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Introduction

Kelp beds are named after their habitat structuring organ-
isms which are perennial brown macroalgae of several
metres length, living submersed in the light penetrated
zone of temperate and polar rocky shores (Fig. 1). Kelps
provide substrate, food and protection for hundreds of dif-
ferent marine fishes, invertebrates, or other macroalgal
species. A change or loss will have drastic consequences
for coastal ecosystems.

In recent years worldwide reports of changing kelp beds
have been published (e.g.: Japan: Kirihara et al., 2006;
Norway: Moy et al., 2003; France: Cosson, 1999; Mor-
izur, 2001; Australia: Australian Marine Conservation
Society, www.amcs.org.au/). In Europe, including Helgo-
land (Gehling & Bartsch, submitted), there is evidence
of a biomass decrease and/or change in depth distribu-
tion of some species. As the marine protected area off
Helgoland is the only rocky area within the southern
North Sea, this habitat is extremely important. Spatial in-
formation on the extent of the prevailing kelp beds is
urgently needed as a baseline from which to judge fu-
ture changes. This led to the current investigation.

Methods and techniques

Traditionally, diving transects have been used to in-
vestigate the sublittoral zone off Helgoland (Liining, 1970,
Gehling & Bartsch, submitted). This technique is precise
with respect to species identification and abundance re-

cording but does not provide spatial information and is
very slow. To enhance monitoring speed geo-referenced
underwater video transects are being evaluated. Al-
though this technique is much faster in the field than
diving, data evaluation still has to be done manually.
Acoustic devices on single beam echo sounder basis
such as Roxann (Sonarvision) promise rapid measure-
ment of transects at 4 knots and offer the possibility of
automated signal processing and interpretation. Further-
more, interpolation techniques may be employed to
generate spatial maps from a grid of regular transects.
Normally this technique is used for seabed habitat map-
ping in greater depths (Brown et al., 2005; Humborstad
et al., 2004). Here, we applied the method to depths
from -2 m mean low water spring and below, which is at
the technical limits as the reflected pulses at low water
depth return too fast to be correctly recorded. The Rox-
ann signal processor includes a Furuno stereo
trans-ducer system (28 and 200 kHz) mounted on board
the research vessels (Fig. 2). Both echosounder signals
are recorded synchronously. In order to correlate Rox-
ann data with seafloor characteristics, selected areas
and transects were chosen for intense groundtruthing
with the help of under water video and diving transects.

<« Figure 1

Aspect of the kelp forest off
Helgoland. The main structur-
ing species is the brown alga
Laminaria hyperborea which
grows to a length of approx.
1-2 m and provides shelter
and substrate for many other
species.



Figure 2 A and »
The stereo transducer system for RoxAnn mounted on board of the
small research vessel ‘MS Aade’. Left: The sonar is fastened by a
long u-shaped stainless-steel bracket at the ship’s rail. Right: The
stainless steel duct holds the sonar just below the water surface at
a defined depth.
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<« Figure 3

Principle of RoxAnn data recording: Energy of the coloured
regions is integrated to form two indices: E1 (roughness) and
E2 (hardness). The first echo contains ambiguous sub-bottom
reverberations, thus, summation begins electronically gated
one pulse length from the echo start for E1 (blue). For E2 the
entire second echo is integrated (red) (after Hamilton, 2001).

Seafloor classification system RoxAnn

(Sonar Vision)

This system uses the first and second echo returns to
analyse seafloor properties (Fig. 3). The transceivers
transmit pulses over a variety of angles. A perfectly
smooth seafloor would reflect only the energy from the
0° angle. Echoes from other angles would travel away
from the transceiver. The rougher the seafloor is, the
more energy is received back and thus the higher is the
E1 value. Thus E1 is a measure for the roughness of
the seafloor. The echoes travel from the seafloor to the
sea surface (including ship's hull), back to the sea floor
and again up to the sea surface where they are
recorded as the first multiple (E2). The harder the
seafloor, the higher becomes the E2 value, which thus
is a measure for the hardness of the seafloor (Chivers
et al., 1990; Hamilton, 2001). Both parameters
characterise the properties of the seafloor and are used
for its classification (Fig. 4).
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Plot of E2 (hardness) vs. E1 (roughness) and the positions of
the RoxAnn classes.The straight lines suggest the influence of
the sediment (blue, hardness component dominant) and the
vegetation (red, roughness component dominant) on the data.
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Implementation

First campaigns with the RoxAnn seafloor-discrimination
system took place in summer (2005 and 2006), the time
of the year when kelp bed development is best. We invest-
igated the ridges south of Dune Island and north of the
main island (Fig. 5) in detail using BAH research vessel
"Aade" (Fig. 6). Detailed data processing has so far only
been carried out for the area south of Dune Island. This
area covers 1.4 km?; total length of transects is about 30
km. A total of 28 lines were measured perpendicular to
the extension of the kelp-inhabited areas. Duration of
data acquisition was approx. 4 h during one day. Recor-
ded data included DGPS data (position, date, time) and
RoxAnn data (water depth, E1 and E2 values for each fre-
quency). Ground-truthing took place within one month.
This is possible as macrophyte vegetation in summer is
quite stable unless there is a severe storm.

North Sea

A Figure 5

Investigation area off Helgoland during the campaign in 2006.
RoxAnn tracks are in grey. Ground-truthing was done by
under-water video transects (orange) and diving transects
(green). Under-water videos were acquired in cooperation with
the research vessel Aldebaran (www.aldebaran.org).

Terrain model

The RoxAnn data were used to create an underwater ter-
rain model, which is now available for the first time (Fig.
7). Tidal effects were excluded on the basis of a DGPS

working in real-time kinematic mode (RTK) that allows
precision in the cm-range. The corresponding DGPS ref-
erence station has been installed on the main island. All
depth values were filtered to exclude bad measure-
ments and the remaining data were used to produce a
data grid using the kriging method. South of Dune Is-
land water depth values range between 2 and 14 m.
The hard rock ridges emerge from the otherwise un-
structured seafloor which is covered here by sand.

Sea floor classification
In order to generate a classified map of the seafloor, in
the lab, the following classes were first established as a
basis and then correlated with the E1/E2 values by com-
paring ground-truth information and RoxAnn data:

1. Very dense vegetation (kelp beds)

2. Dense vegetation (kelp beds)

3. Medium dense vegetation (kelps and red algae)

4. Sand with vegetation

5. Sand with sparse vegetation

6. Sand with very sparse vegetation

7. Barren sand

8. Coarse sand with gravel
The results are shown in Fig. 8. It is obvious that the el-
evated ridges are covered with dense kelp bed
vegetation, thinning out to the margins. In some areas
there is sparse vegetation on sand and the area in
between the two prominent ridges is filled with sand,
which is totally unvegetated. In the western part of the
investigation area sand intrudes and covers the rock
ridges. The classes 1-3 and 7-8 are reproducible while
the discrimination of sparsely vegetated areas still deliv-
ers variable results.

Prospects
Since it can be assumed that current and wind action is
responsible for the sand cover that is entering the west-
ern ridge south of Dune Island, the coverage with kelps
and other seaweeds will be variable here. Thus this
area is of great interest to monitor interannual changes.
The main kelp-bed area, however, is located north of
Dune and the main island. With these promising results
as background, they will be investigated by the same
method soon.

The presented data are preliminary and not yet pub-
lished. Please refer to the authors for further information.
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<« Figure 6

Research vessel "Aade
of the Biologische
Anstalt Helgoland was
used for the mapping
campaign. The red box
on the pier in the
foreground contains the
RoxAnn signal
processor.
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1 Classification of seabed charac-
\ -1 teristics south of Dune Island
7e08 791  7e1z 7814 7916 7918 1% 1S: evaluated by_companlson of
Longitude [decimel degroes E} grc.Jund-.truth information and re-
lationships of E1 and E2 values.
1) Coarse sand with gravel 5) Sand with vegetation The ridges visible in Fig 7 are
2) Barren sand 6) Medium dense vegetation covered by dense kelps (see
3) Sand with very sparse vegetation 7) Dense vegetation Fig. 1) thinning out to the mar-
4) Sand with sparse vegetation 8) Very dense vegetation gins. Unvegetated sands
dominate between the ridges.

53





