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Reefs of the tube-building polychaete Lanice conchilega are known to represent hotspots of biodiversity
within inter- and subtidal soft sediments of the North Sea. However, because of their patchy distribution,
point sampling does not appropriately map their subtidal spatial distribution. This study evaluated the
feasibility to detect L. conchilega reefs by very-high resolution side-scan sonar imagery. A subtidal very-high
resolution (410 kHz) side-scan survey, combined with grab sampling, revealed high densities of L. conchilega
(up to 1979 ind. m−2) to coincide with a higher reflectivity, patchy and grainy acoustic facies. From the side-
scan sonar imagery, individual reefs were estimated to reach a maximum size of 15 m2. To ground truth the
acoustic facies, the distribution of intertidal L. conchilega reefs was mapped at low tide and side-scan sonar
imagery was recorded during the following high tide. Intertidal L. conchilega reefs had a patch size of 0.8 m2

up to 11.6 m2, elevated 7.5 to 11.5 cm above the surrounding seafloor and covered approximately 10% of the
selected area. The very-high (445 kHz) resolution side-scan sonar imagery revealed a similar acoustic facies
as in the subtidal. Lower-resolution (132 kHz) side-scan sonar imagery was less efficient to detect physically
less developed L. conchilega reefs. We conclude that (1) there are no major technical restrictions to map
L. conchilega reefs using side-scan sonar, (2) the developmental stage of L. conchilega reefs impacts the
detectability of the reefs, and (3) very-high resolution side-scan sonar imagery is considered a necessity
when mapping small-scale structures, such as L. conchilega reefs.

© 2008 Elsevier Inc. All rights reserved.

1. Introduction

Remote sensing plays an important role in the investigation of
marine biodiversity patterns. For example, satellite data provides
information on phytoplankton productivity (e.g. Joint et al., 2002),
aerial hyperspectrometry is used for the ecological characterization of
the intertidal habitat (e.g. Kromkamp et al., 2006), and multibeam
backscatter interpretation distinguishes between ecologically mean-
ingful subtidal zones (e.g. Nasby-Lucas et al., 2002). As such, remote
sensing can map marine biodiversity in a rapid and cost-effective
manner (e.g. Newman et al., 2006). However, although small-scale
patchiness is ecologically highly significant in a soft-sediment
environment (Schlacher et al., 1998), the resolution of remote sensing
often fails to describe this small-scale patchiness.

The soft-sediment macrobenthic habitat of the Belgian part of the
North Sea (BPNS) is an intensively investigated area (Van Hoey et al.,

2004). The soft sediments of the BPNS host no less than four distinct
macrobenthic communities (Degraer et al., 2003; Van Hoey et al.,
2004). The biodiversity of the Abra alba community is on average an
order of magnitude higher (species richness: ×4–×6 andmacrobenthic
density: ×7–×34) (Van Hoey et al., 2004) compared to the other
communities. Within the fine sands, dominated by this A. alba
community, biogenic reef structures constructed by the tube-building
polychaete Lanice conchilega, may further enhance its biodiversity
(species richness: ×2.8; average: 36 spp. 0.1 m−2 and macrobenthic
density: ×7; average: 10,985 ind. m−2) (Rabaut et al., 2007). This
relatively higher biodiversity can be attributed to (1) Lanice's ability to
stabilize the sediment, (2) the increase of surface area for larval
settlement of benthic organisms created by its protruding tubes (Qian,
1999), (3) the enhancementof oxygen supply into the sediment (Forster
& Graf, 1995), (4) the creation of benign hydrodynamic micro-habitat
(e.g. Hild & Günther, 1999), and (5) the increase of habitat complexity
(Woodin, 1978). High densities of L. conchilega are found throughout
the major southern part of the North Sea (e.g. Van Hoey et al., in press).

Dense patches of L. conchilega, further called L. conchilega reefs (cf.
elevation relative to thesurrounding sediment, patchinessandenhanced
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biodiversity; seeHendrick& Foster-Smith, 2006), typically rise 10–40 cm
from the sea bed as a consequence of sediment trapping in between the
protruding tubes (e.g. Hild & Günther, 1999) and are further known to
compact and slightly coarsen the sediment (Carey,1987; VanHoey et al.,
2006a). Remote sensing of the surface sediment, such as by side-scan
sonar imagery, might thus be expected to pick up the distinct facies,
created by the L. conchilega reefs. However, because the surface area,
covered by an individual L. conchilega reef, generally does not exceed the
order of square metres (Holt et al., 1999), the resolution of the remote
sensing technique used will determine whether the reefs will be
detected or not. Our objectivewas therefore to investigate the feasibility
of detecting the highly biodiverse L. conchilega reefs by very-high
resolution side-scan sonar imagery.

2. Materials and methods

To explore the effectiveness of very-high resolution side-scan sonar
imagery in detecting L. conchilega patches, a subtidal as well as an
intertidal survey was performed. The subtidal sonar survey was
compared with grab samples for macrobenthos. While these data
allowed to search for aberrant acoustic facies within the side-scan sonar
imagery of a typical subtidal L. conchilega reef environment, a direct
ground truthingof the side-scan sonar imagery remained biased,mainly
due to (1) scale issues, related to the randomness of point observations
in a patchy L. conchilega reef area, and (2) small-scale georeferencing
problems, related to the uncertainty in the samples' exact geographic
positioning (e.g. grab sample position always deviates from the position
of the ship due to e.g. prevailing currents). Further ground truthing in
the subtidal, using diver or ROV observations, was impossible because of
the low visibility (suspended particulate matter: 2–31 g m−3, average:
7 g m−3; www.mumm.ac.be/BELCOLOUR) in the area. The ground
truthing problem was therefore tackled by an intertidal survey, during
which the full coverage distribution of L. conchilega reefs was measured
and mapped at low tide and side-scan sonar imagery was recorded
during the following high tide.

2.1. Study areas

The subtidal survey was focused on the Trapegeer–Potje area
(51°7′N, 2°33′E), a region known for its patches of high densities of
L. conchilega (Degraer et al., 1999, 2002) and part of the Belgian EU
Habitat Directive Special Protection Area “Trapegeer Stroombank”.
The intertidal survey was conducted on the sandy beach of the
Flemish nature reserve “Baai van Heist” (51°20′N, 3°14′E). Because of
(1) the sheltered condition of the beach in the lee of the harbour wall
of Zeebrugge, and (2) the high turbidity, several L. conchilega reefs
could typically be found below the mid-tidal level, with a maximum
nearby the low water level (Fig. 1). The focal reef area could thus be
accessed for direct measurements at low tide.

2.2. L. conchilega reef characterization

In the subtidal, L. conchilega was sampled at five stations, evenly
distributed across the bathymetric gradient from the Trapegeer
sandbank down to the Potje swale and at a distance of approximately
350 m from each other. At each station, one Van Veen grab sample
(sampling surface area: 0.1 m2) was sampled in October 1999. After
sieving over a 1 mm mesh-sized sieve, the individuals of L. conchilega
were counted to estimate the species' density. Further direct
characterization of the L. conchilega reefs in the subtidal study site
was impossible, because – being a 0.1 m2 snapshot – grab samples did
not allow to determine other physical properties, such as relative
elevation or surface area of the individual reefs.

More detailed, physical L. conchilega reef characteristics were
measured within the intertidal L. conchilega reef area at low tide
(February 2007). The geographic position of the reef areawasdelineated

by DGPS (Omnistar; accuracy: 0.5–1 m). L. conchilega density was
estimated for seven randomly selected reefs by pooling the number of
tubes within five randomly placed 10 cm2 quadrants per reef (Van Hoey
et al., 2006a). The elevation of the selected reefs, relative to the
surrounding unstructured sediment, was quantified to the nearest
0.5 cm, while their surface area was estimated based on measurements
of length and width of the individual reefs, assuming that the surface
area can be described by an ellipsoid. Estimates of the total coverage
within the L. conchilega reef area were based on in situ DGPS
measurements.

2.3. Very-high resolution side-scan sonar survey

Side-scan sonar was selected to demonstrate the feasibility of
detecting small-scale L. conchilega reefs in the subtidal. The imagery is
a reflection of the acoustic energy that is backscattered from the
seafloor and is displayed in different levels of grey. The differences in
backscattering are in decreasing order determined by (1) the geometry
of the sensor-target system, (2) the angle of incidence of each beam,
local slope, etc., (3) the physical characteristics of the surface, such as
the micro-scale roughness, and (4) the intrinsic nature of the surface
(composition, density, relative importance of volume versus surface
diffusion/scattering for the selected frequency) (Blondel & Murton,
1997). For the operational procedures and technical constraints of side-
scan sonar technology we refer to Blondel & Murton (1997).

Very-high resolution side-scan sonar imaging was performed in
both the subtidal (October 1999) and intertidal area (February 2007).
In the subtidal, a GeoAcoustics side-scan sonar was deployed at a
frequency of 410 kHz (beamwidth 40°×0.3°). The sonar was towed at
a speed of 4 knot and an altitude of 3–4 m above the seabottom (MV
OostendeXI). The sonar range was set at 50 m. Positioning was done
using DGPS (Sercel NR103) at an accuracy of 1–3 m. All the data were
recorded digitally using ISIS acquisition software (Triton-ELICS). The
processing (at 10 cm resolution) and mosaicing were performed with
ISIS and Delphmap. Corrections for the distance of the fish to the
seabed (the slant range), lay-back/offset and the vessel speed were
taken into account. In the intertidal, a Klein 3000 series was deployed
both at a lower frequency of 132 kHz (beamwidth of 40°×0.7°) and at
a very-high frequency of 445 kHz (beamwidth of 40°×0.21°), allowing
the comparison of low and very-high resolution side-scan sonar
imagery in detecting the L. conchilega reefs. The side-scan sonar was
deployed from a rigid inflatable boat (RIB Zeekat), at an altitude of 1 m
on average and a mean towing speed of 2.5 knot. The sonar range was
set at 25 m. DGPS positioning was done using an Omnistar with an

Fig. 1. Picture of the patchy Lanice conchilega reefs at the sandy beach of the Flemish
nature reserve “Baai van Heist” (Belgium) at low tide.
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accuracy of 0.5–1 m. The data was processed at a grid resolution of
5 cm. All information was spatially referenced in ArcGIS 9.1. Finally,
the images were exported as Geotiffs to allow importation to other
software programmes.

2.4. Multibeam bathymetry

In the subtidal area, multibeam bathymetry was recorded using an
Atlas Fansweep 20, 100 kHz (beamwidth 1.3°). The track spacing was
chosen as a function of the side-scan sonar recordings. A tidal
correction was performed (Van Cauwenberghe et al., 1992: M2
Reduction Model). The data was gridded (1×1 m and 5×5 m) using

the Kriging algorithm. Bathymetric contourmapswere generated from
the gridded data. All informationwas spatially referenced in ArcGIS 9.1.

3. Results

3.1. Subtidal survey

Within the Trapegeer–Potje area, L. conchilega densities varied
between 0 and 1979 ind. m−2: four stations were characterized by the
absence or low densities (maximum 107 ind. m−2) of L. conchilega,

Fig. 2. Side-scan sonar imagery of the subtidal Trapegeer–Potje study area, overlayed
with the density distribution of Lanice conchilega. ○, 0 ind. m−2;●, 10–107 ind. m−2;●,
1979 ind. m−2. The elongated band indicates the distribution of the L. conchilega acoustic
facies, of which the inset is enlarged in Fig. 3. The sampling points are encircled with a
circle with a 50m radius to depict the uncertainty in exact geographic positioning of the
samples.

Fig. 3. Detail of the acoustic facies of the subtidal Lanice conchilega reef area
(demarcated by the black lines) by very-high resolution (410 kHz) side-scan sonar
imagery. The arrows point towards a selection of individual L. conchilega reefs.

Fig. 4. Elevation profile of seven selected Lanice conchilega reefs in the intertidal survey
area, relative to the surrounding sediment surface. For each profile, the position of the
L. conchilega reef is indicated by the bold line.

Fig. 5. Very-high resolution (445 kHz) side-scan sonar image of the selected intertidal
Lanice conchilega reef area. Superimposed are (1) the selected study area (dotted white
quadrangle), (2) the lower and upper limit of the L. conchilega reef area, as measured
with DGPS in the field (full white lines) and (3) the indication of the seven reefs, where
profile measurements were performed (white crosses).
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while only one station revealed high densities (1979 ind. m−2) (Fig. 2).
The high density station was positioned on the upper part of the flank
of the Trapegeer sandbank.

In the subtidal area, an aberrant acoustic facies of circular to
elongated patches with a distinct medium to high reflectivity was
detected in the high density area of L. conchilega (Figs. 2 and 3). The
texture was slightly grainy to grainy.

The patchy texture was observed along an elongated band of
approximately 60 m wide, following the overall bathymetry of the
landward slope of the Trapegeer sandbank. Previously, the facies was
considered aberrant, because it could not be attributed to bedforms
that are typically expected in nearshore areas (e.g. Thornton et al.,
1998; Van Lancker et al., 2004). As deducted from the georeferenced
imagery, the patches had a maximum surface area of 15 m2. The
elevation could not be deduced, as the patches could not be
distinguished from the 100 kHz multibeam imagery.

3.2. Intertidal survey

In a well delineated part of the beach, several L. conchilega reefs
were found (Figs. 1 and 5). Tube densities within the reefs were on
average 2813±SD 880 ind. m−2. Surface area of the reefs varied
substantially and ranged from 0.8 m2 up to 11.6 m2 (average: 4.4 m2).
Individual reefs covered about 10% of the selected L. conchilega reef
area. The elevation of the reefs, relative to the surrounding sediment,
was between 7.5 cm and 11.5 cm (average 9.3±SD 1.6 cm) (Fig. 4).

The area with high densities of L. conchilega had a high reflectivity
and a patchy and grainy texture. This deviated acoustically from the

megaripple fields and the surrounding low relief muddy areas (Fig. 5).
The few high reflectivity patches outside of the delineated area were
most probably isolated individual L. conchilega reefs, scattered
throughout the major part of the lower intertidal of the investigated
sandy beach.

3.3. High versus lower-resolution side-scan sonar imagery

In the intertidal area, the Klein 3000 side-scan sonar allowed to
simultaneously acquire low resolution 132 kHz and very-high
resolution 445 kHz side-scan sonar data from L. conchilega reefs
(Fig. 6). The typical high reflectivity, patchy and grainy texture,
provided by the very-high resolution side-scan sonar image, was less
pronounced in the low resolution side-scan sonar image. As a
consequence, only the most developed L. conchilega reefs remained
detectable using low resolution side-scan sonar imagery.

4. Discussion

4.1. Side-scan sonar imagery

Despite the increasing use of multibeam technology in seabed
habitat mapping, side-scan sonar technology is favourable for the
detection of small-scale features, such as L. conchilega reefs, and for
the discrimination of (small-scale) textural differences on the seafloor
(Blondel & Murton, 1997; Thornton et al., 1998; Van Lancker et al.,
2004). This was also demonstrated in this study where, contrary to
side-scan sonar imagery, multibeam technology did not detect the
L. conchilega reefs in the subtidal survey area. However, only a 100 kHz
system was available. Very-high resolution (e.g. 300 kHz) multibeam
systems may also be capable of detecting the reefs, but are likely to be
less efficient because (1) side-scan sonar remains superior in the
formation of narrow acoustic bundles under low grazing angles,
leading to distinct shadows on the seafloor and (2) side-scan sonar has
a more efficient band width sampling compared to multibeam. For an
objective comparison of both systems, reference is made to Brisette
and Hughes Clarke (1999). Furthermore, side-scan sonar is much
easier to deploy and does not require an extensive calibration as
would be needed for very-high resolution multibeam systems. Finally,
the side-scan sonar swath width can be independent of the water
depth, which is a big advantage in shallow waters, where L. conchilega
prevails (Van Hoey et al., 2006a).

Although L. conchilega reefs could clearly be detected using very-
high resolution side-scan sonar technology, the interpretation of their
acoustic facies may not always be straightforward. The ability to
discriminate the patchy texture is highly dependent on the system
specifications (i.e. frequency and beam widths), the survey specifica-
tions (parallel versus longitudinal track lines, gain settings and
altitude above the bottom), but above all weather conditions (e.g.
wave action). The first two technical aspects can easily be dealt with
adequately, based on the current knowledge of L. conchilega reef
features (e.g. surface area and elevation). However, bad weather
conditions cannot be controlled and may drastically deteriorate the
image quality.

The cemented sand grains and shell breccia in tubes (Ziegelmeier,
1952), the increased coarse sand fraction (Rabaut et al., 2007), and the
positive correlation between shear wave velocity and burrow density
(Jones & Jago, 1993) are responsible for an increased sediment rigidity
within L. conchilega reefs. This higher rigidity is believed to cause its
higher reflectivity, as detected by side-scan sonar. Furthermore, when
the reefs were physically well developed (e.g. size and elevation), the
more distinct shadows enhance the detectability by side-scan sonar.
This developmental stage of L. conchilega reefs is known to show a
cyclic pattern, related to the seasonality in natality and mortality of
the species (Van Hoey et al., 2006b). L. conchilega populations in the
BPNS show a recruitment period from Spring to late Autumn, after

Fig. 6. Lower-resolution 132 kHz (top) and very-high resolution 445 kHz (bottom) side-
scan sonar snapshot image of a selected intertidal area with Lanice conchilega reefs
(Klein 3000 series).
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which the adult population starts to die off. Because juveniles
preferably settle onto adult tubes (Callaway, 2003), juvenile settle-
ment tends to fortify the reefs, leading to an increase of size and
elevation as a consequence of sediment stabilization (i.e. accretion)
(Carey, 1987). Following this period of reef fortification, mortality then
starts to weaken the sediment stability, leading to a decrease of size
and elevation (i.e. erosion). It is especially during this last period that
less developed reefs might be encountered. This lower level of
development was illustrated by the relatively low elevation levels of
the L. conchilega reefs (maximum: 11.5 cm), measured during our
intertidal survey in late winter (February). However, during the side-
scan sonar survey in the intertidal zone we were able to detect even
these less developed reefs, indicating the high sensitivity of very-high
resolution side-scan sonar to L. conchilega reefs. Lower-resolution
side-scan sonar proved less efficient in the detection of the reefs,
mainly because of its larger beamwidth. Although the low resolution
data still weakly detected the L. conchilega reefs, one should be aware
that the altitude of the sonar fish above the seafloor was only 1 m. In
the subtidal area, where the fish was on average 3 to 4 m above the
seafloor, the footprint was much larger and it became unlikely to
observe these less developed reefs with low resolution data. Yet, if –
for example as a consequence of recruitment failure – reefs further
erode below a critical size and elevation, they will eventually become
undetectable even with very-high resolution side-scan sonar.
Whether such deteriorated L. conchilega reefs should still be
considered biodiversity hotspots is doubtful, since both macrobenthic
species richness and density are positively correlated to L. conchilega
densities (Rabaut et al., 2007; Van Hoey et al., 2006a). This size
detection limit of the sonar systems has not been verified and would
require extensive experiments, including visual ground truthing (e.g.
Foote et al., 2006).

Differences in technical specifications of both side-scan sonar
surveys (e.g. different sonar systems, height of the fish above the
seabed, scale issues and resolution) were believed to cause the
differences in reflectivity of the L. conchilega reefs in the subtidal
versus the intertidal. However, it is clear that in both cases the imagery
of the area, inwhich L. conchilega reefs prevailed, was characterized by
a higher reflectivity, patchy and grainy acoustic facies.

4.2. New insights in the spatial distribution of L. conchilega reefs

In addition to demonstrating the performance of very-high
resolution side-scan sonar imagery in detecting L. conchilega reefs,
our study further provides new insights in the small- and large-scale
spatial distribution of these biogenic reefs.

While detailed knowledge on the habitat preferences of L. conchilega
was already available and even modelled (Willems et al., 2008), we still
had a poor knowledge of the small-scale spatial distribution of
L. conchilega. Grab samples often revealed its absence or low densities
although the site was predicted perfectly suitable for L. conchilega. Part
of this bias might be linked to the pronounced small-scale patchiness
within the distribution of L. conchilega reefs as demonstrated by the full
coverage side-scan sonar imagery. At the intertidal study site,
L. conchilega reefs only covered 10% of the total surface area. Hence,
although somevariabilityaround this estimatemightbeexpected, direct
grab sampling of a L. conchilega reef area leads to a chance of only 10% of
hitting a L. conchilega reef in a suitable habitat. Small-scale and even
large-scale distribution patterns of L. conchilega reefs are thus very
unlikely to be retrieved through point sampling. This aspect is
particularly critical when aiming at the identification of biodiversity
hotspots, such as L. conchilega reefs. Remote sensing, such as very-high
resolution side-scan sonar imagery, should thus be considered superior
in the detection of patchy distributed structures, such as small-scale
reefs, compared to direct point sampling. Visual observation through
sediment profile imaging (SPI, e.g. Birchenough et al., 2006) might
further be possible in the turbid waters. However, being spatially

restricted, its ability to detect the patchy L. conchilega reefs is considered
similar to point sampling, but itmayallow (1) determining thedensity of
tubes in the upper 10 to 20 cm of the seabed and (2) estimating the
surface boundary roughness.

Our study sheds new light on the large-scale distribution of
L. conchilega reefs. Whereas individuals can be found in a wide range
of fine to medium muddy sands throughout the North Sea (Van Hoey
et al., 2006a; Willems et al., 2008), dense aggregations or reefs
obviously do not. From the side-scan sonar survey we can deduce that
L. conchilega reefs were found particularly along strips, following the
overall seabed bathymetry and morphology. Because reefs were at the
lee side of the Trapegeer sandbank and in the sheltered conditions of
the intertidal survey area, shelter should be considered highly
important in defining the distribution of L. conchilega reefs. This
pattern has also been noticed on more exposed sandy beaches along
the Belgian coast, where L. conchilega reefs are typically positioned at
the lee side of bedforms within the ridge and runnel morphology.

5. Conclusions

There are no major technical restrictions to map biodiverse
L. conchilega reefs using side-scan sonar in various water depths,
including the intertidal with the fish at an altitude of only 1 m above
the seafloor. Its high time- and cost-efficiency will only improve with
ongoing technological developments.

On the side-scan sonar images, L. conchilega reefs were detected as
a high reflectivity, patchy and grainy acoustic facies.

The height of the L. conchilega reefs determines the reflectivity and
thus the detectability of the reefs by acoustics. As such, very-high
resolution side-scan sonar imagery is advised when aiming at the
detection of small-scale structures, such as biogenic L. conchilega
reefs.

Given the patchy distribution of L. conchilega reefs, remote sensing
(e.g. side-scan sonar imagery) is considered a necessitywhenmapping
their distribution.

This study should be considered a plea for using very-high
resolution remote sensing in the soft-sediment environment.
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