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Abstract

The European Marine Strategy Framework Directive (MSFD) requires the achievement of the good
ecological state of all the component of the marine environment, including fish in coastal waters. It
required surveying the coastal fish and cephalopods. The ACaPELA (ACoustic PELAgic) project aims to
describe pelagic fish populations in shallow waters using active acoustic. One of the main issue of
acoustic programs is to identify species associated with acoustic detection remains difficult,
particularly in shallow waters with high species diversity. Innovative procedures for the specific
allocation of echo trace are needed and tested in this study: one method based on “free divers” consist
in divers searching for schools or aggregations and another based on “towed diver”. Video was also
deployed to create a ground truth for both methods. In addition, we used a stereoscopic video system
that allows us to assess size and abundance measurements and compare them with the divers'
estimations. The towed diving method shows an advantage in the implementation, the amount of
acoustics ground truth acquired. The use of stereoscopic video shows that it can be used to overcome
the diver and carry out precise measurements of individuals, but its use in a monitoring program
should be based on automated video processing tools in order to limit processing time. However, with
the today increasing advances in imaging analysis, our results suggest that autonomous system like a
towed and remotely controlled submarine glider could be operational in the very near future.
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Introduction

Fisheries acoustics is the most efficient tool to describe pelagic fish populations at all scales (Benoit-
Bird and Lawson, 2016). Nevertheless, species identification procedure associated to acoustic
detection remains challenging (Horne, 2000). Many diving methods and underwater videos are used
for the study of the marine environment (Mallet and Pelletier, 2014). Furthermore, the European
Marine Strategy Framework Directive (MSFD) should cover the shallow part of the coast, seldom
assessed and with high fish density (Brehmer et al., 2006). The objective of this paper is to compare
ground truth construction methods for acoustic detection. In this way, we developed new fish species
identification procedure for fisheries acoustics monitoring method. We took advantage of recent
works underlining the limitation of visual observation and considering (i) scuba divers fish size
estimation of pelagic fish are not calibrated, and that (ii) we have to foster harmless fish identification
in marine protected area, park and reserve as all critical site. We thus tested the use of cameras or
divers in optimized conditions (quiet weather, daytime and low water turbidity) in order to assess their
efficiency.
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Material and Methods

Data have been recorded during a survey (ACaPELA Marseille August 2020) in the Calanques National
Park of Marseille in the Mediterranean Sea during August 2020. Area was chosen for the good
underwater visibility facilitating the work of divers and the use of video.
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Figure 1: Map of sampling areas with isobaths curves. The dotted lines are the isobaths every 5 meters and the solid lines
are those every 25 meters.

We used the visual information of divers and videos as ground truthing for specific pelagic fish
identification and fish size estimation. All sampling were made during daytime. We used two
complementary acoustic systems. A wide-band scientific echo sounders (Simrad EK 80: 70, 120 and
200 KHz) and a multibeam sonar (Simard M3, 500 KHz) in vertical beaming crossing the sampling
volume of the echo sounders. Acoustics transceivers were placed in a specific support at the end of a
pole fixed to the edge of the vessel.

Two methods were tested for the divers. The first protocol, called “free divers”, consisted in a team of
three biologist divers equipped with closed circuit rebreather (CCR). CCR is used to avoid bubbles which
disturb good acoustic acquisitions. Divers use underwater scooter to move faster between areas of
interest. Their goal was to locate shoals of coastal pelagic fish. To coordinate the vessel instrumented
by acoustics system and the divers’ team, one diver launch an underwater parachute to signal their
global position to the vessel (Diver 1, Figure 2.A and B). This diver is able to communicate in wireframe
with the pneumatic boat crew that can stay in place above (Diver 1, Figure 2.A and B). It allows him to
precisely guide the boat equipped with the acoustics system toward the observed high fish density
area position (Diver 1, Figure 2.A and B). The vessel speed was set to 5 knots. The goal of the second
diver was to identify, count and estimate the size of individuals (total length) to constitute ground truth
(Diver 2, Figure 2.A). The last one filmed the shoals with the stereo camera system (Diver 3, Figure 2.A)
to confront divers’ length estimation to stereoscopic measurements.

The second protocol called “towed diver” consisted in towing a diver behind the vessel equipped with
sounders. The line is 20 meters long (20 to 30 seconds separated the acoustic observations from those
of the diver) and the diver has a board to control his depth (Figure 2.C and D). The goal of the diver
was to estimate the size of individuals as well as the depth of each aggregation or school. He also
identified them to constitute ground truth. He transmitted directly to the board of the vessel by
wireframe communication. Thus, the diver directly observed each sounded aggregation or school. The
diver's mask was equipped with a camera (Paralenz) for video acquisition. The speed of the vessel has
been reduced to 2 knots to ensure the safety of the diver.
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In both protocols, a logbook was fill on-board the vessel to associate diver observation with acoustic
data. Divers estimate their error on fish length to be around 10%.

Figure 2: A) Schema explaining the “free divers” protocol B) Coordination diver during an echo-sounding operation C)
Schema explaining the “towed divers” protocol D) Towed diver during the sampling

For the video observations, an expert scuba divers team was equipped with either a stereoscopic
camera system (SeaGis, swimmable stereo camera system) using Gopro (Hero 5, 1080p Wide) in the
protocol “free divers” or an underwater camera with pressure sensor (Paralenz) in the protocol “towed
diver” (Table 1). Consequently, the data obtained, are underwater videos and pictures as well expert
estimation of fish length and species.

Table 1: Compilation of the data available obtain during the sea survey ACaPELA Marseille August 2020.

Site Date Number Protocol Stereoscopic camera Single camera
system
Moyades_17/08 n°1 17/08/20 1 Free divers N4
Moyades_17/08_n°2 17/08/20 2 Free divers N4
Impériaux_18/08_n°1 18/08/20 1 Free divers v
Plane_18/08_n°2 18/08/20 2 Free divers v
Boulegeade_19/08_n°1 19/08/20 1 Free divers N4
Planier_20/08_n°1 20/08/20 1 Towed diver v
Madrague_20/08_n"°2 20/08/20 2 Towed diver v
Madrague_21/08_n°1 21/08/20 1 Towed diver v
Madrague_21/08_n°2 21/08/20 2 Towed diver v

Videos were analysed to spotted aggregations and schools and identify species. Aggregations and
schools spot on videos are precisely time-stamped to the second to synchronise them with acoustics
data. Fish formations were described as aggregations or schools. Grouping for extrinsic reasons defines
aggregations (Pitcher, 1983). Schools defines coordinated swimming groups of fish (Pitcher, 1983).
Aggregations and schools were considered as monospecific if more than 95% of the fish forming it are
from the same species. For the “free divers” method, the time between spots on video and an echo-
sounding manoeuver was evaluate to assess the certainty of video and acoustic coupling. In addition,
knowing the stereo camera system characteristics that allows to measure objects that are at a
maximum distance of 8 to 10 meters according to SeaGis developer (Langlois et al., 2020), aggregations
and schools are caracterised as measurable or not. The same analysis was made for the single camera
used in the « towed diver » method to assess the efficiency of this method to obtain usable
stereoscopic videos. Divers’ information written on the logbook were synchronized with the videos.

We used the software SeaGIS for the analysis of stereoscopic data. A calibration was done before the
survey, following builder recommendations (Boutros, 2015). Then, the operator manually points
individuals to measure them. We measure the fork length. The RMS is the difference in position taken
from the measurement on the right image and on the left image. We only keep length with a RMS <20
mm as recommending by the SeaGis developer.

All graphics and analyses were made with R software version 4.0.4 (2021-02-15).
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Results

Each part of the videos were species identification were feasible were selected. As well, the type of
fish formation (schools or aggregation) were characterized and the species identified (e.g. Sphyraena
viridensis monospecific school or Chromis chromis monospecific aggregation) (Figure 3).

Figure 3: A) Sphyraena viridensis monospecific school B) Chromis chromis monospecific aggregation selected for further
analysis
Comparison of the accuracy of protocols for species identification for ground truth constitution.

For the “free divers”, the divers transmitted 60 shoals whereas 345 were spotted on the videos. Species
richness were 16 and 14 for the divers and the videos respectively. For species allocation, we only keep
monospecific shoals filmed or transmitted by the divers at less than 30 seconds from an echo-sounding
manoeuvre. Therefore, there are 93 shoals spotted on the videos against 9 transmitted by divers
(Figure 4.A and B). This protocol was deployed for 465 minutes, thus divers transmitted 1 aggregation
or school per hour while videos spots 12 shoals per hour.

For the “Towed diver” protocol, 99 transmitted shoals were transmitted by the divers whereas 64 were
spotted on the videos. Species richness seen by the divers were 8 and were 6 on the videos. We only
keep monospecific shoals filmed or transmitted by the divers. Therefore, there are 47 shoals filmed
against 74 transmitted (Figure 4.C and D). This protocol was deployed for 256 minutes, thus diver
transmitted 17 shoals per hour while videos spots 11 shoals per hour.

A B

67% -f 11%

41%

“Free divers”
protocol

‘Towed diver”

Figure 4: Proportion (in %) of shoals per species A) transmitted by the divers (N=9) B) spotted on the videos (N=93) with
the “free divers” method. : Proportion (in %) of shoals per species C) transmitted by the divers (N=74) D) spotted on the
videos (N=47) with the “towed diver” method. Purple is for Anthias anthias, Blue is for Boops boops, Orange is for
Chromis chromis, Light grey is for Dentex dentex, Yellow is for Dicentrachus labrax, Ligth blue is for Diplodus sargus, Light
green is for Diplodus sp, Green is for Diplodus vulgaris, Brown is for Epinephelus marginatus, Grey is for Oblada
melanura, Red is for Sarpa salpa, Geen khaki is for Sphyraena viridensis, Dark blue is for Spicara spp
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Comparison of the ability of the two video methods to obtain images usable for stereoscopic
measurements.

Respectively 75% of free divers’ camera and 83% of towed diver’ camera were usable spotted schools
or aggregations on the videos (Figure 5).

A B

Figure 5: Percentage of measurable (Green) and non-measurable (Red) of shoals A) with the “free divers” method and B)
with the “towed diver” method

Other filters were added because it was necessary that the aggregations and schools were extracted.
Consequently, the echo-sounding database is constituted by 25 shoals from the “free divers” protocol
and 14 from the “towed diver” protocol. It respectively represents 27 and 30% of the monospecific
shoals spotted on videos, which are exploitable for acoustics analysis. In addition, 20 of the shoals used
for acoustics analysis were spotted on videos but not transmitted by divers.

Results on the stereoscopic measurements

The stereoscopic measurements were compared with the estimated sizes of our divers. The length
acquired concerning a Boops boops school whose estimated size is between 8 and 12 centimetres.
With 10% error estimation for the divers, the length of the fish should be between 7 and 13
centimetres.

363 fishes were measured on 10 freeze frames. 36.9% of the measurements are over the upper limit
of the divers estimation (Figure 6).
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Figure 6: Histogram of fork length of Boops boops (N=363), vertical lines indicate estimated length by divers

The difference was also observed with the others measured shoals. There are between 37 and 100%
of the lengths measured above the upper limit of the intervals and there is between 0 and 17% of the
lengths measured under the lower limit if the intervals.

The lengths measured also significantly increase with the range (Distance between individuals and the
centre of the stereoscopic system) (Figure 7).
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As the measurements drifted with the increase in the range, a filter was applied to keep the data with
a range under six meters (fixed bellow the stereoscopic system ability) to ensure its quality. The SeaGis
parameter called “precision” (Mathematical derivative of the position of the measure in space
compared to the stereoscopic system) also significantly increase with the range (Figure 8), which
translates a decrease in the quality of the measurements.

Divers estimate their error on size estimates to be around 10% so a filter was applied to keep the data
with a precision under 10%.

The range’s filter permitted to keep measurements coherent with the ground truth. 65% of them are
in the estimation interval against 63% without this filter (Figure 9). 78% of the measurements are in
the estimation interval thanks to the Precision filter or the precision and range filter (Figure 9). These
filters allow correcting the shift between the estimations and the measurements.
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Figure 7: Relation between fork length estimated by
divers and range from the camera. The curves were
fitted by y = ax + b (N= 363, rlajusted = 0.1278, P <

Figure 8: Relation between precision and range from the camera.
The curves were fitted by y = ax + b (N=363, r’ajusted = 0.69, P <

0.05)
0.05)
A B
= =
3 = _
=1 =1
g | g
> = Z o
2 =
3 o | o
© = - el =2 —
Qo [=] S [=1
g a
R = -
=1 =1
8 — o1 M 8 — a0
=T T T T T T 1 =T T T T T T 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Fork length (mm) Fork length (mm)
(o4 D
= =
= =
= =
o | > o |
z S £ 2
= a
| o 8 o
s 8 | s g
o o o (=1
C‘i a
S S
= =
s | ol s ol
= T T T T T T 1 = T T T T T T 1
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Fork length (mm) Fork length (mm)

Figure 9: Histogram of fork length A: with no filter (N= 363); B: with a Range less than 6 meters (N=343); C: with a
Precision less than 10% (N=182); D: with a Range less than 6 meters and a Precision less than 10% (N=182).
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Discussion

The two diving methods made it possible to identify echo-sounded shoals. 25 aggregations were finally
selected from the “free divers” method and 14 from “towed diver” one. However, “free divers”
method has shown some limitations. Indeed, part of the acoustic data turned out to be unusable
because of the bubbles of the divers, despite the air rebreathers, which prevent the correct acquisition
of the acoustic data. This is particular true for the M3 multibeam echo-sounder whose beam width is
wide (120°). In addition, implementing such method requires quiet a lot of materials and manpower.
Indeed 3 divers minimum are required, including at least one experienced biologist to perform
identifications and estimations, equipped with air rebreathers and underwater scooters. In addition,
wired communication was not directly done with the boat equipped with sounders but with the
intermediary of the pneumatic boat. The time required for the boat with the sounders to perform the
maneuvers requested by the divers can create an uncertainty between the visual and acoustic
observations. Moreover, the time needed for the boat with the sounders to perform the maneuvers
requested by the divers can create a significant delay between the in situ observations of the divers
and the effective acoustic data acquisition. Such delay may allow the departure or arrival of fish species
and may bring uncertainties between the ground truth and the acoustic observations.

Concerning the “towed diver” method, as the diver is towed behind the vessel, he does not need to be
fitted with an air rebreather, as his bubbles cannot been seen by echo. This method requires functional
wired communication, as well as an experienced biologist diver to identify and estimate abundances
and sizes while in movement. For this survey, areas with the highest density of fish were targeted and
the manipulations stopped when there were not enough fish. The vessel speed for sampling was
nevertheless limited to 2-2.5 knots maximum for the diver safety. Despite that, the diver has been
continuously behind the vessel, hence, there is no sampling downtime as it was the case with “free
divers” method. So, with towed method, the sampled area is larger and the sampling more efficient
with 17 aggregations per hour of “towed diver” method versus just 1 per hour of “free divers” method.
Finally, 30% of the information usable for the analysis of acoustic data against 27% in the "free divers”
protocol. Consequently, we found that the “towed diver” method was a more relevant method over
the “free divers” one to obtain fish species identifications for acoustic allocations.

However, diving and therefore “towed diver” had some disadvantages such as the safety of divers, the
limit of diving time and the costs that the divers represent. Moreover, in other areas, environmental
conditions (e.g. low temperatures) may limit the deployment of divers. The “Towed diver” method
tires out more quickly the diver. Therefore, it is impossible to make very long transects without a
consequent number of divers. Nevertheless, changing diver introduces a bias in the estimates of the
length of individuals. In comparison to diving, the use of video as an identification technique to
produce ground truth also shows that 49% of the shoals retained for the acoustic analysis had been
identified by the divers and on the videos and 51% came exclusively from the videos. Consequently,
the use of the videos could overcome these limitations as found to be a promising alternative method.

In addition, the analysis of the fish length measured with the stereoscopic system for Boops boops and
the other species tested were coherent with common and maximal length of this species (Fischer et
al., 1987 ; Crec’hriou et al., 2013). Hence, this technique was found to be a relevant method to
implement in situ fish measurements. However, the stereoscopic measurement and the counting
carried out manually by an operator are very time-consuming. It takes several tens of minutes to
measure individuals on a single image. The processing time of videos for identifying, counting and
measuring individuals could be greatly reduced through automation. Indeed, the use of underwater
cameras and video processing tools is booming because they are non-intrusive sampling methods
(Shortis et al., 2013). Indeed, researchers are developing tools for automatic identification of species
based on the shape and patterns characteristic of the species (Shortis et al., 2013 ; Rova et al., 2007).
Many automatic detection methods on videos are also being developed in order to carry out the counts
and measurements of fish in the marine environment (Shortis et al.,, 2013) by adaptation to the
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methods widely used in aquaculture, in particular based on pattern recognition (Tillet et al., 2000 ;
Spampinato et al., 2008 ; Shafait et al., 2017).

The analysis of the data of the stereoscopic system showed that the position of the fish in relation to
the cameras strongly limits the number of measurable individuals. In fact, the individuals must be as
parallel as possible to the system to be measured precisely. In addition, comparison of the
measurements with the divers' estimates showed a shift with 63% of the measurements in the interval
given by the divers. This shift can be reduced to 22% of measurements outside the estimate by limiting
the range to 6 meters and the precision to 10% of the estimate's class center. Hence, the
recommendations on the distance of individuals to the cameras for this type of system were optimistic
in the conditions encountered during the mission. In fact, the indications given by SeaGis, software
developer, the stereoscopic system was supposed to measure individuals up to 8 or 10 meters from
the cameras (Langlois et al., 2020) while our measurements have shown their limits beyond 6 meters.
Finally, the cameras must also be well fixed to the support and not manipulated during the experiment
to avoid bias in the measurements and optimize the fact of obtaining the RMS < 20 mm. With these
recommendations, the stereoscopic system therefore allows accurate and repeatable measurements
of fish length (Harvey and Shortis, 1995 ; Harvey et al., 2010). In addition, the video is a permanent
record which can be reviewed and re-analyzed for future studies (Cappo et al., 2003 ; Mallet and
Pelletier, 2014).

In addition, the stereoscopic system makes it possible to obtain the size distribution (e.g. Langlois et
al., 2012) while the divers can only provide size intervals. It also avoids the observer effect of the visual
estimations. From size data acquired with stereovision systems, the estimation of biomass is possible
(e.g. Chan et al., 1998 ; Harvey et al.,, 2001 ; Dios et al., 2003). It is an important step towards
guantifying biomass for monitoring the ecological state of marine water bodies. The system could be
improved for example by multiplying the number of simple cameras to cover a greater viewing angle
by placing systems pointing forward, to the sides or to the back to maximize the number of measurable
individuals. Cameras can also be added to the stereoscopic system to obtain a system with more than
two cameras to create different measurement properties. Indeed, cameras that are more distant will
make it possible to measure more distant individuals (Boutros et al., 2015). Finally, with a view to
reducing the size and weight of the system to facilitate its use (Shortis et al., 2000), for example, the
use of Paralenz cameras, specially designed for underwater use, make it possible to do without camera
housings which are voluminous. Consequently, the use of cameras and stereoscopic systems could
then help to have good measurements of fish length and abundances and thus help to better quantify
biomass of fish populations in shallow waters in order to assess their ecological status.

Finally, the coordinated use of two sounding technologies, the wideband vertical sounder and the
multibeam sounder, and the identification of the species by the divers or the cameras for the
construction of a ground truth has therefore made it possible to apprehend the effectiveness, to
compare and detect the limits of these different methods. In addition, this made it possible to produce
a small but strong certainty database that is not always acquired with the usual identification trawling
techniques. This is because identification trawling is subject to gear selectivity and the avoidance of
certain species (Brabant and Nedelec, 1988) and suffer from correlation issues between the real fish
abundance and the acoustic observations (Gunderson, 1993 ; Fernd and Olsen , 1994). In addition,
detection trawling remains an intrusive method that is not ethically consistent with the preservation
of biodiversity targeted by scientists. The use of non-intrusive method bases on divers and cameras,
especially with a towed protocol, appeared to be promising alternative methods of constructing
ground truths in shallow waters. In contrast, the use of cameras or divers is restricted to data collected
during quiet weather, daytime and low water turbidity.
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Conclusion

We found that the acquisition of non-intrusive ground truth in coastal pelagic environments by using
innovative diving methods was possible. “Towed diver” appear to be more efficient at combining visual
and acoustic data and limit noise on acoustic data due to divers’ bubbles. Obviously “towed diver”
method request ad hoc safety material and procedures as a high level of diving expertise. The “towed
diver” method was thus a relevant method to observe pelagic fish populations in shallow waters.
However, it could not be deployed in routine survey as requested by the MSFD to survey fish and
cephalopods in coastal pelagic environments. To do that, the use of underwater videos have shown
their ability to overcome divers. In addition, the use of a stereoscopic system could allow having
successfully in situ measurements of pelagic fish. Future development in artificial intelligence will
greatly help to reduce the processing time. The towed diver or video methods should facilitate the
monitoring of populations in shallow waters to enhance the management and protect biodiversity.
However, the use of the video may be limited to area with low water turbidity.
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