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Abstract

Benthic habitats are primarily determined by the nature of the substrate (i.e., the type of sediment or rock) and by the
bathymetry (e.g., light availability, current, or waves exposition) both determining the viability of infaunal organisms. In
this sense multibeam (MB) echosounders provide more data about the sea bottom than any other acoustic technique. During
the 2014 Argentine-Canadian survey of the RV Coriolis II in the Gulf of San Jorge, MB data were acquired in the area of
Robredo, west of the Marine Protected Area (MPA) Parque Interjurisdiccional Marino Costero Patagonia Austral (PIMCPA,
Patagonia, Argentine). Acoustic data were affected by acquisition artifacts, so an ad hoc algorithm was required to restore
the data. Moreover, during the survey, dredge samples were also acquired where acoustic data suggested changes in substrate
properties, and two later scientific surveys acquired video transects of the sea bottom that allowed also a basic classification.
A non-supervised classification of the seabed was performed, using a subsampling and voting algorithm, with the acoustic
and bathymetric data. The final classification is in agreement with groundtruthing (dredge samples and video transects),
showing that bottom structure complexity leads to a meaningful picture of the sea bottom classes in the area. Our results
reveal that Robredo has two subareas, one with a fine substrate (west) and another with a coarse substrate (east), the latter
being also characterized by outcropping rock formations of marked relief. Despite the small spatial coverage of the survey,
the resulting sea bottom classification presented in this paper has described, for the first time, some important features of
the benthic geohabitats in the PIMCPA.
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Introduction

Benthic habitat is primarily determined by the nature of
the substrate, sedimentary or rocky structures, configuring
the geohabitat, which reflect the physical processes in the
near-bottom environment. For example, light availability is
associated with bathymetry, wave exposure is associated
with the slope and orientation of the sea bottom, the viability
of infaunal organisms is linked to sediment granulometry,
and nutrient availability is linked to sediment composition.
In this sense, the geohabitat determines to a large extent
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the presence or absence of a particular benthic species
and modifies the effect of disturbances on the benthic
community (Greene et al. 1995; Auster and Langton 1999;
Guisan and Zimmermann 2000). The characterization of
the seabed in terms of terrain parameters such as slope,
aspect, or curvature may therefore offer us a valuable tool
for delineating areas of the continental shelf that are likely
to support particular fauna and thereby provide a distinct
geohabitat (Wilson et al. 2007; Brown et al. 2011; Lucatelli
etal. 2019), thus improving our understanding of ecosystem
dynamics (Pickrill and Todd 2003; Pandian et al. 2009;
Brown et al. 2011; Bosman et al. 2020).

In the last decades, multibeam echosounders (MBES)
have gained broad acceptance as a means to acquire
high quality seafloor data, and are today recognized
as the most effective tools to map the seafloor, being
used in different applications, such as geomorphological
and geomorphometric characterization (Normandeau et al.
2014; Normandeau et al. 2015; Lecours et al. 2016;
Picard et al. 2018), geohabitat mapping (Van De Beuque
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et al. 1999; Kostylev et al. 2001; Parnum et al. 2004),
benthic fauna distribution (Kostylev et al. 2003; Roberts
et al. 2005; Mcgonigle et al. 2009), archaeological
remains identification (Singh et al. 2006), and scientific
investigation of the Earth’s crustal deformations (Calder
and Mayer 2003). MBES have rapidly evolved into
sophisticated instruments capable of synthesizing hundreds
of very narrow beams, allowing them to cover a wide swath
(full coverage) (Le Bas and Huvenne 2009) with a very high
spatial (vertical and horizontal) resolution. MBES systems
allow co-registration of bathymetry and backscattering data
with similar resolutions (Clarke et al. 1996; Pickrill and
Todd 2003); thus, the ability to acquire both informations
together makes MBES the reference tool for sea bottom
mapping (Brissette and Clarke 1999; Brown et al. 2011).

Often, interpretation of sea bottom data is conducted
visually using acoustic backscatter and bathymetry data
(Bosman et al. 2020; Kanari et al. 2020), underwater video
(Edwards et al. 2003), or a combination (Fontelles Ternes
et al. 2019). However, manual segmentation is inherently
subjective, slow, and potentially inaccurate (Cutter et al.
2003) which is problematic in view of the subtle variations
that may be present in acoustic responses and the large
volumes of data being collected during surveys (Brown
and Collier 2008; Blondel and Goémez Sichi 2009). As
a consequence, some authors addressed the need of
developing quantitative, robust, and efficient techniques to
analyze MBES data (Cutter et al. 2003; Fonseca et al. 2009;
Micallef et al. 2012; Stephens and Diesing 2014). Currently,
it is an advancing field in which several approaches are
being tested: supervised and unsupervised classification
using bathymetric variables including or not backscattering
strength (Micallef et al. 2012; Rattray et al. 2013; Li
et al. 2017; Pillay et al. 2020), backscattering angular
response (Simons and Snellen 2009; Che Hasan et al.
2014), multiscale analysis (Misiuk et al. 2018), and textural
analysis (Blondel and Gémez Sichi 2009).

Although there are many countries which use MBES
routinely like the USA (Whitmire et al. 2007), Canada
(Brown et al. 2011), the UK (Kostylev et al. 2001; Brown
et al. 2002; Mcgonigle et al. 2009), France (Lurton et al.
2018; Fezzani and Berger 2018), or Australia (Rattray
et al. 2009; Che Hasan et al. 2012), there are many others
where MBES have never been used but for some scarce
opportunities. This is the case of Argentine where, in spite
of its ecologically relevant continental platform, its fishing
resources, and the economic importance of oil extraction,
the MBES soundings found in the scientific bibliography
are limited to a few technical reports (Madirolas et al. 2005)
and scientific papers (Lastras et al. 2011; Lépez-Martinez
et al. 2011; Borisov et al. 2014).

Thus, a new opportunity arised in 2014 in the framework
of the Argentine-Canadian MARGES expedition when a
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MBES acoustic survey was conducted in some areas of
the San Jorge Gulf by the research vessel Coriolis II.
The opportunity consisted in surveying for the first time
a marine area whose biodiversity and economic activity
are very important (it is one of the most important South-
West Atlantic fisheries), but whose sea bottoms are almost
unknown. The continental part of the San Jorge Gulf shows
a series of diverse geological structures (rhiolithic lavas and
pyroclastic flow deposits; Lema et al. 2001) belonging to
the Marifil Formation, part of the Large Igneous Province
(LIP) Chon Aike, that runs from Patagonia to Antarctica
(Pankhurst et al. 1998). Moreover, the submerged area is
expected to combine this geomorphological richness (Haller
et al. 2020) with a considerable presence of sediments
deposited along the ages by transport processes conveying
continental material and by the biodegradation of the Gulf
fauna (Desiage et al. 2018).

After expedition, on-shore analysis of the MARGES
data showed that the MBES data was corrupted due to
a misconfiguration of the inertial motion unit (IMU) and
a mismatch between the sound velocity profile and the
sound surface velocity input to the echosounder in order
to conform the acoustic beams. These errors introduced
undulations in the bathymetry and in the backscattering
strength that could not be corrected with usual softwares,
so an ad hoc correction would be required to approach the
level of detail potentially obtained with an MB. This is
especially important in this area, because it spans a small
area which mapped in large pixels (that would average out
those undulations) would not reveal the detail structures
that characterize its bottom geomorphology. Moreover, this
characterization is important in an area where bottom
information is scarce, and when the possibility of obtaining
new MB data is remote.

Given that the MARGES was the very first MB study of
the bottoms in this ecologically important area, developing
a sea bottom classification is still an attractive goal for the
sea floor habitat community even if the results are not as
good as initially planned for the MB survey, because it
will be far more detailed than any previous study in the
area. Mapping the (small) surveyed area in large pixels (that
would average out the undulations) is not an option, as
that would not reveal the detail structures that characterize
bottom geomorphology. Hence, with the aim of “making
weak data good”, an ad hoc correction was performed, prior
to classification to approach the level of detail potentially
expected from the MB.

The goal of this paper is to generate from the avai-
lable MB data the first bathymetric and acoustic map of the
area of Robredo, in the Marine Protected Area (MPA) estab-
lished in the north of San Jorge Gulf (Patagonia Argentina),
based on unsupervised analysis of backscattering strength,
and bathymetry derivative variables.



Geo-Mar Lett (2021) 41: 12

Page3of 14 12

Methodology
Study area

The study area is located in the northern coastal zone of
the San Jorge Gulf, a semi-open basin with an extension
of 39,340 kmz, between 45° S (Cape Dos Bahias) and
47° S (Cape Tres Puntas) (Fig. 1). The Gulf seafloor is
dominated by coarser sediments on the northern coast,
whereas finer sediments prevail in the north-central area,
and even finer fractions towards the inner part of the
Gulf (Fernandez et al. 2003; Desiage et al. 2018). It is a
fishing ground, a breeding and spawning area of several
fish and crustacean species including the commercial
shrimp Pleoticus muelleri and the hake Merluccius hubbsi
(Bertuche et al. 2000). The San Jorge Gulf is highly exposed
to environmental risks related to the urban-industrial oil
production hub of Comodoro Rivadavia, with prospective
offshore drilling, and intense shipping activity (Nievas and
Esteves 2007). This oil production coexists with major
commercial fisheries (Gongora et al. 2012) and with areas
of great significance for marine conservation because of the
presence of reproductive aggregations and foraging grounds
of many marine birds and mammals (Blanco and Quintana
2014; Grandi et al. 2015).

In the northern area of the Gulf, the MPA Parque
Interjurisdiccional Marino Costero Patagonia Austral
(PIMCPA) was established in 2007 and trawl fishing was
prohibited in 2013 (Fig. 1). The MPA is one of the most
relevant areas of the Argentine coast in terms of biodiversity
and productivity and a management plan is being developed
for it, involving government representatives and scientists.
Although there are several studies about distribution of
seabirds and marine mammals in this area and the effects
of human activities on the depletion or recovery of their
populations (e.g., Yorio 2000, 2009; Copello and Quintana
2009; Blanco and Quintana 2014; Grandi et al. 2015;
Romero et al. 2017), the knowledge about sea bottom
characteristics is scarce, not to mention the knowledge about
the distribution of benthic communities and the impact that
fishing gears have on them.

The focus of our work will be in the area of Robredo
located northwest of the San Jorge Gulf, an area that has
been under fishing pressure nearby the southern boundary
of the PIMCPA (Fig. 1).

Data acquisition

The acoustic survey was conducted during the campaign of
the research vessel Coriolis II on February 23™ and 24™
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Fig.1 Study area in the North of the San Jorge Gulf (Patagonia, Argentina). The marine national park (Parque Interjurisdiccional Marino Costero
Patagonia Austral) is shown (striped area) and the acoustic transects in the Robredo area are shown South of this area
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2014 as part of the MARGES expedition (St-Onge and
Ferreyra 2018).

Fifty acoustic transects were performed using a Kongs-
berg EM2040 multibeam echosounder, covering a depth
range between 25 and 70 m obtaining a 100% coverage.
The sounder operated with frequencies of 300 kHz, produc-
ing 256 beams of 0.5° in the alongship direction, and with
“equispaced tangents” in the athwartship direction, with a
total swath width of 140° (that is, being the swath of seafloor
image 5.5 times the water depth). The pulse length was
70 us (CW mode) potentially achieving a vertical resolu-
tion of approximately 5 cm at nadir and 18 cm at the outer
beams (in the deepest area), and a horizontal resolution (in
the deepest area) around 1.5 m (along the entire swath, also
in the deepest area). The vessel ran the survey at 5 kn and the
position data were provided by a POS MV 320 differential
Global Positioning System (dGPS), providing a positional
accuracy of 0.5-2.0 m. A total of 4 sound velocity profiles
(SVP) were collected during the survey (one about every
four hours) using an SBE 911plus CTD.

Granulometry

Along with the acoustic data, bottom samples were taken
at 12 sites. The sites were chosen by on line visual
interpretation of the MBES backscatter image at places
where changes were visible in the sea bottom (circles in
Fig. 4). Samples were obtained with a van Veen dredge
of 0.008 m®> and were used afterward to characterize
bottom granulometry. For each sampled point, sediment
samples corresponding to the sediment/water interface
were collected. All samples were carefully labeled and the
whole process was photographed.

Sediment samples were dried in an oven at 80°C
for around two days until they reached a stable weight.
Particle size range and size distribution of the different
samples was determined through analytical sieving, using
a vibration screen Zonytest sieve (4000um, 2000 pm,
1000 wm, 500 wm, 250 um, 105 um and smaller), and then
classified according to the Folk classification as mud, fine
sand, coarse sand or rock.

Video transects

In two surveys conducted in March and May 2016, 6
bottom video transects and other two local video recordings
were acquired using a drift imaging system (Trobiani and
Irigoyen 2016). The imaging system had two cameras, one
aimed at the bottom, used for data acquisition, and another
one pointing horizontally forward (called explorer camera),
used to control the height of the imaging system above the
ground to avoid potential collisions. The imaging system
was trawled by a vessel over the bottom using a pair of steel
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wires, one of them holding a Foiled Twisted Pair (FTP class
5) for data transmission to the surface.

From the geolocated video footages acquired by the
bottom camera, a visual sea bottom classification was
performed classifying 100 m subtransects as muddy, sandy
or rocky, according to the most relevant class (Trobiani
2018); each of these subtransects was mapped to its central
point (squares in Fig. 4).

Acoustic data processing

Multibeam data are acquired at potentially very high spatial
resolution. In a common survey, a series of corrections are
needed to reduce artifacts due to variations in sound velocity
profile, tidal height (using data from a nearby reference
harbor), vessel attitude oscillations (measured by the IMU),
etc. that could hinder features that characterize the sea
bottom. These corrections are usually followed by visual
inspection and manual edition to detect and remove other
errors (e.g., false bottom detection). In this work, all this
processing of the acoustic data was performed using CARIS
HIPS & SIPS version 9.0, using as input the MBES, IMU
and SVP data acquired during the survey, and the tidal
height, adjusted by spline interpolation, from that of the
main harbor in the San Jorge Gulf, Comodoro Rivadavia.
However, in our case, an IMU misconfiguration during the
survey and the error in surface sound velocity, made these
corrections inaccurate.

Hence, after conducting the usual corrections an ad hoc
correction was performed in order to reduce the most
visible remaining artifacts (small or medium undulations
throughout the swath in a counter-phased pattern and
mismatch between contiguous transects). This ad hoc
correction (see Fig. 2) consisted in a curvature filter
that minimized the undulations in the depth data, and a
similar curvature correction plus a beam pattern subtraction,
applied to correct the artifacts in the backscattering data.
The ad hoc correction was implemented using the R
statistical package (R Core Team 2019) and Octave (Eaton
et al. 2019).

To correct the undulation artifact, we mapped the
XYZ coordinate record of each transect onto a raster
map M. Given that the undulations manifested as quasi-
periodic changes in the surface curvature, we computed
the maximum curvature of the surface locally rendering a
maximum curvature map C that highlighted the artifacts.
Then, we added M’ = M 4+ «C with an « such that the
resulting mean square curvature was minimum for each
transect. The result was a mosaic of curvature corrected
transects mapped on a 5 x 5-m grid with minimal overlap
errors.

The sea bottom backscatter strength (BS) computed by
CARIS showed two types of errors: modulations of BS



Geo-Mar Lett (2021) 41: 12

Page50f14 12

CARIS OCTAVE
Curvature
Tide, SVP correction
Attitude
Outlayers

‘RAW

data

Beam pattern

Mosaic Ad hoc angular

corrections

Fig.2 Workflow from acoustic raw files to bottom-derived variables

following the bathymetric undulations, and strong variations
of BS along the swath of the transects. To correct the latter
effects, a beam pattern correction was performed (Le Bas
and Huvenne 2009; Che Hasan et al. 2014). For each beam
b in the MB swath, the average BS value BS;, was computed
over the entire transect, then the average over all beams
BS was computed. The correction consisted in subtracting
the value dBS;, = (B_817 — BS) to the corresponding beam
signal recorded in each transect. After these corrections, a
BS mosaic 5 m in resolution was obtained projecting all
transects over a 5 X 5-m raster grid.

Seabed classification

Unsupervised seabed classification was performed using as
input variables the backscattering strength (BS) and its local
standard deviation (sBS) together with the 8 bathymetry-
derived variables summarized in Table 1, computed in order
to characterize the shape and variability of the sea bottom.
Raster maps of these bathymetry-derived variables (5 m
pixel size) were computed based on definitions taken from
the bibliography (Wilson et al. 2007; Ierodiaconou et al.
2011; Micallef et al. 2012; Stephens and Diesing 2014;
Calvert et al. 2015; Lecours et al. 2016).

A subsampling and voting classification algorithm using
k-means (Hartigan and Wong 1979) was used, successively
applying the following steps 10 times:

1. a random sample of 10% of the pixels was selected
(with replacement);

2. the values of the variables in that sample were de-
correlated using a principal component analysis (PCA);

3. ak-means algorithm was applied to these components,
giving the centroids of the classification;

4. every pixel in the whole raster was assigned to the class
of its nearest centroid thus generating a classification
map.

Of all these 10 classification maps, the class most frequently
assigned to each pixel was taken as its most probable
classification, rendering the final classification map. The
interpretation of this unsupervised classification was done
based on the statistics of the most relevant variables in each
class, as well as from the comparison with groundtruthing
samples and video transects included within each class.

Results

The first results presented are the bathymetry and backscat-
tering data which illustrate some geomorphological prop-
erties of the seabed. The ad hoc correction removed suc-
cessfully most undulation artifacts at the cost of slightly
smoothing out actual features. Figure 3 shows an example of
uncorrected and corrected bathymetries in the eastern part
of the study area; for the backscattering strength the results
are similar.

Bathymetric data (Fig. 4—Ileft) show the seabed ranged
from 68 m (in the South) to 27 m (in the North), although
there is also a (rocky) formation in the Central East part that
emerges to 22 m. Backscatter data (Fig. 4—right) revealed
two acoustically hard bottom patches over the eastern
half of the surveyed area of Robredo (BS > —20dB).
These acoustically hard bottoms can be interpreted as a
basement high composed of Jurassic rocks of the Marifil
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Fig.3 Multibeam bathymetry in
a region of Robredo, before
(left) and after (right) the
maximum curvature ad hoc
correction. Bathymetry shadows
have been equally exaggerated
in both images to highlight all
the artifacts

Formation described by Lema et al. (2001) outcropping
above the generally muddy and sandy bottom. In the
absence of riverine flows, coarse and medium sandy
bottoms can be interpreted as originated from beach and
cliff erosion, while finer portions have been suggested
to originate as wind-blown dust from nearby dune fields
(Desiage et al. 2018).

Derived variables highlight the differences in bottom
structure: only 30% of the area has slopes of 1% or less
(mostly in the Northwest) and these slopes are oriented
preferentially eastward. Accordingly, terrain roughness,
indicating the richness of bottom structure, is also low

66°14'W
1

(0.023 median): 80% of pixels have roughness under 0.82
m, rougher parts are observed to the East. This distribution
of bottom roughness grossly coincides with the areas having
higher backscattering levels.

The principal component analysis of the acous-
tic+bathymetric variables showed that the 3 first compo-
nents explained 73% of the variance, so only 3 components
were used in the classification. Regarding the weight of the
variables in these components, TPI, SL. and RO were the
ones contributing more weight (followed by TRI, BS, BPI
and mean curvature); the BS standard deviation weighted
low in all three components.

66°14'W
1

45°6'S

45°8'S
1

Bathymetry
22m
1.5 km
-68m I

Backscatter
2 dB

. 42dB

1.5 km
I

Fig. 4 Results of the acoustic survey: bathymetry (left) and backscat-
ter (right). Groundtruthing sampling locations are displayed as
disks and video transect centroids are displayed as squares: yellow

corresponds to fine sediments, orange to medium or coarse sand, and
red to gravel or rocky bottoms
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Classification

Although sample classifications used five classes, the final
voting step removed one of them because of its instability;
hence, only 4 classes remained, as shown in Fig. 5. The
classes were numbered in terms of their extension from 1
(the most abundant) to 4 (the less abundant) as RB-1, RB-
2,... The unsupervised classification reflects the differences
in the values of acoustic and bathymetry derivative variables
in the area (see Table 2).

In the classification, bathymetry derivatives become the
most important features that determine classification. In the
western area, class RB-1 is dominant (see Fig. 5). Class RB-
2 appears in the boundaries of RB-1 transects in the western

Fig.5 Seabed classification.
Classes have been labeled in

area, and should be interpreted there as the same class RB-
1 (pointing out to an artifact related with corrections in that
part of the area). In the eastern part, classes RB-2, RB-3
and RB-4 are the most frequent, although two RB-1 patches
appear in the southern half. The class RB-4 appears marking
ridges within the RB-3 patches, and could be interpreted as
the same class RB-3, particularized within some particular
geomorphologic features (see Table 2).

Groundtruthing and bottom class interpretation
Granulometric classification of samples in areas of class

RB-1 corresponds mostly to silt or fine sand according
to Folk’s classification. The samples within areas of class

66°14'W
[

terms of their extension
(1, largest, to 4, smaller) and are
denoted by different colors

45°6'S
1

45°8'S
1
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[ | RB1. Mud and fine sand
I:' RB2. Coarse sand and gravel

I RB3. Rock
I R4 Rock (ridges)

1.5 km
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Table 3 Contingency table of the classification

RB-1 RB-2 RB-34
Mud-fine sand 54 1 0
Coarse sand-Gravel 0 5 0
Rock 2 1 1

Rows: groundtruthing classes (bottom samples and underwater
videos). Columns: classes from the unsupervised classification
(accuracy: 0.94; kappa: 0.74)

RB-1 correspond to mud and fine sand, although some
of them lay close to boundaries between RB-1 and RB-2
classes. The samples of coarse and very coarse sand or fine
gravel lay close to class RB-3 and RB-4 patches. The only
samples classified as rock (two from bottom samples and
two from video transects) are either included in the same
class as hard substrates or in a complex region with nearby
pixels classified in three or more different classes.

The video transects mostly cover the area classified
as class RB-1, being most of the transects visually clas-
sified as mud, but for two where rocks were observed
(Fig. 4—right squares). Table 2 summarizes both the
granulometric and video correspondences with the unsu-
pervised classification. After labeling the classes accord-
ing to the most abundant sample class (mud/fine sand,
coarse sand, or rock), the classification accuracy was
found as 0.94, with a kappa of 0.74 (see contingency
Table 3).

Discussion

In the previous sections, we have presented a classification
of the benthic geohabitats in the area of Robredo, part of the
Marine Protected Area Parque Interjurisdiccional Marino
Costero Patagonia Austral (PIMCPA), based on the data
acquired during the Argentine-Canadian Coriolis II survey
of 2014. The final classification (see Fig. 5) reflects not only
the granulometry but also the bottom structure complexity,
and shows how both features are related (see Table 2).

Ad hoc data correction

MB data correction has been extensively treated (see Clarke
2003 for a systematic analysis) and robust algorithms have
been developed and implemented in softwares like CARIS
to obtain geometrically and acoustically corrected data.
However, when a data set has acquisition errors, as in
this study, these standard corrections are not enough, and
wavy patterns remain. Other authors have dealt with similar
problems and all of them have proposed their own solutions
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(Yang et al. 2007; Beaudoin et al. 2018). In our case,
however, the corrections were more demanding because
acquisition errors were larger and our study area had regions
of very homogeneus sea bottom, with very small relief,
making the systematic errors even more visible in the data
(see Fig. 3 left). Backscattering artifacts were smaller and
usual corrections worked better. In this case, homogeneous
and flat seabed provided a full range of backscatter
returns collected at different angles and ranges valid to
perform a pseudo-calibration that compensated transducer
directivity and seafloor incidence (angular dependencies;
Le Bas and Huvenne 2009; Chakraborty et al. 2003).
However, despite this equalization, slightly higher BS levels
still remained at the center of the transects, something
commonly observed in previous studies. However, this
small difference was not large enough to introduce artificial
“center of transect” classes in soft bottom areas (as an
acoustic-only classification would have).

Classification

Many recent studies have applied multivariate statistical
methodologies to solve the problem of automatic classifi-
cation of the seabed using MBES data (Brown and Blondel
2009; Shumchenia and King 2010; Heap and Harris 2011;
Che Hasan et al. 2012; Che Hasan et al. 2014; Li et al. 2017;
Pillay et al. 2020 and references therein). Despite all statis-
tical methodologies (often labeled as machine learning), no
technique has singled out as the gold standard in geohab-
itat classification although some of them have given good
results such as classical k-means or random-forests (see Pil-
lay et al. 2020 for a recent comparison). We have opted
for an off the shelf approximation based on lessons learned
from the bibliography: a principal component analysis to
de-correlate variables (necessary when using bathymetry
derivatives), a k-means clustering with a reasonable number
of classes (a larger number increased the patchiness of the
results, breaking the spatial coherence; a smaller number,
just selected two stable classes), and then a voting algo-
rithm to assure the robustness of the resulting classification.
Some authors (Fonseca et al. 2009; Micallef et al. 2012;
Fontelles Ternes et al. 2019) have noticed that BS is a very
good predictor of the sea bottom type, related with granu-
lometry, whereas other authors have shown that including
bathymetric variables actually improves the seabed classifi-
cation (Roberts et al. 2005; Pirtle et al. 2015). In our case,
BS ranks low in the list of informative variables, and is
not among the topmost 3 (that are slope, TRI and rough-
ness). This difference could have its origin in the remaining
uncorrected errors of BS, but also in the geomorphology
of our study area, where the existence of flat sedimentary
areas and high slope rocky areas, makes variables as slope
or roughness very informative. This is particularly visible in



Geo-Mar Lett (2021) 41: 12

Page110f 14 12

acoustically harder (coarser) substrates where a geomorpho-
logical feature as TRI improves the boundaries definition
and classification accuracy (Rattray et al. 2009; Calvert
et al. 2015).

Regarding the level of agreement achieved with the
classification, accuracy was 0.94 which is comparable to
values obtained in previous works using MB to classify sea
bottom (Che Hasan et al. 2012; Diesing and Stephens 2015).
These works usually employ supervised classifications with
large number of groundtruthing points, and vary in their
number of classes (from 2 to 4, not counting mixture
classes) and accuracies. To take into account statistical
sampling bias, Cohen’s kappa was computed as 0.74, that
assures a substantial correspondence between classification
and field data (that value is in the interval of kappa values
reported in the preceding works). The difference between
accuracy and kappa is due to the differences in extension
of the different bottom classes, and also the unbalanced
number of groundtruthing points over each bottom type.
Specifically, in our case, rocky and coarse sediment bottoms
are underrepresented in videos and granulometry points:
only 4 rocky and 5 coarse sediment samples, against
55 of muddy and fine sand. Conversely, both fine and
coarse sediment points showed a very good agreement with
the classification, while rocky samples fall off the areas
classified as rock. One reason for this latter mismatch is
that sampling at the exact location of a rocky outcrop over
a sandy bottom is difficult; that was the case in 2 video
transects classified as rock, because they showed isolated
rocks over a sandy/muddy bottom (in the western part of
Robredo). Another reason are heterogeneous areas, where
in a few meters alternate rock and gravel; this was the case
in other 2 sampling points in the eastern part of Robredo.

Despite the evident improvement in the input data after
the ad hoc correction (see Fig. 3 right), the final effect on
the classification is difficult to assess. First, because the
overall classification applied to the raw uncorrected data
showed a spatial distribution similar to Fig. 5, and second,
because validation using our groundtruthing data does not
show more significant mismatches in one case or in the
other.

Bottom cartography

Interpretation of the obtained acoustic classification has
led us to a spatially consistent map of the sea bottom,
labeling the classes according to their geomorphologic
characteristics as fine sediments, coarse sediments, rocky
bottoms and rocky ridges (Fig. 5). In this map of Robredo
we can identify two well-differentiated areas: one with a
predominantly fine substrate to the west, and one with a
coarser substrate to the east, presenting the latter two rocky
formations with marked relief. These geomorphological

structures are related with the continental relief, whose
continuation underwater was unknown until now.

Although most geohabitats are related to granulometry,
other features may determine different geohabitats and,
in many cases, substrate and habitat bear a many-to-one
relationship (Mcgonigle et al. 2009). Thus, we cannot
directly interpret the obtained classification as benthic
habitats although some inferences can be done: for example,
in other Patagonian coastal areas with similar rocky reefs,
there exist fish assemblages characterized by a low diversity
and the dwelling dependence of the most abundant species,
which are not found beyond a few meters from reef holes
and crevices (Galvén et al. 2009; Irigoyen et al. 2011). This
information represents, thus, a key piece of information for
management of the PIMPCA.

Conclusions

In this paper we have generated the first bathymetric and
acoustic map of the area of Robredo, near the PIMCPA
in the north of the San Jorge Gulf, using multibeam
data. Although the MB potential spatial resolution is very
high, problems during the acquisition made necessary
some ad hoc corrections and caused the loss of horizontal
resolution.

The unsupervised classification computed from the
bathymetric and backscattering surfaces led to a 4 class
bottom cartography covering an area of 10 km? which,
according to the groundtruthing data available, rendered an
accuracy of 0.94 (x = 0.74). The cartography revealed
two main well-differentiated areas: one in the nor-western
part of the study area, with smooth reliev and formed by
very fine substrates, where no structures emerged over the
bottom, and another one in the south-western part, having
coarse substrates and presenting two rocky formations with
marked relief and slopes up to 8%, that are the continuation
of the chain of small rocky islands that exist in the PIMCPA.

This information represents the most detailed cartogra-
phy to date in all the area, and is a key piece of information
for managing a marine area as ecologically and economi-
cally relevant as the PIMCPA.
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