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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 biclogical 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
aquacuiture 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. 2008, Buck et al. 2004).

Offshore sites in the North Sea are exposed
fo 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 C/N-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 fail 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 fremendous stakeholder con-
flicts (Dahle et al. 1991) in coastal areas (2)
being at least 8 nautical miles off the coast (Buck
2004).

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 seftlement success. Further-
more, a biological supporting programme was
catried out to determine local conditions, such as
chlorophyll concentrations and C/N-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 “Nordergriinde”,
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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Offshare wind farm "Nordergraiic
Energiekontor VBéNordergrgqg% )

Fig. 1 Map of the southern German Bight. The enlarged red inset illustrates the test area No. |, “Nor-
dergriinde”, and the test area No. Il 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 longline 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 aftached. 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

A longline typ I: polypropylene-based backbone

bali-like floats

the culture design. All components were se-
lected and procured to start the preparation and
assemblage of the longline during winter time.
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
{Galician 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

{75

v
{ 115kg

80 kg
pesn

longline typ li: steel hawser-based backbone

marker

g pencil-like fioats /%

buoy F60kYy

marker-line

concrete
biock

see inlet

D&E

IL._,//s_

1. segment 2. segment

Fig. 2 Submerged longline system designs with spat collector harness: (a) polypropylene-based
longline above (longline 1) and (b) a steel hawser-based longline. The insets show the (c) coupling
elements and (d-e) the connection of floats and collectors. (¢) polypropylene and steel hawser, (d-e)
steel hawser.



Appendix 7 (Pub. VII) - Installation, Technical Requirements, and Environmental Conditions 151

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 longline 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 longline 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 ( = 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 longline
(g = 20 mm) had a similar set up as it was de-

Fig. 3 Collector and tuft design for the settle-
ment of Mytilus 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 o 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. 2¢). Due fo the weight of the steel wire the
longline had more floaters than the polypropyl-
ene-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 liling. Both longlines were
deployed in March, the polypropylene-based line
in test area | (2002) and the steel hawser-based
longline in test area 1l (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 Il marker buoys were lighted. In the area of
Nordergriinde 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 | barrel to keep it afloat. After-
wards, each part of the two 35 m longlines,
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 fifing. 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 longline was carefully paid out until
the second concrete block was deployed. Later,
the longline was tightened by pulling the con-
crete block with the marker-line until all longline-
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 tfo 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 C/N-ratio and larval concentrations. 5 | 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 °C, 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 tem-

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 | of seawater were pumped from 5 m below
water surface. Water samples were then filtered
through a metal plankton net (mesh size: 125
um) 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 “Nordergriinde”
ranged from O to 1.52 ms™ (n = 5188) showing a
pronounced diurnal tidal variation (Fig. 4a). The
current direction showed a bidirectional flow from
NW to SE (314° « 114° y = -1.0487x + 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
26.7 to 31.1 ppt (Fig. 4d).

Particulate organic carbon concentrations
ranged from 198.53 + 17.6 g’ (July) to 515.58
+ 1765 ugT' (Jan/Feb.) and 549.85 + 3858

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

Nutrients [umol/i]

Months Temperature POC PON Chl.

el {ng/l] [ngf] [Hg/1]
Ammonium | Nitrate | Phosphate

Dec-Feb. | 53.44 14-134 | 01-04 18-50 352-843 | 543.3.6607 | 3.3-37

Mar-May | 15.59 | 61.554 | 02-09 61-113 | 482-841 | 3357-540.8 | 45-336

dun-Aug. | gg.65 | 02.493 | 13-17 141-188 | 204.343 | 1747-2171 | 49-164

Sep-Nov. 1 n3.65 | 09-102| 01-05 182-21 | 501-654 | 327.1-4506 | 39-53
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pg-l'1 (April). Particulate organic nitrogen ranged
from 31.86 £ 2.6 ug-l'1 (July) to 66.69 + 21.6 gl
' (Jan/Feb.) and 84.1 + 48.7 pg-" (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 (Walter et al.
submitted). Total chlorophyll concentrations
varied throughout the entire project period beinq
lowest in dJanuary/February 3.45 + 0.18 g/l
and September 4.63 + 0.65 ugt™" and highest in
April 33.61 £ 1.56 ugI' (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 cycle as 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.

current velocity [m/s]

wave height {m]

b by
'W»‘M\w’w%\,h\.@«%‘%‘ﬂ&

140 210 280

duration [days]

Larval concentration and spat settlement

In April 2003, 25 = 5 mussel larvae per m®
(ind.-m™>, n = 3) were recorded in the water col-
umn at “Nordergrinde”. Highest larval densities
were determined in May with 1,467 + 455ind.-mv
: (n = 3), while a following gradual decrease in
larval abundance attained 267 + 110 ind.m™ (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 Uthdrn 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 Uthérn
in September 2002 an amazingly large growth of

z
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Fig. 4 Environmental conditions near the test location “Nordergriinde” over a duration of 18 days in
April (a, b and d) and 280 days (¢). (&) shows the local current velocity influences by the tide, (b)
shows the current velocity as a function of direction and tide, (¢) demonstrates wave height and (d)
displays the temperature and salinity regime influenced by the tides.
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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 "Nordergrinde”. 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 between 55 = 17 (March)
to 700 £ 197 (May) ind.-m™ line length during the
first year of spat collection (mean 397 + 374
ind.-m™) and ranged between 29 + 20 (July) to
796 + 400 (May) ind-m™ 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.

Longline design

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 longline constructions were found, and
this holds true for both, the polypropylene-based
fongline as well as the steel-hawser-hased
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 same 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

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 cliping the
longline. An immediate retrieval of the entire
longline to save samples and parts of the con-
struction was not possible due fo 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
hamess 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 patticutar 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.

Discussion

Mussel larvae numbers and post-larval settle-
ment

At “Nordergriinde” the cultivation of blue mussels
can only be successful following a regular and
reliable supply of Mytilus larvae originating from
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Fig. 5 Annual chl. (a, b, ¢4, and phaeophytin)
characteristics at the test site (Nordergriinde)
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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 settiement has
been found to be quite variable from year fo year
and from site to site (e.g. Walter 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 (Walter
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 musse! 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 Figueras (1998) for NW Spain
being =1.3-10>m™ and 1.2-10°>m, 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.g. Walter & Liebezeit 2001), only a
few data are as yet available in offshore areas
and are fragmentary (Buck 2004, Walter 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 “Nordergriinde” timely co-
incides with highest larval concentrations found
by Heiber (1988), Pulfrich (1995), Pulfrich
(1997), de Vooys (1999), and Walter 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 “Nordergriinde”. 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
Mytilus 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 Mytilus 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/lMay 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 ind.-m” 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 Walter and
Liebezeit (2001) ranging between 10,000-70,000
ind.-m™ 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-out phase in offshore cultures (Langan
2001). Finally, if the natural settlement of = 800
ind.-m" 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
“Nordergrinde” 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. comm.}, 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.

Mytilus larvae in the water column and post-
larvae settling on collectors were recorded. Ide-
ally, grow-out locations for post-arvae are situ-
ated away from heavy spat settlement areas to
avoid layers of spat attaching to larger mussels.
At the location “Nordergriinde” the spat fall is low
compared to findings of Walter & 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 "Nordergrinde” 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 “Nordergrinde”, partly
originating from the river Weser estuary and
diluted with offshore waters (Fig. 4b), provide
fong 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 / 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 “Nordergriinde”, which range from 26.7
to 31.1 ppt.

Maintenance, sampling and harvest

The vessel used during this project, mainly the
RV Uthérn, 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

prevent the settlement of other organisms drift-
ing in the water column in March to early May.

At "Nordergriinde” 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 fo
determine, if suspended mussels do have thin-
ner shells, which can lead to a shell damages.

The longline design: polypropylene versus steef
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 "Nordergriinde” 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 fo 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 longline 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
longline by fifting 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 hehaviour 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 furbulences 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. Unforfunately, 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 shackies, 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: Nordergriinde

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 Nordergriinde,
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 “Nordergriinde”, 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 chiorophyll 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 seftlement of larvae
and growth of mussels.

Currents and waves: In the Wadden Sea cur-
rent velocities of up to 1.5 m's™ 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 particulate 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
botftom 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-T1 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 (Wildish 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 longline culture should
have a current speed within the range of 0.02-
15 m's” (Rosenberg and Loo 1983, Hickman et
al. 1991). At “Nordergrinde”, 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 m's™, 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

(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 longline
system at “Nordergriinde”. 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 fraditionally
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, patticu-
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 "Nordergriinde”
are monitored by the Bund Lénder 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 aguaculture 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 cuiture
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 design
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 aquacul-
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 fo 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
settflement 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 (20004000 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 musse! 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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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 of
Laminaria saccharing conducted in 2002, we assessed the maximum hydrodynamic forces
affecting farmed algae by applying the model software “Wavel.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 farmed Laminaria despite
comparable blade areas. Drag varied according 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 >1 mrs”.
Even in storm conditions with maximum current velocities of 1.52 ms™ and wave heights of
up to 6.4 m can cultivated L. saccharing withstand the high energy environment.
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Abstraet

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 farm of Laminaria succharina conducted in 2002, we assessed the maximum hydrodynamic forces
affecting farmed algae by applying the model software “WaveLoad”. 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 farmed
Laminaria despite comparable blade areas. Drag varied according 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
>1 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.
< 2005 Elsevier B.V. All rights reserved.

Keywords: Laminaria saccharing; Kelp; Offshore aquaculture; Mariculture; Drag; Drag coefficient; Attachment strength; Dislodgement;
Breaking force; Resistance

1. Infroduction

Along the German North Sea coast the occur-
rence of kelp of the genus Laminaria is restricted to
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the surroundings of the rocky island of Helgoland,
the only hard substratum area in the wider Geman
Bight. Due to the nature reserve status of Helgo-
land, harvesting of wild growing Laminaria sac-
charina is prohibited while aquaculture 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 phama-
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ceutical or cosmetic use (Buck and Buchholz,
2004).

Various efforts to find suitable locations for the
establishment of aquaculture facilities for macroalgae
in the Genman Bight were unsatisfactory, due to the
lack of appropriate natural substrate and adverse hy-
drographic and weather conditions {Liming and Buch-
holz, 1996; Buck, 2002). They cause a generally very
rough wind wave climate in combination with strong
fidal currents in the Norlh Sea (e.g., Ducrotoy ¢t al,,
2000). Morcover, 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 ms™" or even
3.4 ms” " in some nearshore areas (Mittelstaedt et al,
1983: Dick et al,, 1992). Wave heights of 5-6 m are
conunon during storns (BSH, 2003).

Generally, the National Park “Wadden Sea” (NPG,
2001) 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 (Mytilus edulis) and oysters {Crassos-
trea gigas). 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., 2004).

An alternative for the development of marine
aquaculture is the utilisation of existing or projected
offshore constructions (Krause et al., 2003; Buck et
al., 2004). The attachment of culture units to rigid
platforms could prevent damage or even loss of
whole cultore modules. Presently, the obvious
aims of such aquaculture considerations are the
planned offshore wind farms in BEuwope. These
wind farms will probably cover larger areas of the
North Sea and hold potential for multifunctional
uses.

Moving to the offshore area of a wind farm to
cultivate macroalgae 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 curents
and high waves causing acceleration reactions. In
contrast to other seaweeds with a relatively rigid and
upright stipe (e.g., Eisenia arborea, Pterygophora

californica or Laminaria hyperborea) L. saccharina
las 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 Noith
Sea is still unknoven. If cultared kelp can be expected
to stay in place while growing in the rough oftshore
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, 2004). The multifunctional use of offshore
habitats could moreover combine the needs of stake-
holders, such as wind farmers and fishermen, who
would probably run the maricultures.

‘While Kawamata (2001) has been the only one so
far to use culture derived Laminaria seedlings (L.

Japonica) for his biomechanical investigations, Ger-

ard {1987) conducted her experiments on L. sacchar-
ina collected from the sea. The present study
describes the resistance of maricultured and wild
grown L. saccharina to the 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. 1). Wild specimens were collected by divers
from habitats around the island of Helgoland {Hgl;
54°1UN, 7°54'E) (right inset in Fig. 1) from a water
depth of 1-4 m. Cultured L. saccharina were taken
from a new ring construction designed for cultiva-
tion of algae (Buck and Buchholz, 2004). The ring
was located at an experimental offshore aquaculture
farm  adjacent to the lighthouse “Roter Sand”
(53°49. 9N, 8°8.7'E), at a distance of 17 nautical
miles fiom the city of Bremerhaven. At this location
water depth and the sandy bottom do not normally
allow settlement and growth of benthic algae, and
the hydrodynamic conditions are rougher than in
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Culture unit at the
offshore lighthouse

“Roter Sand” fsland of Helgoland

0 50

100

150 Kilometers

Fig. 1. Map of the German North Sea region. Right inset: Enlarged island of Helgoland, where specimens of L. saccharing were collected (black
spots). Left inset: Culture unit for L. saccharine located at the aquaculture farm near the offshore lighthouse “Roter Sand”,

natural L. saccharing beds. The cultured algae were
grown on 6 mimn ropes attached to a culture unit at a
depth of 1 m below the water surface (left inset in
Fig. 1).

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 (RCM 9, Aanderaa).
The sensor was placed in the vicinity of the offshore
aquaculture farm for 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 fanm
“Roter Sand” in early 2002 and recorded data for
300 days.

2.3. Morphometric analysis of L. saccharina fionds

Morphological data of L. saccharina 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 comrelation between blade
length and blade width 1300 algal fronds of different
sizes from two seaweed culture constructions in the
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German Bight (Buck and Buchholz, 2004) were mea-
sured. From these results standard algae were calcu-
lated for a length of 50 em (Standard 50=S850) and
100 e {Standard 100=5100) in order to additionally
serutinize the drag coefficient (Cp) relevant to all
sizes of laminarians.

Blade area was assessed by two different methods
in order to find an appropriate tcchnique 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 (7 =50). A plate marked
with a grid (one square=1 cin®) was superimposed
and the “real” blade area (single-sided) measured to
the nearest cm® (Kochl and Alberte, 1988: Kochl,
2000).

For calculation of the blade volume the fronds
were sectioned at 15 e distance from the transition
zone and the thickness of the blade’s margin {7ya,)
and centre {7'¢e,) measured using a micrometer screw
(Fig. 2A). The shape of the blade’s cross-section was
copied on graph paper (one square=1 mm?) and the
area measured 1o the nearest mm?. 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 assuned that the lami-
na's cross-section has an extended double-trapezoid
shape, the width of which can be divided into three
equal parts (H—-173). Two thirds, the left (7)) and the
right (#3) margin of the lamina, had an identical
isosceles trapezoid profile. The inner section of the

A B

holdfast

stipe

Wa culture line

width (W)

current velocity < 0.2 m/s

lamina (#,) had a rectangular shape (Fig. 2A). Sec-
tion volumes of the lamina (¥i,,) were calculated
using the equation:

Plam = [UV] ) TRes) -+ U'Vl ) TMar)] + (I’VZ' TCen)
Nt
fefl trapezoid

+ W2 Tres) + (W2 Tytar)] M

right tiapezoid

inner section

In this equation ¥ is the lamina’s width with the
thirds W05, T is the thickness of the blade’s
margin, 'ce, the thickness in the blade’s centre and
Tres the result of Teen — T/ 2. If the right and the
left margins of L. saccharina blades have an identical
thickness, a simplified version of the Eq. (1) can be
used:

, e lZ
FLam = | Tcen

inmer section

left and right rrapezaid

2.4. Device for measurements of dislodgement forces
and drag

For measurement of dislodgement { Fp;), breaking
(Fpua) and drag forces (Fp) 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 II). It was possible to read both sensors

turn into

{) the flow

current velocity > 0.2 m/s

Fig. 2. (A) Drawing of a cultured L. saccharina blade in cross-section. The biade thickness was measured in the centre (7ce.) and at the margins
(Tago) at 15 om distance from the transition zone. B'=blade’s width. (B) Drawing of L. saccharina 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 maximun values and the complete force curve
(force=F,) 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
port. The software “R-SIC” (Andilog Technologies,
France) facilitated the transfer to Microsoft Excel
spreadsheets.

2.5. Measurement of dislodgement forces of L. sac-
charina from culture lines

L. saccharina grown on 6 mm culture lines in the
North Sea {Buck and Buchholz, 2004) were divided
into a group of densely growing algae (n=94) with
holdfasts growing on top of each other and one of
individual algae with single holdfasts attached to the
culture line (n=37). The third group of seaweeds,
which grew on ropes but were adapted to sheltered
fow current conditions (<0.2 m s~ '), were taken from
a holding tank kept in the laboratory facilities of the
AW (n=60).

A string, thick enough to avoid damage of the tissue,
was knotted fo 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 substratun, it was
necessary to remove the holdfast in the direction of the
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 torn-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 holdfast was
allowed in order to avoid eventual weakening of the
attachment strength by repeated pulling (c.f. “post-
storm sampling” Milligan and DeWreede, 2000). 1t
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, 11) 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 torn apart pulling longitudinally at one
side. The breaking force was measured by the sane
digital gauge.

2.6. Measurement of drag on 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 (Cyp)
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; C1-C4) L. saccharina were prepared
for measurements of drag by removal of the holdfast
(Table 1). A thin thread was knotted around the
proximal 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 carage. 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 camiage at velocities
of 0.5, 1.0, 1.5, 2.0, and 2.5 m s~ '. L. saccharina of
different sizes, originating from the wild and from the
farm, as well as “Standard 50" and “Standard 100
algae were used. To assess drag of a group of blades,
a bunch of laminarians (n=13) was measured as
well. Force data were recorded when the carriage
had reached the designated velocity. Sensor-I was
employed for these enlire experiments.

The drag measurements of each L. saccharina
thallus were used to calculate the dimensionless coef-
ficient of drag (Cp) by applying the equation:

- 2o

Cp =
D pAv?

3

In Eq. (3) Fpy denotes the measured drag, p the
density of water, 4 is the blade area exposed to the
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fike
shape

4
guide thread
reel

cavily

Fig. 3. (A) Towing tank of the HSVA used for drag measwrements on . saccharina blades in steady flows. (BY A thin thread, connected to the
digital gauge, was knotted around the proximal end of the stipe. () Lateral view on the beam and the guide reel used to tow the laminarian
blades in the towing tank (D) Beam with its drop-like profile to minimize friction during towing.

current of velocity v. While for relatively rigid or
blufl organisims 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 Kochl (1986), Vogel (1984) and
Gaylord et al. (1994) for flexible organisms like
macroalgac.

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

Origin of algae Seaweed Phylleid
denotation length (cm)
Cultivated algae from C1 161
offshore farm C2 1014
“Roter Sand” C3 64.8
C4 49
S50 50
S100 100
Bunch 3495+ 897
(n=13) {mean =S.D.)
Wild algae from Wi 137.6
Helgoland W2 123
W3 80
Wq 45

2.7, Estimations of drag 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 Fp,, from Eq.
(3) has to be written in vector notation, and an accel-
eration term is added (Morison et al., 1930):

dv
o 4)

where Cy is the dynamic drag coefficient and Q the
volume of water displaced by the object. In order to
initially avoid uncertainties with Cp and the area 4 for
flexible organisms it is useful to write the first tenm in
Eq. (4) in terms of dynamic pressure (ﬁ *), which can
be exactly computed from current measurements:

1 -

‘F‘Drg:CD Aeooplviy +Cup Q-

oy Fog )
Feoo D (5)
ie.

o 1 -
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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 “WaveLoads” devel-
oped by Mittendorf et al. (2001), which solves Eq.
(4) for offshore structures. The forces were computed
for a hypothetical test body (cylinder) of 2 m in length
and such a diameter that the arca exposed to the
current corresponded with that of the plan area of
the algae as determined before. The drag coefficients
measured in the towing tank experiments were used
instcad of the ones determined 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 of 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-transformation

were used (blade surface area, growth periods at length
1997; Bukicht, 2004).

to width ratio) (Steel et al,

Aguaculture 250 (2003) 674691

F-tests {one dimensional, f=n — 1) were conducted
to prove homogeneity of variance as a prerequisite for
applying the average-t-test (blade length, blade sw-
face arca). Difference-t-tests with pre-assigned £-test
were used to show differences between two sample
groups and data pairs (dislodgement and breaking
force; blade surface area) (Birkicht, 2004).

The limit for acceptable correlations was set at
R*>0.5. Diagrams, plotting algal size against forces
were fitted with logarithmic trend lines, because
growth processes often follow a logarithinic 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. Thus, L. saccharina within our off-
shore aquaculture farm “Roter Sand” experienced a
wide range of sea states (Fig. 4A-D). The algae
encountered rapid tidal cuirents flowing in one direc-

Current velocity
[m/s]

0+

}‘wﬂij, X \‘
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Fig. 4. Wave climate and current velocities near the offshore farm “Roter Sand”. (A) shows the directions of currents at all velocities and (B)
shows the current velocity over an 18-day period (n=5188). (C) demonstrates the direction of waves of all heights and (D) shows the wave

hejghts over a 293-day period (n=2239) Dotted circles” (A) 1 m s~

! (B) 4m.
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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
farm. Maximum current velocity measured at the
aquaculture famm 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 £ 1.01
(mean % S.D., n=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, n=2259) and wind wave periods var-
ied from 2.6 to 9.8 s (4.95 & 1.25, n=2259).

3.2, Morphometric analysis 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
narrow and flat phylloid (Fig. 5B,D). Cultivated
algae from the offshore farm had holdfasts 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 algac of known age we found a
significant positive correlation between blade length
and blade width (R*=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<0.001). Up to a
blade length of 5 ¢m width development is relatively
fast with a slope of 0.24x (R*=0.88). In the next
group up to a blade length of 60 cm development of
blade width declines to a slope of 0.06x (R*=0.94).
The third group between 60 and approximately 150
cm blade length shows more variation in its growth
pattern and an even slower increase in blade width
(slope 0.05x, R*=0.75). Longer L. saccharina were

Fig. 5. Plants used for towing tank experiments. (A) L. saccharing from a sheltered site with a wider blade and ruffled margins and (B)
cultivated L. seccharina from the offshore site with a streamlined shape. (C) depicts a culture line with holdfasts growing densely on top of each
other. (D) represents the laminarian bunch used for drag experiments in the towing tank.
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Fig. 6. Morphometric data of L. saccharina cultured at an offshore site (#=1300). (A) shows the blade length to width ratio revealing four
consecutive perjods (7<0.001) 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
tansversal growth at a slope of 0.13x (R*=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*=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 morphometric stages from the length-width
measureents (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 100, 100 cm long
and 5.8 cm wide.

Vohune 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. saccharina i 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 tong, 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 (#=30) with cultivated (C1-C4, S30. $100, bunch) and field (W'~W.) L. saccharina. (A)
Drag as a function of cwrent velocity. (B) Drag coefficient Cpy as a function of current velocity.

ing less drag at the chosen flow velocities. At a
comparable blade area of about 200 cm?® the wild
grown L. saccharina W4 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-
tured C1, the longest {blade length 161 cm) of all the
measured algae, is nearest to specimens from the field,
but even though its blade area exceeds that of the
longest field specimen W1 by 170 cm®, only a fifth to
a third of the drag was recorded for the cultured
specimen. The 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
cumnulative blade area of a bunch of L. saccharina
(1136 cm?) compared to the cultured Laminaria C1
(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 Cp as a function
of velocity (Fig. 7B), the grouping of the cultured
versus the field algae becomes even more evident.
The drag coefficient Cp of cultured L. saccharina

of “Helgolandian morphology” without bullae and
hardly any undulation was calculated at velocities
of >0.5 m s ' to range between 0.024 and 0.034
independent of the size of the algae. The graphs for
cultivated algae (C1-C4, S50, S100, bunch) show a
pronounced bend at a velocity of 1 m s ' 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 area {(Cl)
the drag coefficient of the bunch was about 30%
higher at the lowest cumwent velocity (bunch 0.052
versus C1 0.036 at 0.5 nvs), but became very
similar to that of CI at faster velocities. At higher
velocities > 1.5 m s7!, Cp 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 ', while the small plant W4 had already
acquired its final shape of minimized exposure to
the current.
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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 algac would be exposed
to forces of 216 N.

While the empirical determination of (', 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 flow 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
al., 1994; Koehl, 2000). In order to compare the
performance of L. saccharina in currents to that of
other algae, we also determined the “figure of merit”,
B (Vogel, 1984; Koehl et al,, 2003} The log trans-
formed “specific drag” FDW_/\)2 was plotted against log
transformed current velocity and the slopes (3) of the
graphs determined. They are called “figure of merit”
(Vogel, 1984) and are listed in Table 2.

The values are typically negative. The higher ab-
solute values of field algae demonstrate that they
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Fig. 8. Drag at various current velocities for different plant sizes
(blade surface area) based on measurernents in the towing tank
experiment and morphometic data of L. saccharing from the
offshore site.

Table 2

“Figure of merit” B of cultivated and field Laminaria saccharina

Origin of algae Seaweed  Current B R?

denotation  velocity (m/s)

Cultivated algae Ci 1-2 —-0.10 0.79
from offshore C2 1-2 —-039 094
farm “Roter Sand”™ C3 1-2 -039 092

Cd 1-2 ~030 0.87
Bunch 1-2 -0.25 098
S50 1-2.5 049 099
S100 1-25 —(.69  0.99

Field algae from W1 -2.5 ~(.84 099

Helgoland W2 1-2 -0.72 099
w32 1-2 -.62 0.99
w4 1-2 ~0.32 084

B=slope; R?=goodness of fit for y=log Fmg/v:’; x=log v.

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

3.4. Estimation of drag for natural conditions

The observations at “Roter Sand” are dominated by
a combination of tidal cwrrents, 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 “Roter Sand”, and the necessary struc-
tural parameters were taken from the morphometric
data gained on the algae in the towing tank expeti-
ments. The parameters chosen for selected runs of the
model are sunmmarised 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 of =200 cm®. Multiplication
by the density of seawater p=1025 kg m™> and
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Table 3
Drag forces under natural conditions

Period (s) Wave height (m) Tidal velocities (m/s) Ci () C2(N\y C4 (N}
Wind waves 35 2 2 11.7 49 -
Swell 10 2 2 124 5.5 -
Storm waves [ 6 2 243 14.6 44
Storm swell 10 4 2 23.0 10.9 -

assuming the worst case Cy=1 for the dynamic drag
coefficient results in Oy p - O =0.205 kg for the mass
of water displaced by the algae. Thus, a large orbital
acceleration of 3 m s~ 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 “Waveloads”
model takes the acceleration term into account, but
uncertainties with (y 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 farm the orbital velocities of long swell
waves are increased, because they make the transition
to shallow water waves.

The above mentioned phenomena were confinned
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 C1 with wind waves at normal condi-
tions (height: 2 m) at various current velocities (0, 1, 2
m ™) and Fig. 9B shows worst cases (height: 6.4 m;
current velocity: 2 m s~ 1) for cultivated L. saccharina
of different lengths and blade areas (C1, C2, C4). The
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

12 4 35
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84 comis Oimis A2mfs 251 ©C2(101 om)
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E T T T r T T T w|
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Fig. 9. Drag on cultivated algae under natural conditions derived from the model “WaveLoads” (Mittendmt et al, 2001). (A} shows the
increasing drag as a function of current velocity (0, 1, 2 m s™ 1) experienced by the algae Cl at wind waves of 2 m height and 5 s period. {B)
shows the drag on the algae C1, C2 and €4 under worst case conditions (height of wind wave & m, period 6 s, curmrent velocity 2 m s~ I).
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ellipse which is elongated and shifted into down-
stream direction with increasing tidal velocity. Fig.
9B shows a worst case scenario, when storm condi-
tions boost the drag experienced by cultivated algae.
The largest alga (CI) has to withstand the highest drag
of approximately 35 N.

3.5 Dislodgement of holdfasts and stipe breaking
Jorces

After the assessment of wave generated forces
affecting L. saccharina 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 aggregations,
greater force had to be employed to break the stipe
than to detach the holdfast. 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 {ifih of the force needed for laminarians ex-
posed to a 2 m s~ ! current.

L. saccharina displays a significant positive cotre-
lation of blade length to blade surface arca (Fig. 6B,
2<0.01, R*=0.99). To assess dislodgement and
breaking stresses on L. saccharina stipes the respec-

densely growing
current velocity > 1 m/s
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o

~
o

N
o

singly growing
current velacity > 1 m/s

B

tive forces { Fpy and Fpy) were normalized by blade
area and plotted against the length of the blades (Fig.
11). The basic trend 1s towards a decreasing resistance
to adverse forces with increasing size. L. saccharina
cultured “singly grown” and in currents up to 1.52 m
s~ ! require the highest forces to be broken off at their
stipes (p<0.001). Dislodgement forces {Frp) be-
tween singly grown algae {current velocity>1 m
571y and those in aggregations (densely growing and
current velocity >1 m s~ ') 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
em® 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
curents.

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

almost no current

. 20
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Fig. 10. Forces necessary to break the stipe (ordinate) or to dislodge the holdfast (abscissa) of L. saccharina grown in exposed conditions
{singly grown, n=237; densely grown, n=94) and in sheltered conditions (almost no current, # =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 (Fi;;) (A) and breaking ( Fg) (B} forces per area of individual L. saccharing 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 m s~ ! and wave heights of up to 6.4
m at wave periods of 2.6 to 9.8 s caused complex
impacts on L. saccharina. These impinging forces
stress the phylloid, the 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

m? in a realistic one season culture period (Fig. 8). The
results of the model calculations of drag on L. sac-
charina 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 ofup to 35N
be expected (Table 3, Fig. 9). These figures were
computed under the assumption of rigid test bodies
representing blade area and drag coefficient of the
algae. In contrast to solid bodies algac change their
area exposed to currents by adjusting their shape until
minimum drag is reached (e.g., Daniel, 1984; Denny
etal., 1985; Denny, 1988). To account for the complex
interactions between algae and currents, elaborate
physical-mathematical models have been developed
{Gaylord and Denny, 1997; Gaylord, 2000; Gaylord et
al., 2003). Within the scope of our investigation we
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restricted ourselves to estimations of worst cases and The morphological plasticity of L. saccharina

used the solid body formula. The use of the solid body
approach is supported by the finding that for velocities
>1 m 57! the drag coefficients of cultivated algac
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, ¢.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
(2001) 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
can be explained by the fact that a bunch of stream-
lined laminarian blades experiences a lower drag in-
crease with Increasing 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.
saccharina originating fiom the island of Helgoland
were described to have a smooth shape (Liming,
1975). Such regional differences inay be the adaptive
result of the local wave and current climate of these
two islands.

Morphological characteristics of L. saccharina like
blade area and volume were needed to determine the
drag coefficient Cp, 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 blade
width (Fig. 6A). All phases seem to mirror the envi-
rommental 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 cuirents interacted
with the phylloids. During phase (1) plants were
transferred to the sea to meet the wind induced tur-
bulent water conditions of winter and early spring.

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 arcas and
also differ in length and thickness (e.g., Parke, 1948;
Svendsen and Kain, 1971: Gerard, 1987). During
suminer 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-
lected in late sumimer, 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. 6 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 stipe 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). Nevestheless, we found that the absolute
forces (not shown) that can be applied prior to dislo-
cation are smaller (<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 are 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 eatly 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 (Tovey 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 Critchley, 1997; Scoggan et al., 1989). We
found the forces needed to remove L. saccharina
growing in aggregates generally smaller, but could
detect a drag coefficient comparable to that of cultured
individuals particularly at higher current velocities,
when a bunch of laminarians reconfigured into a
better hydrodynamic shape. The “figure of merif® of
the bunch, characterising the relative drag reduction
dependent on increasing cwrent 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 cultured algae
looked like typical L. saccharina 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 cultured algae
experienced distinctly smaller drag than the field algae
(Fig. 7). Gerard (1987) postulated that strong currents
enhance hydrodynamic sfreamlining 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 alnost pez-
fectly adjusted to the flow at much lower current
velocities than the “ruffled” field algae and their
drag coefficients were almost constant at >1m s~ '
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~ !, additionally indicates

that a reduction of drag could be expected for current
velocities beyond 2.5 m s~ 1. More reliable values for
B could probably be generated at these higher current
velocities, but the carriage of the towing tank was
limited to a velocity of 2.5 m s~ '. Fortunately, higher
current velocities are 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 Fpy, experienced by L. saccharina as it reconfi-
gures with increasing flow velocity. While for culti-
vated algae B (Bry_cq and Byyaa) was determined at
the value of —0.29 £ 0.12 (mean £ S.D.) field algae
were found to have a greater B (Bwi.wyg) of
—0.68£0.14 (mean + S.D.) (Table 2). The greater
the absolute value of B the greater the reduction of
Fpry 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 Armstrong
(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 of B for L. saccharina fit into the range of values
collected in Carrington {1990) and Koehl {2000),
where values of B for seaweeds 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, 2004) an
artificial canopy was created that certainly further
reduced flow and therefore the impact of drag at
least on the more centrally placed algae. The lower
resistance to dislodgement or breaking forces of L.
saccharinag 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 Johnson, 1992; Johnson,
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2001) 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 stipes. While
drag increased with the square of velocily, the drag
coefficient remained constant at velocities >1 m s™'
due to the reorientation of the laminarian fronds into a
streamlined shape. This 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 pre-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™' and waves higher than 6 m
require cultures with less densely seeded sporophytes.
Provided the above mentioned prerequisites are met,
extensive aquaculture of L. saccharina in the high
energy environment of the German Bight appears to
be feasible.
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Inshore-offshore compavison of parasite infestation in Mytilus edulis:
Implications for open ocean aguaculture

Buck BH, Thieltges D, Walter U, Nehls G, Rosenthal H (2005), Journal of
Applied Ichthyology 21: 107-113

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 interfidal mussel beds. Mussels from offshore sites were fiee 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
aguaculture 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 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
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 shell-
boring polychactes. Parasitic copepods only occurred at a
single oflshose site, on a 20-year-old research platform, but not
on buoys or collectors exposed for shorter time periods. All
three menitored 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 polychactes are known to
aflect growth performance and product quality. We therefore
propose that offshore mussel production could be a promising
cufture 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 (Mytilus edulis} and related
species in Europe traditionally uses two types of farming
procedures: (i) bottom cultures where mussel spat is collected
by boat from natural seeding grounds and relayed on culture
lots where growth is known to be better and more consistent
(Searnan and Ruth, 1997); mussels remain there for a certain
time and are then harvested at marketable size. Alternatively,
(ii) suspended cultures, where spat is collected on specially
designed structures (e.g. Walter and Liebezeit, 2003) where
mussels either grow directly untit they reach marketable size or
are transferred to grow-out areas. Both culture methods are
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usually applied in shallow inshore waters with intertidal and
subtital environments.

A new perspective for mussel aguaculture has been proposed
in which cither 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 {rom these floating units
by boats, but the lines are placed in the open sea and are not
close to the mailand (e.g. Wadden Sea). A major difficulty
with this farming method is ihe 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-cfective
infrastructure for servicing as well as for reliable moorings
presents itself. A new mooring technique has been developed
using windmill pylons (Buck ct al, 2004c). This farming
method is considered to be a promising modern approach for a
variety of reasons. From a nature conservation perspective,
such culture practices would lower the mpact from mussel
fisheries on highly sensitive and protected areas such as the
Wadden Sea, where the development of fisheries is restricted
by environunental 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 years. In
inshore areas, strong matural fluctuations in the biomass of
seed mussels occur, drastically influencing — from year to year
— the productivity of the leased plots. Walter and Licbezeit
(2001) found even i years with a low inshore spat fall and
benthic settlement suceess that post-larvae of 3. edulis settled
in high densities on suspended collectors. This may be
primarily lnked to less siltation, less mobility of sediment,
lower suspended solids concentrations and more consistent
currents {Pulfrich, 1995); new methods 1o collect seed mussels
for their cultures in an environmental friendly way should be
of gencral interest to the fisheries.

Another potential advantage of offshore mussel culture may
be a lower or negligible overall parasite burden in offshore
mussels. There are three major groups of parasites known to
negatively affect mussels: trematodes, parasitic copepods and
shell-boring polychaetes (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
intermediate host, bivalves as second intermediate and birds as
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final hosts (Lauckner, 1980, 1983). As the most common first
intermediate hosts (e.g. Lirtaring littorea and Hydrobia wlvae)
are exclusively intertidal organisms, the life for these
parasites is incomplete in offshore waters and therefore should
result in no or very low trematode burdens in offshore cultured
Parasitic copepods like Myrilicola intestinalis and
shell-boring polychaetes such as Polydora ciliata frequently
oceur in inshore areas and are dispersed as planktonic larvae
(Hempel, 1960; Daro and Polk, 1973). The relatively short
duration of these planktonic phases before settlement oceurs
limits the distance of larval drift; therefore 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 polential by these parasite species to infest offshore
mussels showid be greatly impaired and the overall burden
substantially reduced.

The objective of this study was to investigale the infestation
of mussels with trematodes, parasitic copepods and boring
polychaetes at offshore culture sites (> 6 nm from mainland
Germany) compared with traditional inshore sites. Mussel spat
cas therefore collected from experimentally deployed ofishore-
suspended collectors or buoys, from inshore-suspended col-
lectors, from inshore benthic subtidal mussel beds and from
ishore benthic intertidal mussel beds. The three inshore
culture types were chosen fo 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
mshore mussel culture industry production relies 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.

musscels.

Material and methods

Origin and collection of mussel spat

Spat of M. edilis (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 13, 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, M. edulis spat was gathered from the
seabed. Atinshore- and offshore-suspended sites, samples were
taken from spat collectors with polypropylene tufts (Tortell,
1976) or buoys. The collectors were fastened info 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 [rom 15 to 45 mm. These represented
immature specimens of similar physiology, also used in
standardized Dioassays (Ernst et al., 1991). Mussels from

the
were

from
devices

suspended  offshore sites were known to be
2003 year-class because the spat collector
deploved during that year (Buck et al., 2004b).

Mussel samples were in general checked and analysed
immediately, except for those samples collected at offshore
locations (3-day cruises) and at eight intertidal locations, and
were stored deep frozen.

Parasite analysis

The length and width of cach of the selected mussels were
measured using a vernier calliper [maximun anlertor-posterior
dimension according to Seed (1968)] 1o the nearest (.1 mm.
The mussel shells were opened with 4 scaipel by cutting the
adductor muscle. The soft tissue was removed, placed on a
thick glass slide and carefully cut in picces. Tissue residues
were dispersed on a compressorium (in order to avoid piling up
thick fissue) and then squeezed. Crushed preparations were
examined by stereomicroscope at a magnification of 25-50
under transmitted light for the presence of trematodes and
parasitic copepods.

Parasite species were identified from relevant literature
descriptions (e.g. Dethlefsen, 1970, 1972; Lauckner, 1983;
Watermann et al., 1998). As freezing does not affect the size of
metacercariae (Lepitzki et al, 1994), identification of trema-
todes was also reliahle in frozen specimens. In addition, mussel
shells from five inshore benthic intertidal and from all localinics
at other sites were inspected for the presence of shell-boring
polychactes.

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 i 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 arcsine-transformed for prevalence and log-transformed
for intensity data (Underwood, 1997) prior to analysis
resulting in homogenous variances and normality. Post hoc
calculations were done with Tukey’s HSD-fest for unbalanced
data sets (Spiotvoll/Stoline) (Day and Quinn, 1989). Arith-
metic mean values and standard errors were caleulated for
each sample and for each of the determined parameters.

Results

The prevalence of trematodes and copepods was significantly
different among the four sampling sites (one-way ANOVA:
trematodes Fapr = 24.04, P < 0.001; copepods Fz57 = 6.09,
P < 0.0, respectively). The prevalence of boring polychactes
was not significantly different (one-way ANoOva: Fi ¢ = 1.86,
P = 0.18). Only Myr intesiinalis was present at all sites
(inshore benthic intertidal: 27.4 £ 5.3%; inshore benthic
subtidal: 26.5 + 11%; inshore suspended: 13.7 2 2.7%; off~
shore suspended: 2.9 4 2.9%). However, in offshore-suspen-
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 (Tukey HSD-test, Table 2) (inshore benthic intertidal:
2.7 £ 1.9%; inshore benthic subtidal: 2.5 + 0.8%; inshore
suspended: 1.7 & 1.7%). Trematodes showed the highest
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Istarst of
Helgoland

Location of sample sites:

Gintestidal

& Sublidal
Fig. 1. Map of the German Bight aSuspanded nshore
including the enlarged istand of
Helgoland (upper feft) and the
enlarged island of Sylt {upper right). -
Figures indicate the test location of
intertidal, subtidal, inshore-suspended

» Suspended offshore

. Germany

and offshore-suspended sample
locations

150Km

Table 1
Origin of experimental mussels from
inshore and offshore habitats

Site
number Location Habitat

Deplh (m}/distance from

Name of location low water fine (nautical miles)

1 Inshore  Inshore benthic Helgoland I Tetrapoden 0/0 30
2 intertidal Helgotand I1: Lange Anna  0/0 30
3 Geniusstrand /0 30
4 Uthérn 00 30
5 Blidselbucht /0 3

3 Munkmarsch 00 50
7 Puan Kient 00 50
S Archsum 0/0 34
9 Iohr (] 34
10 Hotmer Fihre 1 i) 36
1 Holmer Fihre 11 0/ 50
12 Holmer Siel A 56
13 Ruminelloch 1 50
14 Rummelloch 11 50
15 Neufahrwasser Trischen 50
16 Buisum 30
17 Inshore benthic Fedderwardersiet 30
18 subtidat Jade estuary 30
19 DB 37
20 Nosse Sud 50
21 Inshore iedersachsenbriicke 30
22 suspended Tonne Hoyer Dyb 50
23 Torme Lister Ley 3 30
24 Tonne Li: 30
25 Offshore  Offshore TG 15 (EEZ) 30
26 suspended TG 10 (EEZ) 30
27 Roter Sand 30
28 Amrumbank West 30
29 Vortrapptie! J 30
30 ODASI 4/16 30
31 ODAS II {research platform) 4/16 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 Jower prevalence at inshore Dbenthic subtidal
{21.7 = 7.7%) and inshore-suspended sites (28.2 = 14.1%)
{Tukey HSD-test, Table 2). No trematodes were found at
offshore sites. The dominating trematode species were Renicola
roscovita followed by Himasthla continua, H. elongara and
Psilostomum brevicole (Table 3). All trematodes occurred as

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

Mean intensity among sites differed for trematodes (one-way
ANOVA: F357 = 5.31, P < 0.01) and for My:. intestinalis (one-
way ANOVAD F5.; = 9.75, P < 0.001) (Fig. 4). Trematode
intensity was highest at inshore benthic intertidal sites
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Marker buoy

3m
N R
Stee! i § 2 dag— Spat
frame H collector
[Vl ]

Anchor stone

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

100 B Trematoda
& Mytilicola
Polydora
g
3
Q
£
3
K
F4 T
£
Y
0+ . = I . B
Inshore benthic inshore benthic inshore Offshore
intertidal subtidat suspended suspended
Fig. 3. Mean prevalence (%) (£SE) of trematodes, copepods

(Mytilicola intestinadisy and shell-boring pelychaetes (Polydora ciliata)
at the four habitats: inshore benthic intertidal: n = 16; inshore
benthic subtidal: n = 4; inshore suspended: n = 4; offshore suspen-
ded:in = 7

(98.9 = 26.8 ind host™") and lower at inshore benthic subtidal
(1.7 = 0.2 ind host™") and inshore suspended (3.9 £ 1.9 ind
host™!) sites (Tukey HSD-test, Table 2). The intensity of
trematodes at offshore sites was 0. The intensity of Myt
intestinalis was not different for inshore benthic intertidal
(1.4 = 0.1 ind host™), inshore benthic subtidal (1.7 # 0.3
ind host™1), inshore suspended (1.2 % 0.1 ind host™!) or off-
shore suspended (1.83 = 1.17 ind host™!).

Discussion

The design of the study includes a sufficiently large area with a
representative sampling grid covering the four distinct habitats:
inshore benthic intertidal, inshore benthic 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 (Litio-
rina spp., Hydrobia spp.}, which may be restricted to nearshore

Table 2

esulis of posi hoc tests (Tukey's HSD/Spiotvelt-Stoline test for
unbalanced data sets} of one-way Anovas for trematode and copepod
prevalence (a) and trematode and copepod intensity (b) in mussels
{Mytilus edulis) at the four different sites

Inshore
Intertidal Subtidal suspended
Prevalence

Trematedes

Subtidal 0.01

Inshore suspended 0.03 4.97

Offshore suspended 0.0002 0.28 0.13
Ayiilicola

Subtidal 0.99

Inshore suspended 0.81 0.94

Offshore suspended 0.007 0.1 0.29

Intensity

Trematodes

Subtidal 0.39

Inshore suspended 0.82 .88

offshere suspended 0.02 0.83 0.4
Myiilicola

Subtidal 0.92

Inshore suspended 0.96 0.99

Offshore suspended 0.0007 0.04 0.03

Significant results are in bold.

waters, explains this observation. Additionally, a low infection
pressure of frematode larvae (cercariac) at offshore sites can be
predicted. A low density of larvac at a distance from the host
populations in addifion to a dilution cffect 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. intestinalis in mussels
from a 20-year-old research platform (ODAS II) located 16 nm
offshore. ven sufficient time, small numbers of Myt. 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, mussels 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 trematodes, parasitic
copepods and shell-boring polychactes. Mytilicola intestinalis
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. This reflects the distribution of
typical first intermediate hosts (Littorina 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 (Svirdh and
Thulin, 1985; Villalba et al., 1997; Fuentes et al., 1998, 2002;
Sviirdh, 1999; Zens, 1999).

With no parasites present at short-lived offshore sites,
mussels are free {rom a variety of negative effects described in
mussels and other bivalves. Trematodes have been shown to
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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 subtidat: n = 4; inshore suspended: n = 4; offshore suspended: n = 7

Intertidal Subtidal Inshore suspended Offshore suspended

Prevalence Intensity Prevalence Intensity Prevalence Intensity  Prevalence  Intensity
Himasthla continua 51 £ 39 B 0.2 24 28 3.7 % 27 25+0 - -
Himasthla elongaia 278 £ 23 0.9 3.0 = 37 & 2.7 150 - -
Renicola roscovita 69.2 + 299 = 86.0 16.9 = 208 « 416 97 £ 0 - -
Psilostonman brevicole 18 £ 34 = 0.1 - - ~ - - -

7 50
2 W Trematoda
D » Mytilicola
2 40
2
£
zi 30
20 research
B plalform
£5 20 CDAS it
2
210
2
5
Z 0 berery EXiry % ESPR
Inshore benthic Inshore benthic inshore Cffshore
intertidal subtidal suspended suspended

Fig. 4. Mean intensity {individual per infected host} (£SE) of
trematodes and copepods (Msilicole intestinalis) at the four habitats:
inshore benthic intertidal: n == 16; inshore benthic subtidal: n = 4;
inshore suspended: n = 4; offshore suspended: v = 7

reduce survival in mussels and cockles especially under
environmental stress (Sannia and James, 1978; Goater, 1993;
Wegeberg and Jensen, 1999; Desclaux et al, 2004) and to
reduce bivalve growth and condition (Calve-Ugarteburu and
McQuaid, 1998; Taskinen, 1998; Wegeberg and Jensen, 2003).
In a previous experiment (D. W. 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 rate, 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
parasitized mussels (Lauckner, 1983). Furthermore, Seed
{1976) and Cousteaun 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 scason. The parasitic
copepod, Myt. intestinalis, has been suggested to live as a
commensal rather than a harmful parasite as observed in a
10-year study carried out in the Cornish estuary (Davey, 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, Myt. intestinalis also seems to be
involved in a reduction of the condition of infected mussels
(Theisen, 1987; Camacho et al., 1997). Mytilicola intestinalis
has negative effects on the oocytes of mussels, which affects
both fecundity and condition {e.g. Theisen, 1987; Tiews, 1988).
Dethlefsen (1974, 1975) demonstrated that Afyr. intestinalis
infestation affected meat content of market-size mussels.
Excavations of the shell-boring polychacte, P. ciliata, 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 inner

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

A number of studies have described the parasite load of
M. edulis in the German Wadden Sea. The general pattern
indicates, particularly for My:. 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 Wadden Sea since the mid-1970s.
We are, 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 preval-
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 Jocations. 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 absence 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 (max. 5053
metacercaria in a single mussel). The coast of Helgoland
contains a variety of hard (rocky) substrates at tidal, intertidal
and subtidal levels, thereby supporting a large variety of taxa.
Several snail species (all intermediate hosts) exist in these
habitats (Ziegelmeier, 1966; Janke, 1989). Additionally, these
rocky shores are protected areas and accommodate large
breeding populations of migratory birds. In conclusion, high
seasonal populations 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--3 years). This should avoid the devel-
opment of large fouling communities that include the inter-
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mediate hosts, particalarly on permancent structures (e.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 on target species (e.g. snails).

Conclusions

In conclusion, we may safely state that mussels {rom
offshore sites ave 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
aquacultare 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 underfaken af established
commercial offshore farming sites, but at an experimental
wunit which is believed to simulate offshore culture situations
realistically. How the parasite infestations will actually
develop offshore will require investigation once comumercial
offshore farming has started. Another knowledge gap is the
potential infestation of offshore mussels with microparasites
such as human pathogens (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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Larval occurrence and settlement in the German Bight — a trial to estimate
potentials for Mytilus edulis culture in offshore areas

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

Abstract

To obtain information on the occurrence of blue mussel larvae (Mytilus 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 Afyfilus 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’3)4 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 Adptilus
spat ranging from 0-1,100 musselsm™ collector were low offshore compared to inshore data
of several fens of thousands settiers m collector. Water samples were also obtained to get
insight into nutrient concentrations, chlorophyll contents and the POC/TPN 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 arcas. 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 {(Myfius 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 coliectors. Larvae were distributed
heterogeneously in time and space, with the highest numbers recorded in May (80-25,000 farvae m'w). Lower larval numbers
were observed in the offshore areas (20 nm (nautical miles) off the coast) compared to the inshore Jocations (<20 nm).
Numbers of settled Mytilus spat ranqing 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 aiso obtained to get insight into nutrient concentrations,
chlorophyll contents and the POC/TPN 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, POC/ 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 Wil 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 subtidai or
intertidal parts of the Wadden Sea area. They
are re-laid at densities of 30-40 t ha™ 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 resuit of poor recruitment over
several years, research commenced in 2000 to
investigate whether or not suspended cuiture

techniques could be used to obtain seed
mussels in an inshore area of the Jade estuary
(Walter 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 coliectors were
deployed to act as setiling 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
musse! cultivation within  German national
marine waters seems to be to move to more
exposed, i.e. offshore farming sites (Buck 2002).
With 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 settiement 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 farvae cannot be
met this would be considered as a negative sign
in the list of site selection criteria.
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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

8°0°0" E 9°0'0" E
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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.
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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 mooting’'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
(Walter 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 aftract mussel spat in tens of
thousands of individuals per meter (Walter and
Liebezeit 2003).

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

Determination of larvae numbers and settiement
of post-larvae

To determine the number of mussel larvae in the
water column, 50 | samples of seawater (3

replicates) were taken from a depth of 5 m using
a submersible pump (Céceres-Martinez and
Figueras 1998; Roegner 2000). The seawater
samples were filtered through a plankton net
(mesh size: 125 pm), 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
(Céceres-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 bundies were preserved in buffered
formaldehyde (4 %). All bundles were later
rinsed with water and settied 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 wusing 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
chiorophyll as well as patticulate 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 um plankton gauze to remove larger
particles.

To measure chlorophyll (chi a, b, ¢1, ¢2) and
phaeophytin contents, 800 m! of seawater were
filtered through Whatman GF/C” filters (n = 2).
The filters were cut into small pieces and stored
at -20 °C in 1.5 ml Eppendorf cups. These were
transferred into test tubes with 10 ml 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,
847, 663, 664, 665 nm (Parsons and Strickland,
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1963) using a spectrophotometer (Milton Roy
Genesis). The reference was agueous acefone
(90 %). Thereafter, 0.1 ml HCl was added and
the measurement at 865 nm was repeated. After
correction of the extinction for all wavelengths
by the extinction at 750 nm the chlorophyli
contents were calculated employing the
equations given by Jeffrey and Humphrey
(1975). The total chlorophyll (TCHL) is therefore
the sum of & b, ¢, cy,-chiorophyll and the
phaeophytin.

Samples for the determination POC and TPN
were filtered over pre-combusted (450 °C,
overnight) glass fibre filters (Whatman GF/C),
washed with 2 ml doubly distilled waters and
dried at 85 °C. After weight determination the
samples were acidified with 1M HCI to remove
inorganic carbonates and redried. POC/TPN
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 nulrients as an indicator for
phytoplankion 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).
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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.

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-Vhitney test
was applied. Significance was accepted at P <
0.05 (Sachs 1972).

Results
Sample acquisition

Due fo 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 seftfement
of post-larvae

The abundance of plankionic 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 musse! 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, Walter &
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 nm).

The first seftlement 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.-m" (Fig. 4). Due to harsh weather
conditions the settflement record in May is
incomplete. Numbers were low (4 - 56 ind.-m™
with the exception of the Weser estuary where
higher numbers were observed (800 + 400
ind.-m’*). 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". Resuits from all locations
showed no significant relationship between
distance from the shore and density of
settlement of mussel spat.

Nutrients and chiorophylf

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 pg-l‘1 in
April and summer values around 7 pg-l‘1 (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. 8). None of the
inorganic nutrients became limiting. Reactive
dissolved phosphate had its lowest
concentrations in May (0.07 uMol "), dissolved
inorganic nitrogen (DIN -sum of ammonium,
nitrite -~ and nitrate) showed a minimum
concentration of 3.0 uMoH’1 also in July while
the minimum conceniration of silicate (0.9
uMol'[") was observed in April. This indicates
that, as expected for the North Sea, the spring
bloom was dominated by diatoms.

Discussion
Larvae numbers and seftlement of post-larvae

Favoured by a preceding spring phytoplankton
peak (Niesel and Giinther 1998), spawning of
Mytilus edulis along the North Sea coast of
Germany generally occurs in May to June
(Pulfrich 1995, Pulfrich 1997, Walter and
Liebezeit 2001). Although subsequently larvae
are also present larval numbers in the water
column are considerably smaller than at the

main peak (Fig. 3). The fate of the Mytilus larvae
in the plankton over the course of development
is at present not well known.
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Figure 4. Number of mussel spat (mean £ SD,
means columns, SD = 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
o storm conditions or accidents.
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Figure 6. Chlorophyll concentration, POC/TCHL
and POC/TPN ratios respectively at the test
locations (mean plus standard deviation).

Mussel beds are predominantly located in the
tidal waters of the Frisian Islands (Wadden Sea)
where hard substrates suitable for settiement
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 edulis 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 o survive periods of
exposure to physical 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

invertebrates and starvation exceeds mortality of
these larvae (Thorson 1966, Mileikovsky 1971,
Purchon 1977, Jaorgensen 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, Buck 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 humbers
from the inshore to offshore areas in the
German Bight confirms this assumption. Typical
inshore larval densities range from 9,000 to
190,000 individuals-m™ (Heiber 1988; Pulfrich
1995; Boysen-Ennen 1997; de Vooys 1999,
Nehls 2001; Walter 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 (Becker 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 19786,
Dare et al. 1983; Walter 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..m" 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
ind.-m" were recorded (Walter and Fehrs 2004).
Even long-term collectors subject to several
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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™ in March to August
2000; Walter 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 8t. Lawrence Gulf in Canada. On these
suspended substrata they observed a gradient
in spat nurnber 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, Quarfordt 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 plafform 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 seftlement and
the numbers of larvae. Nearshore spat
seftlement, 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 C/N-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
musse! 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. POC/TPN 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 POC/TPN
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 availabilty 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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Beschreibung

[06001] Die Erfindung bezight sich auf eine Tréger-
vorrichtung zur Kultur von Makroorganismen in mari-
nen Gewassern mit zumindest einer Ringkonstrukti-
on, die unterhaib der Wasseroberflache zwischen zu-
mindesl einem Auftrisbsmittel und siner Verankerung
angeordnet ist und in einem geschlossenen Auen-
ring eine spinnennetzarlige Kultureinheit aus radialen
Tragleinen und azimutalen Kulturleinen ausfweist.

Stand der Technik

[0002] Zuden in marinen Gewéssern, wie den Mee-
ren und Ozeanen, kuiturfahigen Makroorganismen
zéhlen in erster Linie Algen (Makroalgen wie Braun-,
Gran- und Rotalgen) und Muschein {(wie Miesmu-
schel und Austern). In Ostasien werden traditionell
Algen gezlichiet, wobei die dazu ndtigen Erfahrun-
gen bereits einige Jahrhunderte alt sind. Dot werden
jedoch nur Mesresgebiete genutzt, die weitgehend
und sehr gut gegen unwirsche Watter- und Seebedin-
gungen geschiitzt sind, wie beispleisweise Buchten
oder Astuare. Langieinen-, FloR- oder Pfahlsysteme
sind die hauptséchlichen Tragervorrichtungen fiir Al-
genkuituren. Diese sind am Boden verankert und ge-
gen raue See sehr anfallig. Meeresareale, in denen
harsche Welterbedingunger vorherrschen, wurden
bisher filr die Aquakultur aller potenziell ziichtbaren
Meeresorganismen kaum genutzt, Erst seit einigen
Jahren erstreckt sich die marine Aquakultur aufgrund
von Nutzerkonflikten im Kistenineer und den damit
verbundenen komplizierten Rechislagen, den urba-
nerny Abwassemn, sowie besseren Sauersioffoedin-
gungen auch in den Offshorebereich der Meere. Es
wurden dis ersten absenkbaren Tauchkéfige fir die
Kuitur von Meeresfischen im Offshorebereich bereils
in den 1970er Jahren in Deutschland entwickelt und
weitere Entwicklungen spéter in Kanada und in den
USA eingeseizt, wobeil solche Systeme noch Pi-
lotcharakter haben. Makroalgen wurden jedoch in
Gebieten mit unglinstigen Wetterbedingungen welt-
weit hauptséchlich zu Forschungszwecken gezlich-
tet. Zu erwdhnen ist hier ein Projekt von der Isie of
Man, wo verschiedene Konstruktionen, insbesondere
die Langleinentechnik, eingesetzt wurden. Weiterhin
ist aus der japanischen Zusammenfassung zu der JP
2001054330 A eine Kafigkonstruktion zur Algenkultur
in 10 m bis 25 m Seetiefe bekannt, bei der als Kuitu-
reinheit zwischen flutbaren Eckbehéitern eine Viel-
zahl von Streben und Seilen gespannt ist, Fieren und
Hieven der Konstruktion erfolgt durch Bellften und
Fluten der Eckbehalter und durch Angreifen an der
instabilen Kultureinheit selbst. Aus der japanischen
Zusammenfassung JP 11196696 A ist eine pfahiarti-
ge Steckkonstruktion mit in elnem Auge eingebette-
ten Algenkuifuren bekannt, die in den Meeresboden
eingesteckt wird. Aus der WO 86/02395 A1 ist es wei-
terhin bekannt, laminare Algenkulturen an ihrem un-
teren Ende liber eine mehrarmige Seilanordnung an
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einem Pflock im Mearesboden zu befestigen. Diese
Konstruktionen sind jedoch nur in Kistennéhe ein-
selzbar und flr starken Seegang ungeeignet.

{0003} Auch in Deutschland gab es in den Jahren
1994 bis 1996 vor Helgoland Versuche, unter Nord-
seebedingungen Makroalgen zu zlchien. Es handelt
sich hierbst um ein vom BMBF geférderten Projekt:
JMassenkuitur mariner Makroalgen oei Helgoland zur
Gewinnung von Phykokolloiden und zur Verwendung
ais Biosorptionsmittel” von Liining und Buchholz (ver-
gieiche Abschlussbericht zum Vorhaben 03F0096A,
1996, Teil 1). Es wurden versuchsweise unterschied-
liche Tragervorrichtungen mit einer Langleinen-, ei-
ner Leiter- und einer Gitterkonstruktion entwickelt,
um die Makroalgen Laminaria saccharina und Lami-
naria digitata zu zlchten. Keine dieser Konstrukio-
nen konnte ledoch den ozeanographischen Verhalt-
nissen vor Helgoland standhaiten. Zum ersten Mal
wilrde hier versucht, eine Ringkonstruktion fir die
Kultwr von Laminaria-Arten zu bauen und an ver-
schiedenen Standorten einzusetzen. Jedoch sind ein
Grofiteil dieser Ringe unter dem Druck der starken
und permanenten Strdmung zerstdrt worden. Andere
Ringe, die den Einflissen standhieiten, zeigten je-
doch teilweise einen verkiimmerten Bewuchs. Beim
Versuch, eine Tragervorrichtung mit einer Ringkon-
struktion im geschitzteren Vorhafen aufzubauen, um
den Kraften der Weilen und Strémung aus dem Wege
zu gehen, zeigte sich ein anfangs erfolgreiches Lan-
genwachstum der Algen, jedoch verkiimmerten diese
schnell, da sich aufgrund der geringen Strémung di-
verse Parasiten, Tiere und andere Algen auf den
Blattern der Laminarien niederfiefen, wodurch diese
abbrachen und dadurch sogar negalive Wachstums-
raten zu verzeichnen waren. Es wurde offensichtlich,
dass die Algen, die in der Natur nur an exponierien
Standorten zu finden sind, eine gewisse Umstrd-
mung brauchlen.

[0004] Bei den aus dem Abschlussbericht (ebenda
Seiten 6 bis 9 und Abb. 12 bis 16 und 18) bekannten
Tragervorrichtungen handelt es sich um solche mit
unterschiedlichen Ringkonstruktionen. Unter ande-
rem wurde eine unter der Wasseroberflache ange-
ordnete  Ringkonstruktion aus einem einzelnen
PE-Kunststoffrohr als Auflenring mit einem Durch-
messer von 5 m erprobt. Der Auflenring war mit 80 m
Kulturleine in spinnenetzférmiger Anordnung verse-
hen. Die Kulturleine dient dem Abwachsen der Ma-
kroorganismen, die zum einen aus dem Meer einge-
fangen (belspielweise Muschellarven) oder als
Zuchtsaat zuvor in die Kulturleine eingebracht (hel-
spielsweise Algensaat) werden kénnen. Der Auftrleb
wurde durch acht Fender (zu je 23kg) ais Auftriebs-
mittel gewéhrleistet, die am AuBenring gleichmaig
verteilt angeordnet waren und auBerdem als Markie-
rungskorper dienten. Als Nachteil hat sich gezeigt,
dass die radial angeordneten Fender entgegen der
Vermutung, die Ringkonstruktion auch bei starken
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Strornungen in der Wasgerechten zu halten, als
falsch erwies. Einzelne Fender konnten die Ringkon-
struktion in der starken Strémung nicht tragen und
wurden unter die Wasseroberflache gedriickt. Da-
durch wurden die Fender zunehmend komgrimiert
und wieder entlastet und teilweise zerstért. Das Ver-
ankerungssystern war so konzipierf, dass die gesam-
te Ringkonstruktion abgebaut werden musste, wenn
die Ernte erfolgte. Dazu musste vor einem Schiff aus
die Ringkonstruktion an einem seiner acht Fender
angepickt und hochgehoben werden. Dadurch wurde
der Aulennng senkrecht zur Wasseroberflache ge-
dreht, was oftmals durch das Touchieren des AuRen-
rings mit dern Schi mpf den Verlust von Algen zur
Folge hatte.

{0005] Auch das Bergen der Ringkonstruktion dler
mehrere am Umifang befestigle Seile erwies sich als
nachteillg, da eine starke Verformung der algenbe-
wachsenen Ringkonstruktion auftrat. Meistens muss-
te die Ringkonstruktion abgeschikelt werden, um
diese flir die Ernte in den geschitzten Hafen zu zie-
hen. Die Fender konnten sich auflerdem miteinander
verhaken und sorgten so zu einem Schamficlen der
frelen Leinen.

[0006] Eine erste magliche, wenn auch theoretische
Weiterentwickiting der beschriebenen Tragervorrich-
tung mit Ringkonstruktion ist der AWI-Verdffentli-
chung .Beispiele aus unserer Ferschung 2002", Sei-
ten 33 bis 39 unter dem Titel .Kombinierte Windpark-
unhd Marikuiturnatzung in der Nordsee” von B H. Buck
als Ergebnis einer zuver angefertigten Machbarkeits-
studie (Berichte zur Polar- und Meeresiorschung
41212002, Kapitel 6, Selten 74 bis 85) zu entnehmen.
Die in der AW|-Verdffentlichung dargesteliten Ringe
und Langleinen sind Zuchtmdglichkeiten und bisher
nur Theorie, Windparks gibt es noch nicht. Der sche-
malischen Darstellung gemal Fig. 9b ist die Anord-
nung einer Tragervorrichtung mit giner Ringlwonstiuie-
tion in einem Offshoregebiet zu sehen, bei der die
Tragervorrichtung zwischen dem Pylon ether Winde-
nergieaniage und einer Verankerung aus Ankeriette
und Ankerstein 1,5 m bis 5 m unter der Wassercber-
fia stationdr gehalten wird. Die beiden Haltepunk-
te sind dahei an den duBersten Punkten am Aulen-
ring der Ringkonstruktion befestigt. Die Anordnung
von zwei Verankerungen mit Befestigungen am Au-
Renring (Fig, 8b) ist ebenso moglich wie die Zusam-
menschaltung mehrerer Ringkonstruktionen um den
Pylon herum {Fig. 9a). Der geschiossene Auflenring
weist wiederum eine spinnannetzartige Kultureinheit
aus radiaten Tragleinen und azimutalen Kulturieinen
auf, wobei die Nefznabe von einem gemeinsamen
Knoten gebildet wird.

[0007] Mit den zuletzt beschriebenen Trégervorrich-
tungen mit Ringkenstruktionen aus einem oder meh-
reren Aufleniingen, von denen die vorliegende Erfin-
dung als néchstliegendem Stand der Technik aus-
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geht, soll insbesondere in Offshoregebisten die Mog-
lichkeit geschaffen werden, marine Makroorganis-
men in geschiftzten und ungeschiltzten Meeresge-
bieten zu kultivieren, in denen ein mittleres bis star-
kes Strémungsregime sowie Perioden mit hohen
Wallen vorherrschen oder zeitweise aufireten kén-
ren. Geschiitzte und weitgehend ungeschitzie Ge-
biete befinden sich in Europa in alien Bereichen der
Ausschilefilichen Wirtschaftszone (AWZ) und an fast
allen Orten im Kitstenmeer. Da das Kilsienmeer auf-
grund ven Nutzerkonfiikten und aus Naturschutz-
griinden kaum genutzt werden kann, zeichnet es sich
in der marinen Aguakultur ab, graduell immer mehr
exponierte, weitgehend offene (ungeschitzte) Mee-
resgebiete zu nutzen.

Aufgabensteilung

[0008] Die Aufgabe fir die Erfindung ist daher darin
z1l sehen, sine Tragervorrichtung der eingangs be-
schriebenen Art so weiterzubilder, dass ein Einsatz
sowoht! in geschiitzten als auch in den ungeschitzten
Offsharebereichan unter erschwerlen Bedingungen
erfoigen kann, Dabel solien eine einfache Handha-
bung der auf unterschiedliche Gréfien ausiegbaren
Tragervorrichtung, eine nutzerfreundliche und kos-
tengiinstige Bauweise sowie die Mdaglichkeit, mit
moglichst wenig Aufwand die Tragervorrichtung aus-
und elnzubringen, zu warten, zuU beproben und die
gezlichteten Makroorganismen zum frel bestimmba-
ren Zellpunkt threr Markireife zu ernten, Berlicksich-
tigung finden. Beschadigungen dar Tragervorrich-
tung scllen zu jedem Betlriebszeitpunkt weilgehend
vermieden werden.

[0008] Als Lasung fir diese Aufgabe ist bei einer
gattungsgemaRen Tragervorrichtung deshalb erfin-
dungsgemafl vorgesehen, dass der Aufenring Ober
eine obere FHahnepot mit einem zentraien Auftriebs-
mittel und {ber sine untere Hahnepot mit der Veran~
kerung verbundan ist, wobei jede Hahnepot aus e}
nem zeptralen Hahnepotring und mehreren gleich-
mé&Big am Umfang des Aufllenrings befestigten und
nach oben und unten jewsils von gemeinsamen An-
schlagpunkten aus verlaufenden Hahnepotseilen
aufgebaut ist, dass die radialen Tragleinen unter
Spannung an einem zentralen Innenring befestigt
sind und dass das zentrale Auftriebsmittel direkt mit
der Verankerung tber zumindest ein durch den zen-
tralen Innenring verlaufendes und an den beiden
Hahnepotringen angeschlagenes zentrales Tragseil
verbunden ist.

[6010] Die Vorteile der erfindungsgemafien Trager-
vorrichtung liegen in der besonderen Ausgestaltung
einzeiner Teilkomponenten und deren Funktionsprin-
zip. Dazu gehdren die Ausfihrung und Umsetzung
der Verankerung, der Ringkanstruktion und des Auf-
triebs. Durch diese Ausgestaltungen ist das Ausbrin-
gen und auch die Ernte von Makroorganismen, bei-
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spieisweise Algen, auf See sicher gewahricistet. Wei-
tere Wartungs- oder Bergungsarbeiten sind sehr
teicht durchzufihren, eine Beschédigung, Zerstdrung
oder sagar Verlust der gesamten Tragervorrichtung
oder Teilen davon wird sicher vermieden. Zuvor nicht
nutzbare Flachen im offenen Meer kdnnen nun mit
Hilfe der Tragervorrichtung nach der Edindung in ma-
rinen Gewdssern fir die effektive Kultivierung von
Makroorganismen genutzt werden. Die erfindungs-
gemife Tragervorrichtung ist durch ihre speziellen
Konsfruktionseinheiten im Inshore- und Offshorebe-
reich einsetzbar. Sie bleibt durch ihre Emnpunkt-Ver-
ankerung in der Wassersdule beweglich. Durch den
Schejkreis und bei einer in der Strémungsrichtung
ausgerichteten diagonaler Stellung werden fir alle
Makroorganismen in der Ringkonstruktion ein ausrei-
chend frischer Nahrstoff- und Planktoneintrag ge-
wahrieistet. Dis bescndere Konstruktion behait beim
Hieven eine waagerechte Steliung und vereinfacht so
bedeutsam die Ernte und Wartung.

{0011} Die erfindungsgemaélie Tragervorrichtung ist
dafiir so aufgebaut, dass vom Auftriebsimittel eine di-
rekte Verbindung Gber zumindest ein zentrales Trag-
seil zur Verankerung besteht. Wird nun das zentrale
Auftriehsmittel gehievt, beispieisweise zum Schlep-
pen der gesamien Trdgervorrichtung bei geplanter
Ortsverdnderung oder bei der Algenernte, so werden
kelne Zugkrdfte in die Ringkonstruktion eingeleitel.
Kréfte, die durch Strdmungen und Wellengang auf
das Auftriebsmittel und/oder die Ringkonstruktion
einwirken sowie durch das Eigengewicht der Ring-
konstrukiion entstehen, werden direkt {iber das oder
die zentralen Tragseile in die Verankerung Obertra-
gen. Die Ringkonstruktion mit der Kultureinheit aus
radialen Tragleinen und azimutalen Kulturleinen
hangt an der vertikalen Verankerung mittels einer
doppelten Hahnepot, wobei die obere Hahnepot mit
mehreren Hahnepotseilen an dem zentralen Auf-
triebsmittel und dem Auflenring angebracht ist und
eine weitere untere Hahnepot ebenfalls den AulRen-
ring mit einem unteren Verbindungspunkt im zentra-
len Tragseil verkn(ipft. Die obere Hahnepot hait das
Eigengewicht von Ringkonstruktion und Algenkudtu-
ren, die untere Hahnepot verhindert, dass die Ring-
konstruktion Uber das zentrale Auftriebsmitie! wegge-
zogen wird, wenn sie bei starker Strémung mitgeris-
sen wird und diagonal in der Wassersaule hingt. Be-
merkt sein an dieser Stelle, dass zwar immer von ei-
ner ([Ringkonstruktion” und einem ,Auflenring” ge-
sprochen wird, dass dadurch aber nicht automatisch
dessen kreisrunde Form impliziert sein soll. Beliebige
Vielecke, beispielsweise in gut ankoppeibarer Wa-
benform, sollen ehenfalls von dem Begriff ,Ringkon-
struktion" erfasst sein. Wichtig bei der Wahi dieses
Ausdruckes war es, zum Ausdruck zu bringen, dass
as sich um eine geschlossene Konstruktion handelt
im Gegensalz zu den bekannien Leinen und Gitter-
konstruklionen.
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[0012] Zwar wirken Kréfte, die durch Strémung und
Wellen entstehen, trotz des Hangesystems mit den
beiden Hahnepoten auch auf die Ringkonstruktion
ein, was sich im rauen Offshore-Bereich nicht vermaei-
den lasst. Damit die Ringkonstruktion durch solche
Kréfte, die insbesondere durch kurze Wellenfrequen-
zen zunehmen, jedoch trotzdem nicht deformiert
wird, kann gemafl einer Erfindungsausgestaltung
vorteilhaft vorgesehen sein, dass jeder gemeinsame
Anschiagpunkt am Auenring von siner biegesieifen
Manschette gebildet wird, die jeweils fiir ein oberes
und ein unteres Hahnepotsell sowig fiir eine radiale
Tragleine eine Ose aufweist. Einander zugeordnete
Hahnepotseile, die von oben und von unten kommen,
sind immer paarweise an einer Manschette ange-
bracht. Solllen alsc Krafte van einem Hahnepotseit
der oberen Hahnepot auf den Aulenring einwirken,
sowerden diese Krafte durch die Manschette auf das
entsprechend zugeordnete Hahnepotseil der unteren
Hanhnepot (ibertragen. Durch die Wahl der Breite der
Manschetten kann der Kraftitbertragungsvorgang
noch unterstitzt werden. Gleiches gilt flir das Materi-
ai der biegesteifen Manschetle, die inshesondere
aus Stahi, aber auch aus sinem hochfesten Kunst-
stoff, z.B. PP, PE oder PFT hergestelit sein kann. Bei
der Verwendung von Stahl kann insbesondere das
Anbringen der verschiedenen Osen durch Anschwei-
Ren problemios erfolgen und ein Rosten im Seewas-
ser vermieden werden.

[0013] Die nach innen verspannten Tragleinen, an
denen die im Aulanring geschlossen umlaufenden
Kulturleinen befestigt sind, sind zur Mitte hin an el
nem zentralen Innenring befastigt. Dadurch wird un-
abhangig von der Belastung auf die Verankerung ei-
nem Koilabieren der gesamten: Kultureinheit entge-
gengewirkt, die Tragleinen samt Kuiturleinen werden
immer auf Spannung gehalten. Der zentrale Innen-
ring dient aulerdem ais Fihrung fir das zentrale
Tragseil, wodurch ferner ein Schamfielen der Kultur-
leinen an dem zentralen Tragseil verhindert wird.
Weiterhin kann vorteilhaft vorgesehen sein, dass der
zenfrale innenring fir jede radiale Tragleine eine Ose
aufweist. Somit kénnen die Tragleinen im Zentrum
des Auflenvings gut befestigt werden, ohne dass ein
hinderiicher und schwer zu beherrschender Knoten
entsteht. Zusatzlich kénnen so leicht Leinen nach Be-
darf ausgetauscht werden. Das Zentrum der Kultur-
einhelt selbst bleibt fiir die Durchfilihrung des zentra-
len Tragseils frei. Eine einfache Befestigungsmdg-
lichkeit ergibt sich auch, wenn gemag einer ndchsten
Erfindungsausgestaitung jede radiale Tragleine an
einer Ose einer Manschette um den Aufenring be-
festigt ist. Dabei kann die Manschette nur der Befes-
tigung einer radialen Tragleine, aber auch gleichzei-
tig einem Paar von Hahnepotseilen dienen. Weiterhin
kann vorteilhaft jede radiale Tragleine {iber ein Span-
nelement mit einer Ose des zentralen Innenrings ver-
bunden sein, Dadurch kann eine einfache, dauerhaf-
te Spannung in der gesamten Kultureinheit aufge-
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bracht werden, die sich auch unter sich dndernden
Lastverhdltnissen, beisplelsweise durch zunehmen-
denr Algenbewuchs, durch sich &ndernde Stré
verhaltnisse oder beim Ausbringen und Einhot
Trigervorrichtung, nicht betriebsstérend dndert,

[0014] Gemal weilerer vorleithafter Effindungsaus-
gestaitungen kann der zentrale Hahnepolring der
oberen Hahnepol direkt an dem zentralen Auftriebs-
rittel oder unter Zwischenschaitung einer in ihrer
Lange festiegharen Absenkleine an dem zentralen
Auflriebsmittet angreifer. Wahrend die erste Vatiante
eine sehr kempakie Tragervorrichtung konzipiert, die
besonders leicht handhabbar ist, ermdglicht die zwei-
te Variante eine héhenverdnderbare Postionierung
der Ringkonstruktion in der Wassersaule unterhalb
der Wasseroberflache. Dazu wird der Abstand zwi-
schen dem Auftriepsmittel und dem oberen Hahne-
potring durch Vorsehen einer entsprechend langen
oder veriangerten oder verkilrzten Absenkieing ver-
langeart oder verkiirzt. Eine tef hadngende Ringkon-
strultion ist glinstig fur die Kultur van jungen Algen,
denn so wird das schadigende, starke UV-Licht durch
die dariberliegende Wassersdule gefiltert. Aufter-
dem sind in Heferen Wasserschichten die Orbitalbe-
wegungen der Wassertelichen geringer und verhin-
dern so das Abreiben der jungen Algen hei starkem
Weliengang. Sind die Algen dann grofer, kann die
Ringkonstruktion zur besseren Lichtausbeute dann
weiter oben in der Verankerung eingehingt werden.

[0015] Als weiterer Vortell wurde bereits die gute
Nahrungszufubr durch das freie Drehen der gesam-
ten Tragervorrichtung in der Wasserstromung er-
wahnt. Daflir ist es gemaR einer nichsten Erfine
dungsausgestaitung vorteihaft, wenn der zenirale
Hahnepotring der unteren Hahnepot dber eine frei
drehbare Drehkupplung an einer mit einem Anker-
stein verbundenen Ankerkette als Verankerung an-
grelfl. Somit wird eine freie Drehung der Ringkon-
struktion Gher einer Einpunkt-Bodenverankerung er-
dglicht, ohne dass es zu stérenden Seillaufdrifiun-
gen und Rickstelikraften kommt. Gemag einer ande-
ren Erfindungsausgestaltung kénnen alle cheren
Hahnpotseile gleichlang sein. Dadurch kann eine
waagerechte Ringkonstruktionsauthdngung  beim
Hebevorgang gewahreistet und Wartungsarbeiten
sowie Erntevorgénge erleichtert werden. Weiterhin
wurde bereits die gute Befestigungsméglichkeit der
Tragleiner und Hahnepotseilen an entsprechenden
Osen von Manschetten und zentralem Innenring er-
wahnt. Diese kann noch verbessett werden, wenn
gemaRl elner anderen Erfindungsfortfihrung alle
Seil-, Leinen- und Kettenverbindungen tber Osen an
den Seil-, Leinen und Kettenenden hergestellt sind.
Schiecht hersteli- und Isbare Knoten mit undefinier-
ten L&ngenverh&itnissen werden so vermieden. Eine
problemlose Wiederverwendbarkeit der Seile, Leinen
und Ketten ist ohne Langenverlust gewahrleistet.

{0016] Eine besonders groRe Festigkeit des Aufien-
rings ergidt sich zudem, wenn dieser vorteithaft aus
ainer in einem Kunststoffrohr umlaufender Stahitros-
se besteht. Das Kunststoffrohr kann nach dem Ein-
ziehen und SchiieRen der Stahitrosse mit einer ent-
sprechenden WMuffe geschiossen werden. Eine Fest-
fegung des Durchmessers des AuBenrings ist ein-
fach mdglich, ohne dass die Festigkeit der Ringkon-
struktion gefdhrdet wird. Ein besonders einfaches
Ausbringen und Einholen der gesamlen Trigervor-
tng kann erzielt werden, wenn gemald einer
ndchsten Erfindungsfortiihrung das zentrale Auf-
triebsmittel eine Ose zum Hieven und Freren der Tré-
srvorrichtung aufweist, Ein zusétzliches Anschia-
von entsprechenden Seilen ist dann nicht erfor-
deriich. Das Heber und Senken der gesamten Tra-
gervorrichtung in der zentralen Achse zur Veranke-
rung, das eine besonders geringe Belastung der
Ringxonstruktion ermoglicht, wird eintach und zuver-
lassig ermdglicht. SchlieBlich karn noch eine Vergrd-
Berung des Ertrags an geziichteten Makroorganis-
men erzielt werden, wenn vorteithaft mebrere gleich-
artige Ringkonstruktionen zusammengeschaliet sind,
Dabel zeigt jede Ringkonstruklion denselben Aufbau
mit einer zentralen vertikalen direkten Verbindung
zwischen Auftriebsmittel und Verankerung. Eine Ver-
schaltung kann zwischen den Aulenringen ber ent-
sprechende 1dsbare Osenverbindungen vorgenom-
men werden,

Ausflhrungsbeispiel

[0017] Ausbildungsformen der Erfindung werden
beispielhaft nachfolgend zum weiteren Verstindnis
der Erfindung anhand der schematischen Figuren
ndher erldutert. Dabei zeigt

[0018] 1 eine perspektivische Gesamtansicht
der Tragervorrichtung, Fig, 2 eine perspektivische

Detailansicht einer Manschelle,

nsicht des

[0019] Fig, 3 eine perspekiivische Detat
zentraten Innenrings und

[0020] Fiq. 4 eine perspektivische Detailansicht der
unteren Hahnepotverbindung zum zentralen Trag-
seil.

[0021] Die Fig, 1 zeigt eine mégliche Ausfilhrungs-
form einer Tragervorrichtung 1 nach der Erfindung
zur Kuitur von Makroorganismen, beispielsweise Al-
gen, in marinen Gewéssern. Die Trégervorrichtung 1
weist eine Ringkonstruktion 2 auf, die unterhalb der
Wasseroberflache 3 mit veranderbarer Positionstiefe
angeordnet ist. Dazu ist die Ringkonstruktion 2 zwi-
schen einem Auftriebsmittel 4 an der Wasseroberfla-
che 3 und einer Verankerung 5 auf dem Gewdésserbo-
den 33 angeordnet. Damit mdglichst geringe Kréfte,
die sowohl durch das Gewdsser als auch durch
Transportvorgénge hervorgerufen werden, auf die
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Ringkonstruktion 2 einwirken, ist diese aus der unmit-
tetbaren Krafteinleitung entkoppelt. Dazu ist das Auf-
triebsmittel 4 direkt mit der Verankerung 5 Gber gin
zentrales Tragseil 6, hierber kann es sich beispieis-
weise um ein Stahisell handeln, verbunden. Somit
kann die Ringkonstraktion 2 ohne zusiitzliche Kraft-
beaufschlagung, beispielsweise durch die Veranke-
rung 8, geborgen werden und muss hur die Emtelast
der gezlichteten Makroorganismen tragen.

[0022] Die Ringkonstruktion 2 ist Gber eine obere
Hahnepot 7 und eine untere Hahnepot 8 mit dem
zentralen Tragsell 8 verbunden. Dazu welst jede
Hahnepot 7, 8 einen zentralen Hahnepotring 9, 10
auf, von dem mehrere abere und untere Hahnepot-
seile 11, 12, im gewahiten Ausfihrungsbeispie! je-
weils vier, zum Aulenring 13 der Ringkonstruktion 2
verlaufen. Die Lange der oheren und unteren Habhne-
potseile 11, 12 und des zentralsn Tragseils 6 ist wahi-
bar {in der Fig. 1 durch Unterbrechungen angedeu-
tet) und abhéngig von der einsatz- und handha-
bungsbedingten Gesamtdimensionierung der Tra-
gervortichtung 1. Die Verteilung der Hahnepotseile
11, 12 auf dem AuBenring 13 erfolgt gleichmaRig, da-
mitinshesondere die Erntelast beim Hieven der Ring-
konstruktion 2 keine einseitigen Ringverbiegungen
hervorrufen kann und die Ringkonsfruktion 2 gieich-
mafkig eingespannt ist. Flr eing gute Kraftweiteriei-
tung sorgt aufterdem das Vorsehen von gemeinsa-
men Anschlagpunkien 14, in denen jeweils ein obe-
res Hahnepotseil 11 und ein unteres Hahnepotseit 12
gemeinsam befestigt sind. Zur guten und stabilen Be-
festigung dienen dabei biegesteife Manschetten 15
an den Anschlagpunkten 14, die fir jedes Hahnepot-
seil 11, 12 eine Ose 18 aufweisen (vergleiche Fig, 2).

[0023] Im gewdhlten Ausfiihrungsbeispiel ist an
dem oberen Hahnpotring 8 direkt das Auflriebsmittel
4 pefestigt, sodass die geringste Eintauchtiefe fir die
Ringkonstruktion 2 mit der héchsten UV-Einstrahiung
gingestellt ist. Zur Vergréfierung der Eintauchtiefe
wird zwischen dem Auftriebsmittel 4 und der oberen
Hahnepot 7 ein in seiner Lange entsprechend be-
messenes oder einstelibares Absenkseil zwischen-
gekoppelt (in der Fig. 4 nicht weiter dargestellt). Am
unteren Hahnepotring 10 ist ein weiteres Stlick des
zentralen Tragseils 6 befestigt. das an seinem ande-
ren Ende mit einer Ankerkette 16 verbunden ist, die
zu einem Ankerstein 17 fGhrt. Im gewdhlten Ausfiih-
rungsheispiel bilden Ankeriette 16 und Ankerstein 17
die Verankerung 5. Weiterhin werden alle Seil-, Lei-
nen- und Kettverbindungen (iber einfache Osen 18
hergesteilt, die eine gute Montage und Verbindungs-
stabilitat garantieren.

[0024] Im AuBenring 13 der Ringkonstruktion 2 be-
findet sich eine spinnennetzartige Kultureinheit 19
zur Aufzucht der Makroorganismen. Hierbei handeit
es sich um radiale Tragleinen 20, zwischen denen
azimutale Kulturfeinen 21 in konzentiischen Ringen
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verlaufen, Dig Leman sind beispielsweise durch ein-
fache Knoten oder mittels Kabelovindern miteinander
verbunden. Die radialer Tragleinen 20 sind am Au-
fenring 13 wiederum Uber Manschetten 15 an einer
dritten Ose 22 befestigt (vergieiche Fig, 2). In der
Fig, 1 ist erkennbar, dass nur jede drilte Manschette
15 auf dem Auflenring 13 auch gleichzsitig der jewei-
ligen Befestigung eines oberen und eines unteren
Hahnepotsells 11, 12 dient. Andere Belegungen und
Ausflhrungen, beispielsweise mit Manschetten 15
mit unterschiedlichen Osenanzahlen, sind ebenfails
moghich. Die gezeiglte Ausfiihrung ist jedoch beson-
ders giinstig, da sie nur eine Sorte von Manschetten
15 erfordert. An ihrem anderen Ende sind gie Traglei-
nen 20 mit einem zentraien innenring 23 verbunden,
der als Flihrung und ungesidrter Durchgang fir das
zenirale Tragseil 6 dient. Zur Straffung der Tragleinen
20 sind im gewéahlten Ausfiinrungsbeispiei Spannele-
mente 24 zwischen geschaltet (vergleiche Fig. 3),
sodass die gesamte Kultureinheit 19 immer straff ge-
haiten werden kann. Die Tragleinen 20 kénnen aber
unter Straffziehung auch direkt durch die Osen 29 ge-
zogen und dann verspieilRt werden.

[6025] Im gewahlten Ausfiihrungsbeispiel ist der
Auflenring 13 aus einer geschlossenen Stahllrosse
25 aufgebaut, die in einem geschiossenen Kunst-
stoffrohr 26, beispielsweise aus PE, umléuit (in der
Fig. 1 aufgebrochen dargestelit). Der AuBenring 13
kann einen Durchmesser von ungefahr 5 m haben
und weist in der beschrieben Ausfihrung eine gute
Stabilitat auf, Weiterhin ist das Auftriebsmittel 4 in Bo-
jenform dargestelit, die eine untere Ose 27 zur Befes-
tigung des zentralen Tragseils 6 und eine obere Ose
28 zum einfachen Hieven und Fieren der Trdgervor-
richtung aufweist.

[0026] Die Fjg. 2 zeigt eine Detailansicht einer Man-
schette 15 mit drei Osen 16, 22. Die beiden Osen 16
dienen der Befestigung des oberen und unteren Hah~
nepotseils 11, 12, die Ose 22 dient der Befestigung
der radialen Tragieine 20 jeweils am Auflenring 13.
Die gezeigte Manschette 15 ist geschlossen aus
Stah! ausgefiihrt, die Osen 16, 22 sind angeschweiltt.
Eine biegefeste Ausfiihrung aus Kunststoff ist eben-
falls mdglich,

[0027] In der Elg. 3 ist eine Detailansicht des zen-~
tralen Innenrings 23 mit den tber Osen 29, 30 befes-
tigten radiaten Tragieinen 20 der Kuitureinheit 19 dar-
gestellt. Der zentrale Innenring 23 ist wiederum aus
rostfreiem Stahl und weist fiir jede radiale Tragleine
20 eine Ose 29 auf. Zwischen den Osen 29, 30 sind
Spannelemente 24, beispielsweise einfache Spann-
oder Spiralfedern, angeordnet, die der Straffhaltung
der radialen Tragleinen 20 und damit der gesamten
Kultureinheit 19 dienen, Angedeutet ist in der Flg, 3
ein laminarer Algenbewuchs 31 an den Kulturleinen
21,
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{00281 Die Fig. 4 schlieRlich zeigt eine Detailansicht
der unteren Hahnepot 8. Uber obere Osen 18 sind
die unteren Hahnepotseile 12 und das zentrale Trag-
seil 6 mit dem zentralen Hahnepotring 10 verbunden.
Uber ene untere Ose 18 und eire frei drehbare Dreh-
kupplung 32 ist der zentrale Hahnepetring 10 mitdem
unteren Abschnitt des zentralen Tragseils 6 verbun-
den. Eine salche Ancrdnung aus Ose 18 und Dreh-
kupplung 32 kann auch zwischen dem Tragssil 6 und
der Ankerkette 16 vorgesehen sein (vergleiche
Fig. 4), sodass sich der gesamte Konstruktionsring 2
frei in der Strdmung drehen kann.

[0028] Die vorbeschriebenen Ausflihrungsformen
dar Tragervorichtung nach der Edindung sind bei-
spiethaft. Andere Ausfiihrungsformen im Rahmen
der Offenbarung sind ebanfalls moglich und von den
Ausfihrungen eingeschiossen.

Patentansprilche

1. Tragervorrichtung (13 zur Kultur von Makroor-
ganismen (31) in marinen Gewdssern mit zumindest
einer Ringkonstruktion (2), die unterhalb der Was-
sercherfldche (3) zwischen zumindest einem Auf-
tricbsmittel (4) und einer Verankerung (5) angeordnet
ist und in einem geschlessenen Auflenring (13) eine
spinnennetzartige Kultureinheit (19) aus radialen
Tragleinen (20) und azimutalen Kulturleinen (21) auf-
weist, dadurch gekennzeichnet, dass der Auflen-
ring (13) Gber eine obsre Hahnepot (7} mit sinem
zentralen Auftriebsmittel {4) und Gber sine untere
Hahnepot (8) mit der Verankerung {8} verbunden ist,
wobei jede Hahnepot {7, 8) aus einem zenlralen Hah-
nepoltring (9, 10) und mehreren gleichmaig am Um-
fang des Aullentings (4) befestigten und nach oben
und unten jewells von gemeinsamen Anschlagpunk-
tan {14) aus veraufenden Hahnepotseilen (11, 12)
aufgebaut ist, dass die radialen Tragleinen (20) unter
Spannung an einem zentralen Innenting (23) befes-
tigt sind und dass das zentrale Auftricbsmiltel (4) di-
rekt mit der Verankerung (5) Uber zumindest ein
durch den zentralen Innenring (23) vertaufendes und
an den beiden Hahnepotringen {9, 10) angeschiage-
nes zentrales Tragseil (6) verbunden ist.

2. Tragervorrichtung (1) nach Anspruch 1, da-
durch gekennzeichnet, dass jeder gemeinsame An-
schlagpunkt (14) am Auenring (13) ven einer biege-
steifery Manschette (15) gebildet wird, die jeweils flir
ein oberes und ein unteres Hahnepotsell (11, 12) so-
wie fiir eine radiale Tragleine (20) eine Ose 18, 22)
aufweist,

3. Tragervorrichtung (1) nach Anspruch 1 oder 2,
dadurch gekennzeichnet, dass der zentrale innenring
(23) flr jede radiale Tragieine (20) eine Ose (29) auf-
welst,

4. Tragervorrichtung (1) nach Anspruch 2 und 3,
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dadurch gekennzeichnet, dass jede radiale Tragleine
(20) an einer Ose (22) einer Manschelte {15) um den
Aufienring {13) befestigt ist.

5. Trdagervorrichtung (1) nach Anspruch 2 und 3,
dadurch gekennzeichnet, dass jede radiale Tragleine
{20) {iber ein Spannelement (24) mit ener Ose (29)
des zentralen Innenrings (23) verbunden ist.

6. Tragervorrichtung (1) nach einem der Ansprii-
che 1 bis &, dadurch gekennzeichnet, dass der zen-
trale Hahnepotring {9) der oberen Hahnepot (7) direkt
an dem zentralen Auftriebsmittel (4) angreift,

7. Tragervorrichtung (1) nach einem der Anspri-
che 1 bis b, dadurch gekennzeichret, dass der zen-
trale Hahnepotring (9) der oberen Hahnepot (7) unter
Zwischenschaltung einer in ihrer Lénge festiegbaren
Absenkleine an dem zentralen Auftriebsmittel (4) an-
greift.

8. Tragervarrichtung (1) nach einem der Ansprii-
che 1 bis 7, dadurch gekennzeichnet, dass der zen-
trale Hahnepolring (10) der unteren Hahnepot (8}
Uber eine frel drehbare Drehkupplung (32} an einer
mit einem Ankerstein {17) verbundenen Ankerkette
(16} als Verankerung (5) angreift.

9. Tragervorrichtung (1) nach einem der Ansprii-
che 1 vis 8, dadurch gekennzeichnet, dass die obe-
ren Hahnepotseile (1) alle gleichlang sind.

10. Tragervorrichlung (1) nach emnem der An-
spriche 4 bis 8, dadurch gekennzeichnel, dass alie
Seil-, Leinen- und Kettenverbindungen lber Osen
(18) an den Seil-, Leinen und Kettependen hergestetit
sind.

11. Tragervorrichtung (1) nach einem der Ansprii-
che 1 bis 10, dadurch gekennzeichnet, dass der Au-
Renring (138) aus einer in einem Kunststoffroht (26)
umlaufenden Stahltrosse (25) bestent.

12. Tragervorrichtung (1) nach einem der An-
spriiche 1 bis 11, dadurch gekennzeichnet, dass das
zentrale Auflriebsmittel (4) eine Ose (28) zum Hieven
und Fieren der Tragervorrichtung (1) aufwaist.

13. Trigervorrichtung {1) nach einem der An-
spriiche 1 bis 12, dadurch gekennzeichnet, dass
mehrere gleichartige Ringkonstruktionen (2) zusam-
mengeschaitet sind.

Es folgen 2 Blaft Zeichnungen
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(57) Zusammenfassung: Derarlige Inspektionseinrichtun-
gen werden fir die Beobachtung und Bedienung von Aqua-
kulturen, Hafenanlagen oder anderen, unter Wasser be-
findlichen Oberlldchen eingesetzt. Sie weisen eine stufen-
los verstelibare Vertikalfihrung mit einer Teleskopslange
und eine stufenios verstellbare Horizonlalfihrung mit einer
einen Weg vorgebenden Flihrungsbahn und einem darauf
auf Fabrungsrollen gefiihrten Wagen zur Aufnahme der
Vertikal{thrung und entsprechende Inspektionsgeréte auf.
Bisher mussten dafir speziell ausgebildete Taucher, derzu
inspizierende Gegenstand aus dem Wasser angehoben
oder Inspektionseinrichtungen mit nur sehr begrenztem Ak-
tionsraum eingesetzt werden, Mit der Erfindung wird eine
kostenglinstige und ohne Taucher bedienbare Inspekti-
enseinrichtung (IE) vorgestelli, die Uber einen weitgehend
unbegrenzien Beobachtungsraum verfiigt. Dazu ist fir die
Vertikaffithrung (VF) die Teleskopstange (TS) mittels meh-
rerer Rohrabschnitte (RA) absatzire! verl8ngerbar und fir
die Horizontalfihrung (HF) die Fihrungsbahn (FB) verén-
derlich in einer kontinuiedichen Kurve vargebbar oder aus
finearen Abschnitten zusammensetzbar. Vertikal- und Hori-
zontalfiihrung (VF, HF) spannen die Inspektionsebene fur
die diversen Inspektionsgeréte (IG) in den drei Raumach-
sen auf.
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Beschreibung

[0001] Die Erfindung bezieht sich auf eine Inspekti-
onseinrichtung fiir Unterwasserstrukturen mit einer
Positioniervorrichtung, die eine stufenlos verstellbare
VerlikalfGhrung mit einer Teleskopstange und eine
stufenlos verstelibare Horizontalfhrung mit einer el
nen Weg vorgebenden Fiihrungsbahn und einem
darauf auf Flihrungsrotlen geflihrten Wagen zur Auf-
nahme der Verlikalfihrung aufweist, und mit einer
Unterwasser-Videokamera als zumindest einem In-
spektionsgerét, das an der Teleskopstange befestigt
ist.

[0002] Derattige Inspektionseinrichtungen werden
2um Beispiel zur Wartung groft angelegter Aquakul-
turanlagen benétigt, die weltweit zunehmend fir die
Produktion von Algen und Muscheln betrieben wer-
den. Dabei wachsen die Kulturorganismen an oder in
schwimmenden oder untergetauchten Systemen.
Solche Systeme sind in der Regel Langieinen (Long-
line), Langréhren (Longtube), Ringsysteme, Fidfie
oder Pfahlbatten. Langleinen und Langréhren wer-
den {ber einige 100 m Lange horizontal an der Was-
seroberfldche oder in 1-10 m Tiefe unterhalb der
Wasseroberflache verspannt und dienen als Tréger-
leinen fir die daran befestigten Kulturhalteleinen. An
diesen Kulturhalteleinen werden schiiefilich die Al-
gen oder Muscheln geziichiet. Die Zucht solcher Kul-
turorganismen wird dber mehrere Monale bis Jahre
betrieben. Dabei wird neben Routinearbeiten (Kon-
trolle der Kulturen, Ausbringen von Organismen, Ern-
te) die technische Konstruktion aufihren Zustand und
ihre Sicherheit Gberprift. Insbesondere die unterge-
tauchten Strukturen miissen je nach Gewichiszunah-
me, die durch das Wachstum der Organismen ent-
steht, mit zusatzlichen Auftriebskdrpern bestiickt
werden. Auflerdem missen die Kulturorganismen
beobachtet werden, um den &uferlichen Zustand
(Unversehrthelt, Ansiedlung), Wachstum, Prédation
(Fressfeindschaft), Futteraufnahme und -konkurrenz
bewerten zu k8nnen. Solche Aufgaben kénnen von
speziell ausgebildeten Tauchem durchgeflhrt wer-
den. Eine weitere Mtglichkeit besteht darin, die kom-
pletten Strukturen mit Schiffskrdnen von Spezial-
schiffen anzuheben. Beide Maglichkeiten kénnen nur
bei geringem Seegang durchgefiihrt werden und sind
sehr teuer. Aufierdem kdnnen Unterwasserkame-
ra-Systeme als Inspektionsgerate zum Einsatz kom-
men. Andere Anwendungsgebiete fiir solche Inspek-
tionseinrichtungen sind die Beobachtung und War-
tung von technischen Einrichtungen unter Wasser
wie Hafenanlagen usw.

Stand der Technik

[0003] Aus der GB 2 400 451 A ist eine einfache Te-
leskopstange mit einer Anbaumdglichkeit fir eine
Unterwasserkamera bekannt. Die Lénge der Stange
wird vor dem Einsatz mit Verlangerungsstiicken ein-

gestellt. Die Leitungszufithrung geschieht &uerlich
entlang der Teleskopstange. Uberschissige Leitung
wird auf eine Spuie gerolit. Diese Einrichtung wird
von einem Kai cder von einem Boot oder Ponton aus
zur Beobachtung von z.B. Hafenanlagen unter der
Wasseroberfldche eingeselzt. Ein Einsatz auf offener
See bei Wind und Wellengang wird durch die Bewe-
gungen der Kamera vor dem Objekt sehr erschwert.
Aus Gewichitsgriinden ist der Einsatz der handge-
fihrten Einrichtung auf geringe Tiefen beschrankt.
Aus der US 6,119,630 ist eine ortsfeste Inspekti-
onseinrichtung fiir Unterwassereinsatz bekannt, die
urspriingtich zur standigen Beobachtung der Wachs-
tumsverhalinisse von Muscheln unter natiiriichen
Umgebungsbedingungen vorgesehen ist. Die Ein-
richtung ist nach der Einstellung der Tiefe und der
Wahl eines Einsatzortes weder in horizontaler hoch
in vertikaler Richtung verdnderbar. Aus der JP
10020382 A ist ein halbautonomes Beobachtungs-
systern mit einem fernsteuerbaren unbemannten
Boot und einer kabelversorgten Videoeinrichtung be-
kannt. Das Boot wird {iber einen zu beobachtenden
Ort gesteuert und das Videosystem lber eine Winsch
auf die gewlinschte Tiefe abgelassen. Bild und Steu-
ersignale werden Uber das Kabel geleitet. Das Beob-
achtungssystem ist aufwandig und der Einsatzort auf
die mégliche Kabellange beschrénkt. Es ist nicht klar,
wie die Kamera ihre Blickrichtung beibehalt, wenn sie
am Kabel hangt und Strdmungen und Wellengang
ausgesefzt ist. Ein dhnliches System wird in der DE
103 10 550 At offenbart, Eine stromiinienférmige Un-
terwassereinheit wird von einem fernsteuerbaren un-
bemannten Boot in durch ein Kabel veranderbarer
Tiefe durch ein Gewésser gefiinrt und nimmt Daten
mit Hilfe daran befestigter Sensoren auf. Das Beab-
achtungssystem ist aufwendig und der Einsatzort auf
die mégliche Sichtstrecke beschrénkt.

[0004] Aus der US 2 945 428 A ist eine Kamerasta-
bilisierung bekannt, bei der der Kameramann eine
Hoerizontalfithrung auf seinen Schultern tragt. Diese
besteht aus zwei parallelen, geradiinigen Fihrungs-
schienen, die den horizontalen Verfahrweg der Ka-
mera festlegen. Zur horizontalen Verschiebung ist die
Kamera auf einem Wagen gelagert, der mit jeweils
zumindest elner rohrférmig geschlossenen Fiih-
rungsmuffe jede FGhrungsschiene umfasst. Eine ver-
tikale Verstellung der Kamera kann tiber einen Teles-
kopstab erreicht werden, die unterhalb der Kamera
an dem Wagen befestigt ist und sich am Boden ab-
stiitzt (vergleiche Flg. 5 ebenda). Ein kurvenférmiges
Verfahren der Kamera ist mit dieser bekannten Ka-
merastabilisierung nicht ohne weiteres maglich. Wei-
terhin ist fir die Stabilisierung immer der Bodenbe-
zug (fir Kameramann und Teleskopstange) erforder-
lich.

[0005] Weiterhin ist aus der WO 2004/008077 A1
ein optischer Enkoder, beispielsweise ein Rdntgen-
gerat, mit zwei relativ zueinander bewegbaren Geré-
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teteilen bekannt. An dem einen Gerételeil ist ein Po-
sitionsanzeiger, an dem anderen Gerdteteil ein Bild-
aufnehmer befestigt. Der Positionsanzeiger ist mit ei-
nem sich bewegenden Objekt verbunden und wird
von dem Bildaufnehmer in seiner Bewegung optisch
erfasst. Der Enkoder umfasst einen verschiebbaren
Wagen, der unterhalb einer Horizontalfithrung Gber
vier Fihrungsrolien mit dieser verbunden ist (verglei-
che Fig. 1 ebenda). Dabel bedingt die Anordnung der
vier Rollen eine bauliche Sicherung. Weiterhin ist am
Wagen eine teleskopartige VertikalfGhrung aus meh-
reren ineinander schiebbaren Vierkantrobren vorge-
sehen, die beim Ausfahren starke Absatze zueinan-
der aufweisen..

[0006] Die JP 61082146 A, von der die vorliegende
Erfindung als néchstliegendem Stand der Technik
ausgeht, beschreibt ein (ber eine Winde betdtigha-
res Teleskoprohr definierter Ausfahriange mit einer
daran befestigten Unterwasser-Videokamera. Die
Beobachtungstiefe wird mittels einer Handkurbel an
der Winde eingestelit. Das Teleskoprohr kann mit ei-
nem Schiitten in horizontaler Richtung auf eihem
Ausleger von Hand verschoben werden. Der Ausle-
ger kann an zwel Scharmieren um einen Tragmast
ebenfalls von Hand gedreht werden. Die horizontale
Bewegung ist also in zwei Raumrichtungen kontinu-
ierlich, wobel in der einen Raumrichiung ausschlieft-
lich eine reine Kreishewegung und in der anderen
Raumrichtung eine lineare Bewegung durchgefihrt
werden kann. Die Bewegung des Schlittens kann nur
linear entlang des Auslegers erfolgen. Der Einsalz
der Kamera ist durch die Kombination dieser Bewe-
gungen auf eine Kreisscheibe mit dem Radius des
Auslegers und in der Tiefe auf die Ausfahrlédnge des
Teleskoprohrs beschrankt. Es wird also ein in Radius
und Linge bestimmter, zylinderfdrmig begrenzter Be-
obachtungsraum zur Verfigung gestellt.

Aufgabenstelung
Aufgabenstellung

[0007] Die Aufgabe fiir die vorliegende Erfindung ist
darin zu sehen, dass eine Inspektionseinrichtung fiir
Unterwasserstrukturen mit einer Positioniervorrich-
tung der eingangs beschriebenen Art zur Verfiigung
gestellt wird, die einen weitgehend unbegrenzten Be-
abachtungsraum zur Verfligung stelit, preiswert her-
stellbar und ohne Spezialpersonal leicht handhabbar
ist. Die erfindungsgemafe Ldsung flir diese Aufgabe
ist dem Hauptanspruch zu entnehmen. Vorteilhafte
Weiterbildungen der erfindungsgemafen Inspekti-
onseinrichtung sind in den Unteranspriichen aufge-
zeigt uhd werden im Folgenden im Zusammenhang
mit der Erfindung ndher erfautert,

[0008] Die erfindungsgemifie Inspektionseinrich-
tung besteht aus einer Horizontal- und einer Vertikal-
fihrung, die eine Ebene aufspannen, in der die In-

spektionsgerate kontinuierlich verfahren werden kon-
nen. Die Vertikalfthrung weist eine rohrfdrmigen Te-
leskopstange auf und verlauft daher immer linear, die
Horizontalfiihrung kann eine Fihrungsbahn in der
Ebene aufweisen, die senkrecht auf der Vertikalfin-
rung steht, Kurven beschreiben, bevorzugt aber aus
linearen Abschritten und besonders bevorzugt aus
einem einzigen iinearen Abschnitt bestehen kann.
Die von der Horizontal- und der Vertikalfiihrung auf-
gespannie Fidche kann also eben sein oder aus einer
beliebigen Anzahi von in Winkeln zueinander stehen-
den Fldchenabschnitten bestehen oder eine in der
dritten Raumrichtung gekrimmte Flache, zum Bei-
spiel also ein Zylinder mit kreisformigern Querschnitt
sein. Zur Tiefeneinstellung des Inspektionsbereichs
kann die Teleskopstange durch Hinzufiigen oder Ent-
fernen von Rohrabschnitten absatzirei verldngert
oder verklirzt werden. Die Teleskopstange wird von
einer Leitvorrichtung an einem Wagen aufgenom-
men, der mittels einer Fiihrungsrolle (iber die Fih-
rungsbahn der HorizontalfGhrung greift und auf die-
ser abrollt. Dazu weist die Fihrungsrolie ein das Pro-
fil der Flihrungsbahn zumindest teilweise aufneh-
mendes Negativprofil auf. Die Inspektionsgerate sind
bevorzugt am unteren Ende der Teleskopstange an-
geordnet. Die Einstellung der jewells gewahlten Ein-
satztiefe der Inspektionsgerdte an der Teleskopstan-
ge, die kontinuierliche Fiihrung des Wagens mit der
Teleskopstange und den inspektionsgeraten Uber die
Horizontalfihrung sowie die gegebenenfalls mogli-
chen Bedienungen der Inspektionsgeréte geschehen
bevorzugt im Handbetrieb.

[0009] Die zur Versorgung und Bedienung der In-
spektionsgerate erfordetlichen Leitungsziige zur En-
ergiezufuhr, gegebenenfalls zur Bereitstellung von
Signalen wie Biid- und Steuerdaten in beiden Rich-
tungen und zur mechanischen Betdtigung konnen
zum Schutz vor mechanischer Beschadigung im In-
neren der Teleskopstange untergebracht werden.
Dazu ist diese bevorzugt als Rohr mit L&ngsschiitz
ausgefiihrt, so dass auch eine Langenanderung der
Teleskopstange durch Hinzufligen oder Entfernen
von geschlitzten Rohrabschnitten sehr schnell von-
statten geht, chne alle Leitungsziige entfernen und
nach der Langenanderung wieder einfadeln zu miis-
sen. Leitungsziige werden von sinem Vorrat ab- oder
auf ihn aofgewickelt und der geschiitzte Rohrab-
schnitt darliber geschoben oder davon abgezogen.
Zur Langenénderung hat der Rohrabschnitt eine Ra-
steinrichtung, die daflr sorgt, dass er schnell und in
Bezug auf den Langsschiitz passgenau mit dem vor-
handenen Teleskoprohr verbunden, beziehungswel-
se auf einfache Weise davon entkoppelt und entfernt
werden kann. Die Rohrabschnitte der Teleskopstan-
ge kdnnen an dem einen Ende bei kohstantem Au-
Rendurchmesser auf einem Tellbereich der ungeféh-
ren Lange des Durchmessers des Teleskoprohres ei-
nen vergréferten Innendurchmesser und auf dem
anderen Ende auf einem gleichlangen Teilbereich bei

3/16



Appendix 12 (Pat. II) - Inspektionseinrichtung fiir Unterwasserstrukturen

3%]

DE 102005 020 070 B3 2006.09.14

konstantem Innendurchinesser einen derart verkiei-
nerten AuRendurchmesser aufweisen, dass die ei-
nen Enden der Rohrabschnitte gerade spielarm die
anderen Enden weiterer Rohrabschnitte absatzfrei
aufnehmen koénnen. Die Rasteinrichtung kann bevor-
zugt aus zumindest einer federnden Zunge mit einer
Rastnase bestehen, die im nneren jedes Rohrab-
schnitts an dem anderen Ende mit verringertem Au-
flendurchmesser angeordnet ist, wobei die Rastnase
bei beziiglich des Langsschlitzes passgenauer Uber-
einanderstellung der ineinander greifenden Rohrab-
schnitte von innen nach auften genau durch dann
ebenfalls {ibereinander stehende Bohrungen in den
beiden, einen Verbindungsbereich bildenden Teilbe-
reiche der ineinander greifenden Rohrabschnitle
greift und diese fest miteinander verbindet. Durch
Driicken auf die nicht weiter hervorstehende Rastna-
se der zumindest einen federnden Zunge und gleich-
zeitigem Auseinanderziehen der beiden angrenzen-
den Rohrabschnitte kann die Verbindung sehr ein-
fach und ohne Werkzeug wieder geldst werden.

[0010] Die den Weg vorgebende Flhrungsbahn der
Horizontalfiihrung kann ein gespanntes Flihrungsseil
sein, das aus einem einzelnen linearen Seilabschnitt
oder einer beliebigen Anzahi von unter kieinen Win-
keln aneinander angrenzenden Seilabschnitten be-
steht. Die Variante aus mehreren Seilabschnitten
kann damit eine guasikontinuierliche Kurve beschrei-
ben, die von dem Wagen abgefahren werden kann.
Der Wagen flr eine Horizontalfithrung aus einem ge-
spannten Fhrungsseil wird von einem Fithrungsbe-
reich aus zwei dicht beieinander stehenden flichigen
Fihrungslaschen gebildet, zwischen denen die Fiih-
rungsrolien frei drehbar eingespannt sind. Die Filh-
rungsrollen sind an ihrern Umfang eingekerbt und am
Grund der umlaufenden Kerbe derart profiliert, dass
sie refbungsarm aber eng gefiihrt (ber das gespann-
te Flhrungsseil laufen kdnnen. Fir verschiedene
Durchmesser des Fithrungsseils kann die Kerbe ein
stufig angepasstes Profil aufweisen, wobei Breite
und Hohe der Stufen von der Achse der Flihrungsrol-
fe aus nach aufien hin zunehmen, Die bei einem ge-
wiéhiten Durchmesser des Fihrungsseils jeweils
nicht benutzten kleineren Stufen kénnen durch eine
am Grund der zu benutzenden Sfufe umlaufende
Manschette abgedeckt werden, wodurch ein Ver-
Klemmen des Flhrungsseils i der ndchst kleineren
Stufe vermieden wird.

[0011] Zurn sichereren Abfahren des Flihrungsseils
kénnen die flachigen Fiihrungslaschen des Wagens
einen nach unten veridngerten und sich dabei ab der
Unterkante der Fithrungsrolle leicht erweiternden
Fiihrungsbereich aufweisen, wodurch einerseits das
Aufsetzen des Wagens auf das Fihrungsseil erleich-
tert und andererseits ein Abspringen des Wagens
von dem Flhrungsseil bei heftigeren Bewegungen
verhindert wird, Die den Weg vorgebende Flhrungs-
bahn der Horizontalflihrung kann auch ein in der ho-

rizontalen Ebene beliebig geformtes Fihrungsrohr,
bevorzugt mit kreisférmigem Querschnitt sein. in die-
sem Fall wird der Wagen von zumindest zwei Paaren
senkrecht finks und rechts des Flhrungsrohrs und
zumindest einem Paar waagerecht Uber dem Fih-
rungsrohr angeordneter, an den Durchmesser des
Fiihrungsrohrs zumindest teilweise angepasster kon-
kav profilierter, walzenartig verbreiterter Fithrungsrol-
len, die gemeinsam an einer Deckplatte befestigt
sind, gestiitzt und gefithrt. Das Profil insbesondere
der oberen walzenartigen Flhrungsrollen ist dabei
nur so stark ausgeprégl, dass sie gerade auf das
Fiihrungsrahr mit dem gréften Durchmesser passt
und dient im Wesentiichen der Lastverteilung des an
dem Wagen hdngenden Teleskoprohrs mit den In-
spektionsgeraten. Es nimmt als Negativprofil zumin-
dest teilweise das Profil des Fihrungsrohrs auf. Die
seitlichen waizenartigen Fihrungsrollen  missen
nicht konkav profiliert sein, da sie keine Last aufneh-
men und nur die seitlichen Flhrungskrafte lberfra-
gen milssen. Zur Anpassung des Wagens an ver-
schiedene Durchmesser des Fithrungsrohrs kbnnen
die seitlichen walzenartigen Fihrungstollen mit
Schnellspannern in der Deckplatte verschiebbar an-
geordnet und fixierbar sein. Nicht profilierte seitliche
Fithrungsrollen missen dazu nicht in der Héhe ver-
stellbar sein, da sie sich durch ihre gerade Beran-
dung an jeden Durchmesser des Flihrungsronhrs an-
legen. Die Achsen der seitlichen Flihrungsrollen kén-
nen unterhalb der Deckplatie ein Gelenk mit einer
Riickholfeder aufweisen, mit dem sie sich unter-
schiedlichen Rohrabmessungen undfoder Uneben-
heiten der Rohroberflache anpassen kinnen.

{0012} Das Teleskoprohr kann durch eine Leitein-
richtung mit dem auf der Horizontalflhrung bewegba-
ren Wagen verbunden sein. Diese kann aus einer
Leitdifnung in der Deckplatte des Wagens bestehen,
in die das Teleskoprohr durch Offaen schnell seitlich
eingesetzt und nach dem Wiederverschiiefen gegen
Herausfallen gesichert werden kann. Durch das seit
liche Einsetzen wird vermieden, das Teleskoprohr mit
seinen Inspektionsgeraten und Leitungszligen von
unten oder oben durch die Leitéffnung einfédeln zu
missen. Die geschlossene Leitéffnung umfasst die
Teleskopstange derart, dass sie darin gleiten kann.
Oberhalb der Leitéffnung kann ein Schnelispannring
in beliebiger Hohe die Teleskopstange umfassen und
damit die maximale Einsatztisfe der Inspektionsgera-
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 von dem Schnellspann-
ring und unten von den Inspektionsgeraten begrenzt
wird. Im Falle des Fithrungsrohrs, bei dem der Wa-
gen mit einer Deckplatte mit walzenartigen Flih-
rungsrollen ausgefihrt ist, kann die Leitdffnung ein
einfacher Ausschnitt in der Deckplatte sein, die durch
einen Sperrriegel gedffnet und verschlossen werden
kann, Im Falle eines Flhrungsseils, bei dem der Wa-
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gen mit zwei seitichen Flhrungsiaschen mit den
Fuhrungsrollen dazwischen ausgefGhrt ist, kann die
Leitéfinung sus einem das Teleskoprohr umfassen-
den geschiitzten Leitfiansch bestehen, dessen
Schenkel durch eine Schraube gedffnet und ge-
schiossen werden. Der geschiitzte Leitflansch kann
iber ein einfaches Drehgelenk und einen starren Ab-
standhaiter mit dem Wagen verbunden sein. Das
Drehgelenk dient dem Ausgleich der gegenlber dem
gerade in die Tiefe ragenden Teleskoprohr gegebe-
nenfalls durch Unebenheiten in der Horizontalfuh-
rung an einem Wagen mit mehr als einer Fithrungs-
rolle auftretenden kleinen Kipphewegungen. Da ein
fest mit einem solchen Wagen verbundenes Telesko-
prohr diesen Kippbewegungen aufgrund seiner He-
belldnge und seines Gewichts nicht folgen kdnnte,
wiirde bel Abwesenheit des Drehgetenks jeweils eine
Fihrungsrolie mehr oder weniger weit von der Hori-
zontalfihrung abheben und eine ungenaus Seiten-
fuhrung bedingen. Der starre Abstandhalter verhin-
dert die Reibung des drehbar gelagerten Teleskop-
rohrs an dery Wagen und sorgt flir einen Mindestab-
stand zwischen der Teleskopstange mit den inspekti-
onsgeridten und der zu inspizierenden Oberfldache um
beispielsweise einen zur Beobachtung ausreichen-
den Mindestabstand der Videokamera zu gewéhrieis-
ten. Das Teleskoprohr sitzt in seiner Leitéfinung seit-
lich am Wagen wodurch sich ein Hebel zwischen dem
Angriffspunkt des Gewichts der Teleskopstange und
dem Auflage- und Drehpunkt des Wagens auf dem
Flhrungssel oder dem Flbrungsrohr ergibt. Um eine
Schiefsteliung des Teleskoprohrs im Wasser zu ver-
hindern, kann zur Kompensation des Gewichis der
Teleskopstange zumindest ein Auftriebskérper an ei-
nem [angenverdnderbaren Ausleger angeordnet
sein, der mit dem Wagen in der gewdhiten Langen-
einstellung fest verbunden ist. Auslegeriinge und
Auftriebskraft werden dabei so hergestelit, dass das
Gewicht der Teleskopstange gerade bis zu threr ge-
nau vertikalen Stellung kompensiert wird.

[6013] Als Inspektionsgerat ist zumindest eine Un-
terwasser-Videokamera vorgesehen. Disse kann in
sinem Gehause untergebracht sein, das von der
Wasseroberfldche aus 2umindest um die horizontale,
einen rechten Winkel mit der optischen Kameraach-
se bildende Raumachse um zumindest + 90° ge-
schwenkt werden kann. Zusammen mit der seitlichen
Verdrehméglichkeit des gesamten Teleskoprohrs ist
es mdglich, einen Uberblick iber einen jeweils gan-
zen, relativ breiten vertikalen Abschnitt des Inspekti-
onsobjekts zu erhaiten, vor dem die Kamera gerade
steht. Als weiteres Inspektionsgerét kann eine mit ei-
nem Saugschlauch versehene Ansaugvorrichtung fir
Wasserproben und kleine Organismen an der Teles-
kopstange in Héhe der Unterwasses-Videokamera
maontiert sein. Durch eine Kleine Pumpe kénnen Pro-
ben von Wasser und Schwebstoffen vom Beobach-
tungsort abgesaugt und bevorratet werden, Ein wei-
teres Inspektionsgerdt kann eine Entnahmevorrich-

tung flir Festkorperproben sein und einen Aufnahme-
korb aufweisen, in den Festkbrperproben vorn Beob-
achtungsort untergebracht werden konnen. Dazu
kann die Korbhalterung vortetihaft mit scharfen Kan-
ten versehen sein, so dass durch entsprechende Be-
wegungen der Teleskopstange Festkorperproben,
2.B. Muscheln, vom beobachteten Untergrund abge-
kratzt werden und in den Aufnahmekorb fallen kén-
nen. Eine andere Entnahmevorrichtung flir Festkor-
peroroben kann eine Trennvorrichtung flir Festior-
perproben aufweisen, die als mechanisch betétigha-
re Sidge, Zange oder Messer ausgebiidet ist. Eine
weitere Ausfihrung einer Inspektionseinrichtung als
Entnahimevorrichtung von Festkérperproben kann
neben einem Aufnahmekorb einen mechanisch beta-
tighbaren Greifer aufweisen, mit dem Festkdrperpro-
ben vom beobachteten Untergrund auigenommen
und in den Aufnahimekorb befrdert werden konnen.
Dariliber hinaus kann als weiteres Inspektionsgerat
eine Vermessungsvorrichtung mit der Kamera an der
Teleskopstange montiert sein, die vorteilhaft aus zwel
in definiertem Abstand und exakt paraltel zueinander
angeordneten Lasern bestehen kann. Bei der Beob-
achtung der Unterwasserstrukturen kann durch Rela-
tion zwischen den Auftreffpunkten des Laserlichts
und deren bekanntem Abstand auf die Gréle der be-
obachteten Strukturen, 2.B. Organismen, geschlos-
sen werden.

[0014] Zur Bedienung der mechanisch betétigbaren
ingpekiionsgerdte kénnen Bowdenzlige verwendet
werden, mit deren Hilfe die notwendigen Bewegun-
gen in der Tiefe von der Wasseroberflache aus
durchgefihrt werden kénnen. Die Bowdenz{ige kdn-
nen mit Hebeln oder Drehelementen als Bedienungs-
einrichtungen in eine gewlinschte Position gebracht
und dortin Raststellungen fixiert werden. Beim Losen
der Rasten kénnen die bewegharen Inspektionsgera-
te mittels Rickhotfedern in eine Ausgangssteliung
zurlickbewegt werden. Die Drehelemente kGhnen
gleichzeitig einen zur Verldngerung der Teleskop-
stange miltels geschlitzten Rohrabschnitten einen
Drahtvorrat aufnehmen, der bei Bedarf einfach auf-
oder abgewickelt werden kann.

Ausflhrungsbeispiel

[0015] Ausbildungsformen der Inspektionseinrich-
tung fiir Unterwasserstrukturen mit einer Positionier-
vorrichtung nach der Erfindung werden nachfolgend
zum weiteren Versténdnis der Erfindung anhand der
schematischen Figuren hdher erlautert. Dabei zeigt

[0018] Fig, 1 eine Inspektionseinrichtung mit Positi-
eniervorrichiung und inspektionsgerdten mit Egh-
rungsseil,

[0017] Elg. 2 einen Wagen mit profilierter Rolie und
Leiteintichtung,
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[0018] Elg..3 eine Inspektionseinrichiung mit Positi-
oniervortichtung und Inspektionsgeradten mit Fih-
rungsroht,

[6019] Eig.4 einen Wagen mit Deckplatte mit Leit-
einrichtung,

[0020] Fig. 5 walzenartige Flhrungsrollen im Auf-
bau,

[0021] FEig. § Rohrabschnitte der Teieskopstange
mit Rastnasen,

[0022] Fla. 7 ein Fihrungsrohr als Kreis,
[0023] Flg, § ein Fithrungsseil mit Abschnitten,

[0024] Elg. 9 eine Teleskopstange mit inspeklions-
geréten und

[6025] Elg. 10 eine Bedieneinheit fir Bowdenziige

[0026] Fig. 1 zeigt eine Inspektionseinrichtung 1E
mit Positioniervorrichtung PV, Inspektionsgeraten IG
und Horizontalfiihrung HF mit Fiihrungsseil FS. Die
Vertikalfihrung VF mit Teleskopstange TS aus meh-
reren Rohrabschnitten RA wird in einer hier nicht
sichtbaren Leiteinrichtung LE am Wagen WA auf-
und abflhrbar sowie drehbar aufgenommen. Ein
Schrellklemmring SK begrenzt dabei den méglichen
Hub der Teleskopstange T8 und fegt die maximale
Eintauchtiefe fest. Die Teleskopstange TS weist ei-
nen durchgdngigen Langsschiitz LS zur Aufnahme
von Leitungszligen LZ zur elektrischen Versorgung
und zur mechanischen Bedienung der Inspektions-
gerdte IG, in

[0027] Eig..4 einer Videokamera VK, auf. Die Bedie-
nungseinrichtung BE zur mechanischen Verstellung
der Videokamera VK kann in hier nicht weiter darge-
stellten Raststellungen fixiert werden. Der Wagen
WA in dieser Ausflihrung ist mit einer profilierten Fiih-
rungsrolle PR ausgeriistet, die auf dem Fithrungsseil
F8 abrollt, ein das Profil des Flhrungsseils FS auf-
greifendes Negativprofil NP und einen nach unten
verlangerten und sich aufweitenden Flhrungsbe-
reich FB aufweist. Die Videokamera VK kann zurniin-
dest um die horizontale, einen rechten Winkeal mit der
optischen Kameraachse KA bildende Raumachse
RM schwenken.

[0028] Eig, 2 zeigt einen Wagen WA mit zwei profi-
lierten Flihrungsrolien PR und Leiteintichtung LE. Die
profilierten Flihrungsrollen PR zeigen den an ver-
schiedene Seildurchmesser in Stufen angepassten
Profilbereich PB. Das bei der gewahlten Darstelfung
in der Zeichnungsebene verlaufende Flihrungsseil
FS ist zur Verdeutlichung im Querschnitt im oberen
Profilbereich PB dargestellt. Die jeweils unbenutzten
kieineren Stufen kénnen durch Manschetten MA ab-

gedeckt werden, um ein Verklemmen des Fithrungs-
sells FS zu verhindemn. Die Manschette MA kann in
die nachstkleinere Stufe flllend eingelegt und an ih-
ren verjilngten Enden zum Ring verschraubt werden.
Die profilierten Fiihrungsrollen PR werden von dem
Flhrungsbereich FB aus zwei ebenen Fihrungsla-
schen FL zusammengefasst und zwischen ihnen
feicht drehbar auf Drehachsen DA gehalten und mit
Sicherungsmuttern SM gesichert. Gleitscheiben GS
zwischen den Flhrungsiaschen FL und den profilier-
ten Flhrungsrotien PR sorgen fur den reibungsar-
men Lauf. Die Drehachsen DA werden von einem ge-
meinsamen Abstandhalter AH getragen, der an sei-
nem zentralen Punkt ZP die Leiteinrichtung LE fiir die
Teleskopstange TS in einem Drehlager DL tragt. Die
Leiteinrichtung LE besteht in diesem Ausfithrungs-
beispiel aus einem Uber Scharniere SR aufklappba-
ren Leitflansch LF, der im durch eine Sicherungs-
schraube 35S geschlossenen Zustand die Teleskop-
stange TS hélt, ihr aber zur Drehung und Auf- und
Abbewegung gendgend Spielraum lasst.

f0029] Fig.3 zeigt eine Inspektionseinrichtung IE
mit Positioniervorrichtung PV, Inspektionsgerdten IG
und Horizantaifiihrung HF mit Fiihrungsrohr FR als
Fahrungsbahn FN. Die Vertikalflihrung VF mit Teles-
kopstange TS aus mehreren Rohrabschnitten RA
witd in einer Leiteinrichtung LE am mit Deckplatte DP
ausgeristeten Wagen WA auf- und abflihrbar sowie
drehbar aufgenommen. Die Leiteintichtung LE be-
steht in diesem Ausfithrungsbeispiel aus einer Leit-
offnung LO, die den Querschnitt der Teleskopstange
TS mit Spiel aufnehmen kann, und einem als drehba-
rer, offener Ring ausgelegten Sperrriegel SP. Ein
Schneliklemmring SK begrenzt dabei den moglichen
Hub der Telsskopstange TS und tegt die maximale
Eintauchtiefe fest. Die Teleskopstange TS weist ei-
nen durchgéngigen Langsschlitz LS zur Aufnahme
von Leitungsziigen LZ auf. Ein hier dargestelites In-
spektionsgert 16 ist eine Entnahmevorrichtung fir
Festkdrperproben EF und besteht aus einem Aufnah-
mekorb AN mit Korbhalterung KH mit schneidenartig
ausgebildeter Kante KK als Trennvorrichtung fir
Festkdrperproben TF. Der mit Deckplatte DP ausge-
riistete Wagen WA in diesem Ausfihrungsbeispiel ist
mit zwei Paaren senkrecht links und rechts des Fiih-
rungsrohrs FR und zumindest einem Paar waage-
recht dber dem Fuhrungsrohr FR angeordneter, an
den Durchmesser des Flhrungsrohrs FR zumindest
teilweise angepasster konkav profilierter, walzenartig
verbreiterter Fihrungsrollen PR ausgeriistet, die auf
dem Fihrungsrohr FR abrollen. Die Fihrungsrolien
PR kénnen (iber Schnellspanner SN und Langlécher
LL auf dem jeweiligen Durchmesser des Fithrungs-
rohrs angepassten Positionen fixiert werden. Im Falle
des mit Deckplatte DP ausgeriisteten Wagens WA
wird das seitlich an dem Wagen WA angreifende Ge-
wicht der Teleskopstange TS und der daran fixierten
inspektionsgerdte 1G durch einen an einem Ausleger
AL an der dems Fithrungsrohr FR abgewandten Seite
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des Wagens WA angeordneten Auftriehskérper AK
kompensiert. Der Ausleger AL wird ebenfalls {iber
Schnellspanner SN und LanglGeher LL an der Dack-
platte DP einstellbar fixiert.

[0030] Fig. 4 zeigt einen mit Deckplatte DP ausge-
risteten Wagen WA und eine Leiteinrichtung LE in
der Draufsicht. Die Teleskopstange TS wird datin auf-
und abflihrbar sowie drehbar aufgenommen. Die
Leiteinrichtung LE besteht in diesem Ausflihrungs-
beispiel aus einer Leitéfinung LO, die den Quer-
schnitt der Teleskopstange TS mit Spiel aufnehmen
kann, und eineny als Stange mit Griffknopf SG ausge-
bildeterr und durch zwei Schelien SE gehaitenen
Sperrriegel SP. Die unterhalb der Deckplatte DP an-
geordneten und in dieser Darstellung nicht sichtba-
ren Fihrungsrollen PR kinnen dber Schneilspanner
SN und Langlocher LL auf dem jeweiligen Durchmes-
ser des Flhrungsrohrs angepassten Positionen fi-
xiert werden. Der der Gewichtskompensation dienen-
de Ausleger AL mit dem Auftrisbskérper AK ist an der
dem Fithrungsrohr FR als Flihrungsbabn FN abge-
wandten Seite des Wagens WA angeordnet. Der
Ausleger Al witd iber Schnelispanner SN und Lang-
locher LL an der Deckplatte DP einstellbar fixiert.

[0031] Fig. 5 zeigt dis walzenartige Flhrungsrollen
PR in einem rahmenartigen Aufbau RB. Dabei wer-
den die waagerecht angeordneten Flhrungsrollen
PR mit einem an den gréften maglichen Durchmes-
ser des Flihrungsrohrs FR zumindest teflweise ange-
passten Profi AP als Negativprofil NP des Flihrungs-
rohrs FR versehen, mit dessen Hilfe sich der ganze
Wagen WA auf dem Fihrungsrohr FR zentriert. Die
verlikal angeordneten Fihrungsrollen PR erhalten
kein Profil, sondern werden nur inihrer Lange flir den
groBten moglichen Durchmesser des Fithrungsrohrs
FR ausgelegt. Dadurch besteht keine Notwendigkeit
der Héhenanpassung der vertikal angeordneten Fith-
rungsrolien PR bei Anderung des Durchmessers des
Flhrungsrohrs FR.

[0032] Die vertikal angeordneten Fithrungsrolien
PR sind mit Achsen AS drehbar in je einer guaderfor-
migen Halterung QH angeordnet, von denen jeweils
zwei Uber verschraubbare Streben VS miteinander
verbunden sind. Die beiden dadurch entstehenden
verbundenen Paare von vertikal angeordneten Fih-
rungsrollen PR sind {iber die beiden profilierten, hori-
zontal angeordneten Flihrungsrollen PR verbunden,
indem deren verléngerte Achsen VA in Querbohrun-
gen QB je einer der beiden zugehérigen quaderférmi-
gen Halterungen QH stecken. Die quaderformigen
Halterungen Qi weisen zenirale vertikale Bohrun-
gen ZB auf, Uber die der rahmenartige Aufbau RB
insgesamt mittels der Schnelispanner SN und der
Langideher LL an der Deckplatte DP fixiert wird. Die
Achsen AS der vertikalen Fihrungsrollen PR kénnen
zur Unterstitzung der Anpassung an den Durchmes-
ser des Flhrungsrohrs FR oder zum Ausgleich von

darauf befindlichen Unebenheiten Knickgelenke KG
aufweisen. Zur Anpassuing des Wagens WA an den
Durchmessers des Filhrungsrohrs FR werden die
Schnelispanner SN geldst, der Wagen WA {iber das
Flihrungsrohr FR gesefzt und die beiden verbunde-
nen Paare von vertikal angeordneten Fiihrungsrollen
PR dber die Langldcher LL an das Fiihrungsrohr FR
herangeschoben. Die horizontalen Fihrungsrollen
PR mit dem angepassten Profil AP kénnen sich dabei
durch die in den Querbohrungen QB der quaderfor-
migen Halterungen QH steckenden verldngerten
Achsen VA solange verschieben, bis sie zentral auf
dem Fllhrungsrohr FR angeordnet sind. Anschiie-
Rend werden die Schnellspanner SN wieder befes-
tigt.

[0033] Fiu. 8 zeigt zwei Rohrabschnitte RA der Te-
leskopstange TS, von denen der sine am oberen
Ende OE bei konstantem Auliendurchmesser dA auf
einem Teitbereich TB der ungefdhren Lénge des
Durchmessers der Teleskopstange TS einen vergrd-
Rerten Innendurchmesser gl und der andere am un-
teren Ende UE auf einem gleichiangen Teitbereich TB
bei konstantem innendurchmesser di einen derart
verkleinerten Auflendurchmesser kA aufweist, dass
die beiden Enden OFE, UE der dargesteliten Rohrab-
schnitte RA einander gerade spielarm absatzirei auf-
nehmen kdnnen. Die Rasteinrichtung RE besteht aus
zumindest einer fedemnden Zunge FZ mit einer Rast-
nase RN, die im inneren des oberen Rohrabschnitts
RA an dem unteren Ende UE mit verkieinerter Au-
tendurchmesser kA angeordnet ist, wobei die Rast-
nase RN bei bezliglich des Langsschlitzes LS pass-
genauer Ubereinandersteliung der ineinander grei-
fenden Rehrabschnitte RA von innen nach auben ge-
nau durch dann ebenfalls Ubereinander stehende
Bohrungen BN in den beiden, einen Verbindungsbe-
reich VB bildenden Teilbereiche der ineinander grei-
fenden Rehrabschnifte RA greift und diese fest mit-
einander verbindet. Durch Driicken auf die aufien
nicht welter hervorstehende Rastnase RN der zumin-
dest einen federnden Zunge FZ und gleichzeitiges
Auseinanderziehen der beiden angrenzenden Rohr-
abschnitte RA kann die Verbindung sehr einfach und
ohne Werkzeug wieder gelost werden, Die Rastein-
richtung RE ist in der gedffneten Stellung zusétzlich
gestrichelt dargestellt.

[0034] Fig. 7 zeigt ein FGhrungsrohr FR als Fih-
rungsbahn FN, das als Kreis KR ausgebildet ist. Der
Wagen WA l8uft auf dem Flhrungsrohr FR um und
fiihwt dabei die Teleskopstange TS mit sich. Mit die-
sem Aufhau kdnhnen zylinderartige Unterwasserstruk-
turen inspiziert werden.

[0035] Elg.8 zeigt ein Fithrungsseil FS als Fih-
rungsbahn FN, das unter Bildung kleiner Winkel in
zusammenhangende Seilabschnitte SA eingeteilt ist.
Der Wagen WA 18uft auf dem Fihrungsseil FS und
fithrt dabei die Teleskopstange TS mit sich. Mit die-
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sem Aufbau kénnen quasi kurvig geformte Unterwas-
serstrukturen inspiziert werden.

[0038] Flg.8 zeigt eine Teleskopstange TS mit In-
spektionsgerdten G, hier insbesondere eine An-
saugvorrichtung fir Wasserproben AW mit einem
Hilfirohr HR und einem Saugschiauch SL, ein mecha-
nischer, Uber Bowdenzug BZ {nicht sichtbar} und
Rickholfeder RF betdtigbarer Grelfer MG als Ent-
nahmevorrichtung fir Festkérperproben EF mit dem
zugehdrigen Aufnahmekorb AN und eine Vermes-
sungsvorrichtung W aus zwei in einem frei wahlbaren
Abstand wa und genau paraliel zueinander ausge-
richteten Lasern LR direkt an der Videokamera VK.
Eine ebenfalls mogtiche Trennvorrichtung fiir Fest-
korperproben TF als mechanisch betétighbare Sage,
Zange oder Messer ist nicht weiter dargestefit. Die In-
spektionsgerdte IG sind so angeordnet, dass die Vi-
deokamera alle Aktivitaten im Sichtbereich ihrer Op-
tik und der Bedienende volle Kontrolle tiber die erfor-
derlichen Tatigkeiten hat.

[0037] Fig. 10 zeigt eine Bedieneinheit flir einen
Bowdenzug eines Inspektionsgerats. Am Teleskop-
rohr TS ist eine Rastscheibe RS mit Rastiéchern RL
befestigt. Zentral dazu ist eine Drahtspule DS dreh-
bar mittels einer Zentralschraube Z8S angeordnet. Die
Drahtspule DS, die mit der Handkurbel HK gedreht
werden kann, weist eine umlaufende Vertiefung auf,
inder ein Drahtvorrat DV flr den Bowdenzug vorhan-
den ist. Ein Sicherungsstift ST verbindet die
Drahtspule DS mit der Rastscheibe RS. Bei Lange-
nanderungen des Teleskoprohrs TS muss Draht ab-
oder aufgewickelt werden. Dazu wird der Siche-
rungsstift ST gegen eine Zugfeder ZF aus seinem
Rastioch RL herausgezogen, urm 80° gedreht und so
in geldster Stellung fixiert. Die Drahtspule DS kann
nun mit der Handkurbel HK gedreht werden, bis der
Draht entweder gelockert ist und ein Rohrabschnitt
abgenommen oder die fir den Bowdenzug erforderli-
che neue Linge aufweist und ein Rohrabschnitt an
die Teleskopstange TS angesetzt werden kann. An-
schiieRend wird der Sicherungsstift ST wieder in das
nachstgelegene Rastloch RL gingefithrt. Zum Bedie-
nen des jeweiligen Inspektionsgeréts wird der Siche-
rungsstift ST wieder geldst und die Handkurbel HK
solange betétigt, bis das Inspektionsgerat die richtige
Position aufweist, Beim Rickdrehen der Handkurbel
HK wird das Inspektionsgerét durch eine Riickholfe-
der bis maximal in die Ausgangstellung zurickge-
fithrt. Zur Beibehaltung einer bestimmten Stellung
des Inspektionsgerats kann die Drahtspule DS in je-
der vorhandenen Raststeliung mit dem Sicherungs-
stift ST fixiert werden,
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Bezugszeichenliste

Abstandhalter

Ausleger

Auftriebskdrper

Aufnahmekorb

angepasstes Profil

Achse

Ansaugvorrichtung fiir Wasserproben
Bedienungseinrichtung
{ibereinander stehende Bohrung
Bowdenzug

Drehachse

konstanter AuRendurchmesser
Drehlager

konstanter innendurchmesser
Deckplatte

Drahtspule

Entnahmevorrichtung fiir Festkbrperproben

Fihrungsbereich
Fihrungslasche
Fithrungsbahn
Fithrungsseil
Fiihrungsrohr
federnde Zunge
vergréfierter Innendurchmesser
Gleitscheibe
Horizontal{lhrung
Handkurbel

Hillrohr
inspektionseinrichtung
Inspektionsgerat
Kameraachse
verkieinerter Auendurchmesser
Knickgelenk
Korbhalterung
schneldenartige Kante
Kreis

Leiteinrichtung
Leitflansch
Langlacher
Leitoffnung

Laser

Léngsschlitz
Leitungszug
Manschette

Greifer

Negativprofil

oberes Ende
Profilbereich
Flhrungsrolle
Pasitioniervorrichtung
Querhohrung
quaderformige Halterung
Rohrabschnitt
rahmenartiger Aufbau
Rasteinrichtung
Riickholfeder
Raumachse

Rastloch
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RN Rastrase

RS Rastscheibe

SA Seilabschnitt

SE Schelle

3G Stange mit Griffknopf
SK Schnelliklemmring

SL Saugschiauch

SM Sicherungsmutter

SN Schnelispanner

8P Sperrriegel

SR Scharnier

S8 Sicherungsschraube
ST Sicherungsstift

8 Teilbereich

TF Trennvorrichtung fir Festkdrperproben
TS Teleskopstange

UE unteres Ende

VA veridngerte Achse

vB Verbindungsbergich
VE Verlikalftihrung

VK Videokamera

VS verschraubbare Strebe
w Vermessungsvorrichtung
WA Wagen

wa wdhlbarer Abstand

B zentrale Bohrung

ZF Zugfeder

Fdd zentraler Punkt

zs Zentraischraube

Patentanspriiche

1. Inspektionseinrichtung 1& fir Unterwasser-
strukturen mit einer Positioniervorrichtung PV, die
eine stufenlos verstelibare Vertikaiflihrung VF mit ei-
ner Teleskopstange TS und eine stufenlos versteliba-
re Horizontalfilhrung HF mit siner einen Weg vorge-
benden Fihrungsbahn FNund einem darauf auf Fih-
rungsrollen PR gefihrten Wagen WA zur Aufnahme
der Verikalfiihrung VF aufweist, und mit einer Unter-
wasser-Videokamera VK alg zumindest einem In-
spektionsgerdt |G, das an der Teleskopstange TS be-
festigt ist, wobei die Teleskopstange TS mittels meh-
rerer Rohrabschnitte RA absatzirei verlangerbar ist,
die Fihrungsbahn FN einen verdnderfich vorgebba-
ren Kurvenverlauf aufweist und die Fihrungsrolien
PR ein das Profil der Fihrungsbahn FN aufnehmen-
des Negativprofil NP aufwalisen.

2. Inspektionseinrichtung nach Anspruch 1, da-
durch gekennzeichnet, dass die Teleskopstange TS
einen in durchgehenden Langsschiitz LS zur ge-
schiitzten Aufnahme von Leitungszigen LZ zur Ver-
sorgung und Bedienung des zumindest einen Inspek-
tionsgerdtes IG in threm Inneren aufweist.

3. Inspektionsainrichtung nach einem der An-
spriche 1 bis 2, dadurch gekennzeichnet, dass die
Rohrabschnitte RA zur Verléngerung der Teleskop-
stange TS ineinander greifen und durch federnde

Rastnasen RN miteinander verbunden sind.

4. Inspektionseintichtung nach einem der An-
spriche 1 bis 3, dadurch gekennzeichnet, dass die
den Weg des Wagens WA vorgebende Fihrungs-
bahn FN ein in der horizontalen Ebene verlaufendes,
gespannies Flhrungsseit FS ist.

5. Inspextionseinrichtung nach Anspruch 4, da-
durch gekennzeichnet, dass die Flhrungsrollen PR
sin an verschiedene Durchmesser des Fiihrungsseils
F3 in Stufen angepasstes Profil AP aufweisen, wobei
Breite und Héhe der Stufen von der Achse der Fih~
rungsrolie PR aus nach aullen hin zunehmen und die
bei einem gewdhiten Durchmesser des Flhrungs-
seils FS jeweils nicht benutzten kleineren Stufen ab-
deckbar sind.

6. Inspektionseinrichtung nach einem der An-
spriche 1 bis 8, dadurch gekennzeichnet, dass der
Wagen WA beldseits der Flhrungsrollen PR Fiih-
rungslaschen Fl aufweist, die einen nach unten ver-
{angerten und sich erweiternden Fithrungsbereich FB
ausbilden.

7. inspektionseinrichtung hach einem der An-
spriiche 1 bis 3, dadurch gekennzeichnet, dass die
den Weg vorgebende Fithrungsbahn FN ein in der
horizontalen Ebene geformtes Fihrungsrohr FR ist.

8. Inspektionseinrichtung nach Anspruch 7, da-
durch gekennzeichnetf, dass der Wagen WA eine
Deckpiatte DP und daran angeordnet zumindest zwei
Paare senkrecht links und rechts des Fihrungsrohrs
FR und zumindest ein Paar waagerecht (iber dem
Flhrungsrohr FR angeordnete, an den Durchmesser
des Fithrungsrohrs FR zumindest teiiweise konkav
profifiert angepasste, walzenartig verbreiterte Flh-
rungsrofien PR aufwelst.

9. inspekbonseinrichtung nach Anspruch 8, da-
durch gekennzeichnet, dass die walzenartig verbrei-
terten Flihrungsrolien PR zur Anpassung des Wagen
WA an verschiedene Durchmesser des Fihrungs-
rohrs FR mit Schnelispannern SN an der Deckplatte
DP in Langidchern LL verschiebbar und fixierbar
sind.

10. Inspektionseinrichtung nach einem der An-
spriiche 8 oder 9, dadurch gekennzeichnet, dass dis
walzenartig verbreiterten Fihrungsrolien PR in ihren
Achsen unterhalb der Deckplatte DP ein Knickgelenk
zur Anpassung des Wagen WA an verschiedene
Durchmesser des Fiihrungsrohrs FR aufweisen.

11. Inspektionseinrichtung nach einem der An-
spriiche 4 bis 6, dadurch gekennzeichnet, dass der
Wagen WA dureh eine Leiteinrichtung LE mit der Te-
leskopstange TS verbunden ist, wobel die Leitein-
richtung LE einen an einem Drehlager DL und einem
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Abstandhaiter AH angeordneten, die Teleskopstange
TS Umfassenden Leitflansch LF und einen an der Te-
leskopstange TS in beliebiger Héhe oberhalb des
Leitflanschs LF fixietbaren Schnellklemmring SK auf-
weist.

12. Inspektionseinrichtung nach einem der An-
spriiche 7 bis 10, dadurch gekennzeichnet, dass der
Wagen WA durch eine Leiteinrichtung LE mit der Te-
leskopstange TS verbunden ist, wobei die Leitein-
richlung LE eine die Teleskopstange TS umfassende
und mit einem Sperrriegel SP verschliellbare Leitdfi-
nung LO in der Deckplatte DP des Wagens WA und
einen an der Teleskopstange TS in beliebiger Hohe
oberhalb der Leitéffnung LO fixierbaren Schnell-
klemmring SK aufweist,

13. Inspektionseinrichtung nach einem der An-
spriiche 1 bis 12, dadurch gekennzeichnet, dass das
seitlich an dem Wagen WA angreifende Gewicht der
Teleskopstange TS und des daran fixierten zumin-
dest einen inspektionsgeréts |G durch einen an ei-
nem léngenveranderbar ausgebildeten Ausleger AL
an der der Filhrungsbahn FN abgewandten Seite des
Wagens WA angeordneten Aufiriebskérper AK kom-
pensiert ist.

14. Inspektionseinrichtung nach einem der An-
spriiche 1 bis 13, dadurch gekennzeichnet, dass die
als zumindest ein Inspektionsgerét IG vorhandene
Unterwasser-Videokamera VK zumindest um die ho-
rizontale, einen rechten Winkel mit der optischen Ka-
maraachse KA bildende Raumachse RM schwenk-
bar ist.

15. ingpektionseinrichtung nach einem der An-
spriiche 1 bis 14, dadurch gekennzeichnef, dass als
weiteres Inspektionsgerdt 1G eine mit einem Saug-
schlauch SL versehene Ansaugvorrichtung AV fiir
Wasserproben an der Teleskopstange TS angeord-
netist,

16. Inspektionseinrichtung nach einem der An-
spriche 1 bis 15, dadurch gekennzeichnet, dass als
weiteres Inspektionsgerat IG eine Enthahmevorrich-
tung fiir Festkdrperproben EF an der Teteskopstange
TS angeordnet ist.

17. Inspektionseinrichtung nach Anspruch 18,
dadurch gekennzeichnet, dass die Entnahmevorrich-
tung fiir Festkdrperproben EF als Aufnahmekorb AN
mit Korbhalterung KH ausgebildet ist.

18. Inspektionseinrichtung nach Anspruch 17,
dadurch gekennzeichnet, dass die Korbhalterung KH
schneidenartig ausgebildete Kanten KK aufweist.

19. Inspektionseinrichtung nach einem der An-
spriche 17 oder 18, dadurch gekennzeichnet, dass
oberhalb des Aufnahmekorbes AN eine Trennvor-

richtung flir Festkorperproben TF an der Teleskop-
stange TS angeordnet ist.

20. Inspektionseinrichtung nach Anspruch 16,
dadurch gekennzeichnet, dass die Entnahmevorrich-
tung flr Fesikdrperproben EF als mechanischer
Greifer MG ausgebildet ist.

21, inspektionseinrichtung einem der Anspriiche
1 bis 20, dadurch gekennzeichnet, dass als weiteres
Inspekiionsgerat IG eine Vermessungsvorrichtung W
aus zwei in einem frei wahibaren Abstand und genau
parallel zueinander austchibaren Lasern AL an der
Teleskopstange TS angeordnet ist.

22. Inspektionseinrichtung nach einem der An-
spriiche 1 bis 21, dadurch gekennzeichnet, dass die
Inspektionsgerdte IG durch in Raststellungen von
Bedienungseinrichtungen BE fixierbare Bowdenziige
BZ und Rickholfedern RF aufweisen.

Es folgen 6 Blatt Zeichnungen
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Anhéngende Zeichnungen
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