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Peter Feldens'*, Philipp Held?, Francisco Otero-Ferrer?,
Lorenzo Bramanti*>, Fernando Espino?® and
Jens Schneider von Deimling?

Leibniz Institute for Baltic Sea Research Warnemuinde, Rostock, Germany, *Marine Geophysics and
Hydroacoustics, Institute of Geosciences, Kiel University, Kiel, Germany, *Grupo en Biodiversidad y
Conservacion (IU-ECOAQUA), Universidad de Las Palmas de Gran Canaria, Telde, Spain, “CNRS,
Laboratoire d’'Ecogéochimie des Environnements Benthiques, LECOB, Sorbonne Université, Paris, France,
*Under The Pole Expeditions, Concarneau, France

The black coral Anthipatella wollastoni forms marine animal forests in the
mesophotic zone. The spatial extent of black coral forests is not well known in
many regions. Due to its protein and chitin skeleton, the coral is difficult to image
using acoustic remote sensing techniques compared to corals with carbonate
skeletons. Several manufacturers have recently introduced an additional data type
to their multibeam echosounders, called "multi-detection,” which provides
additional target detections per beam in addition to the primary bottom
detection. In this study, we used a Norbit chirp multibeam echosounder in
multi-detect mode to acquire up to three targets in each beam in an area of
black coral below 45 m depth off the coast of Lanzarote (Canary Islands, Spain).
Multi-detect allows features above and below the primary bottom detection to be
identified without the need to store and process water-column data. Black coral
can be detected by comparing “multi-detection” data with ground truthing by
technical divers and underwater cameras. However, the repeatability of the
detections is limited and further sensitivity studies are required.

KEYWORDS

multibeam echo sounders, multi-detect, Lanzarote, Anthipatella wollastoni, marine
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1 Introduction

Marine animal forests (MAFs) are composed of sessile, suspension-feeding organisms
that form complex 3D hotspots of marine biodiversity (Rossi et al., 2021). Information on the
ecosystem function and distribution of MAFs is lacking, particularly in mesophotic water
depths (30 m-200 m), which are beyond the reach of satellite remote sensing. In order to
effectively map and protect habitats at these depths, studies of the biodiversity, ecosystem
functioning and spatial extent of MAFs are required. Diving and point sampling are
commonly used to study these keystone ecosystems. Detecting MAFs and mapping their
extent using acoustic remote sensing would provide spatial information at scales from metres
to kilometres, complementing point based and high resolution photogrammetric techniques.
The need for information at such scales to manage, conserve and understand the ecology of
the seascape has recently been highlighted (Rossi et al., 2021).

The detection of benthic habitats in acoustic data can range from straightforward to
challenging. Benthic life can be observed by acoustic remote sensing both below the seafloor
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[e.g, changes in physical sediment structure by seagrass rhizomes,
endobenthic life (Schulze et al, 2021)] and above the seafloor (e.g.,
MAFs, macrophytes and macroalgae). Bathymetric grids, backscatter
imagery and derived data thereof have been used for modern habitat
mapping with excellent results for many types of seafloor (Blondel and
Goémez Sichi, 2009; Brown et al., 2011; Che Hasan et al., 2012; Parnum
and Gavrilov, 2012). These approaches have allowed the mapping of
deep benthic habitats of cold water corals with calcium carbonate
skeletons such as Lophelia Pertusa (Roberts et al., 2005; Glogowski et al.,
2015; Lim et al, 2020), benthic habitats dominated by mussel beds
(Snellen et al., 2008) or polychaetes such as Lanice conchilega (Heinrich
et al, 2017), which influence seafloor roughness and backscatter
intensity. Multibeam echosounder (MBES) derived point clouds
were used to detect seagrass meadows (Held and Schneider von
Deimling, 2019). Macroalgae, including kelp forests, that extend
sufficiently high into the water column for their echoes to occur
above the seafloor echo were detected by single beam echosounders
(Minami et al, 2014), MBES bathymetry and backscatter data
(McGonigle et al, 2011) and water column data (Schimel et al.,
2020; Porskamp et al., 2022).

Water column data are used for a variety of purposes, including
navigational purposes, such as detecting shipwrecks at shallow depths
(Wyllie et al., 2015), tracking zooplankton migration and gas release
from the seafloor (Schneider von Deimling and Weinrebe, 2014;
Weinrebe, 2020), detecting kelp forests (Colbo et al, 2014), or
oceanographic purposes, such as imaging internal waves (Colbo et al,
2014). It is expected that water column data will also be suitable for
detecting MAFs such as black coral forests. Water column data require
the storage of full-beam time series. However, the storage of water
column data results in data acquisition rates of up to 70 MB/s (for an
R2Sonic 2024 system). Therefore, MBES water column data have only
recently been incorporated into habitat mapping approaches (Porskamp
et al,, 2022) due to the volume of data, the difficulty of processing and
interpretation, and the lack of suitable software.

Norbit recently designed the so-called “Multi-Detect Algorithm,”
which consists in detecting up to three targets per beam during data
acquisition. This constitutes a favourably lightweight alternative
compared to the traditional water column data, which store the
entire beam time-series. Other manufacturers implement similar
data types, with possibly different algorithms and terminology (e.g.,
Kongsberg’s “extra detections,” ELAC and RESON’s “quality flags”). A
general description of the method can be found in (Christoffersen,
2013). Before depth is output from an MBES, such systems analyse the
beam formed echo time series data using bottom detection algorithms,
which is key to obtaining the final bathymetry. MBES are characterised
by sophisticated bottom detection algorithms that decide on the fly
where the bottom should be in such time series data. Modern MBES use
two bottom detection algorithms, based on detection of amplitude
peaks or zero phase crossings by a split array (Lurton et al, 2015).
Consequently, depth data derived from MBES can be thought of less as
a direct measurement and more as a product of the system’s bottom
detection algorithms. This algorithmic decision is often uncertain,
especially in complex seafloor environments. For this reason, MBES
systems allow the storage of less likely alternative solutions that are
output by the bottom detection algorithm in addition to the primary
seafloor echo detection, technically referred to as “multi-detect”
soundings or “extra detections”. The data used in this study were
acquired with a prototype NORBIT firmware, which for our system
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allows the recording of multi-detect data with up to three bottom
detection solutions (e.g., for better imaging of ship wrecks) in each
beam, based on proprietary sensitivity thresholds implemented in the
bottom detection algorithm.

The potential of these “multi-detect data” (hereafter MD) to
improve habitat mapping by measuring both the actual seafloor and
the top of the canopy—with an example of kelp forests—has been
recognised Christoffersen (2013). To our knowledge, no studies have
used multi-detect data for actual habitat mapping, although
Schneider von Deimling et al. (2007) used it for gas flaring
detection. Hamana and Komatsu (2021) and Held and Schneider
von Deimling (2019) used misclassifications of the bottom detection
algorithm to identify benthic habitats in point cloud data (brown
algae and seagrass, respectively). The target habitat of this study, the
black coral forests formed by Anthipatella wollastoni (Gray, 1857)
off the coast of Lanzarote, Spain, appears geometrically similar to a
vegetated seabed, with corals protruding from the seabed a few
decimetres into the water column (Figure 1). However, they are
difficult to identify acoustically in traditional morphological and
backscatter maps based on acoustic remote sensing data due to the
coral’s chitin and protein skeleton and its appearance on rough
seafloor outcrops with steep slopes (Czechowska et al., 2020).

In this study, we investigate whether the output of Norbit’s
multi-detect algorithm can be used to detect black coral forests
composed of Anthipatella wollastoni. This keystone MAF, together
with other black coral species, is the result of centuries or millennia
of biological activity (Roark et al., 2006; Rossi et al., 2017) and may
dominate circalitoral depths (ca. 50-200 m) due to environmental
factors that favour their settlement and growth (de Matos et al.,
2014; Rossi et al., 2017), although information on their extent at
these depths is currently limited.

2 Materials and methods
2.1 Multibeam echosounder survey

A MBES survey was carried out off the coast of Lanzarote,
Spain (Figures 2A, B) from 21 to 25 October 2021 using an
integrated NORBIT iWBMS MBES together with an Applanix
Wavemaster inertial navigation unit. The MBES was mounted on
the port side of a 12 m long fibreglass boat using a custom made
metal bracket. Our measurements involved real-time kinematics
(RTK), supported by a Global Navigation Satellite System
(GNSS) reference station operated by GRAFCAN in the
municipality of TIAS, just 2.6 nm from the survey area. The
resulting accuracy in position and height was between 2 cm and
5 cm. The echosounder was operated at 400 kHz in chirp mode
with a bandwidth of 80 kHz, giving a theoretical range resolution
of 9mm. The survey speed was approximately 4 knots. We
covered the survey area several times with different MBES
acquisition modes, focusing on coverage between 40 m and
110 m water depth. We first concentrated on acquiring
bathymetric data, then sailed the lines to collect multi-
frequency information (not discussed in this study) and finally
recorded MD in a third run. For MD recording, the swath angular
opening was set to 100°, split into 512 beams. Sound velocity was
measured on-line with an AML keel probe and intermittently
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FIGURE 1

(A) Antipathella wollastoni forms dense forests. (B) It is replaced by Antipathes furcata at around 80 m water depth in the investigation site.

with a vertical cast and was found to be constant throughout the
survey period, ranging from 1,531.4-1,531.8 m/s.

2.2 Bathymetric data pre-processing

MBES, motion sensor and sound velocity data were loaded into
QPS Qimera 2.4. Binary inertial measurement unit (IMU) data
recorded with the Applanix Wavemaster were reloaded to apply
true heave calculation, which is only available in post-processed
data. We then ray traced the soundings, with a sound velocity
profile that was almost constant with depth, and roll calibrated our
system using Qimera 2.4. Our ellipsoidal height measurements from the
RTK antenna had occasional drop-outs of a few minutes, which we
interpolated in Qimera. Therefore, tidal reduction was successfully
achieved by vertical referencing to mean sea level using the
2008 Earth Gravity Model (Pavlis et al., 2012), and lines recorded
on different days and tidal phases matched. Spurious echoes were then
manually removed by human experts inspecting the data in 2D and 3D
editors. The final grids presented were generated using a spline with
tension gridding and an interpolation algorithm.

2.3 Processing of multidetect data

With our prototype NORBIT iWBMS firmware, we acquired
MD in the hope of detecting black corals extending into the water
column. In the field, we set the sensitivity slider controlling the
proprietary Norbit algorithm to report MD at a location known
for black coral occurrence (Ridge A, Figure 2B) and kept the
setting constant for the following survey. The data were stored in
the Seabat 7k (s7k) data format developed by Reson A/S.
Unfortunately, it was confirmed by the manufacturer that the
beta firmware reported incorrect intensity values for MD. The
intensity values were not used in this study. The survey produced
27,898,462 soundings, which included 601,846 MD (2.2%, raw
MD shown in Figure 2C).

The MD were filtered to account for systematic and environmental
misclassifications and artefacts. An example of the processing workflow
is shown in Figure 3. In particular, there were many artefacts in areas
deeper than 80 m in the SW part of the study site, where MD appeared
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related to the ship’s roll movement during acquisition. These artefacts
can be recognised visually as they form horizontal stripes across a ping
or form extended dense blankets (Figure 3B) that are not recognised in
overlapping survey lines. These artefacts and erroneous detections that
were observed in the outer beams of some lines on sandy seabeds
(Figure 3B) were removed manually on a line-by-line basis before data
analysis. The manual data cleaning is similar to the well-established
manual cleaning of bathymetric data, but clearly adds subjectivity to our
analysis. Following this manual filtering, 320,077 MD remained.

After the manual editing, filters were applied. We focused on depths
between 40 m and 110 m and therefore filtered out MD shallower than
40 m and deeper than 110 m. The deeper value corresponds to the
maximum depth our portable MBES could measure in the steep
environment. MD can occur throughout the water column, e.g., due
to the presence of fish or bubbles, or due to acquisition noise. We
removed isolated M D, defined as three or fewer in 4 m x 4 m cells. The
number of MD in each cell varied from 1 to 581. Our third filter was to
remove MD located at a vertical distance of more than 2.5 m from the
bathymetric surface. This value was defined manually, accounting for
the occasionally rough seafloor and the uncertainty of the bathymetric
surface. The vertical distance of MD to the seafloor is their depth
difference to a bathymetric surface, which was calculated without
including any MD. The volcanic seafloor is rough and the
uncertainty of the bathymetric surface at a 95% confidence level can
exceed several metres, especially in areas with steeper morphology
(Supplementary Figure S1). Accepting MD below the bathymetric
surface is necessary because the top of the coral canopy may be
registered as the primary bottom detection point for dense coral
fields. We found that false positive MD were very common in very
steep and complex seafloor morphologies, probably due to multipath
reflections. We therefore removed all MD where the slope was greater
than 40°. This affected 4.0% of the area. Following this automatic
filtering, 113,802 MD remained.

To analyse the spatial distribution of MD relative to the ground
truth data, the filtered MD were further processed into three gridded
variables of 4 m x 4 m cell size (i.e., twice the resolution of the
underlying bathymetric grid). The calculations were carried out in
QGIS version 3.22. The first gridded variable (MDyg;) is the number
of unique survey lines contributing at least one MD to a cell. In
addition to survey parameters such as ship speed, the number of MD
in a cell is controlled by the number of survey lines covering it. This
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(A) Bathymetric map of the investigation site. Dashed white lines show tracklines acquired for survey with the MD algorithm. (B) Slope map of the
investigation site. The location of a steep cliff, and the ridges A, B and C are indicated. (C) Plot of raw MD.

variable takes values between 0 and 7 across the site (Figure 3D). The
second grid variable (MDy) is MDyg;, divided by the number of
overlapping lines (Figure 3E). This variable takes values between
0 and I throughout the site. The third grid variable (MD,) is the total
number of MD per cell divided by the number of overlapping lines
(Figure 3F). This variable takes values between 0 and 194 across the
site. The motivation for creating these multiple gridded variables is
that the number of overlapping lines is not constant across the study
site and is therefore a confounding factor in the analysis of the
spatial distribution of MD, and the line-by-line manual editing

Frontiers in Remote Sensing 04

process is unlikely to remove all MD artefacts. For example, a
low MDyg;, value of 1 and a low MDy value (on a site where
many lines overlap) would indicate a high confidence that these
MD are false positives. For false positives related to acoustic noise
due to roll movements, high values of MD, are observed in addition,
as all beams are affected. We consider MDyvalues below 0.25 as false
positives caused by remaining acoustic noise. The same value for
MD ;. on another site covered by only one or a few lines (resulting
in a higher value for MDj) would only indicate a lack of sufficient
overlap to arrive at a firm conclusion.
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FIGURE 3
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(A) MBES track lines crossing Ridge A (refer to Figure 2 for location). A slope map is displayed in the background. (B) Raw MD. Artifacts include
elongated lines of MD on sandy seafloor on the outer beams (A1), short rails of MD on a single ping (A2) and extended blankets of MD in deeper waters
associated with roll movements during the survey (A3). (C) Filtered MD. MD in the south of the ridge were filtered due to excessive elevation above the

seafloor. (D) MDys; (E) MDy. (F) MD..

2.4 Ground truthing

The ground-truth dataset is composed of underwater video
footage acquired on 6 sites: 3 sites by divers and 3 sites by drop-
camera. Technical divers provided descriptions, photos and
underwater video footage taken with a GoPro Hero 9 camera. To
accurately locate the dive sites, technical divers with rebreathers left
an Ultra Short Baseline (USBL) modem on the seafloor, which could
be located to within a few metres from the survey vessel. Technical
diving does not produce bubbles during the dive, which could
interfere with the acoustic measurements.

Frontiers in Remote Sensing

In addition to the video recorded by the divers, underwater
photos were taken every second from the survey vessel at three sites
by attaching a GoPro video camera (GoPro Hero 7) to a rope with
extra weight at the end. The rope was lowered to the seabed
(indicated by the decreasing tension of the rope). As the boat
drifted at approximately 1 kn, continuous video was recorded.
The position of the boat was used as a co-ordinate reference for
the GoPro images. However, this was subject to uncertainty due to
the presence of local currents and the fact that the boat was
constantly moving while the weight of the camera was touching
the seabed. Therefore, photos were selected where the camera
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(A) Grid of MDys,. (B) Grid of MDy. (C) Grid of MD.. Isobaths are displayed as white dashed lines.

initially touched the seabed, but some deviation from the boat’s
position may remain. Photos were manually classified as 1) no black
coral present and 2) black coral present.

3 Results
3.1 Morphology and geology

The study area ranges from a minimum of 20m to a
maximum of 110 m water depth and is located south of the

island of Lanzarote. The morphology is shown in Figure 2A. Due
to the volcanic origin of the islands, the slopes are steep and the
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water depth reaches 100 m at a distance of about 350 m (western
part) to 550 m (eastern part) from the coast. A striking feature is
an almost vertical cliff in the centre of the survey area, where the
seabed drops rapidly from 20 m to 45 m. Large parts of the
survey area are covered by sand, but basaltic outcrops are
frequent and result in a rough seabed morphology, especially
in the central and eastern part of the survey area, which is
reflected in the displays of seabed slope (Figure 2B). The mean
slope value of the survey area is 21.6°, with the highest values in
the central part and the lowest values in the eastern part of the
area. Towards the west, isolated ridges raised from the
surrounding sandy seabed allow for easier ground-truthing of
acoustic data with underwater video cameras, while diving
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Comparison of ground truthing information with the grids of MDys, and MDy. (A) Ridge A. (B) Ridge B. Refer to Figure 2 for location.

operations focused on the morphologically more complex
central part of the survey area.

3.2 Multidetect soundings

3.2.1 Spatial distribution

Unfiltered MD (Figure 2C) are mostly concentrated over the
central survey area, while less MD are observed in the east (with
reduced survey line coverage, Figure 2A) and on the sandy seabed in
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the west. After filtering, this trend is maintained, with the highest
values of MD, in the central survey area (Figure 4C). The highest
values of MDsand MDyyg; in the central part of the survey area are
below the steep cliff on the rough seabed (Figures 4A, B). Few MD
are located below 80 m depth, with values of 1-2 for MDy;s; and less
than 0.25 for MD.. Towards the west, on the smooth seafloor, MD
are present in only a few grid cells. However, two fields of MD are
located on two ridges A and B (marked in Figure 2B). A third ridge C
(marked in Figure 2B) in the far west of the survey area shows no
MD. From the central survey area towards the east, the value of MD,
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FIGURE 6

Grid of MDys; and MDy (A) for the location with diver ground truthing, showing black coral occurrence at USBL sites 1 (B), 2 (C) and 3 (D). For USBL

site 1, a photo mosaic was created from a diver-recorded video.

decreases significantly (Figure 4C), and MD generally form smaller
fields. Some MD appear close to the eastern boundary of the survey
area and disappear on the smooth seabed.

The MD characteristics on ridges A and B are shown in detail
in Figure 5. On ridge A, MD are reported on the top and flanks
(except the southern flank) of the ridge and are generally imaged
on multiple survey lines, indicated by high MD s, values. On this
site, MD are found down to 80 m water depth. On ridge B, MD

Frontiers in Remote Sensing

cover the eastern and western flank and parts of the ridge plateau.
Here, MD are found down to 83 m water depth. The ridge
continues at greater depths, but the deeper plateau and
southern flank are not covered by MD. It is noteworthy that
the majority of MD on ridge B are only recorded on a single
survey line (MDyg; value of 1) and are not repeated on additional
survey lines (MDy generally less than 0.5, and less than 0.25 and
thus interpreted as false positives for some grid cells).
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3.2.2 Ground truthing

Ground truthing by technical divers identified Antipathella
wollastoni between 45 m and 80 m throughout the investigation
site. Other black coral species (e.g., Antipathes furcata, Gray, 1857)
are gradually replacing Antipathella wollastoni communities below
80 m (Figure 1).

Figure 5 shows the distribution of MD and the observation of
sand and corals in the underwater video camera images at ridges A
and B. On the western flank of the ridge A site (Figure 5A), the
underwater video footage confirms the presence of black corals in
the area with MD. However, the boundaries between MD and the
video footage do not coincide. The black coral observed in the video
footage extends 5-10 m from the area of MD. A possible black coral
just west of ridge A, difficult to see in the underwater video, does not
correlate with MD.

For ridge B (Figure 5B), the presence of corals determined by
ground truthing is generally consistent with the location of MD. To
the north, there is an offset of approximately 2 m (which is expected
to be well within the positional uncertainty) between the onset of
MD and the presence of corals in the underwater video footage. An
isolated image with corals is located outside the area of MD to
the west.

Underwater videos taken by technical divers can be
compared with MD for sites where a USBL could be placed
on the seabed. An overview of USBL positions in the
morphologically complex central part of the survey area is
shown in Figure 6. At Site 1, two USBLs were positioned on
aridge, one on the northern tip, the other on the southern tip of
the ridge. The northern one was positioned at 47.8 m depth, the
southern one at 47.6 m depth. The ridge is covered with dense
patches of black coral. The majority of survey lines (MDgreater
than 0.5) report MD at this location. At site 2, the USBLs were
positioned on sand approximately 20 m apart along a NW-SE
line. The northwestern USBL was at a depth of 53 m, the south-
eastern at 52 m. The south-eastern USBL is on sand, while the
northwestern USBL is in an area of increased patchy coral cover.
MD reflect this pattern and are absent in the SE, while MD are
observed on some lines (MDyless than 0.5) in the NW. Atsite 3 a
USBL was positioned on a round sand clearing surrounded by
black coral. The circle was approximately 5m in diameter
according to the divers. This setting agrees with the absence
of MD around the USBL positions, although the distance from
the USBL position to the onset of MD exceeds the 5 m observed
by divers, and MD are not observed in every line in this location
(MDy between 0.25 and 0.75).

4 Discussion

Our study demonstrates both the possibilities and problems
of using MD for habitat mapping. The sequence of absent/
present MD when crossing the location of A. wollastoni in
underwater images (Figure 5) confirms a relationship with
black coral occurrence, although a positional uncertainty of
the ground truthing by camera exists due to currents and boat
movements. Similarly, photos of black coral distribution by
divers at the USBL locations (Figure 6) are consistent with the
filtered MD pattern.
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The presence of raw MD (Figure 2C) is, however, not indicative of
the presence of black coral. MD artefacts occur in large numbers under
low signal-to-noise survey conditions, for example, under strong roll
motion, and require intense manual data cleaning. MD are also
common in seafloor with steep morphology due to multipath
effects. Multipath acoustic propagation, in turn, can occur not only
on natural morphological structures, but also on man-made structures
such as shipwrecks (Wyllie et al., 2015). Fish and bubbles in the water
column also cause MD in MBES data (Schneider von Deimling et al.,
2007). Filtering is required to remove MDd not associated with black
corals, and high values of MDj are required to distinguish real targets
from acoustic noise. Our filter thresholds exceed the biological
background information on black corals in terms of depth range,
height, and preferred slope (Czechowska et al, 2020). While
Antipathella wollastoni normally occurs between 50 m and 200 m
(de Matos et al., 2014; Rossi et al.,, 2017), it is locally replaced by A.
furcata at 80 m depth. The average local coral height was measured to
be 1.15 m + 0.08 m (Czechowska et al., 2020). Previous studies have also
shown that the vast majority of corals occur on slopes below 40°
(Czechowska et al., 2020).

Assuming that the majority of artefacts and water column targets
such as fish have been removed by the manual and automatic filtering
procedures, a remaining problem is the differentiation of MD caused by
black corals and multipath effects. We made mixed observations on the
link between MD distribution and rough seabed morphology, and there
is evidence for both causes in our data set. The majority of MD are
located above 80 m water depth (Figures 4C, 5). MD below 80 m are
generally not repeated on other lines (Figure 4A), indicated by low MDy
and MDyyg;, values. This is consistent with a gradual replacement in
coral species of A. wollastoni to A. furcata below 80 m water depth. The
delicate shapes of A. furcata [ca. 20 cm high; Brito and Ocafia (2004)]
are not expected to leave a trace in the acoustic data (Figure 1B).
According to the map of slope (Figure 2B), it appears that depths below
80 m are just as commonly rough as above 80 m, while black corals
occurrence ceases. Rough morphological features situated below 80 m
water depth such as the southern flank of ridge B (Figure 5), ridge C
(Figure 2B) or south of the USBL site 3 (Figure 6) do not cause MD. The
reduced occurrence of MD below 80 m water depth, the limit of A.
wollastoni occurrence, seems therefore unlikely to be related to
morphological effects (it could be related to the effects of increasing
acoustic footprint). However, there are MD in the vicinity of the vertical
cliff in the central study area. Here, it can be assumed that MD form due
to multipath reflection similar to harbour quay walls (Christoffersen,
2013). A number of MD were found in the unfiltered raw data at this
site (Figure 2C). By setting a slope filter to 40°, we reduced the number
of reported MD. However, several lines have MD adjacent to the cliff
(north of USBL 2, Figure 6) and reports from divers passing along the
cliff to the deeper coral sites (these reports could not be geo-referenced)
indicate that these MD are false positives with regard to black coral
presence. In contrast to false positives below 80 m water depth that are
caused by acoustic noise, the multipath reflections are very repeatable
with values for MDyexceeding 0.75. Potentially, the backscatter intensity
of multi-detect soundings can be used to further discriminate between
MD caused by black coral and multipath reflections. The black corals
are expected to have low backscatter intensities due to their chitin and
protein skeletons (Goldberg et al, 1994). Unfortunately, our beta
firmware did not correctly register MD intensities, so we could not
explore this topic further in this study. However, when software allows
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recording MD intensities, the relation of this intensity with the type of
detected features should be part of future investigations.

A further problem with the use of MD in habitat mapping is the
poor repeatability of black coral detections that are confirmed by
ground truthing: Out of three lines on ridge B, black coral was
mostly found to be present in one line and absent in the others
(Figure 5B). In contrast, apparently isolated coral patches observed
in underwater images did not cause MD. At ridge A, MDyexceeded
0.75, and the values of MD, are among the highest of the study site
(Figures 4B, C). However, this observation is biased because this site
was used to calibrate the initial MD algorithm sensitivity setting. The
poor repeatability at other sites could be related to 1) the reference
site having different physical parameters in terms of coral
abundance/height and/or seafloor roughness causing multipath
effects, and 2) an effect of acoustic incidence angle on MD
recording (ridges A and B are covered by different angles of
incidence as apparent from multibeam echo sounder tracklines;
Figure 2A). The denser survey line spacing in the central survey site
results in higher values of MD, compared to the eastern survey site
(Figure 4C). It is possible that fewer black corals forests exist in the
eastern survey site. The seafloor complexity changes towards the east
(Figure 2B) and fewer corals were observed here (Czechowska et al.,
2020) based on limited ground truthing. However, it is more likely
our survey missed many black coral forests entirely due to the lower
survey line density. Future studies to understand and improve the
sensitivity of multi-detection algorithms to black coral forests of
varying coral abundance, height, as well as acoustic frequency and
incidence angle, will be necessary to enable reliable mapping of the
spatial extent of black coral forests.

Finally, a problem that prevents repeatable sensitivity studies is
the proprietary nature of the multi-detection algorithms of the
manufacturers. Details on the algorithms implemented by the
different manufacturers would be necessary to allow the
interpretation and comparison of results.

In conclusion, MD are a promising additional source of seafloor
information that can be obtained from MBES surveys. The results
show that Antipathella wollastoni off the coast of Lanzarote can be
detected in MD acquired with a NORBIT MBES. Combined with
ground truthing, MD may serve as a basis for improving distribution
maps of black coral forests in the future. Despite the lack of studies,
MD are also expected to be caused by a range of habitats. They may
be useful for mapping other corals, seagras [as suggested by point
cloud analysis by Held and Schneider von Deimling (2019)], kelp
forests [as suggested by Christoffersen (2013)] other
keystone MAFs.

or
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