micrometer screw
(Fig. 2A). The shape of the blade's cross-section was
copied on graph paper (one square = I nmr') and the
area measured to the nearest mnr'. Volume of fronds
was calculated from cross-section area and length. To
simplify this rather awkward procedure we tried a
second method by multiplying length, width, and
thickness. For this purpose we assumed that the lami­
na's cross-section has an extended double-trapezoid
shape, the width of which can be divided into three
equal parts (Wj-W,). Two thirds, the left (WI ) and the
right (W3 ) margin of the lamina, had an identical
isosceles trapezoid profile. 'TIle inner section of the

lamina (W2) had a rectangular shape (Fig. 2A). Sec­
tion volumes of the lamina (VL",n) were calculated
using the equation:

VLam j(WI'l'Res) + (WI·'ll.lar)] + (Wl'Tcen)
, '----v----'

left trapezoid inner section

righttrapezoid

In this equation W is the lamina's width with the
thirds IVI-IF3 , TM m is the thickness of the blade's
margin, Teen the thickness in the blade's centre and
TRe, the result of Teen - TM m·l2. If the right and the
left margins of L. saccharina blades have an identical
thickness, a simplified version or the Eq. (1) can be
used:

f'Jam= (Teen W) +2J(~c:"'~~)~l (2)
~

innersection

2.4 ..Device [or measurements {~/ dislodgement forces
and drag

For measurement of dislodgement (FD i , ) , breaking
(FB'k) and drag forces (FD,g) a digital force gauge,
"Centor Dual" (Andilog Technologies, France), was
employed. The gauge had two sensors, an external
sensor with a force range of 0 to 50 N (Sensor I), and
an internal sensor with a force range of 0 to 250 N
(Sensor Il). It was possible to read both sensors

A B

Fig. 2. (A) Drawing of a cultured L. saccharine blade in cross-section. The blade thickness was measured in the centre (T c~.::l) and at the margins
(T~hr) at 15 cm distance from the transition zone. W=blade's width. (B) Drawing ofL. saccharine growing on the culture line. In steady flow
the sporophytes are oriented downstream rotating the culture line into the same direction
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simultaneously. On the graphic screen display of the
gauge a simultaneous readout of the actual and
the maximum values and the complete force curve
(force = F C!)) provided a comprehensive overview as
the test was progressing. An interface (RS232, Andi­
log Technologies, France) connected to the gauge
allowed the data transfer to a PC via a serial output
pOI1. 'D1C software "R-SIC' (Andilog Technologies,
France) facilitated the transfer to Microsoft Excel
spreadshcets.

2.5. Measurement of dislodgement forces of L. sac­
cliarina from culture lines

L. saccharina grown on 6 nnn culture lines in the
North Sea (Buck and Buchholz, 2004) were divided
into a group of densely growing algae (11 =94) with
holdfasts growing on top of each other and one of
individual algae with single holdfasts attached to the
culture line (11= 37). 'DIe third group of seaweeds,
which grew on ropes but were adapted to sheltered
low current conditions (";0.2 m s- I), were taken from
a holding tank kept in the laboratory facilities of the
AWl (11=60).

A string, thick enough to avoid damage ofthe tissue,
was knotted to the holdfast in a manner that every
extension of the holdfast was wrapped (excluding
some very small haptera). In this way the dislodgement
force affected the complete holdfast, and no part of the
stipe was involved. The string was then connected to
the digital gauge, which was fixed to a rigid bar. In
contrast to Carrington (1990) and Kawamata (2001),
who pulled the string parallel to the substratum, it was
necessary to remove the holdfast in the direction ofthe
stipe, because under culture conditions the laminarians
including their holdfasts and the culture rope, which is
a supple substratum, turn into the direction of the flow
(Fig. 2B). Therefore, the holdfast was tom-off by rap­
idly pulling down the string into the direction of the
stipe, which was in a right angle to the culture rope.
Only one single attempt to tear off the hold fast was
allowed in order to avoid eventual weakening of the
attachment strength by repeated pulling (c.f. "post­
storm sampling" Milligan and DcWreede, 2000). It
was helpful to watch the display of the digital gauge
to ascertain the characteristics of the complete graph.
Acquired data were only accepted if the curve of the
dislodgement force showed a rapid decrease. Both

sensors (I, Il) of the digital gauge were used for this
purpose.

An additional experiment was conducted testing
whether holdfast or stipe were the predetermined
dislodgement or breaking points. The stipe, discon­
nected from the lamina, was wrapped with a string on
both sides and t0111 apart pulling longitudinally at one
side. 'DIe breaking force was measured by the same
digital gauge.

2.6. Measurement ofdrag 011 L. saccharina

A towing tank (length 80 m, width 3.8 m, depth 3
m) of the Hamburg Ship Model Basin (HSVA, Ham­
burg) was used to determine the drag coefficient (CD)
for L. saccharina (Fig. 3A). The length of the tank
allowed sufficiently long measuring times.

Clean specimens of wild (n=4; WI-W4) and
cultured (n =4; CI-C4) L. saccharine were prepared
for measurements of drag by removal of the holdfast
(Table 1). A thin thread was knotted around the
proxima] end of the stipe (Fig. 3B). This thread
was directed over a guide reel fixed to the bottom
of a beam (Fig. 3C). A cavity within the beam
allowed the thread to be hooked onto the digital
gauge, which was placed on the control panel of
the carriage. The beam had a drop-like shape to
minimize friction and was fastened to the base
frame of the towing tank's carriage. It was lowered
1 m deep into the tank filled with fresh water (Fig.
3D). Blades tied to the thread of the gauge were
towed through the tank by the carriage at velocities
of 0.5, 1.0, 1.5, 2.0, and 2.5 m s- '. L. saccharine of
different sizes, originating from the wild and from the
farm, as well as "Standard SO" and "Standard 100"
algae were used. To assess drag of a group of blades,
a bunch of laminarians (n 13) was measured as
well. Foree data were recorded when the carriage
had reached the designated velocity. Sensor-I was
employed for these entire experiments.

The drag measurements of each L. saccharina
thallus were used to caleulate the dimcnsionlcss coef­
ficient of drag (CD) by applying the equation:

CD = ?C:IJ'~
. pAv 2

In Eq. (3) FD'g denotes the measured drag, p the
density of water, A is the blade area exposed to the
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beam
with a
drop­
like

shape

Fig. 3. (A) Towing tank of the HSVA used for drag measurements on L saccharina blades in steady Haws. (B) A thin thread, connected to the
digital gallgc'-, was knotted around the proximal end of the stipe. (C) Lateral view on the beam and the guide reel used to tow the.laminarian
blades in the towing tank (D) Beam with its drop-likeprofile to minimize friction during rowing.

Table I
Cultivated and wild Laminaria saccharina used for the drag force
experiment

current of velocity v. While for relatively rigid or
bluff organisms the projected area of the organism
across the flow is generally used (e.g., Vogel, 1984:.
Denny, 1988), we decided on the maximum plan
area (single-sided) of the thallus as it is recom­
mended, e.g., by Koehl (1986), \logcl (1984) and
Gaylord et al. (1994) for flexible organisms like
macroalgac.

2.7. Estimations afdrag for natural conditions

For solid objects being accelerated in fluid in
addition to drag a force occurs which is commonly
described as acceleration reaction (e.g., Daniel, 1984;
Denny et al.. 1985: Denny, 1988). In order to take
orbital motions into account the drag F Dm from Eq.
(3) has to be written in vector notation, and an accel­
eration term is added (Morison et al., 1950):

1 ~ ~ dV'
i;)"t=CDA ·2 p i v i · v +CMP·Q·ili (4)

where CM is the dynamic drag eoefficient and Q the
volume of water displaced by the object. In order to
initially avoid uncertainties with CD and the area A. for
flexible organisms it is useful to write the first term in
Eq. (4) in terms of dynamic pressure (1*), which ean
be exactly computed from current measurements:

(6)

(5)

i.e.

----'; r-;F* =_._-
CD A

~ 1 •
F * = - P ·1-;-' . v

2

Phylloid
length(ern)

161
101.4
64.8
49
50
100
34.95 ± 8.97
(mean ± S.D.)

137.6
123
80
45

Seaweed
denotation

Cl
C2
C3
C4
S50
sroo
Bunch
(1l~13)

IVI

IV2

IV3

IV4

Origin of algae

Cultivated algae from
onshore [ann
"RoteI' Sand"

Wild algae from
Helgoland
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For a detailed demonstration of the time history of
drag forces occurring under the action of tidal cur­
rents, wind wave and swell model calculations were
carried out using the software "Wavcl.oads" devel­
oped by Mittendorf et al. (2001), which solves Eq.
(4) for 0 ffshore structures. The forces were computed
for a hypothetical test body (cylinder) of 2 m in length
and such a diameter that the area exposed to the
current corresponded with that of the plan mea of
the algae as determined before. The drag coefficients
measured in the towing tank experiments were used
instead of the ones detcnnined for cylinders. The
cylinder was exposed perpendicular to the flow direc­
tion. The results render information on the distribution
of horizontal and vertical forces which act on the alga.

2.8. Statistical analysis or data

The data on blade lengths and widths were split into
four obvious groups and the regression calculated
separately for each growth phase. To determine if
regressions of two groups within a class were signif­
icantly different (coefficient of determination/stability
index) z-tests with an initial Fisher z-transfonnation
were used (blade surface area, growth periods at length
to width ratio) (Steel et al., 1997; Birkicht, 2004).

F-tests (one dimensional,f=1/ - 1) were conducted
to prove homogeneity of variance as a prerequisite for
applying the average-z-test (blade length, blade sur­
faee area). Difference-t-tests with pre-assigned F-test
were used to show differences between two sample
groups and data pairs (dislodgement and breaking
force; blade surface area) (Birkicht, 20(4).

The limit for acceptable correlations was set at
](2;:-. 0.5. Diagrams, plotting algal size against forces
were fitted with logarithmic trend lines, because
growth processes often follow a logarithmic pattern.

Standard deviations (S.D.) were calculated and
applied in graphs as appropriate using Excel 2000
software; these are shown in bars.

3. Results

3.1. Hydrodynamic conditions

The wave and current conditions varied tremen­
dously during the period of measurements even at a
single location. 11mB, L. saccharina within our on:
shore aquaculture fann "Rotor Sand" experienced a
wide range of sea states (Fig. 4A-D). The algae
encountered rapid tidal currents flowing in one dircc-
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Fig. 4. 'Wave climate and current velocities near the offshore farm "Rotcr Sand". (A) shows the directions of currents at all 'velocities and (B)
shows the current velocity over an IS-day period (n= 5188). (C) demonstrates the direction of waves of all heights and (D) shows the wave
heights over :1 291-day period (11 =2)')9) Dott"d circles' (A) I m S·-l, (B) -tm.
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tion for some hours, slowing and stopping at slack
tide, and then flowing rapidly in the opposite direc­
tion. NW and SE are the main tidal current directions
in the semi-diurnal tidal regime at the experimental
fann. Maximum current velocity measured at the
aquaculrurc farm in the 2002 measuring campaign
was 1.52 m s·'.

The mean significant wave height during the 300
days of measurements was recorded at 1.49 m ± l.OI
(mean ± S.D., 1/= 2259). Maximum wave height
including swell came to 6.46 m with the waves of
the absolute energy maximum being predominantly
directed southward towards the coast. Wave lengths of
wind waves and swell ranged from 7.8 to 334 m
(67.02 ±43.49, 1/=2259) and wind wave periods var­
ied from 2.6 to 9.8 s (4.95 ± 1.25, ll=2259).

3.2. Morphonietric analvsis of L. saccharina fronds

While plants harvested from the less exposed nat­
ural habitat had relatively wide blades with a ruffled

margin (Fig. 5A) algae from the mariculture under
offshore conditions had an elongated shape with a
mUTOW and flat phylloid (Fig. 5B,D). Cultivated
algae from the offshore farm had hold fasts densely
growing on top of each other (Fig. 5C). One typical
bunch or aggregation from the culture rope is dis­
played in Fig. 5D.

In cultivated algae of known agc we found a
significant positive correlation between blade length
and blade width (R2=0.98) during the first year of
plant growth. However, the data shown in Fig. 6A
reveal that the entire growth phase can be subdivided
into four consecutive periods (p <0.(01). Up to a
blade length of 5 cm width development is relatively
fast with a slope of 0.24x (R 2 =0.88). In the next
group up to a blade length of 60 cm development of
bladc width declines to a slope of 0.06x (R2=0.94).

TIlC third group between 60 and approximately l50
cm blade length shows more variation in its growth
pattern and an even slower increase in blade width
(slope O.05x, R2=O.75). Longer L saccharina were

Fig. 5. Plants used for towing tank experiments. (A) L. sacchnrina from a sheltered site with a wider blade and ruffled margins and (B)
cultivated L. saccharina from the offshore site witha streamlined shape. (C) depicts a culture line with holdfasts growing densely on top ofeach
other. (D) represents the laminarian bunch used for drag experiments in the towing tank.
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Fig. 6. Morphometric data of L. succhorina cultured at an offshore site (ll = 1300). (A) shows the blade length to width ratio revealing four
consecutive periods (p<O.OOl) of plant growth. (B) shows the blade surface area to blade length ratio with roughly the same consecutive
growth periods.

increasing their blade area by an again intensified
transversal growth at a slope of 0.13x (R2=0.91).

Results of the determination of blade surface area
show, that there is no significant difference whether
grid measurement or simple multiplication of length
and width are used (p < 0.5). Thus, a significant pos­
itive correlation (R 2=0.99) can be described for the
ratio of blade length to blade surface area using the
multiplication method (Fig. 6B). The four previously
described rnorphometric stages from the length-width
measurements (Fig. 6A) can be found to a lesser
extent.

From the large data set of blade length/width rela­
tions standard algae were defined as Standard 50, 50
cm long 4.3 cm wide and Standard lOO, lOOcm long
and 5.8 cm wide.

Volume data of both, field algae and cultivated
algae, followed a positive correlation to blade length
as well as blade surface area. At a given length field
algae always had a greater volume than cultivated
algae.

3.3. Drag on L. saccharine In steady flows

The plot of measured drag against various flow
velocities (Fig. 7A) shows the increase of drag with
increasing velocity of flow. Three of four plants from
wild habitats show by far the highest drag exposure.
Only the smallest of the wild plants blends in with the
group of cultured specimens. The "standard" algae, 50
and 100 cm long, which were chosen from cultured L.
saccharina belong into this group of algae encounter-
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Fig. 7. Results from the towing tank experiments (n=50) with cultivated (CI-C4, S50, SlOO. bunch) and field (ITlj-TV,f) L. saccharine, (A)
Drag as a function of cm-rentvelocity. (B) Drag coefficient CD as a function of current velocity

ing less drag at the chosen flow velocities. At a
comparable blade area of about 200 en} the wild
grown L. saccharina \\14 is exposed to almost twice
as much drag as the cultured C3. W4 being the short­
est of the wild algae towed (blade length 45 cm) is the
only one to group with the cultured specimens. Cul­
turcd Cl, the longest (blade length 161 cm) of all the
measured algae, is nearest to specimens from the field,
but even though its blade mea exceeds that of the
longest field specimen Wl by 170 cm", only a fifth to
a third of the drag was recorded for the cultured
specimen. TIle differences in drag became more pro­
nounced with increasing current velocities. The left
diagrams represent conditions for L. saccharina grow­
ing individually on the culture line. Growing in an
aggregation, as it is usually the case, reduces the drag
on the individual (Fig, 7A, far right). At a similar
cumulative blade area of a bunch of L. saccharina
(1136 ern") compared to the cultured Laminaria Cl
(1115 cm"), measured drag of the aggregation of algae
was smaller at higher current velocities than that of
the individual alga.

Considering the drag coefficient CD as a function
of velocity (Fig. 7B), the grouping of the cultured
versus the field algae becomes even more evident.
The drag coefficient CD of cultured L. saccharina

of "Helgolandian morphology" without bullae and
hardly any undulation was calculated at velocities
of >0.5 m 8-

1 to range between 0.024 and 0.034
independent of the size of the algae. TIle graphs for
cultivated algae (Cl-C4, S50, SIOO, bunch) show a
pronounced bend at a velocity of 1 m s" I This
appears to approximately mark the minimum speed
required for orientation of the plants into down­
stream direction, When comparing the bunch with
a single cultivated alga of similar surface mea (C 1)
the drag coeffieient of the bunch was about 30%
higher at the lowest current velocity (bunch 0.052
versus Cl 0.036 at 0.5 m/s), but became very
similar to that of Cl at faster velocities, At higher
velocities > 1.5 m S-I, CD is almost a constant for
individual algae as well as for the bunch and is
independent of current velocity. The progress of
reconfiguration into lower drag-shaped blade mor­
phology seems to be accomplished. Contrastingly,
laminarian fronds from less exposed sites (broader
and with more undulated margins) appear distinctly
different in the diagrams. Their reconfiguration, at
least of larger plants, was not yet completed at
2 m S-I, while the small plant W4 had already
acquired its final shape of minimized exposure to
the current.
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Fig. 8. Drag at various current velocities for different plant sizes
(blade surface area) based on measurements in the towing tank
experiment and morphometric data of L. saccharina from the­
offshore site.

Ct t--2 -o.tO 079
C2 t-2 -0.39 0.94
C3 1-2 -0.39 0.92
C4 1-·2 ···0.30 0.87
Bunch t--2 -·0.25 0.98
S50 1-2.5 ···0.49 0.99
SIOO 1-2.5 -0.69 0.99
WI 1-2.5 -0.84 0.99
\\12 1-2 ·--072 0.99
\V3 t-z .-·0.62 0.99
W4 (·-2 mO.52 0.84

Cultivated algae
from offshore
farm "RoteI' Sand"

3.4. Estimation 0.( drag Jor natural conditions

The observations at "Roter Sand" are dominated by
a combination of tidal currents, wind waves, and
swell, which is characteristic for the shallow areas
of the German Bight.

To better assess the highest forces probably impact­
ing L. saccharina at an offshore location we
employed the numerical model "Wavel.oads" (Mitten­
dorf et al., 2001). Typical oceanographic parameters
to supply the model were chosen from the field mea­
surements at "Rot er Sand", and the necessary struc­
tural parameters were taken from the rnorphometric
data gained on the algae in the towing tank experi­
ments. The parameters chosen for selected runs of the
model are summarised in Table 3 together with the
computed maximal drag.

Three comments on the relationships between drag
and water movements for the environmental condi­
tions prevailing in this study shall precede the presen­
tation of the results of the model calculations.

Firstly, a rough estimation shows that the second
term in Eq. (4) is very small compared to the first one
and can be neglected: The volume of the algae was
determined in the order ofQ= 200 cnr'. Multiplication
by the density of seawater p = 1025 kg m- 3 and

could experience more relative drag reduction by
morphological reconfiguration than our cultured lami­
narians (Vogel, 1984; Koehl. 2000; Gaylord et al.
1994; Koehl et aI., 2003).

Field algae from

Helgoland

Table 2
''Figure of merit" B of cultivated and field Laminaria saccharina

._.m~~~_···mm

Origin of algae Seaweed Current B R2

~~~~ ~d_en_O_la_tion velocity (mts)

B <slope: R 2 <goodness of fit for Y":C log F Drr!'?; x= log v.

1.61.20.8

Current velocity [rn/s]

0.4o

12

:s 2000 cm'

m 8fI1
0

Based on our empirical data the drag expected for
various current velocities and possible blade areas of
L. saccharina is depicted in Fig. 8. At a maximum
current velocity of 1.5 m s- 1, like that measured near
"Roter Sand" in 2002, large algae would be exposed
to forces of 2 16 N.

While the empirical determination of CD of solid
bodies is a well-established procedure it is complicat­
ed for flexible plants, because they are changing their
shape in the flow. To describe the relative reduction in
drag for flexible bodies as they reconfigure with
increasing now velocity, Vogel (1984) proposed the
determination of the proportionality between speed
and drag and several authors followed his suggestion
(e.g., Armstrong, 1989; Carrington, 1990; Gaylord et
aI., 1994; Kochl, 2000). In order to compare the
performance of L. saccharina in currents to that of
other algae, we also determined the "figure of merit",
15 (Vogcl, 1984; Koehl et aI., 2003): 111e log trans­
formed "specific drag" FD,,jV

2 was plotted against log
transformed current velocity and the slopes (B) of the
graphs determined. They are called "figure of merit"
(Vogel, 1984) and arc listed in Table 2.

The values are typically negative. The higher ab­
solute values of field algae demonstrate that they
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Period (5) Wave height (m) Tidal velocities (m/s} Cl (N) C2 (1\') C4 (N)

Wind waves 5 11.7 49
Swell 10 12.4 5.5
Storm waves 6 34.3 14.6 4.4
Storm swell 10 4 23.0 109

assuming the worst case CM = 1 for the dynamic drag
coefficient results in CM' P: Q=0205 kg for the mass
of water displaced by the algae. Thus, a large orbital
acceleration 01'3 m 8-

2 (about a third of the acceler­
ation of gravity) provides a dynamic force of 0.31 N
while the first term reaches 35 N. The "Wavel.oads"
model takes the acceleration tC11n into account, but
uncertainties with CM will not have a noticeable
effect.

Secondly, because of the non-linear relationship
between drag and velocity the combined action of
orbital wave motion and tidal currents enhances the
total forces considerably. For example, if a tidal cur­
rent has the same velocity as the amplitude of the
horizontal orbital velocity, the total force increases by
a factor of 4.

Thirdly, due to the shallow depth of 12 m at the
experimental fann the orbital velocities of long swell
waves are increased, because they make the transition
to shallow water waves.

111e above mentioned phenomena were confirmed
by the numerical model "WaveLoads". One has to
bear in mind that the forces are calculated for a
symmetrical test body which represents the real alga
with respect to its two fluid mechanical properties,
drag coefficient and constant area exposed to the
currents. Three examples for the distribution of hori­
zontal and vertical drag on the test body are presented
in Table 3. Fig. 9A visualizes calculations for the
cultivated alga Cl with wind waves at normal condi­
tions (height: 2 m) at various current velocities (0, 1, 2
m s" 1 ) and Fig. 9B shows worst cases (height: 6.4 m:
current velocity: 2 m S-I) for cultivated L. saccharine
of different lengths and blade areas (Cl, C2, C4). 111e
selected waves propagate in the direction in which the
tidal current flows. The starting point of each curve,
indicated by a small marker circle in the diagram,
corresponds to the moment, when a wave crest passes
the site. Without tidal currents the results of the model
for horizontal and vertical forces show a symmetrical
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Fig. 9. Drag on cultivated algae under natural conditions derived from the model "wavel.oads" (Mittendorf et al., 200l). (A) shows the
increasing drag as a function of current velocity (0, I, 2 m S--l) experienced by the algae Cl at wind waves of 2 m height and 5 s period. (B)
shows the drag on the algae Cl, Cl and C4 under worst case conditions (height of wind wave 6 In, period 6 s, current "velocity 2 ill S- \
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ellipse which is elongated and shifted into down­
stream direction with increasing tidal velocity. Fig.
913 shows a worst case scenario, when storm condi­
tions boost the drag experienced by cultivated algae.
The largest alga ICI) has to withstand the highest drag
of approximately 35 N.

3.5. Dislodgement of holdfasts and stipe breaking
forces

After the assessment of wave generated forces
affecting L. saccharum cultured offshore the second
step was to determine what it takes to detach our
cultured algae from their substrate. It can be expected
that either the holdfast is torn from its substrate or the
stipe breaks. The results of our experiments are shown
in Fig. 10 with dislodgement force of the holdfast on
the abscissa and breaking force of the stipe on the
ordinate. If both forces were equal all values would be
found on the bisector of the angle. The first two
diagrams show that in individually growing L. sac­
charina as well as in those growing in aggrcgations,
greater force had to be employed to break the stipe
than to detach the hold fast. Algae that were retrieved
from a tank with water movement only from air
bubbles had a very weak resistance to any of the
applied stresses and were dislodged or broke at less
than a fifth of the force needed for laminarians ex­
posed to a 2 m s- 1 current.

L. saccharina displays a significant positive corre­
lation of blade length to blade surface area (Fig 6B,
p<O.OI, R2=O.99). To assess dislodgement and
breaking stresses on L. saccharina stipes the rcspec-

tive forces (FDi, and FBck) were normalized by blade
area and plotted against the length of the blades (Fig.
I I). TIle basic trend is towards a decreasing resistance
to adverse forces with increasing size. L. saccharina
cultured "singly grown" and in currents up to 1.52 m
s" 1 require the highest forces to be broken off at their
stipes (p<O.OOI). Dislodgement forces (FD i, ) be­
tween singly grown algae {current velocity> I m
S--l) and those in aggregations (densely growing and
current velocity> I m S-l) are statistically indifferent,
even though growing singly and therefore directly
attached by their holdfasts to the culture line seems
to give them an advantage at least when they are still
small. For densely grown laminarians the force per
cm" needed to either dislodge them from the culture
line or break their stipes can likewise not be statisti­
cally differentiated.

L. saccharina grown in an almost current-free
environment were far more susceptible to dislodge­
ment and breaking stresses than algae adapted to
currents.

4, Discussion

The question we posed in our present investigation
was, whether it seemed sensible to try the aquaculture
of macroalgae in the projected North Sea offshore
wind farms. A second problem to be tackled would
be the selection of appropriate sites among those
locations. A closer look at the conditions in an off­
shore algal farm that existed in 2002 should help to
find answers. The seaweeds cultured on the ring
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Fig. 10. Forces necessary to break the stipe (ordinate) or to dislodge the holdfast (abscissa) of L sacchurina grown in exposed conditions
(singly grown, 11 =37; densely grown, 11=94) and in sheltered conditions (almost no current, 1'1 "''''60), The bisector of the angle indicates where
both forces would be equal (breaking force= dislodgement force).
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Fig. 11. Susceptibility to dislodgement (FD is) (A) and breaking (FBr:J (B) forces per area of individual L. sacchorina as a function of blade
length. Single plants versus plants grown in aggregations both in water currents and plants grown in almost no current.

system (Buck and Buchholz, 2004) at the farm near
the lighthouse "Roter Sand" were subject to various
stress factors in the wave-swept environment. Current
velocities of 1.52 111S-I and wave heights of up to 6.4
111 at wave periods of 2.6 to 9.8 s caused complex
impacts on L. saccharina. These impinging forces
stress the phylloid, tile stipe and the holdfast exerting
"tension, friction, shear forces, bending, and twisting"
(Koehl, 1982, 1986). The behaviour of cultured L.
saccharina as well as some field specimens towards
hydrodynamic forces resulting in dislodgement of the
holdfast, breaking of the stipe, and general drag was
examined in detail.

The highest drag in steady flows expected from the
extrapolation of our drag measurements in the towing
tank related to current velocity amounts to 16 N for
cultured Helgolandian type L. saccharina. It holds
true for algae possessing a blade area of about 0.3

m2 in a realistic one season culture period (Fig. 8). The
results of the model calculations of drag on L. sac­
cliarina under natural conditions including current
velocity in combination with wind waves or swell
affect the algae at normal sea states with up to 12 N.
This is the same order of magnitude and only in the
worst cases of storm conditions can drag of up to 35 N
be expected (Table 3, Fig 9). These figures were
computed under the assumption of rigid test bodies
representing blade area and drag coefficient of tile
algae. In contrast to solid bodies algae change their
area exposed to currents by adjusting their shape until
minimum drag is reached (e.g., Daniel, 1984; Denny
et al., 1985; Denny, 1988). To account for the complex
interactions between algae and currents, elaborate
physical-mathematical models have been developed
(Gay1ord and Denny, 1997; Gaylord, 2000; Gaylord et
aI., 2003). Within the scope of our investigation we
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restricted ourselves to estimations of worst cases and
used the solid body formula. The use ofthe solid body
approach is supported by the finding that for velocities
> 1 m s" r the drag coefficients of cultivated algae
were found to be almost independent of velocity
(Fig. 7). Deviations in favour of drag avoidance by
the flexible plants are probable, judged from observa­
tions on, e.g., Chondracanthus exasperatus (Koehl,
2000) and on Hedophyllum sessile (Armstrong, 1989).
Nevertheless, the order of magnitude in our "worst
case" calculations is thought to be realistic.

Drag on the bunch of Laminaria blades was smal­
ler than the total drag of all solitary blades . Johnson
(200I) explored this topic in some detail for Chondrus
crispus and found similar results, where forces de­
creased with increasing canopy density. While Car­
rington (1990) determined that the ratio of the drag
from a clump of blades to the sum of the individual
drag forces of Mastocarpus papillatus never dropped
below 0.8 the ratio was 0.35-0.38 in the laminarian
case (bunch consisted of 13 blades). This difference
eau be explained by the fact that a bunch of stream­
lined laminarian hlades experiences a lower drag in­
crease with incrcasing current velocity than thalli with
a bushy shape. In contrast to L. saccharina occurring
at the Isle of Man with deep bullations on the blade L.
saccharine originating from the island of Helgoland
were described to have a smooth shape (Luniug,
1975). Such regional differences may be the adaptive
result of the local wave and current climate of these
two islands.

Morphological characteristics ofL. saccharina like
blade area and volume were needed to determine the
drag coefficient CD and to parameterise the model. To
get an idea of how these parameters develop over time
and to assess their interrelation to impinging forces in
the field, lengths and widths of 1300 blades were
measured on cultured L. saccharina from "Roter
Sand" in 2002. We observed four consecutive growth
phases in the development of blade length and hlade
width (Fig. 6A). All phases seem to minor the envi­
ronmental conditions in which the laminarians grew at
the time. Phase (1) took mainly place under laboratory
conditions. Sporophytes were very small and grew in
all dimensions, while moderate currents interacted
with the phylloids. During phase (l) plants were
transferred to the sea to meet the wind induced tur­
bulent water conditions of winter and early spring.

The morphological plasticity of L. saccharina
allowed them to react with an intensified length
growth in phase (2) and to reach a more streamlined
shape. It is well-known that laminarians exposed to
wave action or high current velocities have narrower
blades than plants from calm and sheltered areas and
also differ in length and thickness (e.g., Parkc, 1948:
Svendsen and Kain, 1971: Gcrard, 1987) During
summer corresponding to algal sizes of stage (3),
weather conditions were calmer resulting in a variety
of length to width ratios. The variance of lengths and
widths may moreover be attributed to shading effects
among the plants. In size phase (4) of samples col­
lccted in late summer, sea conditions seemed to allow
a higher increase in blade width. If this growth pattern
were the rule, which future annual cultures will have
to show, L. saccharina would ecologically sensible
have gained blade area for the onset of sorus in
autumn. For site selection in mariculture strategies
the information displayed in Fig. (, together with the
expected drag impinging on algae of different sizes
will help to identify the adequate marine environment
for a given plant size.

While Fig. 10 shows the quality of haptera attach­
ment to the substrate versus the resistance against
breakage of the respective stipc independent of algal
size, Fig. 11 depicts the individual vulnerability to
drag of each Laminaria plant in relation to its blade
area, the target for drag. In relation to blade area, the
strength of the individual algae relative to dislodge­
ment as well as breaking forces becomes smaller with
increasing blade length and area before levelling off
(Fig. 11). Nevertheless, we found that the absolute
forces (not shown) that can be applied prior to dislo­
cation are smaller (:S: 35 N of the "worst case") in small
size classes (Fig. 6, phase 1 and phase 2). This might
be expected and may be partly counterbalanced by the
lower individual vulnerability of small algae, but does
not explain, how larger algae cope with the higher
drag they experience at comparable current velocities
(Fig. 7A). The material properties of laminarians of
different sizes that in addition to morphological char­
acteristics determine their sturdiness towards adverse
forces me yet to be examined more closely in a
quantitative biochemical study.

Algal resistance to hydrodynamic forces depends
on several ecological conditions. Firstly, a relatively
strong current at an early age of the sporophyte is an
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absolutely necessary prerequisite for any mentionable
attachment strength of the holdfast as well as tensile
strength of the stipe resisting breakage (Fig. 10)
(Buchholz and Buck, unpublished data). A further
important factor is, whether they had a chance to
anchor their holdfasts in the culture line (Tovcy and
Moss, 1978), growing singly, or whether they grew in
aggregations with their holdfasts on top of those of
their neighbours (Fig. 5C). Individually growing spe­
cimens developed a distinctly higher resistance to­
wards breakage of the stipe and a clearly visible, if
slight, better resistance towards dislodgement. This
has long been promoted in Asian aquacultures,
where algae are singled out after some grow out
time, which in addition enhances individual growth
(Ohno and Critchlcy, 1997; Scoggan et al., 1989). \Ve
found the forces needed to remove L. saccliarina
growing in aggregates generally smaller, but could
detect a drag coefficient comparable to that of cultured
individuals particularly at higher CUITent velocities,
when a bunch of laminarians reconfigured into a
better hydrodynamic shape. The "figure of merit" of
the bunch, characterising the relative drag reduction
dependent on increasing current velocity, is also well
within the range of individual algae (Table 2). A third
influence on algal resistance to adverse forces is
determined by its morphology. Our cuIhired algae
looked like typical L. sacrharina from high current
locations around Helgoland, having grown in a like­
wise exposed environment. Comparing them with
specimens of the same species with a more undulating
(ruffled) border from less exposed field sites showed
that the narrow and flat blades of the cui hired algae
experienced distinctly smaller drag than the field algae
(Fig. 7). Gerard (1987) postulated that strong currents
enhance hydrodynamic streamlining of the Laminari­
an frond, while at the same time such morphological
adaptation reduces the mechanical stress on the thallus
(Armstrong, 1989). Moreover, they were almost per­
fectly adjusted to the flow at much lower current
velocities than the "ruffled' field algae and their
drag coefficients were almost constant ~~t ;> I m S-l

In our experiment with the ruffled laminarians they
had not yet reached a perfect profile at a current
velocity where the drag coefficient would not have
decreased any more (Fig. 7; probable exception: W4).
The "figure of merit" B (Table 2) for field algae, at
current velocities ;> 1 m S-I, additionally indicates

that a reduction of drag could be expected for current
velocities beyond 2.5 m S-l More reliable values for
B could probably be generated at these higher current
velocities, but the caniage of the towing tank was
limited to a velocity 01'2.5 m S-l Fortunately, higher
current velocities arc uncommon for the German areas
of the North Sea and it can be assumed that under
such conditions stipes may break or holdfasts become
dislodged.

B, frequently also named E, as the value of the
"figure of merit" determined in the region of the graph
"without inflection" (Vogel, 1984) shows a negative
slope for cultured as well as field algae. The negative
value of the slope results from the relative reduction
of FD,g experienced by L. saccharina as it reconfi­
gures with increasing flow velocity. While tor culti­
vated algae B (BC 1- C 1 and Bbun ch ) was determined at
the value of -0.29 ± 0.12 (mean ± S.D.) field algae
were found to have a greater B (BW H V4) of
- 0.68 ± 0.14 (mean ± S.D.) (Table 2). The greater
the absolute value of B the greater the reduction of
FDrg and the greater the ability of the blades to get
streamlined.

Our results on cultured laminarians and more ruffled
wild ones correspond to those described by Annstrong
(1989), who reported that ruffled individuals with bul­
lations of the brown macroalga Hedophyllum sessile
originating from protected sites had a steeper descend­
ing slope than those having a strap-like blade morphol­
ogy occurring at more exposed sites. In addition, mean
values ofB for L. saccharine fit into the range of values
collected in Carrington (1990) and Koehl (2000),
where values of B for scawecds with comparable
blade-like morphology vary from - 0.28 to - 1.2.

In experimental offshore cultures of laminarians on
floating ring systems (Buck and Buchholz. 2(04) an
artificial canopy was created that certainly further
reduced flow and therefore the impact of drag at
least on the more centrally placed algae. TIle lower
resistance to dislodgement or breaking forces of L.
saccharina algae growing in aggregations versus
those growing singly (Fig. 11) is probably balanced
by a neighbourhood protection against the full impact
of currents. Reduction of drag by natural canopies has
been reported, e.g., for large kelp canopies of Nereo­
cystis or Macrocystis (Koehl and Alberte, 1988; Jack­
son, 1984) or the smaller red algae like Mastocarpus
and Chondrus (Dudgeon and Jolrnson, 1992; Johnson,
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200 I) or Chondracanthus (Koehl, 2000). The latter
might better compare to conditions in young Lami­
naria cultures,

5. Conclusion

Forces generated by local currents and waves at
"Roter Sand" were not strong enough to dislodge L.
saccharina holdfasts or to break their stipcs. While
drag increased with the square of velocity, the drag
coefficient remained constant at velocities> I m s" 1

due to the reoricntation of the laminarian fronds into a
streamlined shape. 111is mechanism functions as an
adaptation to offshore forces. A prerequisite for this
adaptation is the early transfer of young cultured
sporophytes into the sea, which requires a well-orga­
nised seeding and pro-cultivation strategy and needs
familiarity with site-specific parameters of a certain
area. Due to the fact that singly grown plants with­
stood stronger forces, offshore areas with current
velocities > 2 m s-1 and waves higher than 6 m
require cultures with less densely seeded sporophytcs.
Provided the above mentioned prerequisites are met,
extensive aquaculture of L. saccharina in the high
energy environment of the German 13ight appears to
be feasible.
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Inshore-offshore comparison of parasite infestation in Mytilus edulis:
Implications for open ocean aquaculture
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Summary

Offshore production offers a new perspective for mussel aquaculture in the German Bight
(North Sea) as no expansion is possible in the intertidal and subtidal zone of the Wadden Sea
because of restrictions on the number of licenses. The development of offshore wind farms
offers a unique opportunity because of the associated infrastructure, Service platforms, as well
as the pylons themselves, offer perfect structures for mooring longlines and other culture
units. One of the advantages of offshore culture may be a lower parasite load in offshore
mussels compared with mussels produced under traditional inshore bottom culture. By
sampling mussel spat from offshore suspended buoys or collectors, we simulated an offshore
culture situation and compared parasite infestation rates with those in mussel spat obtained
from suspended inshore buoys or collectors, in mussels from inshore benthic subtidal beds
and from inshore benthic intertidal mussel beds. Mussels from offshore sites were free of
trematodes and shellboring polychaetes. Parasitic copepods only occurred at a single offshore
site, on a 20-year-old research platform, but not on buoys or collectors exposed for shorter
time periods. All three monitored parasite taxa were present at all other sites. The highest
prevalence was found for trematodes in inshore benthic intertidal mussels (78.7 ± 6.4%) and
locally reached 100%. Through a variety of detrimental effects, trematodes, parasitic
copepods and shell-boring polychaetes are known to affect growth performance and product
quality. We therefore propose that offshore mussel production could be a promising culture
procedure because it seems to result in lower parasite burden than at traditional culture sites.
Whether offshore production also results in better survival and growth, compared with inshore
mussel culture on a commercial scale, needs to be investigated further,
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Summary

Offshore production offers a new perspective for mussel
aquaculturc in the German Bight (North Sea) as no expansion
is possible in the intertidal and subtidal ZOTle of the Wnddcn
Sea because of restrictions 011 the number of licenses. The
development of offshore wind fa11115 offers a unique oppor­
tunity because of the associated infrastructure. Service plat­
forms. as well as the pylons themselves, offer perfect structures
for mooring longlines and other culture units. One of the
advantages of offshore culture may be a lower parasite load in
oflshore mussels compared with mussels produced under
traditional inshore bottom culture. By sampling mussel spat
from offshore suspended buoys or collectors, we simulated an
offshore culture situation and compared parasite infestation
rates with those in mussel spat obtained from suspended
inshore buoys or collectors, in mussels from inshore benthic
subtidal beds and from inshore benthic intertidal mussel beds.
Mussels from offshore sites were free of trematodes and shell­
boring polychactcs. Parasitic copepods only occurred at a
single offshore site, on a 20-year-old research platform, but not
on buoys or collectors exposed for shorter time periods. All
three monitored parasite taxa were present at all other sites.
The highest prevalence was found for trematodes in inshore
benthic intertidal mussels (78.7 J:. 6.4%) and locally reached
100r%. Through a variety of detrimental effects, trernatodes,
parasitic copepods and shell-boring polychaetcs are known to
affect growth performance and product quality. \Ve therefore
propose that offshore mussel production could he a promising
culture procedure because it seems to result in lower parasite
burden than at traditional culture sites. Whether offshore
production also results in better survival and growth, com­
pared with inshore mussel culture on a commercial scale. needs
to be investigated further.

Introduction

Aquaculture of blue mussels (Af}'!ilus cdulisv and related
species in Europe traditionally uses two types of fanning
procedures: (i} bottom cultures where mussel spat is collected
by boat from natural seeding grounds and relaved on culture
lots where growth is known to be better and more consistent
(Seaman and Ruth, 1997); mussels remain there for a certain
time and arc then harvested at marketable size. Alternatively,
(ii) suspended cultures, where spat is collected on specially
designed structures (e.g. Walter and Liebczcit. 2003) where
mussels either grow directly until the)' reach marketabl~ size or
are transferred to grow-out areas. Both culture methods are

usually applied in shallow inshore waters with intertidal and
subtital environments.

A new perspective for mussel aquacunurc has been proposed
in which either spat collection or grow-out culture are
transferred from inshore to offshore systems (Buck, 2002;
Buck et al., 2004a,b). The mussel spat is also hereby collected
by longline collectors and harvested from these floating units
by boats, but the lines are placed in the open sea and are not
close to the mainland (e.g. Wadden Sea). A major difficulty
with this farming method is the infrastructure costs for
extensive moorings to cope with high seas and strong currents.
However, by combining mussel culture with projected offshore
wind farms, the opportunity for developing cost-effective
infrastructure for servicing as well as for reliable moorings
presents itself. A new mooring technique has been developed
using windmill pylons (Buck et al., 2004c). This fanning
method is considered to be a promising modern approach for;
variety of reasons. From a nature conservation perspective,
such culture practices would lower the impact from mussel
fisheries on highly sensitive and protected areas such as the
Wadden Sea, where the development of fisheries is restricted
by environmental laws. From an economic perspective, an
expansion of the industry to commercial scale appears to be
possible while at the same time growth of mussels in offshore
waters is much faster than inshore, shortening the grow-out
time. In addition, field trials indicate that recruitment of
mussel spat may be relatively consistent between vca rs. In
inshore areas, strong natural fluctuations in the bi~)mass of
seed mussels OC(..'11r. drastically influencing ~ from year to year
- the productivity of the leased plots. Waltcr and Liebczeit
(2001) found even in years with a low inshore spat fall and
bcnthic settlement success that post-larvae of AI. edulis settled
in high densities on suspended collectors. This may be
primarily linked to less siltation, less mobility of sediment.
lower suspended solids concentrations and more consistent
currents (Pulfrich, ]995); new methods 10 collect seed mussels
for their cultures in an environmental friendly way should he
of general interest to the fisheries.

Another potential advantage of offshore mussel culture mav
be a lower or negligible overall parasite burden in offshor~
mussels. There are three major groups of parasites known to
negatively affect mussels: trematodes, parasitic copepods and
shell-boring polvchactes (Cheng, 1967; Lauckner, 1983: Sin­
dermann, 1990). Burdens' of these types of parasites may be

less in offshore mussels because trematodes have complex life
cycles, most often with gastropods functioning as their first
interme..-diatc host, bivalves as second intermediate and birds ,1S

U.S. Copyright Oeu arce Centre Code Statement: 0175-8659/2005j2102~0107S15.00!0 www. blackwell-svnergv .com
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Iinul hosts {Lauckner, 1980, 1(83). As the most common first
iurcnucdiatc hosts (c.g. Littorino tiuorco and Hydrobia ulvac]
arc exclusively intertidal organisms, the life cycle for these
parasites is incomplete in offshore waters and therefore should
result in no or very low trematode burdens in offshore cultured
mussels. Parasitic copcpods like Mvtiticola intcstinalis and
shell-boring polychnctcs such as Potvdora ciliata frequently
occur in inshore areas and arc dispersed as planktonic larvae
(Hempel. 1960; Daro and Polk , 1973). The relatively short
duration of these planktonic before settlement occurs
limits the distance of 131'v.1.1 there-fan: the probability of
viable larvae reaching offshore culture structures and encoun­
tering mussels is greatly reduced. The risk of infestation is
further reduced by the enormous dilution effect occurring
during the dispersal of larvae over the relatively large distances
between inshore hosts and offshore mussels. Thus, the infes­
tation potential by these parasite species to infest offshore
mussels should be greatly impaired and the overall burden
substantially reduced.

The objective of this study was to investigate the infestation
of mussels with trcmn todcs. parasitic copcpods and boring
polvchactcs at offshore culture sites (> 6 nm from mainland
Germany) compared with traditional inshore sites. Mussel spat
was therefore collected from cxpcrimcntalf... deployed offshore­
suspended collectors or buoys, from inshore-suspended col­
lectors. from inshore bent hie subtidal mussel beds and from
inshore ben lhic intertidal mussel beds. The three inshore
culture types were chosen to reflect the different culture
methods currently employed commercially to gather spat,
while also comparing benthic vs suspended and subtidal vs
intertidal collection methods. The present study focused on
mussel spat only because the German, Dutch and Danish
inshore mussel culture industry production relics entirely on
inshore spat collection. Furthermore, the focus on spat,'
juvenile growth improved the comparability of the data by
ensuring that the mussels investigated were of approximately
the same age to avoid potentially confounding age/size­
parasite burden relationships.

Material and methods

Origin and collection of mussel spat

Spat of J/. cduhs (n = 30-50 per sample) was collected from
various locations within the German Bight in September and
October 2003 (Fig. 1). The sample locations were chosen in the
following habitats: inshore benthic intertidal (16 sites), inshore
benthic subtidal (four sites), inshore-suspended (four sites) and
offshore-suspended (seven sites) positions (Table 1). Mussel
spat from intertidal sites were sampled at low tide; spat from
all other sites were harvested using boats and SCUBA gear. At
benthic subtidal sites, AI. edulis spat was gathered from the
seabed. At inshore- and offshore-suspended sites, samples were
taken from spat collectors with pclypropylenc tufts (Tortcll,
1976) or buoys. The collectors were fastened into a steel Frame,
which itself was fixed to a research mooring 3-4 m below the
water surface (Fig. 2). These moorings were also used in a
research project to investigate the feasibility of mussel offshore
aquaculture at offshore wind farms (Buck et al., 2004a,b).
Buoys were official navigation marks.

To ensure that all mussels were of approximately the same
age (2003 year-class'), mussels were selected according to a
shell length ranging from 15 to 4.5 mm. These represented
immature specimens of similar physiology, also used in
standardized bioassays (Ernst et al., 1991). Mussels from
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suspended offshore sites were known to be from the
2003 year-class because the spat collector devices were
deployed during that year (Buck et al., 2004bt

Mussel samples were in general checked and analysed
immediately, except for those samples collected at offshore
locations (j-day cruises) and at eight intertidal locations, and
were stored deep frozen.

Parasite analysis

The length and width of each of the selected mussels were
measured using a vernier calliper [maximum uutericr-postcrior
dimension according to Seed (1968)] 10 the nearest 0.1 mm.
The mussel shells were opened with a scalpel b).' cutting the
adductor muscle. The soft tissue was removed, placed on a
thick glass slide and carefully cut in pieces. Tissue residues
were dispersed on a comprcsscrium (in order to avoid piling up
thick tissue) and then squeezed. Crushed preparations were
examined by stereomicroscope at a magnification of 25-50
under transmitted light for the prescnce of trcmatodcs and
parasitic copepods.

Parasite species were identified from relevant literature
descriptions (e.g. Dcthlcfscu. 1970, 1972; Lauckner, 1983;
\Vatermann et al., 1998). As freezing does not affect the size of
metacercariac (Lcpitzki et '11.. 1994), identification of trcma­
todcs was also reliable in frozen specimens. In addition, mussel
shells from five inshore bcnrhic ill tcrtidal and from a ll loca lities
ell other sites were inspected for the presence of shell-boring
polychactcs.

Statistical analysis of data

In this study, the prevalence of parasites is defined as the
percentage of infected mussels within the total sample, which is
assumed to be representative of the sampled population.
Intensity in this study is defined as the mean number of
parasites in all infested mussels in a sample. Prevalence and
intensity of the three parasite taxa (Fig. 3) were compared
between the four sampling habitats by one-way ANOVA. Data
were arcsinc-transformcd for prevalence and log-transformed
for intensity data (Underwood, 1997) prior to analysis
resulting in homogenous variances and normality. Pas! hoc
calculations were done with Tukcy's HSD-test for unbalanced
data sets (Spjorvolf/Stolinc) (Day and Quinn, 1989). Aritb­
metic mea n values and standard errors were calculated for
each sample and for each of the determined parameters.

Results

The prevalence of n-ematodes and copepods was significantly
different among the four sampling sites (one-way ANOVA:

irematodcs F3,27 = 24.04, P < 0.001; copcpods F3.27 = 6.09,
P < 0.01, respectively). The prevalence of boring polychaetes
was not significantly different (one-way ANOVA: F 3. l 6 = 1.86,
P = O.18). Only Mvt. intes unalis was present at all sites
(inshore bentbic intertidal: 27.4 .:l 5.3~'o; inshore benthic
subtidal: 26.5 11%; inshore suspended: 13.7 2.7~/o: olT­
shore suspended: 2.9 :1.-. 2.9%). However, in offshorc-suspcn­
ded sites this parasite occurred at only a single locality (ODAS
II). Polydora ciliata was not found at offshore-suspended
sites and occurred at similar prevalence at the three other
sites (Tu key HSD-test, Table 2) (inshore benthic intertidal:
2.7 ± 1.9%; inshore benrhic subtidal: 2.5 ± 0.8%: inshore
suspended: 1.7 ± L7~...'O). Trematodes showed the highest
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Fig. I, Map of the German Bight
including the enlarged island of
Helgolaud (upper left) and the
enlarged island of Sylt (upper right).
Figures indicate the test location of
intertidal, subtidal, inshore-suspended
and offshore-suspended sample
locations

location of sample sites:
Ointertidaf

e Subtidal

o Sospended inshore

.S\ISpo,m.!(XJ oUshore

o

•

Table I
Origin of experimental mussels from
inshore and offshore habitats

Site
number Location Habitat Name of location

Depth (m)!distance from
low water line (nautical miles) Il

Inshore benthic Feddcrwardersiel
subtidal Jade estuary

DB
Nossc Slid

Inshore Inshore benthic Helgoland 1: Tetrapodcn
intertidal Helgoland II: Lange Anna

Geniusstrand
Uthorn
Blidselbucht
Munkmarsch
Puan Klcnt
Archsum
Fohr
Holmcr Fahrc I
Holmer Fiihre II
Holmer Siel
Rummelloch I
Rummelloch II
Neufahrwasser Trischen
Busum

8
9
10
II
12
13
I"
15
16

17
IS
19
20

21
22
23
24

25
26
27
28
29
30
31

Inshore
suspended

Offshore Offshore
suspended

Niedersachsenbruckc
Tonne Hover Dvb
Tonne Lisler Ley 3
Tonne Lister Ley 19

TG 15 (EEZ)
TG 10 (EEZ)
Roter Sand
Amrumbank West
Vortrapptief
OD AS I
ODAS 11 (research platform)

0-5!< 1
0---5!3
0--5/2.3
0-5/0.5

4fl5
4/8
3!l5
4/13
4/6
4'16
4/16

30
30
30
50
39
50
50
34
34
36
50
50
50
50
50
50

30
30
37
50

30
50
50
30

30
30
30
30
30
30
30

For suspended habitats, italics indicate sampling from buoys; other samples were taken from
collectors.

prevalence at inshore benthic intertidal sites (78.7 ± 6.4%)
and lower prevalence at inshore benrhic subtidal
(21.7 ± 7.7%) and inshore-suspended sites (28.2 ± ]4.1%)
(Tukey HSD-test, Table 2). No trcrnatodcs were found at
offshore sites. The dominating trematode species were Renico!a
roscovira followed by Himasthla continua. 11. elong am and
Psilostomum brevicole (Table 3). All trcmatodcs occurred as

encysted metacercariae: only a single mussel from an inshore
benthic subtidal site showed sporocysts, which may refer to
Monorchis parvus (Ba rtoli et al., 2000).

Mean intensity among sites differed for trcmatodes (one-way
ANOVA: F3.27 = 5.31, P < 0.0]) and for Mvt, intestinalis (one­
way ANOVA: F3 ,2"i ~ 9.75. P < 0.001) (Fig. 4). Trematode
intensity was highest at inshore benthic intertidal sites



188 Bela H. Buck

110 B. H. Buck et al

Fig. 2. Mooring device for the use ofmussel spat collection ill offshore
locations. The metal frame, which was the holding unit for the spat
collectors, was fixed to the anchor rope at a depth of 3·-4 m to avoid
the loss of mussel spat because 01'harsh weather conditions

Inshore
suspendedSubtidalIntertidal

Table 2
Results of 1'0,1'[ hoc tests (Tukey's HSD/Spjotvoll-Stoline test for
unbalanced data sets) of one-way ANOVAS for trematode and copepod

and trematode and copepod intensity (b) in mussels
at the four different sites

waters, explains this observation. Additionally, a low infection
pressure of trematode larvae (ccrca riacj a r offshore sites can be
predicted. A low density of larvae at a distance from the host
popularions in addition to a dilution effect is likely an
explanation for the absence of shell-boring polychaetes and
parasitic copepods. The probability that larvae will reach such
outposts in the open ocean is low. However, the possibility of
larvae eventually reaching and infesting offshore sites is
indicated by the presence of a few Myr. intestinalts in mussels
from 3. 20-year-old research platform (ODAS II) located 16 nrn
offshore. Given sufficient time, small numbers of Aly!' intesti­
nalis have become established at the platform and have founded
a remote population of yet-unknown size. Despite the short
distance to ODAS II (approximately 60 m), mussels from
ODAS I were not infested. However, IllUSSelS at potential
offshore culture sites would be harvested within 1-2 years and
hence the risk of infestation with parasitic copepods should
remain very low.

At inshore sites, mussels harboured trematodcs, parasitic
copepods and shell-boring polychactcs. Mvtilicola intestinatis
and P. ciliata showed similar prevalence and intensity at the
different localities. This may result from a more or less
homogenous distribution of larvae in inshore waters during
their pelagic stages, leading to a relatively uniform infestation
rate of mussels. Even if the distribution of mussels is patchy,
the infestation should be similar within the plume of larval
dispersal. In contrast, trematodes showed a markedly higher
prevalence and intensity at inshore benthic intertidal sites than
at the two other inshore areas. 111is reflects the distribution or
typical first intermediate hosts (Littonna spp., Hydrobia spp.)
that reach highest abundance in intertidal areas (Ziegelmeier,
1966). Our results are in agreement with studies from other
inshore sites, including raft cultures that also show high local
infestation rates and similar species compositions (Svardb and
Thulin, 1985; Villalba et aI., 1997: Fuenres et aI., 1998, 2002;
Svardh, 1999; Zens, 1999).

With no parasites present at short-lived offshore sites!
mussels are free from a variety or negative effects described in
mussels and other bivalvcs. Trernatodes have been shown to

Prevalence
I'rematodcs

Subtidal 0.01
Inshore suspended 0.03 0.97
Offshore suspended 0.0002 0,28 0,13

Mvtilicoln
'Subtidal 0,99
Inshore suspended 0,81 0,94
Offshore suspended 0.007 01 0,29

Intensity
Trematodes

Subtidal 0.39
Inshore suspended 082 0,88
offshore suspended 0.02 0.83 0.4

Mvtilicola
SUbtidal 0.92
Inshore suspended 0.96 0,99
Offshore suspended 0.0007 0.04 0.03

Significant results arc in bold.

• Trematoda
!S; Mytilicola

Polydora

Offshore
suspended

I,' ~' .....-Spat
collector

~"'" " ,"

Steel-.....
frame

Inshore benthtc Inshore beuthlc Inshore
intertidal subtidal suspended

100 1
!

Fig. 3 Mean prevalence (%) (±SE) of trematodes, copepods
(Mytilh:ola inrcstinalisv and shell-boring polychactes (Polydora dhara)
at the four habitats: inshore benthic intertidal: tl = 16: inshore
benthic subtidal: n = 4; inshore suspended: n = 4; oJTshor~ suspen­
ded: n = 7

(98.9 ± 86.8 ind hose 1) and lower at inshore beufhic subtidal
(1.7 :::l~ 0.2 ind host~l) and inshore suspended (3.9 ± 1.9 ind
hose I

) sites (Tukey HSD-Iest, Table 2). The intensity of
trematodes at offshore sites was O. The intensity of Mvt,
intestinalis was not different for inshore benthic intertidal
(lA ± 0.1 ind host-I), inshore benthic sub tidal (1.7 -i: 0.3
ind host' I), inshore suspended (1.2 ± 0.1 ind host' I) or off­
shore suspended (1.83 ± J.J7 ind host I).

Discussion

The design of the study includes a sufficiently large area with a
representative sampling grid covering the four distinct habitats:
inshore bcnthic intertidal, inshore ben thic subtidal, inshore
suspended and offshore suspended. Mussels cultured at off­
shore sites were generally free of parasites. In the case of
trematodes, absence of typical first intermediate hosts (Litto­
rina spp., Hydrobia spp.), which may be restricted to uearshore
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Table 3
Mean prevalence ('%) and intensity (individual per infected host) of the trematode species found at the four habitats: inshore benthic intertidal:
n = 16: inshore benthic subtidal: n = 4; inshore suspended: n = 4: offshore suspended: II 7

Intertidal Subtidal Inshore suspended Offshore suspended

Hintasthla continua
Hbnasthla elongata
Renicola roscavita
Psilostomum brevicole

Prevalence

5.1 3.9
27.8 23
69.2 29.9

1.8 3.4

Intensity

21 j, 0.2
2.9 ± 09

97.5 ± 86.0
1.2 ± 0.1

Prevalence

2.4 ± 2.8
3.0 ± 3.9

16.9 ± 15.4

Intensity

2.5 ± 0
1.4 ± 0.1
1.5 ± 0.3

Prevalence

3_7 ± 2.7
3.7 ± 2.7

20.8 ± 41.6

Intensity Prevalence Intensity

2.5 ± 0
1.5 ± 0
9.7 ± 0

Fig. 4. Mean intensity (individual per infected host) (± SE) of
trcmatodes and copepcds (Mvtiltcolo infestinalis) at. [he four habitats:
inshore benthic intertidal: n -0::::' 16: inshore benthic subtidal. n = 4;
inshore suspended: n = 4; offshore suspended: lJ = 7

reduce survival in mussels and cockles especially under
environmental stress (Sannia and Jarnes, 1978; Goater, 1993;
Wegeberg and Jensen, 1999; Desclaux et al., 2004) and 10
reduce bivalve growth and condition (Calvo-Ugarteburu and
r.1cQuaid, 1998; Taskinen, 1998; Wegeberg and Jcnscn, 2003).
In a previous experiment (D. \V. Thieltges. unpubl, data)
mussels were artificially infected with R. roscovita and placed
in intertidal and subtital cages. Results have shown significant
differences in the growth ra te, being lowest in infected mussels
as well as in intertidal cages. In mussels, trematodes have been
shown experimentally to reduce the production of byssus
threads, presumably enhancing the risk of dislodgement of
parasitizcd mussels (Lauckner, 1983). Furthermore, Seed
(1976) and Cousteau et al. (1990) mentioned that trematode
sporocyst infestation often led to sterilization, which does not
primarily affect the cultured mussel itself but does limit the
potential spat fall for the following season. The parasitic
copepod, Myt, intestinalis, has been suggested to live as a
cornmensal rather than a harmful parasite as observed in a
In-year study carried out in the Cornish estuary (Davcy, 1989).
However, Myt, intestinalis has been suspected to be involved in
mass mortalities of mussels (Korringa, 1951). but its actual
pathogenicity has been questioned (Davey et al., 1978; Gee
and Davey, 1986), However, Mvt. intestinalis also seems to be
involved in a reduction of the condition of infected mussels
(Theisen, 1987; Camacho et al., 1997). Mvtiiicola intestinalis
has negative effects on the oocytes of mussels, which affects
both fecundity and condition (e.g. Theisen, 1987; Trews, 1988).
Dethlefsen (1974, 1975) demonstrated that Myt. intestinalis
infestation affected meat content of market-size mussels.
Excavations of the shell-boring polychaete, P. cilia fa, reduce
shell strength, thus making mussels more susceptible to
predators (Kent, 1981). They also negatively affect the
condition of the mussels (Kent, 1979; Ambariyanto and Seed,
1991). As P. ciliata produces shell deformations on the iuner

Inshore benthic Inshore benthic Inshore
inlertidal subtidal suspended

• Trematoda
I:I:! Mytllicola

research
platform
ODASiI

I
Offshore

suspended

surface of the shell, infested mussels may be less attractive to
consumers.

A number of studies have described the parasite load of
J1. edulis in the German Wadden Sea. The general pattern
indicates, particularly for Myt, intestinalis, a relatively high
prevalence during the early years after introduction of this
non-indigenous parasite into the German Wadden Sea. Later,
a generally lower level persisted, with some year-to-year
variability (e.g. Dethlefsen, 1992). Our data indicate preval­
ence and intensity similar to those observed historically. It is
unfortunate that no studies of parasite loads have been
undertaken in the German Waddeu Sea since the mid-1970s.
We arc, therefore, unable to conclude that the snapshot
findings of our one-season survey are representative in the long
term. The implication of this critical point is obvious: if our
observations were made during a year of exceptionally low
overall infestation, then the likelihood of some higher prcval­
ence in offshore sites cannot be excluded for years with much
higher overall prevalence inshore. In other words, high levels
of infestation inshore will result in the release of planktonic
reproductive stages which may disperse greater numbers
offshore. thereby increasing the probability of encounters
and infestation at offshore locations. This may have strategic
management implications for mussel farming. Nevertheless,
our findings indicate that overall infestation rates in offshore
mussels will always be somewhat lower than in mussels from
inshore locations.

As described above, the absence of metacercaria in offshore
mussels is probably due to the a bsence of one of the obligatory
intermediate hosts (e.g. the snail). On the contrary, this does
not mean that trematode infestations do not occur in offshore
habitats (away from the Wadden Sea). For example, our
samples from the northern tip of the island of Helgoland
showed the highest infestation rate in this study (rnax. 5053
metacercaria in a single mussel). The coast of Hclgoland
contains a variety of hard (rocky) substratcs at tidal, intertidal
and subtidal levels, thereby supporting a large variety of taxa.
Several snail species (all intermediate hosts) exist in these
babitats (Ziegelmeier, 1966; Janke, 1989). Additionally. these
rocky shores are protected areas and accommodate large
breeding populations of migratory birds. In conclusion, high
seasonal populatious of birds and high biodiversity of inter­
mediate hosts at the same rocky shores result in high diversity
and prevalence of mussel parasites.

The overall findings and the comparisons among different
sites allow some firm suggestions for management options of
offshore mussel farms to keep parasite loads as low as possible.
Structures used for attachment (e.g. longlines, all parts of
buoyancy, mooring chains, service platforms) should be
limited to a lifetime of a few years or cleaned and disinfected
at regular intervals (2 m·3 years). This should avoid the devel­
opment of large fouling communities that include the inter-
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mediate hosts, particularly on permanent structures (c.g.
wind farm pylons and service platforms), The most appropri­
ate frequency for cleaning should be determined through a
long-term monitoring programme of the fouling communities
with special emphasis Oil target spec-ies (e.g. snails).

Conclusions

In conclusion, we may safely state that mussels from
offshore si res arc largely free of parasites. Offshore mussels
should survive better and grow faster than their inshore
counterparts. Our results indicate that mussels raised at
offshore sites offer a promising perspective for mussel
aqua culture as they carry low parasite burdens. Other
advantages include reduced fishery pressure on inshore seed
mussels, higher yield and more reliable recruitment. How­
ever, our investigation was not undertaken at established
commercial offshore fanning sites, but at an experimental
unit which is believed to simulate offshore culture situations
realistically. How the parasite infestations will actually
develop offshore will require investigation once commercial
offshore farming has started. Another knowledge gap is the
potential infestation of offshore mussels with microparasites
such as human pa thogcns (viruses and bacteria). Similar to
the macroparasites investigated, dilution effects and limited
dispersal might lead to a favourable situation in offshore
waters. Further, it is not known whether highly infested
mussels from intertidal mussel beds. which are collected by
fishermen and relayed for on-bottom mussel culture at

suitable subtidal licensed plots, may transfer parasites to
less-infested habitats.
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potentialsfor Mytilus cdulis culture ill offshore areas

Waiter U, Buck BH, Liebezeit G (accepted), Aquaculture International

Abstract

To obtain information on the occurrence of blue mussel larvae (Mytilus edu1zs) in the German
Bight (North Sea), plankton sampling was carried out at nine test locations in offshore areas
10-40 nautical miles offshore. Furthermore, the settlement of Aryl/Ius spat was estimated on
test moorings equipped with suspended artificial collectors. Larvae were distributed
heterogeneously in time and space, with the highest numbers recorded in May (80-25,000
larvae m'). Lower larval numbers were observed in the offshore areas (>20 nm (nautical
miles) off the coast) compared to the inshore locations «20 nm), Numbers of settled Mytilus
spat ranging from 0-1, I00 mussels-m" collector were low offshore compared to inshore data
of several tens of thousands settlers m,l collector. Water samples were also obtained to get
insight into nutrient concentrations, chlorophyll contents and the POCiTPN ratios (particulate
organic carbon to total particulate nitrogen) as potential indicators for the availability and
quality of food for blue mussels. Water samples showed good food availability for mussel
growth in the offshore areas. However, further detailed studies on larval distribution and
settling are needed to fully assess the utility of seed mussel recourses in offshore areas.
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Abstract

To obtain information on the occurrence of blue mussel larvae (Mytifus edulis) in the German Bight (North Sea), plankton
sampling was carried out at nine test locations in offshore areas 10-40 nautical miles offshore, Furthermore, the settlement of
Mytilus spat was estimated on test moorings equipped with suspended artificial collectors. Larvae were distributed
heterogeneously in time and space, with the highest numbers recorded in May (80-25,000 larvae rn'). Lower larval numbers
were observed in the offshore areas (>20 nm (nautical miles) off the coast) compared to the inshore locations «20 nm)
Numbers of settled Mytilus spat ranWng from 0-1,100 mussels-m" collector were low offshore compared to inshore data of
several tens of thousands settlers m -collector. Water samples were also obtained to get insight into nutrient concentrations,
chlorophyll contents and the POCfTPN ratios (particulate organic carbon to total particulate nitrogen) as potential indicators for
the availability and quality of food for blue mussels. Water samples showed good food availability for mussel growth in the
offshore areas, However, further detailed studies on larval distribution and settling are needed to fully assess the utility of seed
mussel recourses in offshore areas

Keywords: mussel farming, offshore aquaculture, larval distribution, settlement, POCI TPN ratio, North Sea

Introduction

Most coastal European countries are engaged in
mussel culture. Mussel farming along the
German North Sea coast has a long tradition
(Kleinsteuber and VVlII 1988). Although the
exploitation of natural mussel beds (Mytilus
edulis) in the German Wadden Sea has taken
place for centuries, an extensive, combined
fishery-culture system has developed only since
the 1950's (Korringa 1976), using the
techniques described by Seaman and Ruth
(1993). In this system seed mussels are
collected from dense, wild beds in subtidal or
intertidal parts of the Wadden Sea area. They
are re-laid at densities of 30-40 t ha-1 at a shell
size of 5-20 mm on specific, permanently water­
covered culture plots resulting in an increase of
growth rate and a doubling in size within about
one year (Hickman 1992) thus allowing a
harvest of up to 100 t ha' (half-grown size: 20­
40 mm) (Seaman and Ruth 1993). However,
negative aspects of bottom culture are that the
mussels are subject to higher predation
pressure from eider ducks, starfish and/or crabs
and that this technique depends on the
availability of seed mussels from the wild.

Initiated as a result of poor recruitment over
several years, research commenced in 2000 to
investigate whether or not suspended culture
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techniques could be used to obtain seed
mussels in an inshore area of the Jade estuary
(Waiter and Liebezeit 2001, 2003). The
technique employed was a longline, commonly
described as off-bottom culture, which was
suspended into the water column. Attached to
the longline, different types of collectors were
deployed to act as settling substrates for the
mussel spat. Thus, the number of larvae in the
water column is a main factor affecting the
production output. However, the potential of a
direct expansion of the industry in the Wadden
Sea is limited due to the nature reserve status
along the German North Sea coast and its harsh
and highly dynamic environmental conditions
(NPLSH 1999; NPLLS 2001). Because of the
relatively short coastline in relation to its inland
area the only option for further development of
mussel cultivation within German national
marine waters seems to be to move to more
exposed, Le. offshore farming sites (Buck 2002).
VVlth this in mind, a multiple-use concept for the
areas where offshore wind farms are planned
has been developed (Buck et al. 2004). This
encompasses various aquaculture species
including macroalgae, blue mussels and
oysters.

The present study aimed at identifying the
occurrence and distribution of mussel larvae in
the coastal area 10-40 nautical miles off the
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German North Sea coast, where offshore wind
farms are planned. While inshore (Wadden Sea)
distribution and settlement is known, no data are
as yet available for offshore areas. The present
study provides first data on spat settlement on
suspended collectors while also offering insight
into the time scale and density of spat settling.
Furthermore, the contents of chlorophyll and the
C/N ratios (particulate organic carbon to total
particulate nitrogen) was determined to indicate
whether one could in principle expect sufficient
food for blue mussels at the offshore test sites in
the German North Sea territory and the
Exclusive Economic Zone. If the limited data set
would indicate that the minimum required for a
reasonable nutrition of mussel larvae cannot be
met this would be considered as a negative sign
in the list of site selection criteria.

Bela H. Buck

Material and Methods

Offshore wind farm sites and test moorings

In order to find suitable offshore locations where
the biological background conditions were
suitable for both wind and aquaculture farms, a
number of offshore wind farm sites within the
German Bight were surveyed in 2002.
Subsequently nine locations 10-40 nautical
miles off the German North Sea coast were
selected for further investigation (Fig. 1). Site
criteria for this survey were the vicinity to a
planned wind farm, the distance from the coast,
the water depth, the water quality, and the
substratum.

In January 2003, the selected offshore
locations were equipped with test moorings on a
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Figure 1. Map of the German Bight including the positions of the nine test locations, 10-40 nautical
miles off the German North Sea coast.

·2·



Appendix 10 (Pub. X) - Larval Occurence and Settlement in the German Bight 197

bundles with
settled

mussels

-18-25 m
_(depending on rccsuoo)

Figure 2. Special designed offshore spat
collector. The frame holding the bundles is
attached 3 m below the surface.

cruise with the research vessel RV Heincke. The
moorings were deployed adjacent to proposed
wind farms. For safety reasons they were placed
at least 1 nm from the wind farm areas.

The mooring's marker buoy had a buoyancy
of 300 kg and was connected to a 2 ton
concrete block with a 22 mm steel wire and a
heavy buoy chain (Fig. 2). At 3 m below the
surface a 1*1 m metal frame was fixed to the
wire, providing a holding unit for two spat
collectors clamped into the frame. The depth
was chosen because of multi-annual data
(Waiter and Liebezeit 2001, Joschko et al. 2006)
indicating little settlement in depths <4 m. Each
collector consisted of a polypropylene carrier
rope (10 mm) with four inserted transverse
elements to enlarge the surface area. The
elements were made of 15 cm long pieces of the
same polypropylene rope, which were frayed
manually in 1,100 single fibres to produce a
bow-tie-like bundle. This type of collector is
equivalent to the type used by Tortell (1976) and
Dare et al. (1983) and has proven successful in
its ability to attract mussel spat in tens of
thousands of individuals per meter (Wa~er and
Liebezeit 2003).

Once a month if possible (February, March,
April, May, July, September), samples were
collected on a 5-day cruise using the research
vessels RV Heincke, RV Uthorn, and RB
Remzy.

Determination of larvae numbers and settlement
ofpost-larvae

To determine the number of mussel larvae in the
water column, 50 I samples of seawater (3
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replicates) were taken from a depth of 5 m using
a submersible pump (Caceres-Martinez and
Figueras 1998; Roegner 2000). The seawater
samples were filtered through a plankton net
(mesh size: 125 urn), fixed in buffered
formaldehyde (4 %) and stored at 4 °C. In the
laboratory, mussel larvae were quantified on a
counting grid using a binocular microscope
(magnification 20-50). Due to the poorly
developed morphological diagnostic features,
especially at the early larval stages, mussel
species were not discriminated routinely
(Caceres-Martinez and Figueras 1998).

Bundles placed at the study site were
sampled monthly to follow the settlement of
post-larvae during the study period. The
remaining ropes were not collected until the end
of the eight month experimental period to
provide information on long term settlement.
Removed bundles were preserved in buffered
formaldehyde (4 %). All bundles were later
rinsed with water and settled mussel spat were
removed. When larvae remained on the
filaments, the whole bundle was bathed in
sodium hypochlorite solution to ease the
detachment of the byssus threads. Mussel spat
were separated from other fouling organisms
and counted. Small mussels «4 mm) were
measured in length using a binocular
microscope and a micrometer. Individuals with a
size >4 mm in length were measured using
vernier calipers.

Water samples

Water samples for the determination of
chlorophyll as well as particulate organic carbon
(POC) and total particulate nitrogen (TPN) were
collected at a depth of 3-5 m (depending on tidal
level and current velocity on the time of
sampling) with the same electric pump used for
the larvae sampling.

All water samples were screened through
300 urn plankton gauze to remove larger
particles.

To measure chlorophyll (chi a, b, C1, C2) and
phaeophylin contents, 800 011 of seawater were
filtered through Whatman GFIC'" filters (n = 2).
The filters were cut into small pieces and stored
at -20 ·C in 1.5 011 Eppendorf cups. These were
transferred into test tubes with 10 011 aqueous
acetone (90 %) and treated Ultrasonically (Ultra
Sonifier W 250 Branson) for 20 seconds while
cooled on crushed ice. Samples were then
incubated at 4 °C in the dark for two hours
followed by centrifugation for 10 minutes at 4000
rpm. The extinction of the supernatant was
measured (optical path length 5 cm) at 750, 630,
647, 663, 664, 665 nm (Parsons and Strickland,
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1963) using a spectrophotometer (Milton Roy
Genesis). The reference was aqueous acetone
(90 %). Thereafter, 0.1 rnl HCI was added and
the measurement at 665 nm was repeated. After
correction of the extinction for all wavelengths
by the extinction at 750 nm the chlorophyll
contents were calculated employing the
equations given by Jeffrey and Humphrey
(1975). The total chlorophyll (TCHL) is therefore
the sum of a, b, C" crchlorophyll and the
phaeophytin.

Samples for the determination POC and TPN
were filtered over pro-combusted (450 "C,
overnight) glass fibre filters (Whatman GF/C"),
washed with 2 ml doubly distilled waters and
dried at 65 "C. After weight determination the
samples were acidified with 1M HCI to remove
inorganic carbonates and redried. POCITPN
was then determined by high temperature
combustion (Nitrogen Analyser 1500, Carlo Erba
Strumentazione). Acetanilide was used as
calibration standard.

To determine the seasonal availability of
inorganic nutrients as an indicator for
phytoplankton growth conditions ammonium,
nitrate, phosphate and silicate were analysed in
the seawater according to Grasshoff et al.
(1999) on replicate samples. Reproducibilities
were ± 3.0 % (reactive dissolved phosphate, n =
94), ± 5.2 % (nitrite, N = 95), ± 3.3 % (nitrate, n
= 93), ± 4.5 % (ammonium, n = 95) and ± 2.5 %
(silicate, n =94).

1000

AMJ AMJ AMJ AMJ AMJ AMJ AMJ AMJ AMJ month

1 2 3 4 5 6 7 8 location

Figure 3. Number of mussel larvae (mean ± SD,
means = columns, SD = bars) within the
water column in a depth of 3-5 m in April,
May and July 2003; test locations are given
in Fig. 1.
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Bcla H. Buck

Statistical analysis of data

The statistical analysis was performed using the
Statistical Package for Social Sciences (SPSS
12.0). The normal distribution of the variables
was checked using the Kolmogorov-Smirnov
test. To assess differences in mussel larvae and
spat numbers in relation to distance from the
shore (group 1 <20, group 2 >20 nautical miles
offshore) the non-parametric Mann-lMlitney test
was applied. Significance was accepted at P <
0.05 (Sachs 1972).

Results

Sample acquisition

Due to very stormy weather on two cruises,
some of the test moorings could not be retrieved
to collect data. Every opportunity was used
during calm weather to collect water and mussel
spat samples and to supply the metal frame with
new collector bundles. Additionally, due to the
harsh environmental conditions two of the
moorings were lost. In April the buoy at location
2 disappeared, and the buoy at location 1 was
lost after the sampling in May.

Determination of larvae numbers and settlement
of post-larvae

The abundance of planktonic mussel larvae
showed an inhomogeneous distribution among
the nine test locations in the offshore area of the
German Bight (Fig. 3). In April numbers of 25 ­
1,030 mussel larvae/m" were recorded, with
numbers >1,000 at both near-shore and further
offshore stations. Increasing abundance of
larvae in May was closely related with the
spawning periods usually occurring in April to
May (Pulfrich 1995, Pulfrich 1997, Waiter &
Liebezeit 2001). Both test locations off the
Schleswig-Holstein coast (locations 1 + 2)
showed the highest larval contents (3,000 ­
25,000 larvae/m'), whereas numbers at
locations off the Lower Saxonian coast were low
by comparison (80 - 1,500 larvae/m"). In July,
the numbers of larvae decreased after the peak
in May, again with higher larval densities at
locations 1 and 2 and lower numbers off the
coast of Lower Saxony. In general, significantly
lower larval numbers could be observed in the
offshore areas (>20 nm off the coast) compared
the inshore locations « 20 nrn).

The first settlement of post-larvae on
suspended bundles was recorded in April 2003
at test locations 1 and 4 - 6 with mean values of
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4 - 29 ind.rn' (Fig. 4). Due to harsh weather
conditions the settlement record in May is
incomplete. Numbers were low (4 - 56 ind. -rn")
with the exception of the Weser estuary where
higher numbers were observed (800 ± 400
tndrn'). After the larval peak from May-July a
maximum of 300 ind. 'm-' was recorded. Long­
time records from bundles deployed for the full
experimental period (January to August) showed
a further increase in the number of mussels
settling at most of the locations, ranging from 11
to 1,100 ind. -m". Results from all locations
showed no significant relationship between
distance from the shore and density of
settlement of mussel spat.

Nutrients and chlorophyll

main peak (Fig. 3). The fate of the Mytilus larvae
in the plankton over the course of development
is at present not well known.

1250

location

Figure 5. Nutrient concentrations at the test
locations between January and September
2003 (mean plus standard deviation).

Figure 4. Number of mussel spat (mean ± SO,
means = columns, SO = bars) on tufts in
April, May, July and August 2003; test
locations are indicated in Fig. 1; n.d. = no
data; lost indicates the loss of moorings due
to storm conditions or accidents.

Inorganic nutrient concentrations were high in
winter and decreased towards March remaining
at a relatively low level until September (Fig. 5).
Reactive phosphate showed an increase in July
at the Lower Saxonian stations. Chlorophyll
contents showed a peak of around 16 IJg·r' in
April and summer values around 7 IJg·r' (Fig. 4).
POC/TPN ratios, on the other hand, display little
variation over time. A slight decrease was,
however, noticeable for the April samples.
Marked changes occurred in the POC/TCHL
ratio with a decrease from 380 in January to 30
in April and a slight increase to 50 in May and
July. The chlorophyll data indicate a pronounced
early phytoplankton spring bloom followed by
lower summer values (Fig. 6). None of the
inorganic nutrients became limiting. Reactive
dissolved phosphate had its lowest
concentrations in May (0.07 IJMoIT'), dissolved
inorganic nitrogen (DIN -sum of ammonium,
nitrite and nitrate) showed a minimum
concentration of 3.0 IJMol·r' also in July while
the minimum concentration of silicate (0.9
IJMoIT ') was observed in April. This indicates
that, as expected for the North Sea, the spring
bloom was dominated by diatoms.

Discussion

Larvae numbers and settlement ofpost-larvae

Favoured by a preceding spring phytoplankton
peak (Niesel and GOnther 1998), spawning of
Mytilus edulis along the North Sea coast of
Germany generally occurs in May to June
(Pulfrich 1995, Pulfrich 1997, Waiter and
Liebezeit 2001). Although subsequently larvae
are also present larval numbers in the water
column are considerably smaller than at the
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Figure 6. Chlorophyll concentration, POC/TCHL
and POCITPN ratios respectively at the test
locations (mean plus standard deviation).
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invertebrates and starvation exceeds mortality of
these larvae (Thorson 1966, Mileikovsky 1971,
Purchon 1977, J0rgensen 1981). Furthermore,
due to a dilution effect long drift times to
offshore settlement sites result in declining
densities of mussel larvae in the water column
(Young et al. 1998, Metaxas 2001, Suck 2004).
Therefore, it can be assumed that the larval
abundance in offshore areas is a priori lower
than in inshore locations. For a coast-dependent
population, an excessive export to the open
North Sea would represent a loss from the
parental stock. The gradient in larvae numbers
from the inshore to offshore areas in the
German Sight confirms this assumption. Typical
inshore larval densities range from 9,000 to
190,000 individuals·m- 3 (Heiber 1988; Pulfrich
1995; Boysen-Ennen 1997; de Vooys 1999;
Nehls 2001; Waiter and Liebezeit 2001). The
concentration of larvae was very low off the
Lower Saxonian coast, even at the location
closest to the inshore spawning areas in the
Wadden Sea despite a sufficient nutritional
quality of the phytoplankton. However, 10
nautical miles off the Schleswig-Holstein coast
comparatively high larval numbers were
recorded. This result indicates that in the
Schleswig-Holstein region the mussels were of
local origin, whereas off the coast of Lower
Saxony mussel larvae drifting with the counter­
clockwise directed coastal current (Secker 1990)
may have originated from a more westerly
origin. Thus, the coupling of these events
(phytoplankton density and density of larval drift)
is decisive for offshore settlement.

Mytilus pediveliger larvae preferably settle on
threadlike structures, e.g. hydroids, algae or the
byssus of adult mussels (Cooper 1981; Eyster
and Pechenik 1987; Satuito 1995). This
behaviour could be used in the collection of
young mussel spat on artificial collectors for the
suspended culture of mussels and for
monitoring the number of plantigrades in the
water column (King et al. 1990). For this study a
robust collector type which could easily replaced
was used. Previous studies had shown that the
tufted polypropylene collector was successful in
attracting spat in densities numbering tens of
thousands of individuals per metre (Tortell 1976,
Dare et al. 1983; Waiter and Liebezeit 2003).

The highest settlement densities in the
German Bight were 30 to several hundred times
lower than in the inshore areas of the North Sea.
In the Wash (UK) 100,000 to 400,000 ind.rn' of
Mytilus spat settled on this collector type (Dare
et al. 1983). At the Lower Saxonian Wadden
Sea coast (Germany) mean numbers of monthly
settled blue mussel spat of 33,000 to 72,000
tnd.rn' were recorded (Waiter and Fehrs 2004).
Even long-term collectors subject to several

•·t
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Mussel beds are predominantly located in the
tidal waters of the Frisian Islands (Wadden Sea)
where hard substrates suitable for settlement
are absent. There are indications that mussel
beds are also present in front of the East Frisian
Islands although exact locations are presently
not known. Successful settlement of larvae,
which derive from these areas, is dependent on
timing of larval release with wind forces and
currents (young et al. 1998; Metaxas 2001). If
the colonisation of hard substrate in the vicinity
of the origin is impossible Mytilus edu/is larvae
potentially delay metamorphosis for a number of
weeks (Bayne 1965, 1976). This allows the
colonisation of substrates in great distances off
the coast (McQuaid and Phillips 2000), however,
large scale mortality of mussel spat settling in
unsuitable areas offshore could occur (Chicharo
and Chicharo 2000; Roegner 2000). During the
extended dispersal time in the water column
Mytilus larvae are able to survive periods of
exposure to physica I stresses such as water
turbulence and unfavourable currents (Belgaro
et al. 1995, Morgan 1995, Richards et al. 1995)
as well as to biological constraints such as
predation (young & Chia 1987, Rumrill 1990)
and starvation. Predation by fish and

- 6-
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settlements, although they also experienced
losses caused through predation or wave action,
showed higher densities in inshore compared
with offshore areas by at least one order of
magnitude (28,000 ind. ·m-1 in March to August
2000; Waiter and Liebezeit 2001).

It can be assumed that the low larval
concentrations in the water column resulted in
the poor settlement. Unfortunately, there were
no data available from the literature concerning
the settlement at offshore sites. Ardisson and
Bourget (1991) reported spat abundances on
buoys in St. Lawrence Gulf in Canada. On these
suspended substrata they observed a gradient
in spat number from the inner sheltered regions
to the outer more exposed waters of the Gulf. It
was however not possible to directly compare
densities owing to different settlement
substrates. Many studies have investigated the
appearance of Mytilus spp. in offshore habitats,
mostly attached to the rigs of oil and gas
platforms. These investigations primarily deal
with fouling organisms (Ralph & Troake 1980),
community structure (e.g. Wolfson et al. 1979,
Forteath et al. 1982, Stachowitsch et al. 2002),
biomass to size ratios (e.g. Richardson & Seed
1990; Richardson et al. 1990, Qvarfordt et al.
2006), depth zonation (Rule and Smith 2005),
regional differences (Garcia 1991) and growth in
relation to food availability and temperature
(Page & Hubbard 1987).

There are only two publications describing a
natural spat collection in an offshore area. One
is a mussel farm established off the Santa
Barbara coastline attached to an oil structure
(Conte 1990). Unfortunately there was no
information on the settlement of this farm. The
other offshore related study is describing the
settlement on the research platform FINO, 45
km off the Island of Borkum in the German Bight
(Orejas et al. 2005). The percent coverage of
the platform piles and the colonisation of various
depths were investigated. However, there are no
data available on the density of settlement and
the numbers of larvae. Nearshore spat
settlement, about 2 nm off the coast of New
Zealand (Alfaro and Jeffs 2003), ranged from
844-2.562 ind. 1 m' and was attributed to the
adjacency to the mussel farms one nautical mile
away.

Food concentration and quality

As part of the site-selection criteria, i.e. to see
whether offshore sufficient food will be available
of for newly settled mussels, water samples
were analysed for phytoplankton content in
terms of chlorophyll as well as for CIN-ratios and
nutrient concentrations. The data are, although

at present not comprehensive, sufficiently
indicative to be used for correlations between
phytoplankton density and composition and
growth of mussels. The data at hand suggest
that beginning with the start of the spring bloom
food of high quality is available for the settling of
mussel larvae until at least July and probably
through the summer to the autumn
phytoplankton bloom. The precise extent and
potential of this food resource needs to be
investigated further. POCITPN ratios were
around 7 even in winter. This suggests that the
particulate material had a relatively high nitrogen
content possibly indicating a high bacterial
colonisation. High terrestrial contributions to the
particulate pool should have ratios in excess of
10. Sara et al. (1998) observed low POCITPN
ratios only in connection with high phytoplankton
cell counts and noted that higher ratios were
connected to high detritus contents. If
contributions from a bacterial biomass are
indeed present then the available food for filter
feeders will be of a reasonable quality even
under non-bloom conditions. Similarly, the
POC/TCHL ratios of 30 to 50 in spring and
summer are indications of a high contribution of
non-detrital carbon to the particulate pool while
the high January values clearly suggest a
pronounced detrital component (e.g. Steele and
Baird 1965). Hence growth of mussel larvae will
not be restricted by the availability and
nutritional quality of particulate matter from late
spring to autumn.

Conclusions

Although the settlement of Mytilus edulis larvae
was low in 2003, the results described above
are restricted to one season. Incomplete data
acquisition due to bad weather conditions
impeding the sampling and the loss of moorings
influenced the quality of the results. On the other
hand, these problems have highlighted the
issues of concern in establishing aquaculture
constructions offshore in the North Sea, and
provide an insight into type of structures
required to survive the harsh environment.

If the recruitment is consistently as low as in
the study period, gathering seed mussels far
offshore would not be economically viable.
However, results from this study have shown
that there is a sufficient, year round supply of
food for filter feeders which could be harnessed
in extensive farming of mussels with minimal
handling in the offshore environment. Further
studies on distribution and settling of mussel
larvae will contribute to a better understanding
of the aquaculture potentials in offshore areas.
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der Verankerung (5) Ober zumindest ein durch den zentra­
len Innenring (23) verlaufendes una ...
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Beschreibung

[0001] Die Eriindung bezient sich aut eine Traqer­
vorrichturg zur Kultur van Makl'aargan;smen in mari­
nen Cawassern rnit zumindest einer RingkonstrUkti­
on, die unterhalh cler Wasserobel1lache zwischon zu­
mindesl einern Auflriebsmittel und einer Verankerung
angeordnet ist und in einern geschlossenen Au(1,en­
ringeine spinnennetzartige Kulturetnheit 8L!S radlalsn
Tragleinen und azimutalsn Kulturteinen aufweist.

Stand der Technik

[0002] Zu den in marinen Gewiissern, wie den Mee­
ren unci Ozeanen, kulturlahiqen Makroorgarismen
zatuen in erster Linie Algen (Makroalqen wie Braun-,
Grun- uno Rotalnen) und Muschein (wie Miesrnu­
schel und Auslern). In Oslasien werden traditionell
Algen gezCichlet, wobei die dazu niit:gen Erfahrun­
gen bereils einige .lahrhunderto sit sind. Dort werden
jedoch nur Meeresqebinte nenutzt, die weitgehencl
unci sehr nut gegen unwirscho Wetter- und Seebedin­
gungen geschutZI smd, wie beispielsweise Buchten
ocler Astuare Langleinen-, Flor..- oder Pfahlsystcme
sind die hauptsachlichen Traqervorrichtunqen fur AI­
genkulturen. Dlose sind am Boden verankert und ge­
gen raue See sehr anfallig. Meeresareale. in denen
Ilarsche Welterbedingungen vorherrschen, wurden
bisher feir die Aquakultur aller potenziell zCichtbaren
Meeresorganismen kaum nenutzl. Erst seit einigen
Jahren erstreckt sich die marine Aqualwltur aufgrund
von NUlzerkonniklen im I<uslenmeer und clen damit
verLunclenen i<ompliziellen Reclltslanen, den urba­
nen Abwassem, sowie besseren Sauerstoffbedin­
gungen auch in clen Offshoreberelcll del' Meere. Es
wurden die ersten absenkbaren Tauchkafige fCir clie
I<ultur von fv',eeresfischen irn Offsllorebereich bereils
in den 1970er Jahren in Deutschland entwickelt und
weitere Entwicklungen spater in Kanacla und in den
USA eingeselzt, wobei solehe Systerne noeh Pi­
lotcharakler haben. Makroalgen wurclen jecloch in
Gebieten rnit ungClIlstigen Wetterbeclingungen welt­
weit hauptsachlich zu Forschunnszwecken gezLicll ..
tet. Zu elwahnen ist hier ein Projekl von cler Isle of
Man, wo verschiedene I<onslruktionen, insbesonclere
die Langleinentecl.nik, eingesetzt wllrden. Weiterhin
ist aus der japanischen ZusarnrnenfasslIng Zll der JP
2001054330 A eine Kafinkonstruktion zllr Algenkuitur
in 10 m bis 25 m Seetiefe bekannt, bei der als Kuitu­
reinheit zwlschen flutbaren ECkbehaltern eine Viel­
zahl von Slreben und Seiien gespannt ist. Fieren und
Hieven der Konslruktion erfolgt dllrch Beluften und
Flulen der Eckbel.alter unci durch Angreifen an der
instabilen Kultureinheil selbst. Aus del' japanischen
Zusarnmenfassung JP 11196696 A ist eine pfahlarti­
ge Steckkonstruktion mit in elnem Auge eingebette­
ten Algenkuituren bekannt, die in den Meeresboclen
eingesteckt wird. Aus cler WO 86/02395 A1 ist es wei­
terhin bekannt, I"min"re Alnenkulturen an ihrem un­
teren Encle uber eine rnehrarmige Seii"nordnunn an
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einem Pflock im Meeresboden zu befestigen. Diese
Konstruktionen sind jedoch nul' in Kustennahe ein­
setzbar und flir starken Seegang ungeeignel.

[0003] Auch In Deulschland gab es in den Jahren
1994 bis 1996 vor Helqoland Ifersuche, unter Nord­
seebedingungen lV1akroalgen zu zucnten. Es nandell
s.cn hrerbei um ein vom BMBF gefiirderfen Projekt:
.Massonkultur mariner Makroalqen bei Helgoland zur
Gewinnung von Phykokoiloiden uno zur Verwendung
ais Biosorptionsmittei" von LCiningund Buchholz (ver­
gieiche Absch!ussbericht zurn Vorhaben 03F0096A,
1996, Tell 1). Es wurclen versuchsweise unterschied­
liche Traqervornchtunqen rnlt einer Lanqleinen-, ei­
ner Letter- unci einer Gitlerkonstruklion entwickelt,
urn die Makroalgen Laminaria saccharina und t.ami­
nar:a clinitata zu zUchten. Keino dieser Konstrukt:o­
nen konnte jedoch den ozeanographiscllen Verhalt­
nissen vor Helqoland standhallen. Zum ersten Mal
wurde hier versucht, ene Ringkonstruktion fClr die
Kultllr von Laminaria-Arten zu bauen uno an ver­
schiedenen Standorten einzusetzen. Jedoch sincl ein
Gro(1,teil diesel' Ringe unter dem Druck der starken
unci permanenten Striimung zerstort worden. Anclere
Rnne, die den Einflussen standhiellen, zeigten je­
doch teilweise einen verkurnrnerten Bewucns. Beim
Versuch, eine Tragervorrichtunn mit einor Rinqkon­
struktion im qsschutzteren Vorhafen nufzubauen, um
den Kraften der Weilen unci Stromung aus dem Wege
zu gehen, zeigte sich ein nnfangs erfolgreiches Lan­
genwacl.stum der Algen, jedoch verkOmmerten oiese
scl.nell, da sich aufgrund cler neringen Stromung di­
verse Parasiten, Tiere und andere Algen auf den
Blatlern der Laminarien niederlier..en, woclurch cliese
abbrachen unci cladurch sogar negative Wachslums­
raten ZlI verzeichnen waren. Es wurde offensichtlich,
dass die Ngen, die in cler Natur nur an exponierten
Slandorlen ZlI ~nden sincl, eine newisse Umstrii­
mung braucnlen.

[0004] Bei den aus clem Abschlussbericllt (ebencla
Seiten 6 bis 9 unci Abb. 12 bis 16 und 1B) bekannten
Tragervorrichtungen handelt es sicl. urn solche mit
unterschiedlichen Ringkonstruktionen. Unter ande­
rem wurcle eine unter der Wasseroberflaclle ange­
ordnete Ringkonstruklion aus einern einzelnen
PE-Kunststoffrohr als Aur.enring mit einem Durch­
messer von 5 m erprobt. Der Au(1,enringvlflr mit BO m
KlIlturlelne in spinnenetzforrniger Anordnung verse­
hen. Die Kulturleine dient dem Abwachsen der Ma­
kroorganismen, die zum einen aus dern Meer einge­
fangen (beispielwelse Muschellarven) oder als
Zucl1tsaat zuvor in clie Kulturleine eingebracht (bel­
spielsweise Algensaat) werclen konnen. Der Auftrieb
wurde durcn acht Fender (zu je 23kg) ais AUflriebs­
mittel gewiihrieistet, clie am Aur..enrinn gleicnma(1,ig
verteilt angeorclnet waren und aur..erdem ais Markie­
rungsk6rper dienten. Als Nachteil hat sich gezeigt,
dass die raclial angeordneten Fender entgegen der
Vermutung, die Ringkonstruktion auch bei starken
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Str6rnungen in der VVaagerechten zu halten, als
Ialsch erwies. Einzelne Fender konnten die Ringkon­
struktion in del' slarken Slriimung nicht tragen und
wurdon untor die VVasseroberf]ache gedrilckt. Da­
durch wurden die Fender zunehrnend kornprirntert
unci wieder entlastel und leilweise zsrstort. Das Ver­
ankerunqssystern war so konzipiort, dass die qesarn­
le Rinqkonstruktion abqebaut werden musste, wenn
die E rnle erfolote Dazu musste von einern Schiff aus
die Rinqkonstruktion an emern seiner acht Fender
anqepickt und hochgehoben werden. Dadurch wurde
der Aur-,ennnn senkrecht zur VVasseroberflache 08­
dreht, was ottmals durch das Tcuchieren des ALJi~en-

mit dom Schiffsrumpf den Verlust von Algen zur
hatte.

[0005] Auch das Bergen del' Ringkon"truktion Libel'
mehrere am Umfang befest.qte Seiie erwies sich a's
nachteiiiq, da eine starke Verforrnunq del' alqenbe­
wachsenen Ringkonstruktion auftrat. fv10lstens tYlUSS­
te die Ringkonslruktion abqescbakelt werden, urn
diese fur die Ernle in den geschCitzten Hafen zu zie­
hen. Die Fender konntsn sich cufherdem rniteioander
verhakon und sorqten so zu einem Scham1ielcn der
frcicn Leinen.

[0006] Eine erste moql.che, wenn auch theoretlscne
We,lerenlwlcklung del' beschriebenon Traqervorrich­
lung 111 It Rlngkonslruktion 1st del' J\WI-VeriiffenW­
cilung "Belspiele aus unsefer Forschung 2002", 8el­
lon 33 bis 39 unter dem Tltel "I<omblnierte Wincipark­
unci Marikullurnutzung in der Norcisee" von B.H. Buck
8lS E:rgebnis oiner zuvor angefertigten r'Aachonrkeits­
studie (BoCichle zur Polar- und Meeresiorschung
412i2002, I<arltel 6, Seilen 74 his 85) zu entnehrnen.
Die !n d'" AWI-Voriiffentllchung dargeslelltcn Ringe
und Langlcinen sind ZuchlmbgHchkelten und bisher
nur Theorie. VVindparks gibt es noch nicht. Der sche­
malischen DarstelllUl[j gemal> Fig. 9b ist die Anord­
nung einer Tragervorrichtung mil einee RingkonslrUI(..
tion In elnern OffsilOl'egebiel zu SehS!l, bei del' die
TragerlOtTichtung z\vischen dem Pylon 8:ner VVinde­
nergiean!age und elner Verankerung aus Ankerkette
und Ankerslein 1,5 m bls 5 m unter del' Wasserober­
f1acile sla!icnar gehallen wir'd. Die beiden Haltepunk­
te sind dabei an den iiu~erslen Punklen am Au~en..
ring del' Ringkonstl1lkllon befestigl. Die Anocdnung
von zwei Verankerungen mlt Befesligungen anl Au­
I>enrlng (Fig. 9b) 1stebenso mbglich wle die Zusall1­
menschaltung mehrerer Ringkonstruklicnen um den
Pylon herum (Fig. 9a). Del' geschiossene Aul>enrlng
weis! wleclerurn eine splnnennelzarlige Kuaureinheit
aus raclla,en Tragleinen und azimulalen Kulturleinen
auf, wobei die Nelzraoe von einem gemeinsamen
Knolen gebildet wird.

[0007J Mit den zuletzt beschrlebenen Tragervorrlch­
tungen mit Ringko/lstruktlonen aus einem odeI' meh­
reren Aul>enringen, von denen die voriiegende Erfin­
dung als nachslllegendem Stand del' Technik aus-
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qehl, 5011 insbesondere in Offshoregebielel1 die Mbg­
lichkelt gescharfen werden, marine fv1akrnorganis­
men in geschDtzten unci unqeschutzten MesfOsge­
bieten zu kultivieren, ill denen ein mittleres bis star­
kes Slriimungsregime sowie Perioden mit hohon
VVellen vorhorrschen oder zeitweise aunreten ken­
non. GeschDlzte und weitgehend unqeschutzte Ge­
blele bofmden sich in Europa in allen Bereichen der
J\usschiiel>lichcn vVirtschaftszone (AWZ) und an fasl
alien Orten lrn KDstenll1eer. Da das Kustenrneer auf­
grund van Nutzerkonflikter: und aus Naturschutz­
gr(jnden kaum genutzt werden kann, ?6!Cl\net es sich
in cler rnarinen Aquakultur ab, gradu8H imrner rnohr
cxponicrtc, vveitgehend offene (unqeschiitzts ) Mee­
rcsqebiete zu nutzon.

Aufgabenstellur1g

[0008] Die Aufgabe tur die Erflndung lst daher darin
ZIJ sehen, oino Tragelvorr'chtung del' eingangs be­
schriebenen Art so welterzubilden. dass ein Einsatz
SOWOI'11 in geschulzten als auch In den unqeschutzten
Offshorebereichen unter erschwerten Bedingungen
erfoigcn kanri. Dabci sollen elne eintache Handha­
bung doe aut uotorschiedliche Griil>en auslegbaren
Traqervorrichtuno. eine nutzertreunctiche und kos­
tengOnstlge Bauweise SOWie die rviiiglichkeil. rnit
miiglichsl wel1ig Aufwand die Traqervorrichtunq aus­
und einzubnngell, zu warlen, zu bcproben und die
gezCichleten Makroorganismen Zl!m frei beslilllrnba­
ren Ze!tpunkl Ihrer Marktreife zu ernter., Beruckslch..
Ilgl1l1g linden. Beschadlgungen de!' Tragervorncil­
lung soHen zu jedem Bclriebszeitpunkl weltgehend
vermleden werden.

[0009] Als Liisung Wr dlese Aufgabe isl bei olner
gatlungsgomiil>cn Tragolvorriehtung deshalb erfin­
dungsgema~ vorgesehen, dass del' AUl>enring Ciber
elne obere Hahnepot mit einem zentraien Auftrlebs·­
mi!lel und Cibere;ne unlere Hahncpot mlt del' Veran­
kerung verbunden ist. wobei jede Hallncpol BUS ei.,
nem zentralen Hahnepotring und rnehreren gleich­
mal.\ig am tJmfang des Aul>enrings befestigten und
nach oben und unlen jeweils van gemeinsamen An­
sch1agpunt<len aus verlaufenclell Hahnepolsellen
aufgebaut 1st, dass die radialen Tragleinen unter
Spannung all einem zentralen Innenring befestigt
slnd und dass das zenlrale Auftriebsmlttel cilrekt rnil
der Verankerung Libel' zumlndest e!n durch den zen.,
tralen Innenring verlaufendes Llncl an den beiden
Hahnepotringen angeschlagenes zentrales Tragseil
verbunden ist.

[0010] Die Vorleile del' erfmdungsgernal>en Trager­
vornehtung liegen in del' besonderen Ausgestaltung
einzelner Teilkompollenten und deren Funktionsprln­
zip. Dazu gehoren die AusfUhrung und tJrnsetzung
del' Verankerung, del' Ringkonstruktlon und des Auf­
lriebs. Durch cliese Ausgestallungen isl das Ausbrin­
gen und auch clle Ernte von Makroorganisrnen, be i-
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spieisweise Algen. aut See sicner qewnnncistet. VVei­
tore INartungs- oder Beegungsarbeiten sind schr
leicht durchzutuhren, eine Besciladigllng, Zerstorunq
odor soqar Verlust der gesamten Traqervorrichlunq
oder Teilon davon wircl sicher vermieden. Zuvor nicht
nutzbare Flachon i/11 offenen Meer konnen nun mit
Hilfe der TriJgervorrichtung nach der Erfindunp in ma­
rinen C;ewiJssern fur die effektive Kultivierunq van
Makroorqanismen genutzt werclen. Die erfindungs­
ge/11al1e Traqervorrichtunq 1St durch ihre speziellen
Konslruktionseinheiton irn Inshore- und Offshore be­
reieh emselzbar. Sic bleibt durch ihre Ernpunkt-Ver­
ankerung in del' VVassers8uie beweglich. Durch den
Schojkreis und bei einer in del' Stromungsricl1tunn
ausqerichteten cliagonalen Stellung werden 101' alle
Makroorgan;smen in c1er Rngkonslruktion ein ausrei­
chend frischer Nahrstoff- und Ptanktoneintrag ge­
wahrtelstet. Die besondere Konstruktion behatt beim
Hieven eine waagereehte SteHunnund vereinfacht so
bedeutsarn die Ernte und Waftung.

[0011] Die erflndungsgemal1e Traqervorrlchtunp ist
datur so autqebaut, dass vorn Auftriebsrnittel eine cli­
rekte Verbindunq uber zumindest ein zentrales Trag­
seil zur Verankerung besteh!. Wird nun dAS zentrale
Auftriebsmittel gehievt, beispieisweise zum Schlep­
pen der gesamten Triigervorrichtllng bel geplanter
Ortsveriinderung oder bei der Algenernte. so werden
keine Zugkriifte in cliG Ringkonstrukton eingeleitel.
Kriifte, die durch Stromungen unci Wellengang aut
das Auftriebsmittel und/ocler die Ringkonstruktion
einwirken sowie dureh das Eigengewicht der Ring­
konstruktion entstehen, werden direkt uber das oder
die zentralen Tragseile in clie Verankefung ubortra­
gen. Die Ringkonstruktion mit der Kullureinheit aus
radialen Tragleinen und azlrnutalen Ku!turleinen
hangt all der vertika!en Vmankerung mittels einer
cloppelten Halll1cpot, wobei die obere Hahnepot rnit
mehreren Hahnepotseilen an dern zentralen Auf­
triebsrnittel und dem Aul1enring angebracht ist und
eine weitere lIntere Hahnepot ebenfalls den Aul1en"
ring mit einem unteren Verbindungspunkt im zentra"
len Trogse,1 verknlipft. Die ohere Hahnepot halt das
Eigengewicllt 'Ion Ringkonstruktion und Algenkultu­
ren. die untere Hal1nepot verhinderl, dass die Ring­
konstruktion uber clas zentrale Auftriebsrnittel wegge­
zogen wircl, wsnn sie bel starker Striimung mitgsris­
sen wird und diagonal in der Wassers8ule 11iingl.Be­
merkt sein an diesel' Stells, dass zwar immer von ei"
ner "Ringkonstruktion" und einem "Au~enring" ge­
sprochen wird, dass dadurch aber nlcht automatisch
dessen kreisfllnde Form irnpliziert sein soil. Beliebige
Vielecke, beispielsweise in gut ankoppelbarer Wa­
benform, sollen ebenfalls von dern Begriff "Ringkon­
struktion" erfasst sein. Wichtig bei cler Wahl clieses
Ausdruckes war es, zum Ausdruck zu bringen, dass
es sich um eine geschlossene Konstruktion handelt
im Gegensatz zu den bekannten Leinen unci Gitter­
konstruktionen.
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[0012] Zwar wirken Kriifte. die durch Stroll1ung und
VVeilen entstehen, trotz des Hancesysterns mit den
beiden Hahnepoten auc'n aut clie Rinnkonstruktion
ein, was sich im rauen Offshore-Bereich nicht verrnei­
den lasst, Damit die Rinqkonstruktion durch solche
Kraftc, die insbesondere durch kurze Weilenfreqllen­
zen zunehmen, jedoch trotzdem nicht deformiert
w.rd, kann gerniJ[; einer Erllndllngsallsgestaltung
vorteilhaft vorgesehen soin, class jeder gemeinsame
Anschlagpunkt am Aul1enring von einer biegesleifen
Manschetie gebildet wrrd, die jeweiis fUr ein oberos
unci ein unteres Hahnepotseil sowle flir eine radiale
Tragleine eine Ose aufweist. Einander zugeordnete
Hahnepotsei!e. die von oben und von unten kommen,
sind immer paarweise an einer Manschette ange­
bracht. Soll!en also Krafte van einern Hahnepotsei!
der oberen Hahnepot auf den l,ul1enring einwirken,
so warden diose KriJfle durch die Manschette aut clas
entsprechend zugeordnete Hahnepotseil der unteren
Hahnepot libertragen. Durch die Wahl der Breite der
Manschetten kann der KraHiibertmgungsvorgang
noch unterstutzt werden. Glelches gilt fOrclasMateri­
al der biegesteifen Manscllette, clie insbesonclere
aus Stahl, aber auch aus einem hoch!esten Kunst­
stoff, z.B. PP, PE oder PFT herqestellt sein kann. Bei
der Verwenclung van Stahl kann insbesondere das
Anbrinnen clerverschieclenen Osen durch Anschwei­
l1en problem/os erfolgen und ein Rosten im Seewas­
ser vermieclen werden.

[0013] Die nach innen verspannten Tragleinen, an
denen die irn Aul1enring geschlossen lIrnlaufenclen
Kulturleinen befesligt sind, sind zur ro/lilte hin an ei­
nem zentralen Innenring befestigt. Daclurcll wird un­
ablliinnig von c1er Belastung aLlf clle Verankerllng ei­
nem Koilabieren c1er gesamten Kullureinheit entge­
gengewirkt, die Tragleinen samt l<lIlturlelnen werclen
Immer auf Spannung gel1allen. Del' zentrale Innen­
ring dient aul1erdem als IOullrung fUr das zentrale
Tragseil, wodurch ferner ein Schamfielen de,. l<ultur··
ieinen an dem zentralen Tragseil verhindert wlrd.
Weiterhin kann vorteilhaH vorgesehen sein, dass der
zentrale Innenring fOrjede radiale Tragleine eine 6se
aufweist. Somit konnen die Tragleinen im Zentrurn
cles Aul1enrings gut befestigt werclen, ohne class ein
hincleriicher und schwer zu bel1errschender Knoten
entsteht. Zusatzlich I<onnenso leicht Lelnen nach Be­
darf allsgetauscht werden. Das Zentrum cler KUltLlr­
einheit selbst bleibt f(ir die DurchlOhrung des zentra­
len Tragsells frei. Eine einfache Befestigungsmiig­
lichkeit erglbt sich auch, wenn gema!> einer niichsten
Erfindungsausgestaltung jede radiale Tragieine an
elner 6se einer Manschette um den AlIl1enring be­
festlgt ist. Dabei kann die Manschette nur der Befes­
tigung einer radialen Tragleine, aber auch gleichzei­
tig einem Paarvon Hailnepotseilen clienen. VVeiterhin
kann vorteiihaft jede racliale Tragleine uber ein Span­
nolernent mit einer Ose des zentralen Innenrings ver­
bunden sein. Dadurch kann eine einfache, dauerha!c
te Spannung in der gesarnlen Kultureinheit allfge-
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bracht warden. die sich SUd1 unte: sich andernden
Lastvcrhaltnissen, beispleisweise durch zunehmen­
den Aigenbewllchs, dure!1stch ancernce Strornunqs­
verhaltrusso oder be.m Ausbringen und Einholen der
Traqervonichtunq, nicht betricbsstorend andert.

[0014] Gemal' weterer vortailhafter Eriinounqsaus­
gesl8i!ungen kann del' zuntralo Hahnepotring der
oberen Hahnepol d.rekt an dern zentralen Auftriebs­
rnillei oder unler Zw.schenschaltuno einer in ihrer
l.anqe fesliegbaren Absenkleine an dem zenlralen
Auflriebsmitle!2ngrelfen Wahrend die erste Variante
e.ne sehr kcmpakte T,agervorliol1tung konzlpiert, die
besonders leichthAndhabbar ist,ermoglicht die zwei­
te Var.anto eine hoherveranderbare Positionierunq
der Ringkonstruktion in del' VV3ssersaule unterhalb
der Wasseroberflaol1e. Dazu wird der Absland zWi­
schen dcrn Auttriebsmitlel und dem oberen Hahne­
potrinq durch Vorsehcn ener enlsprechend lanqcn
oder veriiingerten oder verkurztsn Abscoktelne ver­
langerl oeler verkurzt. Eine t.ef hanqende Ringkon­
struktion ist gunstig fCir d'" I<ultur von jungen I\lgen.
denn so wird das schiicligende, starke UV-Lichl durch
die darilberiiegende Wassersiiule gefillerl. Aufler­
den, sind in lieferen W~SS8rschichtendie Orbil8lbe­
wegungen dor Wasserleiichen gering"," und verhin­
dern so das Abreif',en der jungen Alger1 bei stark em
VVeliengang. Sind die Aigen dann grol'er, kann die
Ringkonslruktion zur besseren Liohtausbeule dann
weiter oben in der Verankerung eingehangl werden.

[0015] 1\15 weiterer Vorleil wurde bereits die gule
Nahrungszufuhr durch das freie Drel1en der gesam­
ten Triigervorrichtung in dee Wasserstronlung er­
wiihnt. Dafilr ist 8S genliifl einer niichsten Erfin­
dUl1gsausgeslallung vorleiihaft, wel1n der zer,lrale
Hahnepotring der unterel1 Hahnepot (iber eine frei
drehbare Drebkupplung an eine,· mil einem I\Gker­
stein verbundenetl !\nkerkette ais Verankerung an­
graift. Somit wird eine freie Drehung der Ringkon­
struktion Ober einer Einpunkt~Bodenverankerung er­
mogiicht, ol1ne dass es zu slorenden Sei!aufdril!un­
gen und ROckslellkriiften kommt. Gemaf), einer ande·
ren Erfindungs8usgeslailung konnen aile ooeren
Hahnpotsefle gleiol1lang seln. Dadurob kann eine
waagerechte Ringkonslruktionsaufl1angung belrn
Hebevorgang gewahrleistet und VVartungsarbeiten
sowie Erntevorgiinge erieiohlert werden. Weilerl1in
wurde bereits die gule Befestigungsmogilol1keit der
Traglelnen und Hahnepotseilen an entsprecllenden
asen von lv1ansohetlen und zentralem Innenring er­
wahnl. Diese kann noch verbessel"l werden, wenn
gemal' einer anderen Eri",dungsforlfUhrung alle
Seil-, Leinen- und I<eltenveroindungen (iber asen an
den Seii-, Leinen und KeUenenden hergestellt sind.
Schlecht hersteii- und iosbare Knoten mit undefinier­
ten Langenverhiiilnissen werden so vermieden. Elne
probiemlose Wiedervelwendbarkeit der Seile, Leinen
und Kellen isl ohne Langenverlusl gewahrleislet.
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[0016] Eine besonders qrofse Fesligkeit des Auf',el1­
rings el"gibt sich zudern, wenn dieser vortsiihaft aus
enor in e'na-n Kunststoffrohr umlaufenoer StahHros­
se besteht. Das Kunststoffrohr kann naoh dern Ein­
ziehen uno Sohlieflen der Slahltrosse rnit ainer ont­
sprechenden lviuffe geschiossen warden. Eine Fesl­
!egung des Durchmessers des Aul'enrirgs isl ein­
Iach m6glich, ohne dass die Festigkeil der Ringkon­
struktlon gefahrdet wird. Ein besonders einfacnes
Ausbrinqen und Einholen der £lesamien Traqervor­
richlunq kan» erzielt warden, wenn gernafl einer
nachsten Erfindungsforlfiihfung das zenlrale Auf­
lriebsrnittel eine Ose zum Hieven unci F·eren der Tra­
gcrvorriohlung aufweist. Ein zusatzlrches Anschla­
gel1 von eitsorechenden Seilen isl dann nicht erfor­
dertich. Das Heben unci Senken der gesarnlen Tra
gervorrichtung in der zontralen Achse zur Veranke­
runq, das eine besonders geringe Belastung der
Ringkol1slruktion ermoqlicht, wird ointacn und zuver­
iassig errnoqlicht Schlie[,lich kann noch eine Vergro­
I'ecung des Ertraqs an gezOchlelen Makroorganis­
men erziell warden, wenn vorteithatt mehrere gleioh­
allge Ringkonslruklionen zusarnrnenqeschallet sind.
Daboi zeigt jede Ringkonslruklion denseiben Aufbau
mit einer zentralen vsrtikalen diroklen Verbindung
zw;schen Auftriebsmitlei und \lecankewng. Eino \ler­
Sci1811ung kann zwischen den Aul'enringen uber e111­
spreohende 105b8re Osenverbindungen vorgenom­
men werden.

AusfClhrungsbeispiel

[0017] i\usbi!dungsformen del' E,findung werder1
beispielhaft naol1folgend zum weiteren Verslandnis
der Etiindung anhand def soi1emaliscflen Figure"
nahel" el·!aulert Daoei zeigt

[0018] EJ,LJ eine perspektivisohe Gesamlansichl
clef Triigervorrichlung, fJ.fL.f eine perspeklivisohe
Detiliiansicht einer ManscheHe,

[0019] f.J.!LJ. eine pefspekliviscbe DetailRnsici1t des
zentraier. Innenrings und

[0020] [LCL$. eine perspeklivische Detailill1siohl der
unteren Hahnepolverbindung zum zentralen Trag..
seii.

[0021] Die Ei\L1 zeigt eine miigliohe Ausfuhrungs­
form einer Triigervorriohtung 1 naoh der Erfindung
zur Kullur von Makroorg8nismen, beispielsweise AI­
gen, in marinen Gewassern. Die Tragervorrioblung 1
weist eine Ringkonstruklion 2 auf, die unterhaib der
Wasseroberflaohe 3 mit veranderbarer Posilionstiefe
angeordnet ist. Dazu ist die Ringkonstruktion 2 zwi­
scilen einem Auflriebsmittel 4 an dBr VVasseroberfla­
ohe 3 und einer Verankerung 5 auf dem Gewasserbo­
den 33 angeordnet. Damit mogllohst geringe Krafle,
die sowohl durch das Gewasser als auch durol1
Transportvorgange hervorgerufeD werden, auf die
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Ringkonstrulltion 2 einwirkcn, ist diese aus del unmit­
Ielbaren Krafteinleitung entkoppelt Dazu ist das Auf­
triebsmute: 4 direkt mit der Verankerung 5 ubor ein
zentrales Traqseil 6, hlorbe: kann es sich beisoiels­
weise urn ein Stahlseil handeln, verbunclen. Soma
kann die Rinqkonstruktion 2 ohne zusatzhche Krafl­
beaufschlagung, beispielsweise durch die Veranke­
rung 5, geborgen werden und muss nur die Emtelasl
der gezOchtelen Makroorganisrnen lragen.

[0022] Die Ringkonslruktion 2 isl llber sine obe re
Hahnepot 7 und ejne untere Hahnepot 8 rnit darn
zsntralen Tragseil 6 verbunden. Dazu weist jede
Hahnepot 7, 8 einen zentralen Hal1nepotring 9, 10
auf, von dern mehrere obere und untere Hahnepot­
seite 11, 12, im gewah'len AusfLihrungsbeispiei je­
wells vier, zum Aul>enring 13 der Ringkonstruklion 2
verlaufen. Die Liinge der oberen und unleren Hahne­
potseite 11,12 und des zentralen Tragseils 6 ist wahl­
bar (in der BSL1durch Unterbrecl1ungen angedeu­
tet) und abhangig von der oinsatz- und handha­
bungsbedingten Gesarntdirnensionierung der Tra­
gervorrichtung 1, Die Vertei!ung del' Hahnepotseile
11, 12 auf dem Auli\enring 13 erfolgt gleichmiili\!g, da­
mit insbesondere die Erntelast beim Hieven der R;ng­
konstruktion 2 keine einseiligen Ringverbiegungen
l1ervorrufen kann und die Ringkonstruktlon 2 gieicl1­
ITIal>ig eingespannt ist. Flir eine guta Kraflweiteriei­
lung sorgt autserdcm das Vorsehen von gel11einsa­
men Anschlagpunklen 14, in denen jeweils ein obe­
res Hahnepotscil11 und ein unteres Hahnepotseil12
gemeinsal11 befestigt s!nd, Zur gutsn llnd stabilen Be­
festigung dienen dabei biegesteife Manschetten 15
an den Anschlagpunkten 14, die fOr jedes Hahnepot­
seil11, 12 eine 6se 18 aufweisen (vergleicl1e flg,,2).

[00231 Im gewiilllten Ausf(jhrungsbeispiel ist an
dem oberen Hahnpotring 9 direkt das AUflriebsmittel
4 befestigt, sodass die geringste Eintauchtiefe f(jr die
Ringkonstrukli0l12 mit der hiichsten UV-Einstrahiung
eingestellt ist. Zur Vergriiflerung del' Eintallchtiefe
wird zwischen dem Allftriebsmlttel 4 und del' oberen
Hahnepot 7 ein in seiner Liinge enlsprechend be­
rnessenes oder einstellbares Absenkseil zwischen­
gekoppelt (in der Fiq. 1 nicht weiter dargestellt). Am
unteren Hallllepotring 10 ist ein weiteres Stlick des
zentra!en Tragseils 6 befestigt. das an seine m ande­
ren Ende ,mit einer Ankerkette 16 verbunden ist. die
zu einem Ankerstein 17 fOhrt. Im gewiihlten AusfOh­
rungsbeispiel bilden Ankerkette 16 und Ankerstein 17
die Verankerllng 5. Weiterhin werden alle Seil·, Lei­
nen- und Kettverbindungen Uber einiache 6sen 18
hergesteilt, die eine gute Montage und Verbindungs­
stabilitiit garantieren.

[0024] Im Auli\enrlng 13 del' Ringkonstruktion 2 be­
findet sich eine spinnennetzartige KUltureinheit 19
zur Allfzudlt der Makroorganisrnen, Hierbei handelt
es sich urn radiale Tragieinen 20, zwischen denen
azimutale Kulturleinen 21 in konzentrischen Ringen
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verlauien. Die l.cmen sind beispielsweiso durch ein­
tache Knoten ocer mitte!s Kabelbindern miteinander
verbunden. Die radialen Traqleinen 1.0 sind am A.u­
flenring 13 wicderum uber Manschetten 15 an einer
dritten 6se 22 befestigt (verq'eichc El9.J). In der
[iq. 1. ist erkennbar, dass nu' jede driile Manschette
15 auf dern Aul>enring 13 auch gleichze:tig der jewei­
ligen Befesligllng eines oberen und eines unteren
Hahnepotseils 11, 12 dient. Andere Belegungen und
Ausfiih,ungen, beispielsweise mit Manschetten 15
mit unterschiedlichen 6senanzal1len, sind ebenfalls
mophch. Die gezeigte Ausflihrung ist jedoch beson­
ders gunstig, da sie nul' eine Sorte von Manschetlan
15 erfordsrt An ihrem anderen Ende smd die Trag!ei­
nen 20 mit einem zentralen Innenring 23 verbunden,
del' als FUl1rung und ungestiirter Durchqanq fur das
zentrale Traqseil 6 dlent. Zur Straffung derTragleinen
20 sind irn gewahlten Ausfuhrunqsbeispiel Spannele­
menle 24 zwlschen geschaltet (verqleiche rnJ),
sodass die gesamte Kultureinheit 19 immerstraff ge­
halten werden kann. Die Tragleinen 20 konner- aber
unter Straffziel1ung auch direkt durch die Osen 29 ge­
zogen und dann varsploust werden.

[0025] Irn gewiihlten AusfUhrungsbeispiol ist del'
Aul>enring 13 aus einer gescl1lossenen Slahllrosse
25 aufgebaut, die in einern gescl1lossenen Kunst­
stoffrohr 26, beispielsweise aus PE, umlauft (in del'
.E.L\Ll aufgebrochen dargestellt). Der Aur,enring 13
kann einen Durchrnesser von ungefiil1r 5 m haben
und weist in der beschrieben AusfOl1rung eine gute
Stabilitat auf, Weiterhin ist das Auftriebsmittel4 in Bo­
jenform dargestelit, die eine untere 6se 27 zur Befes­
tigllng des zentralen Tragseils 6 uncl eine obere Ose
28 zum einfachen Hieven und Fieren der Tragervor­
richlung aufweist.

[0026] Die Blli.£.zeigt eine Detailansicht einer Man ..
schette 15 rnit drei Oser 16,22. Die beiden 6sen 16
dienen der Befestigllng des oberen und unteren Hah­
nepotseils 11,12, die 6se 21. dient der Befestigung
cler radialen Tragieine 20 jewei!s am AUl>enrirg 13.
Die gezeigte Manschette 15 ist geschlossen aus
Sta!ll ausgefUhrt, die 6sen 16, 22 sind angeschweil>t.
Eine biegefeste AusfOhrung aus Kunstsloff ist eben­
falls miiglich.

[0027] In der fig. 11 ist eine Detailansicht des zen­
tralen Innenrings 23 mit den Ober 6sen 29, 30 befes­
tigten radlalen Tragieinen 20 der KUltureinheit 19 dar­
gestellt. Der zentrale Innenring 1.3 ist wiederum aus
rostfreiem Stahl und weist fUr Jede radiale Tragleine
20 eine Ose 29 auf. Zwischen den Osen 29, 30 sind
Spannelel11ente 24, beispleisweise einfache Spann­
oder Spiralfedern, angeordnet, die der Straffhaltur.g
del' radialer. Tragleinen 20 und damit der gesamten
Kultureinl1eit 19 dienen. Angedeutet ist in der El9...1
eln laminarer Algenbewuchs 31 an den Kulturleinen
21,
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[0028] Die f.jq,A schlielSiich zo,gt eine Detailans.cbt
del' unteren Hahnepot 8. Ober obere Osen 18 sind
die untoren Hahnepotseile 12 unci das zentraio Traq­
soit 6 m.tdem zentralen Hahnepotrinq 10 verbundon.
Uber e'f1e untero Ose 18 uno oine frei drehbare Dreh­
kupplung 32 ist del' zentrale Hahnepctrinq 10 mit dem
unteren Abschnitt des zentralen Traqsei:s 6 verbun­
den. Eine solche Anordnun(j aus Oso 18 unct Dreh­
kupplun(j 32 kanr, auch zwischen dern Trapssll 6 und
der Ankerkette 16 vorgesehen sein (verple.che
[1£1,...1), sodass sieh del' qesarnte t<onstruktionsring 2
frei in cler Slromunq drohen kann.

[0029] Die vorbeschriebenen Ausfubrunqstormen
del' Trapervonichtuno nach del' Erfinclung sind bei­
spielhaft. Andere Ausfuhrunqsforrnen irn Rahrnen
der Offenbarung sine ebenfalls mcqlich und von den
Ausfiihrungen eingeschlossen.

Pate ntanspruche

1. Traqervorriotuunq (1) zur I<ultur von Makroor­
ganismen (31) in marlnen Cewassern rnit zurnindest
einer Rlngkonshlktion (2), die unterhalb del' Was·
seroberllache (3) zw.schen zumindest einern Auf­
triebsmittel (4) und einerVerankerung (5) anqeordnet
ist und in einem geschlossenen r-\uf~enrin(j (13) elne
spinnennetzartige Ku!tureinheit (19) aus radlalen
Tmgleinen (20) unci azirnutalen I<ulturleincn (21) aut­
weist, dadurch gekennzeichnet, dass der AulSen·
ring (13) Ober eine obere Hahnepot (7) rnit einern
zentralen Auftriebsmittel (4) unci Ober eine untere
Hahnepot (8) mit del' Verankerung (5) verbunden ist,
wobei jede Hahnepot (7.8) ;JUS einem zenlralen Hah·
nepotring (9, 10) unci mehreren gleichmiilSig am Um­
fan9 des Auf),emings (4) befestigten und nach oben
und unten jeweils van gerneinsarnen Anschlagpunk·
ton (14) aus veriaufenden Halmepatseilen (11, 12)
aufgebaut ist, da8s die radialen Tragleinen (20) unter
Spannung an einem zentralen Innennng (23) befes·
tigt sind und dass clas zent"aie AuftriebslTliltel (4) di·
rekt mit del' Verankerung (5) ObeI' zurnindest ein
clul'cl1den zentralen tnnenring (23) verlaufencles unci
an den beiclen Hahnepotringen (9, 10) angeschlage·
nes zenlrales Tra~Jseil (6) verbunden ist.

2, Tragervorrichtung (1) nach !\rlspruch 1, da·
clurch gekennzeichnet, class jecler gemeinsame An­
schtagpunkl (14) am AUlSenring (13) von einer biege­
steifer: Manschelte (15) gebilclet wird, clie jeweils fUr
ein aberes und ein unteres Hahnepotsell (11, 12) so­
wie fUr eine radiale Tragleine (20) eine Ose 18,22)
aufweist.

3. Triigervorriehtung (1) nach Anspruci1 1 odeI' 2,
dadurch gekennzeiehnet. dass del' zentrale Innenring
(23) flir jede radiale Tragleine (20) eine 6se (29) auf­
welst.

4. Tragerverrichtung (1) naeil Anspruch 2 und 3,
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dadurch gekennzelchnet, dass jede radiale Traqlene
(20) an elner Use (22) erner Manschette (15) urn den
Aurlenring (13) befestigt ist.

5. Trnqervomchtunq (1) nach Anspruch 2 unci 3,
oaourch qekennzeichnet, dass jede radiale Traqleine
(20) Ober ein Spannelement (24) mit einer Use (29)
des Lentraien Il1l1ennngs (23) verbunden ist.

6. Triigervorrichtung (1) nach einern oer Anspru­
che 1 bis 5, dadurch gokennzeichnet, dass der zen­
traie Hahnecotrinq (9) del' oberen Hahnepot (7) clirekt
an oem zentralen Aufiriebsmittel (4) anqrert.

7. Traqervornchtunp (1) nach einem cler Anspru­
che 1 bls 5. dadurch gekennzeichnet, dass del" zen­
tra!e Hahnepotring (9) del' oberen Hahnepot (7) unter
Zwischenscha'tunq einer in ihrer Liingo festiegbaren
Absenkleine an dem zcntralen Auftriebsrnittel (4) an­
greift.

8. Tra(jervorricl1tung (1) nach einern del' Anspru­
che 1 bis 7, dadurch gekennzeichnot, dASS del' zen­
trale Hahnepolrinn (10) der unteren Hahnepot (8)
Ober ein8 frei drehbara Drehkupp!ung (32) an einer
mit elnem Ankerstein (17) verbundenen Ankerkette
(16) als vorankeruno (5) anqroift.

9. Tragervorrlehtung (1) nach einem del' Anspru­
che 1 bis 8, dadurch gekennzeichnet, dass die obe­
ren Hahnepotseite (11) alie g!eichlang sind.

10. Triigervorrichtung (1) nach e,nem del' An­
sprOche r bis 9, daclurch gekennzeiclmet, dass alie
Seil-, Leinen- unci Keltenverilindungen uoor Osen
('18)an den Seil-. Leinen und I<ottellenclen hergestellt
sind.

11. Tra(jervorricntung (1) nach einern cler AnsprO­
che 1 bis 10, daclurch gekennzeicl1net, dass del' Au­
flenring (13) aus einer in einem Kunststoffrohr (26)
urnlaufenden Stahltrosse (25) besteht.

12. Triigervo'Ticl1tung (1) nach eil1em cler AI1­
spruche 1 bis 11, daclurch gekennzeichnet, dass das
zentrale Auftriebsrnittel (4) eine (ise (28) zum Hieven
unci Fieren cler Triigervorrichtung (1) aufweist.

13. Triigervorrichtung (1) nach einem del' An­
sprlrehe 1 bis 12, dadurch gekennzeichnet, clASS
mel1rere gleichartige Ringkonstruktionen (2) zusam­
mengeschaltet sind.

Es fo!gen 2 81att Zeic!1nungen
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(57) Zusammenlassung: Derartige lnspektionseinrichtun­
gen werdcn lijr die Beobachtunq und Sedienung van Aqua­
kultureri, Halenanlagen oder anderen, unter Wasser be­
findllcl18n Obarllachen eingeseizl. Sie weisen eine slulen­
105 verstellbare VerlikalfUhrung mit einer Teleskopslange
und elne slutenlos verstellbare Horizonlalfuhnmq mil einer
einen Weg vorgebenden Fuhrungsbahn und einem daraul
aul FUhrungsrollen geriihrten Wagen zur Aufnahme del'
Verlikalfuhrung und cntsprechcnde lnspektionsperate auf.
Sisher musston dalur spezief ausgebildete Taucher, der zu
inspizierende Gegensland aus dem Wasser anqehoben VF
ode, Inspektionseinrichtungen mit nur senrbegrenztem Ak- )
tionsraum einqesetzt werden. Mit del' Erfindunq wird eine
koslenqunstiqe und ohne Taucher bedienbare Inspekti­
onseinrichtung (lE) vorgestellt, die uber elnen weitgehend
unbegrenzlen Beobachtungsraum verfuqt. Dazu Ist fUr die 'JF
Verlikalliihrung (VF) die Teleskopstange (TS) mlttels meh- ,!
rerer Roilrabschnille (RA) absatzfrei verlanqerbar und fUr
die HorizontalfUhrung (HF) die Fuhrunqsbahn {FB) vsran­
derlich in einer kontlnuiertlohen Kurve vorqebbar oder aus
Iinearen Abscilnillen zusarnmensetzbar.Verlikal- und Hori­
zontalfUhrung (VF, HF) spannen die Inspektionsebene fOr
die diversen lnspektlonsqerate (IG) in den drel Raumach·
sen aul.
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Beschrelbung

[0001] Die Eriindung beziehl sich auf eine Inspekti­
onseinrichlung fOr Unlerwasserslrukturen mit einer
Posilioniervorrichtung, die eine stufenlos verstellbare
VertikalfOhrung mit einer Teleskopstanqe und eine
stufenlos verslell bare HorizontalfUhrung mit einer ei­
nen Weg vorgebenden Fuhrunqsbahn und einem
daraut auf Fuhrunqsrouer: gefOhrten Wagen zur Auf­
nahme der VertikalfOhrung aufweist, und mit einer
Unterwasser-Videokamera als zumindest einem In­
spekticnsqerat, das an der Teleskopslange befestigt
ist.

[0002] Derartige Inspeklionseinrichtungen werden
zurn Belspiel zur Warlung gro[1, angelegler Aquakul­
turanlagen benotigt, die weltweit zunehmend fOr die
Produktion von Algen und Muscheln betrieben wer­
den. Dabei wachsen die KUl1urorganismen an oder in
schwimmenden oder untarqatauchten Syslemen.
Solche Sysleme sind in der Regel Langleinen (Long­
line), Langriihren (Longtube), Ringsysteme, Fliir>e
oder Pfahlbauten. Langleinen und Langr6hren wet­
den uher einige 100 m Lange horizontal an der Was­
seroborttache Mer in 1-10 m Tiefe unlerhalb der
Wasseroberilache verspannl und dienen als Traqer­
leinen fUr die daran befestlqten Kulturhalteleinen. An
diesen Kulturhalteleinen werden schlier>lich die AI­
gen oder Muschem gezOchlet. Die Zucht solcher Kul­
turorganismen wird uber rnehrere Manate bis Jahre
betrieben. Dabei wird neben Routinearbeiten (Kon­
lrolle der Kulturen. Ausbringen von Organismen. Ern­
te) die technische Konstruktion aufihren Zustand und
ihre Sicherheil Oberpriift. Insbesondere die unterge­
tauchten Strukturen mGssenje nach Gewichtszunah­
me, die durch das Wachstum der Organismen ent­
sleht, mil zusatzlichen Auflriebsk6rpern beslOckt
werden. AuBerdem mOssen die Kulturorganismen
beobachlet werden, um den iiur>erlichen Zustand
(Unversehrtheil, Ansiedlung), Wachstum, Pradation
(Fressfeindschafl), FuHeraufnahme und -konkurrenz
bewerlen zu k6nnen. Solche Aufgaben konnen von
speziell ausgebildeten Tauchern durchgefUhrl wer­
den. Eine weitere Miiglichkeit besteht darin. die kom­
pleHen Strukturen mil Schiffskriinen von Spezial­
schiffen anzuheben. Beide M6glichkeiten konnen nur
bei geringern Seegang durchgefUhrtwerden und sind
sehr teuer. AuBerdem k6nnen Unterwasserkame­
ra-Systeme als Inspeklionsgerale zum Einsatz kom­
men. Andere Anwendungsgebiete fOrsolche Inspek­
tionseinrichtungen sind die Beobachlung und War­
tung von technischen Einrichlungen unter Wasser
wie Hafenanlagen usw.

Stand der Technik

[0003] Aus der GB 2 400 451 A ist eine einfache Te­
leskopstange mit einer Anbaum6glichkeil fOr eine
Unterwasserkamera bekannt. Die Liinge der 8tange
wird vor dem Einsatz mit VeriangerungsstOcken ein-

gestellt. Die LeitungszufOhrung goschiehl auBerlich
enUang der Teleskopslange. Uberschussiqe Leitung
wird auf eine Spule geroli!. Diese Einrichlung wird
vcn einem Kai cder von einem Bool oder Ponton aus
zur Beobachtung von z.B. Hafenanlagen unler der
Wasseroberiliiche eingesetzt. Ein Einsatz aut olfener
See bel Wind und Wellengang wird durch die Bewe­
gungen der Kamera vor dem Objekl sehr erschwert.
Aus Gewichlsgrunden tst der Einsatz der handge­
fUhrten Einrichtung aul geringe Tiefen beschriinkt.
Aus der US 6,119.630 ist eine ortsfesle Inspekti­
onseinrichlung fUr UnterwassereinsalL bekannt, die
ursprunqlich zur standiqen Beobachtung der Wachs­
tumsverhiiltnisse von Muscheln unter natOrlichen
Umgebungsbedingungen vorqesehen ist. Die Eln­
richtung ist nach der Einstellung der Tiete uno der
Wahl eines Einsatzortes weder in horizontaler noch
in vertikaler Richtung veranderbar. Aus der JP
10020382 A isl ein halbautonornes Beobachtungs­
system mit einem ternsleuerbaren unbemannten
Boot und einer kabelversorglen Videoeinrichtung be­
kannt. Das Boot wird uber einen zu beobachtenden
Ort gesteuert und das Videosystem uber eine Winsch
aut die gewunschte Tiefe abgelassen. Bild und Steu­
ersignaie werden Oberdas Kabel geleitet. Das Beob­
achtungssystem ist aufwiindig und der Einsatzort aut
die m6giiche Kabellanqe beschriinkt. Es ist nicht klar,
wie die Kamera ihre Blickrichtung beibehalt, wenn sie
am Kabel hang! und Stromungen und Wellengang
ausgesetzl ist. Ein ahnliches System wird in der DE
10310550 Ai offenbarl. Eine stromlinienfiirmige Un­
terwassereinhelt wlrd von einem fernsteuerbaren un­
bemannten Boot in durch ein Kabel veranderbarer
Tiefe durch ein Gewasser gefOhrt und nimmt Daten
mil Hilfe daran befestigter Sensoren auf. Das Beab­
achtungssystem ist aufwendig und der Einsatzort auf
die mogliche Sichtstrecke beschrankl.

[0004] Aus der US 2945428 A ist eine Kamerasta­
bllisierung bekannl, bei der der Kameramann eine
HorizanlalfOhrung aul seinen Schullern tragI. Diese
besteht aus zwei parallelen, geradlinigen FOhrungs­
schienen, die den horizontalen Veriahrweg der Ka­
mera festlegen. Zur horizontalen Verschiebung ist die
Kamera aUf einem Wagen gelagert. der mit jewells
zumindest einer rohriormig geschlossenen FGh­
rungsmuffe jede FOhrungsschiene umfasst. Eine ver­
tikale Verstellung der Kamera kann Gbereinen Teles­
kopstab erreicht werden, die unterhalb der Kamera
an dem Wagen befestlgt ist und sich am Boden ab­
stOtzt (vergleiche Fig. 5 ebenda). Ein kurvenformiges
Veriahren der Kamera ist mit dieser bekannten Ka­
merastabitisierung nicht ohne weiteres miiglich. Wei­
terhin 1st fOr die Stabilisierung immer der Badenbe­
zug (fOrKameramann und Teleskopstange) erforder­
lich.

[0005] Welterhin ist aus der WO 20041008077 Al
ein optischer Enkoder, beispieisweise ein Rontgen­
geriit, mit zwei reiativ zueinander bewegbaren Gera-
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teteilen oekannt. An dem einen Gerateleil lst ein Pc­
sitionsanzeiger, an rJem anderen Gerateteil ern Bild­
aufnehmer beiestigt. Der Positionsanzeiger ist rnit el­
nom sieh bewegenden Objekt verounden und wird
von dem Bildaufnehmer in seiner Bewegung optisch
crfasst. Der Enkoder umfasst einen versehiebbaren
Wagen, der unterhatb einer HorizontalfUhrung Ober
vier Fuhrunqsrollen rnitdieser verbunden ist (verglei­
che Fig. 1 ebenda). Dabei bedingt die Anordnung der
vier Relien eine bauliche Sieherung. Weiterhin ist am
Wagen eine teleskoparlige VertikalfOhrung aus meh­
reren ineinander sehlebbaren Vierkantrohren vorge­
sehen, die beim Ausfahren starke Absatze zueinan­
der aufweisen..

[0006] Die .JP61082146 A, von der die vorliegende
Erfindung als nachstlieqendern Stand der Teehnik
ausgeht. beschrelbt ein uber eine Winde betatiqba­
res Toleskoprohr definierter Ausfahrlanqe mrt einer
daran befestigten Unterwasser-Videokamera. Die
Beobachtungsliefe wird mitlels einer Handkurbel an
der Winde eingestell\. Das Teleskoprohr kann rnit ei­
nem Sch!itten in horizontaler Richtung auf einem
Ausieger von Hand verschoben werden. Der Ausle­
9er kann an zwei Scharnieren um elnen Tragmast
ebenfalls von Hand gedreht werden. Die horizonlale
Bewegung ist also in zwei Raumnchtunqen kontinu­
lerlich, wobei in der einon Raumrichlung ausscI1IioP.,­
Iieh oine reine Kreisbewegung lInd in der anderen
Raumrichtung eino Iineare Bcwegung durchgefOhrt
werden kann. Die Bowegung des Schlitlens kann nur
linear entlang des Auslegers erfolgen. Del' Einsalz
der Kamera ist durch die Kombinalion dieser Bowe­
gungen allf eine Kreisscheibe mit dem Radius des
AlIslegers und in del' Tiofe auf die Ausfahrliinge des
Teleskoprohrs beschriinkt. Es wird also ein in Radius
und Lange bestimmter, zylinderi6rmig begrenzter Be­
obacl1tungsraum zur VerfOgunggestellt.

Aufgabenslellung

Aufgabenstellung

[0007] Die Aufgabe fOrdie voriiegende EfOndung isl
darin zu sehen, dass eine Inspeklionseinrichtung fOr
Unterwasserstrukturen mit einer Posilioniervorrich­
lung der eingangs beschriebenen Arl zur VeriOgung
gestelltwird, die einen weilgehend unbegrenzten Be­
obachtungsraum zur VerfOgung stelll, preiswert her­
stellbar und ohne Spezialpersonalleicht handhabbar
is\. Die erfindungsgemiil!e Liisung fOrdiese AUfgabe
ist dem Hauptanspruch zu entnehmen. Vorteilhafte
Weiterbildungen der erfndungsgemal!en Inspekti­
onseinrichtung sind in den UnleransprOehen aulge­
zeigt und werden im Folgenden im Zusammenhang
mit der Erfindung naher eriiiutert,

[0008] Die erfindungsgemiil!e Inspektionseinrieh­
tung besteht aus einer Horizontal- und einer Vertikal­
Whrung, die eine Ebene aufspannen, in der die In-

spektionsgeriite kontinuierlich vsrfahren werden kon­
nen. Dio VorlikalfOhrung weist eine rohrf6rmigen To­
leskopstange auf und verlautt oaher lmrner linear, die
HorizonlalfOhrung kann eine FOhrllngsbahn in der
Ebene aufweisen, die senkrecht auf der varnkalfuh­
rung steht, Kurven besehreiben, bevorzuqt aber aus
linearen AbschnHten und besonders bevorzugt aus
einem einzigen linearen Abschnitt bcsteh en kann.
Die von der Horizontal- und der VertikalfOhrung aut­
gespannte Flache kann also eben sein oder aus einer
beliebigen Anzahl von in Winkein zueinander stehen­
den Fliiehenabsohnitten bestehen oder eine in der
dritten Raumrichtunq gekrOmmte Fliiehe, zurn Bei­
spiel also ein Zyiinder mlt kreisf6rmigem Querschnitt
sein. lur Tieieneinstellung des lnspektionsbereichs
kann die Teleskopstange ourcn HinzufOgenoder Ent­
fernen von Rohrabschnitlen absalzfrei verlanqsrt
oder verkurzt werden. Die Teieskopstange wird von
einer Leitvorrichtung an einem Wagen aufgonom­
men, der mittels einer FDhrungsrolle Ober die FOh­
rungsbahn del' HorizontalfUhrung greift uno auf die­
ser abroil\. Dazu weist die FOhrungsrolle ein das Pro­
RI der FDhrungsbahn zumindost tellweise aufneh­
mendes Negativprofil aut. Die lnspektlonsqerate sind
bevorzugt am unteren Ende der Teleskopstange an­
geordnet. Die Einstellung der jeweils gewiihlten Ein­
satztiefe der lnspektionsqerate an del' Teleskopstan­
ge, die kontinuiertlche FOhrung des Wagens mlt der
Teleskopstange und den Inspektionsgeraten Oberdie
HorizontalfOhrung sowie die gegebenenfalls m6gli­
chen Bedienungen der Inspektionsgerate gesehehen
bevorzugt im Handbetrieb.

[0009] Die zur Versorgung und Bedienung del' In­
spektionsgcriite erfordel'iiehen LeitungszOge zur En­
ergiezufuhr, gegebenenfalls zur Bereitstellung von
Signalen wie Biid- und Steuerdaten in beiden Rich­
tungen und zur meehanisct1en Belatigung k6nnen
ZU11\ Schutz vor meehaniseher 8esohildigung im In­
neren der Teleskopstange untergebracht werden.
Daw ist diese bevOfzugt als Rohr mit Liingsschlitz
ausgefOhrt, so dass aueh eine Liingeniinderung der
Teleskopstange dureh HinzufOgen oder Entfernen
von geschlitzten Rohrabsehnitten sehr sehnell von­
statten geht, ohne alle LeitungszOge entfernen und
nach der Uingenanderung wieder einfadeln zu mDs­
sen. LeitllngszOge werden von einem Vorrat ab- oder
auf ihn aufgewickeit llnd der geschlitzte Rohrab­
schnitt darOber gesehoben oder davon abgezogen.
Zur Langenanderung hat der Rohrabschnitt eine Ra­
steinriehtung, die dafUr sorgt, dass er schnell und in
Bezug aul den Liingsschiitz passgenau mit dem vor­
handenen Teleskoprohr verbunden, beziehungswei­
se aUf einfaehe Weise davon entkoppelt und entfernt
werden kann. Die Rollrabsehnitte der Teleskopstan­
ge konnen an dem einen Ende bei konstantem Au­
I!endurchmesser auf einem Teilbereieh der ungefiih­
ren Uinge des Durehrnessers des TelesKoprohres ei­
nen vergrol!erlen Innendurchmesser und auf dem
anderen Ende aui einem gleichiangen Teilbereich bel
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konstantcrn Innendurchmesser einen derart verklei­
ncrlcn AuGendurchmesser aulweisen, dass die ei­
nen Enden der Rohrabschnitte gerade spielarm die
anderen Enden weiterer Rohrabschnitte absatz.frei
aufnehmen k6nnen. Die Rasteinrichlung kann bevor­
zugt aus zumindest einer federnden Zunge mit einer
Raslnase bestehen, die im fnneren jades Rohrab­
schnitts an dem anderen Ende rnlt verringertem Au­
fJ,endurchmesserangeordnet ist, wobei die Rastnase
bei bezuqllch des Uingsschlltzes passgenauer Uber­
einanderstellung der ineinander greifenden Rohrab­
schnitte von innen nach aufsen genau durch dann
ebenfalls ubereinandor stehende Bohrungen in den
beiden, einen Verbindungsbereich bildenden Teilbe­
reiche der ineinander greifenden Rohrabschnitte
grei1t und diese fest miteinander verbindet. Durch
DrOcken auf die nicht weiter hervorstehende Rastna­
se der zumindest einen federnden Zunge und gleich­
zeitiqem Auseinanderziehen der beiden angrenzen­
den Rohrabschnitte kann die Verbindung sehr eln­
faeh und ohne Werkzeug wieder gel6st werden.

[0010J Die den Weg vorgebende Fiihrungsbahn der
HorizontalfOhrung kann sin gespanntes FOhrungsseil
soln, das aus einem einzelnen Iinearen Seilabsehnitt
oder einer beliebigen Anzahl van unter kleinen Win­
kein aneinander angrenzenden Seilabschnitten be­
steht. Die Variante aus mehreren Seilabschnitten
kann damit eine quasikontinuierliche Kurve beschrai­
ben, die von dem Wagen abgefahren werden kann.
Der Wagen fOreine HorizontalfQhrung aus einem ge­
spannten Fiihrungsseil wird von einem FOhrungsbe­
reich aus zwei dieht beieinander stehenden flachigen
Fiihrungslaschen gebildel, zwischen denen die Fiih­
rungsrollen frei drehbar eingespannt sind. Die Fuh­
rungsrollen sind an ihrem Umfang eingekerbt und am
Grund der umlaufenden Kerbe derart profiliert, dass
sie reibungsarm aber eng gefiihrt Oberdas gespann­
te FUhrungsseil laufen konnen. Fiir verschiedene
Durchmesser des FOhrungsseils kann dIe Kerbe ein
stufig angepasstes Profil aulweisen, wobei Breite
und Hiihe der Stufen von der Achse der FOhrungsrol­
le aus nach aul1en hin zunehmen, Die bei einem ge­
wahlten Durchmesser des FUhrungsseils jeweils
nicht benutzten kleineren Stufen k6nnen durch eine
am Grund der zu benutzenden Stufe Uml811fende
Manschetle abgedeckt werden, wodurch ein Ver­
klemmen des FUhrungsseils in der nachst kleineren
Stufe vermieden wird.

[00111 Zum sichereren Abfahren des FUhrungsseils
k6nnen die flachigen Fiihrungslaschen des Wagens
einen nach unten veriangerlen und sich dabei ab der
Unterkante der Fiihrungsralle leicht elWeiternden
Fiihrungsbereich aufweisen, wodurch einerseits das
Aufsetzen des Wagens auf das FOhrungsseif erleich­
tert und andererseits ein Abspringen des Wagens
van dem Fiihrungsseil bei heftigeren Bewegungen
verhindert wird. Die den Weg vorgebende FOhrungs­
bahn der Horizontalfiihrung kann auch ein in der ho-

rizontalen Ebene beliebig geformtes FUhrungsrohr,
bevorzugt mit kreisf6rmigem Querschnitt sein, In die­
sem Fall wird der Wagen von zumindest zwei Paaren
senkrecht links und rechts des FUhrungsrohrs und
zumindest einem Paar waagerecilt uber dem Filh­
rungsrohr angeordneter, an den Durchmesser des
FOhrungsrohrs zumindesl teilweise anqopasster kOQ­
kav profiiierter, walzenartig verbreiterter FQhrungsrol­
len, die gemeinsam an einer Deckplalte befestigt
sind, gestUtzt und gefiihrt. Das Profil insbesondere
der oberen walzenartigen FQhrungsrollen ist dabei
nur so stark ausgepriigl, dass sie gerade auf das
FUhrungsrohr mit dern gr61>ten Durchmesser passt
und dient im WesenUichen der Laslvertellung des an
dern Wagen hiingenden Teleskoprohrs mll den In­
spektionsqeraten, Es nimmt als Negativprofil zumin­
dest teilweise das Profil des FOhrungsrohrs aut, Die
seitlichen walzenartigen FOilrungsrollen musson
nichl konkav profilier! sein, da sie keine l.ast aufneh­
men und nur die seitlichen Fuhrunqskratte ubenra­
gen musssn. Zur Anpassung des Wagens an ver­
schiedene Durchmesser des Fuhrunqsrohrs konnen
die seitlichen walzenartigen FQhrungsrollen mit
Sc!mellspannern in der Deckplatle verschiebbar an­
geordnet und fixierbar sein. Nicht profilierte seitliche
FOhrungsrollen mUssen dazu nicht in der Hohe vor­
stellbar sein, da sie sich durch ihre gerade Beran­
dung an jeden Ourchmesser des FOhrungsrohrs an­
legen. Die Achsen der seitiichen Fuhrunqsrollen kon­
non unterhalb der Deckplatle ein Gelenk mit einer
RUckholfeder aufweisen, mil dem sie sich unter­
schiedlichen Rohrabmessungen undloder Uneben­
heiten der Rohroberflache anpassen konnen.

[00121 Das Teleskoprohr kann durch eine Leitein­
richtung Init dem auf der HorizontalfUhrung bewegba­
ren Wagen verbunden sein. Diese kann aus einer
Leit6ffnung in der Deckpiatte des Wagens beslehen,
in die das Teieskoprohr durch 6ffnen schnell seitlich
eingesetzt und nach dem Wiederverschliel>en gegen
Herausfallen gesichert werden kann. Durch das seit­
fiche Einsetzen wird vermieden, das Teleskoprohr mit
seinen Inspektionsgeriiten llnd LeitungszOgen von
unten oder oben durch die Leit6ffnung einfiideln zu
mUssen. Die geschlossene Leitiiffnung umfassl die
Teleskopstange derart, dass sie darin gleiten kann.
Oberhalb der Leitoffnung kann ein Schnelispannring
in beliebiger H6he die Teleskopstange umfassen und
damit die maximale Einsatltiefe der Inspek!ionsgera­
te festlegen und die Teleskopstange am Herausrut­
schen nach unten sichern. Die Teleskopstange kann
von Hand auf und ab bewegt und gedreht werden,
wobei die Bewegung oben van dem Schnellspann­
ring und unten von den Inspektionsgeriiten begrenzt
wird, Im Falle des FQhrungsrohrs, bel dem der Wa­
gen mit einer Deckplatte mit walzenartigen Fiih­
rungsrollen ausgefOhrt ist, kann die Leiloffnung ein
einfaCherAusschnitt in der Deckplatte sein, die durch
einen Sperrriegel geoffnet und verschlossen werden
kann. Im Falle eines FOhrungssells, bei dem der Wa-
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gelt mit zwei seitlichen Funrunqsiaschen mit den
FOhrungsroilen dazwisehen ausqefuhrt ist, kann die
l.eitoffnunq aus einem das Teleskoprohr urntassen­
den gesehlitzten Leitfiansch bestehen, dessen
Schenkel durch eine Schraube geoffnet und ge­
schlossen werden. Der geschlitzte Leitf/ansch kann
uber ein einfaches Drehgelenk und einen starren Ab­
standhalter rnit dem Wagen verbunden sein. Das
Drehgeienk dient dem Ausgleich der gegenOber dem
gerade in die Tiefe ragenden Teleskoprohr gegebe­
nenfalls durch Unebenheiten in der Horizontalfuh­
rung an einem Wagen mit mehr als einer Fiihrungs­
rolle auftretenden kleinen I<ippbewegungen. Da ein
fest mit einem solehen Wagen verbundenes Telesko­
prohr diesen Kippbewegungen aufgrund seiner He­
belliinge und seines Gewiehts nieht folgen k6nnte,
wurde bei Abwesenheit des Drehgelenks jeweils elne
FOhrungsrolie mehr oder weniger welt van der Hori­
zontalfCihrung abheben und eine ungenaue Seiten­
fOhrung bedingen. Der starre Abslandhaller verhin­
dert die Reibung des drehbar gelagerten Teleskop­
rohrs an dern Wagen und sorgt fur einen Mindestab­
stand zwisehen der Teleskopstange rnit den lnspekli­
onsgeriiten und dsr ZiJ inspizierenden Oberflache urn
beispielsweise einen zur Beobaehtung ausrelchan­
den Mindestabstand der Videokamera zu gewiihrleis­
ten, Das Teleskoprohr sitzt in seiner Leiloffnung seit­
lieh am Wagen Vlodurchsich ein Hebel zwischen dem
Angriffspunkt des Gewiehts der Teleskopstange l1nd
dem I\ufiage- und Drehpunkt des Wagens auf dem
Fuhrungsseil oderdem FUhrungsrohr ergibt. Um eine
Sehielstdlung des Teleskoprohrs Im Wasser zu ver­
hindern, kann zur l<ompensation des Gewichts der
Teleskopstange zumindest ein Auftriebskorper an el­
nem langenveranderbaren Ausleger angeordnet
sein, der mit dem Wagen in der gewahlten Langen­
einste!lung fest verbunden 1st. Auslegerlange und
Auftriebskraft werden dabei so hergestellt, dass das
Gewiel,t der Teleskopstange gerade bls zu Ihrer ge­
nau vertikalen Stellung kompensiert wird.

[0013] Als Inspektionsgerat ist zl1mlndest eine Un­
telWasser-Videokamera vargesehen. Diese kann in
einem Gehause untergebraeht sein, das von der
Wasseroberflache auSzumindest um die horizontale,
einen reehten Wlnkel mit der optisehen Kameraaeh­
se bildende Raumaehse um zumindest ± 90· ge­
schwenkt werden kann. Zusammen mft der seitliehen
Verdrehm6gliehkeit des gesamten Teleskoprohrs ist
es miiglich, einen Oberblick ObeI' einen jeweils gan­
zen, relatlv breiten vertlkalen Absehnitl des Inspektl­
onsobjekts zu erhalten, vor dem die Kamera gerade
steht. Als weiteres Inspektlonsgeriit kann eine mit ei­
nem Saugsehlaueh versehene Ansaugvorrichtung fOr
Wasserproben und klelne Organismen an der Teles­
kopstange in Hohe der Unterwasser-Videokamera
monliert seln, Durch elne klefne Pumpe konnen Pro­
ben von Wasser und Sehwebstoffen vom Beobaeh­
tungsort abgesaugt und bevorratet werden. Ein wel­
teres Inspektionsgeriit kann eine Entnahmevorrieh-

tung fUrFestkorperproben sein und sinen Aufnahme­
korb aufweisen, in den Festkorperproben vorn Beob­
aehtungsort untergebraeht werden konnen. Dazu
kann die Korbhalterung vorleilhaft mit seharfen Kan­
ten versehen sein, so dass durch entspreehende Be­
wegungen der Teleskopstanqe Festkcrperproben,
z.B, lviuscheln, vom beobaehteten Untergrund abqe­
kratzt werden und in den Aufnahmekorb fallen kon­
nen. Eine andere Entnahmevorriehtung fOr Festk6r­
peroroben kann eine Trennvorriehtung fur Festkor­
perproben aufweisen, die als mechanlsch betatiqba­
re Sage, Zange oder Messer ausgebildet ist. Eine
weilere AusfOhrung einer Inspektionseinrlehtung als
Entnahmevorrlchtung VOn Festkorperproben kann
neben elnern Aufnahmekorb einen mechaniseh beta­
Iigbaren Greifer aufweisen, mit dem Festkorperpro­
ben vorn beobachteten Untergrund aUfgenommen
und in den Aufnahmekorb botordort werden k6nnen.
DarOber hinaus kann als weiteres lnspektionsqerat
eine Vermessungsvorriehtung mit der Karnera an der
Teleskopstange montiert sein, die vorteilhaft aus zwei
in definiertem Abstand und exakt parallel zueinander
8ngeordneten Lasern bestehen kann. Bei der Beob­
aehtung del' Unterwasserstrukturen kann dureh Rela­
tion zwischen den Auftreffpunkten des Laserllehts
uncideren bekanntem Abstand allf die Gror>eder be­
obachteten Strukturen, z.B, Organisrnen, gesc11108­
sen werden.

[0014] Zur Bedienung der mechanisch betiltlgbaren
Inspeklionsgerate konnen BowdenzOge verwendet
werden, mit deren Hilfe die notwendigen Bewegun­
gen In der Tiefe von der Wasseroberflache aus
durehgefiihrt werden kiinnen. Die BowdenzOge k6n­
nen mit Hebeln oder Drehelementen als Bedienungs­
elnrichtungen in eine gewOnsehte Position gebraeht
und dort in Raststellungen iixiert werden. Beim Losen
der Ras(en konnen die bewegbaren Inspektlonsgera­
te mittels ROekholledern in eine Ausgangsstellung
zurOekbewegt werden. Die Drehelemente konnen
gleichzeitig einen zur Verlangerung der Teleskop­
stange mitlels geschlitzten Rohrabschnltten einen
Drahtvorrat auinehmen, der bei Bedarf einfaeh auf­
oder abgewiekelt werden kann.

AusfOhrungsbeispiel

[0015] Ausblldungsformen der Inspektionseinrieh­
tung fOrUnterwasserstruktl1ren mit elner Positionier­
vorrlehtung naeh der Erfindung werden nachfolgend
zum weiteren Verstilndnis del' Erfindung anhand del'
sehemalischen Figuren naher erli3utert, Dabei zeigt

[0016] E1!L..1 eine Inspektionseinriehtung mi! Positi­
oniervorrichtung und Inspektionsgeraten mlt FOh­
rungsseil,

[00171 El9...1 einen Wagen mlt profilierter Rolle und
Leiteinrichtung,
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[0018J .E.l.\L..1 eine lnspektlonseinrichtunq mil Positi­
omervorrichtunq und lnspektionsqeraten mit FOh­
rungsrohr,

[0019] .EJg,A einen Wagen mit Deckplatle mit t.elt­
einrichtung,

[0020J Flu. 5 walzenartige Fuhrunqsrollen im Auf­
bau,

[0021] Fig. 6 Rohrabschnille der Teleskopstange
mit Rastnasen,

[0022J E!fl..~ ein FOhrungsrohr als Krels,

[0023] J::lg"Jiein FOhrungsseil rntt Abschnitten,

[0024] flg...g eine Teleskopslange mit lnspektions­
geralen und

[0025J .E1.IL..1Q eine Bedienelnheit fOrBowdenzOge

[0026] Fig. 1 zeigt eine Inspektionseinrichtung lE
mit Positioniervorrichtung PV, lnspektionsperaten 10
und HorizonlalfUhrung HF mit Fiihrungsseil FS. Die
VertikalfOhrung VF mil Teleskopstange TS aus meh­
reren Rohrabschnitten RA wird in einer hier nicht
slchtbaren Lelteinrichlung LE am Wagen WA auf­
und abfuhrbar sowie drehbar aufgenommen. Eln
Schnellklemmring SK begrenzt dabei den m6glichen
Hub der Teleskopslange TS und legl die maximale
Einlauchtlefe fest. Die Teleskopstange TS welst ei­
nen durchgangigen Lanqsschlitz LS zur Aufnahme
von LeltungszOgen LZ zur eleklrischen Versorgung
und zur mechanischen Bedienung der Inspeklions­
gerate IG, in

[0027] EJ.9.,..1 einer Videokamera VK, auf. Die Bedie­
nungseinrichlung BE zur mechanischen Verstellung
der Videokamera VK kann in hier nicht welter darge­
stellten Raststellungen iixiert werden. Der Wagen
WA In dieser AusfUhrung ist mit elner profilierten FOh­
rungsrolle PR ausgerOstet, die aui dem FOhrungsseil
FS abrollt, eln das Profil des FCthrungsseils FS auf­
greiiendes Negalivprofil NP und elnen nach unten
verlangerten und sich aufweitenden FOhrungsbe­
reich FB aufwelst. Die Videokamera VK kann zumin­
dest um die horizontale, einen rechten Winkel mlt der
optischen Kameraachse KA bildende Raumachse
RM schwenken.

[0028] Ei.Il..2. zelgt einen Wagen WA mit zwei proti­
lierten FOhrungsrollen PR und Leiteinrichtung LE. Die
profilierten FOhrungsrollen PR zeigen den an ver­
schiedene Seildurchmesser in Stufen angepassten
Profilbereich PB. Das bel der gewahlten Darstellung
in der Zeichnungsebene verlaufende FOhrungsseil
FS ist zur Verdeutllchung im Querschnilt im oberen
Profilberelch PB dargestellt. Die jeweils unbenutzten
klelneren Stufen k6nnen durch Manschetten MA ab-

gedeckt werden, urn ein Verklemmen des FOhrungs­
seils FS zu verhindern. Die Manschelte MA kann in
die nachstkleinere Stufe f(illend eingelegt und an ih­
ren verjOngten Enden zum Ring verschraubt werden.
Die profilierten FOhrungsroilen PR werden von dem
FOhrungsberelch FB aus zwel ebenen FOhrungsla­
schen FL zusammengefassl und zwischen ihnen
ieicht drehbar aut Drehachsen DA gehalten und mlt
Sicherungsmuttern SM gesichert. Oleitscheiben OS
zwischen den FOhrungslaschen FL und den profilier­
ten Fuhrunqsrotlen PR sorgen fur den reibungsar­
men Lauf. Die Drehachsen DAwerden von einemge­
meinsamen Abslandhalter AH getragen, der an sei­
nem zentralen Punkt ZP die Lelleinrlchtung LE fOr die
Teleskopstange TS in einem Drehlager DL tragt. Die
Leiteinrichtung LE bestehl in diesem AusfOhrungs­
beispiel aus einem uber Scharniere SR aufklappba­
ren Leitflansch LF, der irn durch eine Sicherungs­
schraube SS geschlossenen Zustand die Teleskop­
slange TS hall, ihr aber zur Drehung und Aut- und
Abbewegung genugend Spielraum lasst.

[0029] .El.iL..1 zeigt eine Inspekllonseinrichlung lE
mit Posilionlervorrlchtung PV, Inspektionsgeriiten 10
und HorizonlalfOhrung HF mil FOhrungsrohr FR als
FOhrungsbahn FN. Die VerlikalfOhrung VF mit Teles­
kopstange TS aus mehreren Rohrabschnitten RA
wlrd in einer Leiteinrichtung LE am mit Deckplatte DP
ausgerOsteten Wagen WA aut- und abfuhrbar sowie
drehbar aufgenommen. Die Leiteinrichlung LE be­
stehl In diesem Ausfiihrungsbeisplel aus slner Lelt­
iiffnung LO, die den Ouerschnitt der Teleskopstange
TS rnitSpiel autnehmen kann, und elnem als drehba­
rer, offener Ring ausgelegten Sperrriegei SP. Ein
Schnellklemmring SK begrenzt dabei den moglichen
Hub der Teleskopslange TS und iegl die maxlrnale
Eintauchtiefe fest. Die Teleskopstange TS weisl ei­
nen durchgiingigen l.anqsschlitz LS zur Aufnahrne
van LeitungszOgan LZ auf. Ein hier dargeslelltes In­
spektionsgeriit IG ist eine Entnahmevorrichtung fUr
Festk6rperproben EF und besteht aus einem Aufnah­
mekorb AN mit Korbhalterung KH mit schneldenartig
ausgebildeler Kante KK ais Trennvorrichtung fUr
Festk6rperproben TF. Der mit Deckplalte DP ausge­
rOstete Wagen WA in diesem AusfUhrungsbeispiel 1st
mlt zwei Paaren senkrecht links und rechts des FOh­
rungsrohrs FR und zumindest einem Paar waage­
recht Ober dem FOhrungsrohr FR angeardneler, an
den Durchmesser des FOhrungsrohrs FR zumindest
teilweise angepasster konkav profillerter, walzenartig
verbreilerter FOhrungsrollen PR ausgerOstet, die aut
dem FOhrungsrohr FR abrollen. Die FOhrungsrollen
PR k6nnen Ober Schnellspanner SN und Langl6cher
LL auf dem jeweliigen Durchmesser des FOhrungs­
rohrs angepasstel'l Positionen fixiert werden. Im Falle
des mit Deckplatte DP ausgerOsleten Wagens WA
wird das seillich an dem Wagen WA angreifende Ge­
wlcht dar Teleskopstange TS und der daran fixierlen
Inspektionsgeriite IG durch einen an einem Ausleger
AL an der dem FOhrungsrohr FR abgewandten Seile
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des Wagens WA angeordneten fluftrlebskorper AK
kornpensiert. Der Ausleger AL wird ebenlalls iiber
Schnellspannor SN und l.anqlocher LL an der Deck­
platte DP einstellbar lixiert

[0030] fig. 4 zeiqt einen mil Deckplatle DP ausqe­
rOsteten Wagon WA und eme Leileinrichtung LE in
der Draufsicht. Die Teleskopstange TS wrd darin aut­
und abfuhrbar sowie drehbar aulgenommen. Die
Leiteinrichtung LE besteht in diosem Ausllihrungs­
beispiel aus einer Leitoffnung LO, die den Ouer­
schnitt del' Teleskopstange TS mil Spiel aufnehmen
kann, und einem als Slange mit Griffknopl SG ausqe­
bildelen und durch zwei Schellen SE gehaltenen
Sperrriegel SP. Die unlerhalb del" Deckplatte DP an­
geordneten und in dieser Darstellung nicht sichtba­
ren FOhrungsrollen PR k6nnen Ober Schnellspanner
SN und Langl6cher LL auf dem jeweiligen Ourchmes­
ser des FOhrungsrohrs angepassten Posltionen fi­
xiert werden. Der der Gewichtskompensation oienen­
de Ausleger AL mit dem Auftriebsk6rper AK lst an der
dem FOhrungsrohr FR als FOhrungsbahn FN abge­
wandten Seite des Wagens \AlA angeordnet. Der
Ausleger AL wlro uber Schnellspanner SN uno Lang­
locher LL an der Deckplatte DP einstellbar fixiert.

[0031J fl!LJ2 zeigt die walzenartlge Fuhrunqsrollen
PR in einern rahmenarligen Aufbau RB. Dabei wer­
den die waagerecht angeordneten FOhrungsrollen
PR mit einem an den gro!1ten rncqlichen Durchmes­
ser des FOhrungsrohrs FR zumindest tei'weiso ange­
passten Profil AP als Negativprofil NP des FOhrungs­
rohrs FR versehen, mit dessen Hilfe sich der ganze
Wagen WA aul dem FOhrungsrohr FR zentriert Die
verlikal angeordnelen FOhrungsrollen PR erhallen
kein Profil, sondern werden nur in ihrerUinge fOrden
grof1,ten rnoglichen Durchrnesser des FOhrungsrohrs
FR ausgelegl. Oadurch besleht keine Notwendigkelt
der Hohenanpassung dervertikal angeordneten FOh­
rungsrollen PR bel Anderung des Durchmessers des
FOhrungsrohrs FR.

[0032) Die vertikal angeordneten FQhrungsrollen
PR sind mit Achsen AS drehbar in je einerquaderfor­
migen Halterung OH angeordnel, von denen jeweils
zwei uber verschraubbare Streben VS miteinander
verbunden sind. Die beiden dadurch entstehenden
verbundenen Paare von vertikal angeordneten Fuh­
rungsrollen PR slnd Oberdie beiden prolilierten, hori­
zontal angeordneten FOhrungsrollen PR verbunden,
indem deren verliingerte Achsen VA In Ouerbohrun­
gen OB je einer del' beiden zugehorigen quaderf6rmi­
gen Hallerungen OH stecken. Die quaderformigen
Halterungen OH weisen zentrale vertikale Bohrun­
gen ZB auf, Ober die der rahmenartige Aufbau RB
insgesamt mittels del' Schnellspanner SN und der
Langl6cher LL an der Deckplatle OP fixiert wlrd. Die
Achsen AS del' vertikalen Flihrungsrollen PR konnen
zur UnterslUtzung del' Anpassung an den Durchmes­
ser des FOhrungsrohrs FR ader zum Ausgleich von

darauf beflndlichen Unebenheiten Knlckqelenke KG
aufweisen. Zur Anpassung des Wagens WA an den
Durchmessers des FOhrungsrohrs FR werden die
Schnellspanner SN gel6st, del' Wagen WA uoer das
FLihrungsrohr FR geselzt und die beiden verbunde­
nen Paare von vertikal angeordneten FOhrungsrollen
PR uber die Langl6cher LL an das Fuhrunqsrohr FR
herangeschoben. Die horizontalen Filhrungsrallen
PR mit dem angepassten Prafil AP konnen sich dabei
durch die in den Querbohrungen OB der quaderfor­
migen Hallerungen OH steckenden verliingerlen
Achsen VA solange verschieben, bis sle zentral aul
dem Fuhrunqsrohr FR angeordnet sind. Anschlie­
f'end werden die Schnellspanner SN wieder betes­
tlgt.

[0033] Fig, 6 zelgt zwei Rahrabschnitte RA der Te­
leskopstange TS, van denen del' eine am oberen
Ende OE bel konstantarn Aufsenourcnmesser dA auf
einem Teitbereich TB der urgefiihren Liinge des
Durchmessers der Teieskopstange TS einen verqro
f>erten Innendurchmesser gl unci der andere am un­
teren Ende UE auf einem gleichlangen TeilbereichTB
bei konstantern innendurchmesser dl einen derart
verkleinerten Auf>endurchmesser kA aufweist, dass
die beiden Enden OE, UE del' dargestellten Rohrab­
schnittc RA elnander gerade spielarm absatzfrei aut­
netlmen kdnnen. Die Rasteinrichtung RE besteht aus
zurnindcst einer federnden Zunge FZ mil emer Rast­
nase RN, die im Inneren des oberen Rohrabschnitts
RA an darn unteren Ende UE mlt verkleinertern Au­
f>endurchmesser kA angeordnet lst, wobel die Rast­
nase RN bel bezQglich des Langsschlltzes LS pass­
genauer Obereinanderstellung del' !neinander gm!­
fenden Rohrabschnitte RA von Innen nach au!1en ge­
nau durch dann ebenfalls libereinander stehende
Bollrungen BN in den beiden, einen Verbindungsbe­
reich VB bildenden Teilbereiche der ineinander grei­
fenden ROl1rabschnitte RA greift und diese fest mit­
einander verbindet. Durch Drilcken aul clie auf),en
nlcht weiter hervorstehende Rastnase RN der zumln­
dest einen federnden Zunge FZ und gleichzeltiges
Auselnanderzlehen der belden angrenzenden Rohr­
abschnltte RA kann die Verbindung sehr einfach und
ohne Werkzeug wieder gel6st werden, Die Rasteln­
rich lung RE ist in der ge6ffneten Stellung zusatzlich
gestrichelt dargeslellt.

[0034] Fig. 7 zeigt ein FOhrungsrohr FR als FOh­
rungsbahn FN, das als Kreis KR ausgebilclet ist. Oer
Wagen WA liiun auf dem FOhrungsrohr FR um und
fOhrt dabei clle Teleskopstange TS mit sich. Mit die­
sem Aulbau 1<6nnen zyiinderartige Unterwasserstruk­
turen inspiziert warden,

[0035] ~ zeigt ein FOllrungsseil FS als FOtl­
rungsbahn FN, das unter Bildung kleiner Winl<el in
zusammenhiingende Sellabschnltte SA eingetellt ist.
Der Wagen WA ii:\uft auf dem FOhrungsseil FS und
fOhrt dabei die Teleskopstange TS mit sich. Mit die-
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AH
[0036J !J.g,..Q zeigt eine Teleskopstango TS mit In- AL
spektionsgeraten IG. hier insbesondere eine An- AK
saugvorrichtung Iur Wasserproben AW mit einem AN
HOllrohr HR und einem Saugschlauch SL, ein mecha- AP
nischer, uber Bowdenzug BZ (nicht sichtbar) und AS
ROckhoifeder RF betiitigbarer Greifer MG als Ent- AW
nahmevorrichlung fUr Festkorperproben EF mit dem BE
zugeh6rigen Aufnahmekorb AN und eine Vermes- BN
sungsvorrichtung W aus zwei in einem frei wiihlbaren BZ
Abstand wa und genau parallel zueinander ausqe- OA
richteten Lasern LR direkt an der Videokamera VK. dA
Eine ebenfalls m6gliche Trennvorrichtung fUr Fest- DL
korpsrproben TF als rnechanisch betatiqbare Sage, dl
Zange oder Messer ist nicht weiter dargestellt. Die In- OP
spektionsgeriite IG sind so angeordnet, dass die Vi- OS
deokamera alle Aktlvltaten im Sichtbereich ihrer Op- EF
tik und der Bedienende volle Kontrolle uber die ertor- FB
derlichen Tiitigkeiten hat. FL

FN
[0037J f.J.9.,J.Q zeigt eine Bedieneinl1eit fOr einen FS
Bowdenzug eines Inspektionsgeriits. Am Teleskop- FR
rohr TS ist eine Rastscheibe RS mit Rast!ochem RL FZ
befestigt. Zentral dazu ist eine Drahtspule DS dreh- 91
bar mittels einer Zentrelschrauba ZS angeordnet. Die GS
Drahtspule DS. die mit der Handkurbel HK gedreht HF
werden kann, weist eine umlaufende Vertiefung auf, HK
in der ein Drahtvorrat DV fUr den Bowdenzug vorhan- HR
den lst. Ein Sicherungsstift ST verbindet die lE
Drahtspule DS mit der Rastscheibe RS. Bei Lange- IG
niinderungen des Teleskoprohrs TS rnuss Draht ab- KA
oder aufgewickelt werden. Dazu wird del' Siche- kA
rungsstift ST gegen eine Zugfeder ZF aus selnem KG
Rastioch RL herausgezogen, um 90· gedreht und SO KH
in gel6ster Stellllng tlxisrt. Die Drahtspuls DS kann KK
nun mit der Handkurbel HK gedreht werden, bis der KR
Draht entweder gelockerl ist und ein Rohrabsehnilt LE
abgenornmen oder die fUr den Bowdenzug erforderli- LF
ehe neue Liinge oufwelst und ein Rohrabschnitt an LL
die Teleskopstange TS angesetzt werden kann, An- LO
schliefsend wird der Sieherungsstift ST wieder in das LR
niichstgelegene Rastloeh RL eingefilhrt. Zum Bedie- LS
nen des jeweiligen Inspektionsgeriits wird der Siehe- LZ
rungsstift ST wieder gel6st und die Handkurbel HK MA
solanqe betiitigt, bis das Inspektionsgeriit die riehtige MG
Position aufwelst, Beim Rlickdrehen der Handkurbel NP
HK wird das lnspektionsqerat durch eine ROekholfe- OE
der bis maximal in die Ausqanpstellunq zurOckge- PB
fUhr!. Zur Beibehaltung ainer bestimmten Stellul1g PR
des Inspektionsgeriits kann die Drahtspule DS in je- PV
der vorhandenen Raststellllng mit dem Slcherungs- QB
stift ST fixierl werden. QH

RA
RB
RE
RF
RM
RL

8/16

Abstandhalter
Ausleger
Auftriebsk6rper
Autnahrnekorb
angepasstes Profil
Achse
Ansaugvorrichtung fOr Wasserproben
Bedienungseinricl1tung
Obereinander stel1ende Bohrunq
Bowdenzug
Drehachse
konstanter Aufsendurchrnesaer
Drehlager
konstanter Innendurchmesser
Deckplatte
Drahtspule
Entnahmevorrichtung fUr Festkorperproben
FOhrungsbereieh
FOhrungsiasehe
Fuhrunqsbahn
FOhnungsseil
FOhrungsrohr
federnde Zunge
verqrofserter Innendurehmesser
Gieitscheibe
HorizontalfUhrung
Handkurbel
Hullrohr
Inspektionseinriehtll ng
Inspektionsgeriit
Kameraaehse
verkleinerter Aul5endurchmesser
Knickgelenk
Korbhalterung
schneldenarttqe Kante
Kreis
Leiteinriehtung
Leitflansch
Langliicher
Leitoffnung
Laser
Langsschlitz
Leitungszug
Manschette
Greifer
Negativprofil
oberes Ende
Profilbereieh
Flihrungsrolle
Positionie rvorrieh tung
Querbohrung
quaderf6rmige Haiterung
Rohrabschnitl
rahmenartiger Aufbau
Rasteinrichtung
Rlickholfeder
Raumaehse
Raslioch
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RN
RS
SA
SE
SG
SK
SL
SM
SN
SP
SR
SS
ST
TB
TF
TS
UE
VA
VB
VF
VK
VS
W
WA
wa
Z8
ZF
ZP
ZS

Rastnase
Rastscheibe
Seilabschnitt
Schelle
Sfange mit Griftknopt
Schnellklemrnring
Saugschlauch
Sicherungsmu tier
Schnellspanner
Sperrrieg el
8charnier
Sicherungsschraube
8icherungsstift
Teilbereich
Trennvorrlchtung fUr Festk6rperproben
Teleskopstange
unteres Ende
verlanqerte Achse
Verbindungsbereich
Verllkalfllhrung
Videokamera
verschraubbare Strebe
Verme ssungsvorrichtung
Wagen
wahlbarer Abstand
zentrale Bohrung
Zugfeder
zenlraler Punkt
Zentraischraube

Rastnasen RN miteinander verbunden sind.

4. lospekuonseinricbtuno nach einern der An­
sprOche 1 bis 3, dadurch gekennzeichnet, dass die
den Weg des Wagens WA vorgebende Fuhrunqs­
bahn FN ein in der horizontalen Ebene verlaufendes,
gespanntes FOhrungsseil F8 ist.

5. lnspekfionseinrichtunq nach Anspruch 4, da­
durch gekennzeiclmet, dass die FOhrungsrollen PR
ein an verschiedene Ourchmesser des FOhrungsseils
FS in Stufen angepasstes Profit AP aulweisen, wobei
Breite und Hohe der Stufen van der Aeilse der FOh­
rungsrolie PR aus nach aufser. hin zunehrnen und die
bei einem gewahlten Durchmesser des Ful1rungs­
seils FS jewells nicht benutzten kleineren Stufen ab­
deckbar sind.

6. Inspekttonselnnchtunq nach einem der An­
sprOche 1 bis 5, dadurch gekennzeichnel, dass der
Wagen WA beidseits der Fuhrunqsroilen PR FOh­
rungslaschen FL aufweist, die einen nach unten ver­
langerten und sich erweiternden Fuhrunqsberelch FB
ausbllden.

7. Inspel<tionseinrichtung nach einern der An­
sprOche 1 bls 3, dadurch qekennzelchnet, dass die
den Weg vorgebende Fuhrunqsbahn FN ein in der
hortzontalen Ebene geformtes FOhrungsrohr FP ist,

Patentansprucho

1. Inspeklionseinrichtung lE mr Unterwasser­
strukturen rnit einer Positioniervorrichtung PV, die
eine stufenlos verstellbare VertikalfUhrung VF rnit ei­
ner Teleskopstange T8 und eine stufenlos versteltba­
re HorizontalfUhrung HF mit einer elnen Weg vorqe­
benden FOhrungsbahn FN uno einem darauf auf Fuh­
rungsrollen PR gefUhrten Wagen WA zur Aufnahms
der VertikalfUhrung VF aufweisl, und mlt einor Unter­
wasser-Videokamera VK als zurnindest einem In­
spektionsqerat 18,das an der Teleskopstange T8 be­
festigt ist, wobei die Teleskopstange TS rmltels meh­
rerer Rohrabschnitte RA absatzfrei verliingerbar ist,
die FUhrungsbahn FN einen veriinderlich vorqebba­
ren Kurvenverlauf aufweist und die Flihrungsrollen
PR eln das Profil der FOhrungsbahn FN aufnehmen·
des Negativprofil NP aufweisen.

2. Inspektionselnrichtung nach Anspruch 1, da­
durch gekennzeichnet, dass die Teleskopstange T8
einen in durchgehenden Liingsschlitz LS zur ge­
schUtzten Aufnahme von LeitungszOgen LZ zur Ver­
sorgung und Bedienung des zurnindest einen lnspek­
tionsgeriites IG in ihrem Inneren aufweist.

3. Inspektionseinrichtung nach einern der An­
sprOche 1 bis 2, dadurch gekennzeichnet, dass die
Rohrabschnitte RA zur Verliingerung der Teleskop­
stange TS inelnander greifen und durch federnde

8. Inspektionseinrichtung nach Anspruch 7, da­
durch gekennzeichnet, dass dor Wagen WA eine
Deckplatte OP und daran angeordnet zumindest zwei
Paare senkrecht links und rechts des Fuhrunqsrohrs
FR und zurnindest ein Paar waagerecht uber dam
FUhrungsrohr FR angeordnete, an den Ourchmesser
des Fuhrunosrohrs FR zurnindest teilwelse konkav
profiliert angepasste, walzenartig varbreiterte FOh­
rungsrollen PR aufwelst.

9. Inspektionseinriehtung nach Anspruch 8, da­
durch gekennzeichnel, dass die walzenartiq verbrei­
terten FOhrungsrollen PR zur Anpassung des Wagen
WA an verschiedene Durchrnesser des Fuhrunqs­
rohrs FP mit Schnellspannern 8N an der Deckplatte
OP in Lanqlocnern LL verscl1iebbar und fixierbar
sind.

10. Inspektionseinrichtung nach einern der An­
sprOche 8 oder 9, dadurch gekennzelchnet, dass die
walzenartig verbreiterten FOhrungsrollen PR in ihren
Achsen unterhalb der Deckplatte DP ein Knickgelenk
zur Anpassung des Wagen WA an verschledene
Ourcllmesser des FOhrungsrohrs FR aufweisen.

11. Inspektionseinrlchtung nach elnem der An­
spruche 4 bis 6, dadurch gekennzelchnet, dass der
Wagen WA durch elne Lelteinrichtung LE rnlt der Te­
ieskopstange T8 verbunden ist, wabei die Leitein­
rlchtung LE einell an einem Orehlager DL und einern
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Abslandhaller AH angeordnelen, die Teleskopstange
TS urnfassenden Leitflansch LF und elnen an der Te­
leskopslange T8 in bel/ebiger Hone oberhalb des
Leitflenschs LF flxicrbarenSchnellklemmring SK aut­
weist.

12. Inspektionseinrichtung nach einem der An­
spruche 7 bis 10, dadurch gekennzeichnet, dass der
Wagen WA durch eine Leiteinrichtung LE mlt der Te­
leskopslange TS verbunden ist, wobei die Leitein­
richtung LE eine die Teleskopstange TS umlassende
und rnit einern Sperrriegel SP verschlielsbare Leitoff­
nung LO in der Deckplatte DP des Wagens WA und
einen an der Teleskopstange T8 in beliebiger Hohe
oberhalb der Leitoflnung LO lixierbaren Schnell­
klemmring SK aufweist.

13. Inspektionseinrichtung nach einem der An­
spruche 1 bis 12, dadureh gekennzeichnet, dass das
seitlich an dem Wagen WA angreifende Gewicht der
Teleskopstange TS und des daran lixierten zumln­
dest einen lnspektronsqerats IG durch einen an ei­
nom liingenveriinderbar ausgebildeten Ausleger AL
an der der FOhrungsbahn FN abgewandlen Seite des
Wag ens WA angeordneten Auftriebskcrper AK kom­
penslert ist.

14. Inspeklionseinrlchtung nach einem der An­
spruche 1 bis 13, dadureh gekennzelchnet, dass die
als zumlndest ein lnspektionsqerat IG vorhandene
Unterwasser-Videokamera VK zumindest um die ho­
rizontale, einen rechten WInkel mit del' optisehen Ka­
meraachse KA bildende Raumachse RM schwenk­
bar ist.

15. lnspektionselnrtchtunq nach einem der An­
spruche 1 bls 14, dadurch gekennzeichnet, dass als
weiteres lnspektlonsqerat IG eine mit einem Saug­
schlauch SL versehene Ansaugvorrichtung AV fUr
Wasserproben an der Teleskopstange T8 ariqeord­
net ist.

16. Inspektionseinrlchtung nach elnern der An­
spruche 1 bis 15, dadurch gekennzeichnel, dass als
weiteres Inspektionsgerat IG eine Entnahmevorrlch­
lung fUr Festkorperproben EF an der Teleskopstange
TS anqeordnet tst.

17. Inspektlonseinrichtung nach Anspruch 16,
dadurch gekennzeichnet, dass die Entnahrnevorrich­
tung fOr Festkorperproben EF als Aufnahrnekorb AN
mit Korbhallerung KH ausgebildet ist.

18. Inspektionseinrichtung nach Anspruch 17,
dadurch gekel1nzeichnet, dass die Korbhallerung KH
schneidenartlg ausgebildele Kanten KK aufweist.

19, Inspeklionseinrichtung nach einem der An­
sprOche 17 oder 18, dadurch gekennzeichnet, dass
oberhalb des Aufnahmekorbes AN eine Trennvor-

richtung Ilir Festkorperproben TF an del' Teleskop­
stange T8 angeordnel ist.

20. Inspektionseinrichtung nach Anspruch 16,
dadurch gekennzeichnet, dass die Entnahrnevorrich­
tung fOr Festkbrperproben EF als mechaniseher
Greiler MG ausgebildel ist.

21. Inspeklionseinrichtung einem del' AnsprOche
1 bis 20, dadurch gekennzeichnet, dass als weiteres
Inspeklionsgeriit IG eine Vermessungsvorrichtung W
aus zwei in einern frei wahlbaren Abstand und genau
parallel zueinander ausrichtbaren Lasern AL an der
Teleskopstange TS angeordnet ist.

22. tnspektionseinrichtunq nach einem der An­
spruche 1 bls 21, dadurch gekennzeichnel, dass die
Inspektionsqerate tG durch In Raslstellungen von
Bedienungseinrichtungen BE lixierbare BowdenzOge
BZ und ROekholledern RF aulweisen.

Es folqen 6 BJal1 Zeichnungen
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Appendix 12 (Pat.Tl) - Inspcktionseinrichtung Iur Unterwasserstrukturen
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Appendix 12 (Pat. Il) - Inspektionseinrichtuug fur Unterwasserstrukturen

DE 10200502007083 2006.09.14

233

SN

j
I
i
i
i
i

~

FR,FN

I
I
i
i

4

A

Fig.4

V"-C---u-'Ir /11 I

OB

RB..-/

----_.... '\\
\

\ )

'.\",-----<::' --_....

14/16

Fig.5



234

DE 10 200502007083 2006.09.14

Bela H. Buck

Fig.8

Fig.6

Fig.?

15f16



Appendix 12 (Pat. 11)- Inspektionseinrichtung fur Unterwasserstrukturen
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