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Abstract: Macrophytes and seagrasses play a crucial role in a variety of functions in marine ecosys-
tems and respond in a synchronized manner to a changing climate and the subsequent ecological
status. The monitoring of seagrasses is one of the most important issues in the marine environment.
One rapidly emerging monitoring technique is the use of acoustics, which has advantages compared
to other remote sensing techniques. The acoustic method alone is ambiguous regarding the identities
of backscatterers. Therefore, a computer program package was developed to identify and estimate
the leaf biometrics (leaf length and biomass) of one of the most common seagrasses, Posidonia oceanica.
Some problems in the acoustic data were resolved in order to obtain estimates related to problems
with vegetation as well as fisheries and plankton acoustics. One of the problems was the “lost”
bottom that occurred during the data collection and postprocessing due to the presence of acoustic
noise, reverberation, interferences and intense scatterers, such as fish shoals. Another problem to
be eliminated was the occurrence of near-bottom echoes belonging to submerged vegetation, such
as seagrasses, followed by spurious echoes during the survey. The last one was the recognition of
the seagrass to estimate the leaf length and biomass, the calibration of the sheaths/vertical rhizomes
of the seagrass and the establishment of relationships between the acoustic units and biometrics.
As a result, an autonomous package of code written in MATLAB was developed to perform all
the processes, named “POSIBIOM”, an acronym for POSIdonia BIOMass. This study presents the
algorithms, methodology, acoustic–biometric relationship and mapping of biometrics for the first
time, and discusses the advantages and disadvantages of the package compared to the software
dedicated to the bottom types, habitat and vegetation acoustics. Future studies are recommended to
improve the package.
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1. Introduction

Aquatic macrophytes (algae, grasses, etc.) are an important component that plays
a crucial role in various ways in aquatic ecosystems [1–3]. Considering the volume and
surface area of marine systems, algae and seagrasses provide significant contributions,
primarily consisting of oxygen production and carbon absorption/emission as part of the
ocean–atmosphere interactions. Besides microscopic algae and photosynthetic bacteria,
most marine macrophytes can reveal the level of a marine ecosystem’s health and ecological
status. Some of them are indicators of pollution, while others are indicators of a pristine
environment [4,5]. Unlike algae, seagrasses are associated with sediments (benthic system)
by their below-ground parts (rhizomes and roots) [6] and with the pelagic system by their
above-ground parts (sheaths and leaves) [5].

One of the most common seagrasses is Posidonia, a phanerogam species that occurs
in nutrient-poor marine environments, where it can form abundant stands. Posidonia
is a coastal species that is distributed worldwide in subtropical and temperate waters
from Indo-Pacific Ocean (Australia) to Atlantic Ocean (Mediterranean Sea) systems [7,8].
Posidonia is highly sensitive to pollution, climate change, global warming, biogeochemical
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cycling, anthropogenic impacts, water movements, etc. [9–11]. Its biometric characteristics
respond rapidly to global or local events, allowing scientists to monitor the health of marine
systems. Like other seagrasses, Posidonia species can provide many useful habitats for
other organisms under its canopies [4,12–15]. One of the most common Posidonia species
is Posidonia oceanica (Linnaeus) Delile, 1813, which is an endemic species found in the
Mediterranean Sea and extending to the near shore of the eastern Atlantic Ocean [16]. Most
(25–30%) Mediterranean coasts are inhabited by P. oceanica [6].

Like other seagrasses (angiosperms), Posidonia oceanica (Mediterranean meadow)
is a prominent component in the zonal classification in the Mediterranean Sea, often
forming the boundary between the infralittoral and the circalittoral zones of the benthic
environment [1,3,5,17,18]. Therefore, its positioned to act as a coastal engineer and interior
architect in coastal environments due to its following functions [19,20]: in addition to being
an ecological indicator, Posidonia oceanica also plays crucial roles in sediment stability and
biogeochemical cycling, oxygen production, carbon emission/absorption, blue carbon
sequestration, habitat/shelter and food niches for its interacting organisms, spawning
and nursery grounds, competition with invasive macrophytes, the protection of prey from
predators and the expansion of its habitat range [14,21–30]. Monitoring seagrass dynamics
is an important tool for observing the species under the prevailing environment and for
documenting acute or chronic changes derived from allochthonous and autochthonous
sources in the marine ecosystems. Consequently, this knowledge is used by ecosystem
modelers, ecologists, environmentalists, biologists, coastal engineers and managers and
species managers and protectors [31–33].

Compared to fish and zooplankton acoustics, vegetation acoustics have not received
significant attention from researchers. Destructive sampling methods (SCUBA sampling
to collect the seagrass) are generally not desired for sampling meadows that are under
protection [34–36]. Therefore, many studies have been proposed to apply nondestructive
methods, such as remote sensing systems, to study sensitive and vulnerable seagrasses
and macrophytes [37]. There are a variety of remote sensing techniques, including satel-
lites (especially Sentinel 2), video cameras and acoustics [38–44]. Each technique has some
limitations in quantifying seagrasses accurately. Visual techniques (satellites and video cam-
eras) are limited by requirements for suitable atmospheric and water conditions [45–47].
These techniques have been mainly used for estimating the coverage and mapping of
different habitats, e.g., [48,49]. Compared to these techniques, the acoustic method has the
advantages of being faster, more accurate, simpler and less costly, and does not require
clear sea conditions to collect data [2,50], but suffers from serious problems associated with
real-bottom detection, the removal of spurious scatterers and sea-truthing of the targets [51].
Acoustic methods are evolving to develop functions like other remote techniques. Acoustics
methods are generally open and flexible in terms of verifying the identities of scatterers and
have been developed for a variety of echosounder systems. Consequently, their sampling
resolution can be adapted to targets of different sizes and material properties. Echosounder
techniques can be used in a wide variety of applications. Examples include measuring
vegetation of different sizes, material properties and orientations. Deployments can in-
clude towing a transducer body at fixed depths, undulating the transducer (tow-yoing) or
deployment on autonomous vehicles to enable sound penetration to greater depths. Envi-
ronmentally, acoustic techniques can work well in both calm and rough seas, in clear and
turbid waters, in clear and cloudy weather, at a variety of depths, in different environments
(rivers, reservoirs, lakes, seas and coastal waters/estuaries), etc., as compared to other tech-
niques based on optical techniques, i.e., satellite, camera, video, LIDAR, etc. As a summary
of the advantages provided by acoustics for studies on seagrasses, this approach allows for
the quantification of seagrass densities and morphometries, flexible statistical approaches
for target identification and a high sampling resolution (vertical and horizontal). Recently,
in/ex situ acoustic studies have been reported to relate the biometrics of seagrasses to the
elementary distance sampling unit (EDSU) [52]. Examples include Depew et al. [53], who
focused on Cladophora sp.; Monpert et al. [54], who focused on P. oceanica and Zostera marina;
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Llorens-Escrich et al. [55] working on P. oceanica; Shao et al. [56] working on Saccharina
japonica; and Minami et al. [57] studying Sargassum horneri. There have also been some
studies calibrating acoustic data with the biometrics of two seagrasses, P. oceanica and
Cymodocea nodosa [58–61], and identifying the seagrasses, P. oceanica and C. nodosa [62].

As with other remote sensing techniques, acoustic data alone are inherently ambigu-
ous as to the identity of the target species. The mapping of macrophytes can be performed
with software developed by BioSonics Company for submerged vegetation (EcoSAV: echo
submerged aquatic vegetation, visual habitat and visual aquatic). Other methods of vegeta-
tion acoustics have been developed based on algorithms for the classification of bottom
types [63–66]. These are OTCView, Echoplus, BioSonics VBT (visual bottom typer) and
EchoView [67–70]. While the acoustic reflectivity of aquatic vegetation, which has an
acoustic impedance of 1.026 compared to seawater [71], is known and has been used to
detect submerged aquatic vegetation (SAV) [72], the basis of this phenomenon has not yet
been found to solve the associated problems. The other detection factor is the acoustic
frequency used in vegetation acoustic studies. Although the most effective frequency for
these techniques is 420 kHz, 200 kHz has also been effective for vegetation [73].

The objective of the present study is to rapidly monitor and estimate the biometry of
P. oceanica using the acoustic technique. Regarding its ecological importance and function,
Mediterranean meadows respond faster to environmental changes compared to other
organisms. Therefore, the dynamics of the leaf biomass, length and coverage on the
ground must be measured rapidly. Other remote techniques and most acoustic software
are currently limited to estimates of coverage. In general, acoustic techniques intended
for fisheries or vegetation estimates have some problems to be overcome, in addition to
the ground-truthing of the identities of the scatterers [60–62]. The present study aims to
solve these challenges: (1) detect and discriminate the Mediterranean seagrass meadow;
(2) estimate the leaf biomass for future research. The presence of nonseagrass targets on
the seabed can cause significant problems during the acoustic postprocessing, including
false targets, background noise, artificially generated noise, reverberation, dead zones,
interference, “lost” bottoms (wrongly estimated bottoms, too deep bottoms and ones out of
the range of sound penetration due to the frequency limit depending on the source level).
In some cases, commercial software and computer scripts require manual intervention to
recover ‘lost’ bottoms, which can be time consuming. This study is the first attempt at
considering the issues surrounding acoustic data postprocessing aimed to estimate the
biometrics of P. oceanica, and presents an autoself (no frequent intervention) and easy-to-use
package of script codes to solve the problems during the estimation, with advantages and
disadvantages of the codes being compared to other software.

2. Materials and Methods

Raw acoustic data (*.dt4) used for the present study were collected with a Biosonics
DT-X digital scientific echosounder, which had a split-beam transducer in the shape of a
circle with a beamwidth (θ) of 6.8◦, operating at 206 kHz using the “Visual Acquisition”
software package (v. 6.3.1.10980, BioSonics Inc., Seattle, WA, USA). The pulse width (pulse
length, pulse duration, τ) was set to 0.1 ms (highly recommended for seagrass studies) [60],
the ship speed was set to be no more than 5 knots, and the bottom was set to be no deeper
than 50–60 m. The transducer was mounted at a depth of 2.5 m looking down on the
starboard side of the R/V Akdeniz Su [74,75]. Different seagrass-covered bottom types
were encountered during the surveys at various sampling locations and months, namely,
rock, sand, mud and matte (mat) [5,18].

Three main script codes were written in MATLAB (vers. 2021a, MathWorks Inc.) to
run autonomously after all the user settings were completed to correct the bottom depth, to
remove spurious weak and strong scatterers other than Posidonia oceanica and to sort the
species in terms of their vertical rhizome and sheath. To evaluate the removal of the errors
in the package, approximately 4000 acoustic files (300–9000 pings, 4500 pings per file on
average) derived from two different projects [74,75] were subjected to the codes. Three main
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codes were then run as follows: “AbdezdeR1”, “AbemsiR1” and “SheathFinder1”; they
were used to estimate the final biomass data (see Mutlu and Balaban [58] for the description
of the abbreviations of the algorithm names). There were several auxiliary scripts and
acoustic data associated with the three main codes. All three codes ran under one script
as the main menu and manager to access them. The script was named “POSIBIOM” as
an acronym for POSIdonia BIOMass. The present study was inspired by the algorithm
‘SheathFinder’ [58]. However, that algorithm was not a package, was not easy to use
and was debugged to estimate real-bottom echoes. Therefore, all algorithms were heavily
revised and completely modified for the present study. At present, only acoustic data
collected with the BioSonics Inc. echosounders could be used for the POSIBIOM, as I am
currently a BioSonics echosounder user. To run the scripts, the data (*.dt4) were converted
into a comma-separated value (CSV) spreadsheet using the commercial postprocessing
program “Visual Analyzers” (v. 4.1.2.42, Biosonics Inc.). During the postprocessing, the
settings were configured to obtain output data with a vertical resolution of count-to-count
(equivalent to ~one-eighth of the pulse width in cm, depending on the seasonal sound
speed) and a horizontal resolution of ping-to-ping. The processes were repeated to acquire
the stratified data, including the seagrass from the uneven (not flat) bottom up to a stratum
number of 249 (this was the last number allowed by the Visual Analyzer program). This
could be performed once for the flat bottom to obtain count-to-count vertical resolution
data. This was important to determine the accuracy and precision of the vertical resolution
of the leaf length and, therefore, the biomass. However, this process is time consuming. It
would be helpful and faster for the data processing if the scripts (POSIBIOM) could read
the collected data file directly from BioSonics. In order for POSIBIOM to be a professional
software, the package would require to be coded in the programming language ‘C’ from
MATLAB using its appropriate tool.

The POSIBIOM acted as a manager to load input files (acoustic and shoreline files,
Marine Region [76]), start each of the three analyses and display the results of the seagrass
biomasses and leaf lengths (Figure A1).

2.1. Algorithm of ‘Lost’ Bottom (AbdezdeR1)

The algorithm was written in a file called “AbdezdeR1” (see Mutlu and Balaban [58]
for a description of the acronym). The correction for the lost bottom was based on a root of
the adjacent bottom angles and depths. The real bottom recovery configuration was highly
flexible during processing. The corrected lost bottom was reconstructed with the following
three successive methods, namely, “chirping”, “running average” and “filling gap”. All
the methods were developed for the present study. The algorithm would then estimate
the dead zone using three methods; one method to estimate the dead zone was developed
during the present study and the other two methods were described by EchoView [77] and
Mello and Rose [78]. The algorithm had some options to automatically alert the user in
some cases to correct the bottom before the analyses (Figure A2) and for a final check of the
bottom correction after the analyses (Table S1). The algorithm could also be useful for other
purposes (e.g., fishery acoustics and partly plankton acoustics).

2.1.1. Real Bottom Recovery

False bottom detection refers to the sudden change of the bottom angle in successive
pings. The angle to search for the false bottom (second echo of the bottom, shear of the
returned echo with the next pulse in the water column) was followed within a certain
bottom window of the successive real bottom depth. There were some flexible options to
consider the depth deviations depending on the steepness of the real bottom. In addition,
the surface, volume and bottom reverberations were taken into account in the process
of finding the real bottom with the algorithm. Furthermore, an additional prompt of an
autonomous option (Figure A2) would appear when necessary in the case of the existence of
an incorrectly estimated bottom at the first ping. Additionally, another subcall was executed
to track the real bottom between the last ping of the previous input file and the first ping
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of the next file. In the process, the script would first determine the total lost bottom in the
next-to-next form of a block or single-ping range. Therefore, the algorithm searched for the
lost bottom in a narrow range for the wide block range lost bottom and would then slowly
increase the range to search for the next lost bottom in a “spider web” fashion.

Of the three correction methods above:

(i) “Chirping” relates to the Sv of the bottom echo having priority over the next two bottom
correction methods. This method worked well in cases where there was a clear bottom
echo in the underestimated bottom portion of the data.

(ii) The “running average” would be automatically called on for by the processor when
there was no clear (weak) bottom echo. This method worked by correcting the lost
bottom between the previous and next corrected bottom depths and angles.

(iii) The “fill gap” would then be used to correct the bottom. In some cases, when there
was no bottom echo (a gap) due to the occurrence of surface or volume reverberations
or intense fish shoals, the bottom echo would disappear. Before filling the gap, the
method would check the depths and angles.

All three methods ran automatically with respect to their specific cases. In some
cases, such as bottom depths close to the transducer’s near field, the correction could
not be performed well. This action was not very fast due to many unexpected factors in
the acoustic data of the ranging pings of the lost bottoms in the unicycle or multicycle.
Therefore, some manual and automatic auxiliary options were added to the range and cycle
control methods. The more the Visual Analyzer program fixed the correct bottoms, the less
time it would take to solve the methods.

In summary, the algorithm proceeded stepwise as follows:

(i) The data loaded from file to file were converted into an extended echogram of Sv on
depth (Y-axis) vs. ping (X-axis);

(ii) The bottom line estimated with the Visual Analyzer program was then plotted on
the echogram;

(iii) The bottom angle in degrees was calculated between pings (optional to use the
horizontal distance depending on the ping rate, since the GPS transmitted the position
every second), taking into account the bottom depth differences;

(iv) The depth and angle differences in successive pings were plotted as a basic bottom
estimation algorithm;

(v) Taking into account the differences (default bottom angle > 80 degrees with tolerance
together) in the algorithm, the misestimated bottom depth (green line) was plotted on
the echogram;

(vi) After all the settings and conditions (Table S1) were checked and entered in the menu
and the run was started, the algorithm would estimate the real bottom depth within
the horizontal differences in the single or block area, which was recognized as the
“lost” bottom from the first ping;

(vii) To find the real bottom, the three methods above were first ordered in “chirping”,
“running average” and “fill gap”;

(viii) The chirping had a range from −46 dB to −5 dB of the Sv by the depth per single ping
or blocked (segregated) ping estimated as the “lost” bottom, taking into account the
real bottom depth around the pings of the “lost” bottom by ranging the pings back
and forth one by one;

(ix) If there was no bottom echo, the program proceeded to the next method (running
average); similar tracking by chirping to the correct bottom would be applied to this
method by increasing the factor of the running average until the bottom was fixed
for the lost bottom. If the range was too long and the difference in the estimated real
bottom was highly variable for the bottom within the range, the method would pass
to the last method (filling gap);

(x) Similar to the previous lost bottom search methods, the filling gap was highly depen-
dent on the range of the lost bottom and the range was kept very short. Overall, the
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priority, preference and frequency of the use of the methods decreased from the first
to the last;

(xi) There were auxiliary submethods and options controlled by the user to recover the
real bottom among the “lost” bottoms (Table S1);

(xii) After the real bottom was recovered for a ping, the algorithm was assured to process
the next pings regardless of the previous pings corrected. In the menu, all settings
reset by the user were interactive;

(xiii) All files for the process were finished, followed by the estimation of the dead zone,
and then the algorithm would call for the next data file.

2.1.2. Dead Zone Estimates

After completing the correction for the entire data file, three different equations were
used to estimate the total dead zone (TDZ), which consisted of the flat and angled bottom
dead zones, independent of the side lobe effects.

The first equation (Equations (1) and (2)) was established with the present study and
was based on the vertical distance (Vd, from transducer to bottom) and the horizontal
distance (Hd) estimated from the successive geographical distances or pings (Rp, Rc and
Rn, selecting the shallowest distance, Rp or Rn referring to Rc) using the echosounder
parameters (Figure 1). However, the GPS would report the same geographic coordinates if
the echosounder ping rate was more than 1 per second. In this case, β could be 90 degrees
(Figure 1), so the estimated angle could be set to zero degrees. This problem was considered
in another dead zone solution in Equation (4) [77]. Therefore, the dead zone estimated with
Equations (1) and (2) changed to the horizontal distance based on the ping instead of the ge-
ographical distance. This equation was mandatory in the dead zone estimation algorithm.
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Figure 1. Schematic configuration (solid line) and projection (grey dashed line) of successive pings
(Rp: previous range; Rc: current range; Rn: next range) by the transducers to estimate the dead zone.
θ, beam angle; τ, pulse width; β, angle of bottom slope; Hd, horizontal distance to previous or next
ping; Vd, vertical distance to bottom depth referring to previous or next ping. DZ is the dead zone
height of the flat bottom and DZ1 is the height of the angled bottom referred to as Rc. The shortest
distance here was Rn for the present study and TSD in Equation (4) for the EchoView method.
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Total dead zone, TDZ = dead zone of flat bottom (DZ) in m + dead zone of angled
bottom (DZ1) in m

DZ =
τ/1000 × c

2
(1)

DZ1 = tan(β)× Hd (2)

where τ is the pulse width (msec), c is the sound velocity (m/s), β = acot
(

Hd
Vd

)
in degrees,

Hd is the horizontal distance based on either the geographic distance (m) or ping and Vd is
the vertical distance (m) based on range, R (not real bottom).

The second method (Equation (3)) was used and provided by EchoView [77]. This
equation was optional for estimating the dead zone.

TDZ =

(
d

sin(90 − q)
− d

)
+ c × τ/2 (3)

where d is the shortest distance (actually TSD) to the bottom in the acoustic beam; here, the
shortest distance (Rn) between successive pings (m), q = the slope of the bottom in degrees;
τ is the pulse width (s) and c is the speed of sound (m/s).

The third method (Equation (4)) for estimating the dead zone was developed by
Mello and Rose [78]. This equation was optional for estimating the dead zone.

TDZ =

(
2404 × d × tan4θ

θ2

)
+ c × τ/4 (4)

where d is the bottom depth (m), θ = α/2 in degrees (α is the acoustic beam angle), τ is the
pulse width (msec) and c is the sound velocity (m/s).

All estimates could be similar, especially when using Equations (1)–(3).

2.2. Algorithm of Noise and Reverberation (AbemsiR1)

Overall, the determination and removal of noise, interference and reverberations
were performed following the signal-to-noise ratio (SNR) procedure described by
De Robertis and Higginbottom [79].

The SNR estimates in the present study were based on three different algorithms that
slightly modified the procedure in a script, AbemsiR1 (see Mutlu and Balaban [58] for a
description of the abbreviation). Two different measurements were required for the present
study: fundamental reference data in priority to the SNR solution and natural background
noise, including electrical and physical ambient noise, changes in time and space. Therefore,
at least one measurement for each of the two types of noise is recommended during an
acoustic survey. During the survey with a research vessel, some other acoustic instruments
were used for the measurement of other parameters, such as water currents, bottom depth,
fishing net depth, etc. Such instruments could interfere with the echoes of the survey
echosounder and are classified as artificial noise generators. In addition, interference could
occur due to biological sound sources and the shearing of the echo returned from the bottom
with the echo (pulse) of the next ping. Both noise measurements could be determined using
the listening mode of the echosounder by using it as a hydrophone. During the present
study, one noise measurement was performed with the depth sounder, fish finder or other
acoustic device (e.g., ADCP) of the research vessel turned off (Figure S1a), and the next
measurement was performed with the device turned on (Figure S1b).

Three methods for removing background noise (b), interference (i) and reverberation
types (surface, volume and bottom) € were conditionally applied with some additional
operating ranges (Table S2) between measured (MSNR) [79] and expected (ESNR) data
(e.g., in Figure S1) as follows:

(i) If MSNRb > ESNRb, discard the data;
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if not, set ESNRb in the acoustic data for the corresponding depth, instead of −999, as
suggested by De Robertis and Higginbottom [79];

(ii) If MSNRir > ESNRir, remove the data;

if not, do nothing;

(iii) If MSNRir/MSNRb > an automatically estimated criterion value between the ratios
for each acoustic data file, remove the data;

if not, change nothing (this option is a useful tool for detecting air bubbles generated
by SCUBA divers).

The expected SNR (ESNR) versus water column depth was estimated using a loga-
rithmic regression between the acoustic data (Sv) without time-varied gain (TVG, one-way
transmission loss, TL = 20logR + 2Rα, where R is the range in m and α is the absorption
coefficient in dB/m) and depth for both background noise (Figure 2a) and interference
(Figure 2b).
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Figure 2. Acoustic data profile versus depth (see Figure S1) for estimates of expected SNRb (a) and
SNRir (b). The red line indicates Sv without TVG, the blue line indicates Sv with TVG and the green
line indicates the regression curve.

Briefly, the algorithm was described step by step as follows:
The SNR method described by De Robertis and Higginbottom [79] was applied to the

output of the “lost” bottom algorithm:

(i) Considering the inherent occurrence of natural and artificial noises (noise, reverbera-
tion and interference), the solution of the described method was modified by referring
to the measured noises as a base of the background threshold for each season;

(ii) Both the measured noise and the study acoustic data were subjected to the described
SNR method to estimate the unwanted noise through the water column;

(iii) Noise was removed or replaced using the three cases above;
(iv) Case iii would estimate a criterion threshold that was automatically calculated specifi-

cally for each acoustic data file containing different reverberations and interferences
in terms of their distribution.
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2.3. Algorithm of “SheathFinder” and Leaf Length and Biomass (Sheathfinder1 and 2)

This script consisted of sections of the simultaneous removal of weak and strong
scatterers and the simultaneous calibration and fixation of the leaf and sheaths or vertical
rhizomes of Posidonia oceanica (Figure 3). All processes were performed visually using the
calibration file. The visual calibration file was required before moving on to the next real
process to estimate the biometrics. The calibration file had a section with the meadow
(Figure 3d,e). In some temporal cases, the vertical rhizome and the sheath could be too
short for detection or within the dead zone [5]. In these months, filtering continued until
leaf parts near the sheaths disappeared from the enhanced echogram.
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Figure 3. An example file or data for the calibration of the meadow; raw data (a), removal of weak
scatterers (b), removal of strong scatterers (c), removal and filtering of leaves (red continuous line
denotes the ground and green the dead zone) (d) and vertical rhizomes and sheaths (e) on the
enhanced echogram.

After the fixation of the sheaths, the algorithm searched upward from count-to-count
to determine the leaves until there were a few gaps between the successive counts. The
rule of thumb for the determination was that the volume backscattering strength had to be
in a decreasing trend from the bottom to the top of the blades.

After the search above the dead zone was completed, this height would read the
leaf length with an accuracy of one-eighth of the pulse width, depending on the num-
ber of layers entered into the Visual Analyzer program. Then, strong scatterers such as
fish were removed from each blade and the EDSUs (Sv: volume backscatter in dB/m3;
Sa: area backscatter in dB/m2) were calculated according to the methods proposed by
Simmonds and MacLennan [52]. In addition, the algorithm discarded echoes without
sheathes and categorized them as false leaves (Figure 3e).

After processing the acoustic data of a file, the leaf biomass was evaluated using
different EDSUs in relation to the temporal biometrics of the meadow [60]. Among the
six different temporal relationships [60], the algorithm would choose the right month that
matched the month of the acoustic data over the yearday. It chose the closest month if the
yearday of the data was outside of the six months.

Methodologically, each script needed an input file or data produced as an output
file in the MATLAB format (*.mat) using the previous script through “AbdezdeR1” to
“Sheathfinder2”. Initially, “AbdezdeR1” only needed output files in the CSV format,
processed by the “Visual Analyzer” program, since the POSIBIOM package could not
directly read file.dt4 in the current state.
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In short, the algorithm used, which was the simplest compared to the other two, was
described step by step, as shown in Figure 3:

(i) The algorithm used the output file of “Noise Removal” as the input file;
(ii) The algorithm setting to first remove weak and strong scatterers and then to fix the

sheath + vertical rhizome (all data based on Sv) above the dead zone was visually
calibrated by referring to a file containing a clear P. oceanica section;

(iii) According to each setting above, the program first removed weak and then strong
scatterers, and then scanned ping-to-ping data of the water column to the bottom to
check the availability of sheaths + vertical rhizomes above the dead zone;

(iv) After completing the scanning, the algorithm fixed real P. oceanica to estimate the leaf
of each ping;

(v) The leaf was estimated by checking the decreasing order of the Sv of the count-to-
count (pixel) data from the sheaths or vertical rhizomes to the leaf tip, where the next
few Sv increased (representing a school of fish) or were zero (free of a strong scatter);

(vi) The pixels of the fixed ping of the leaf were checked for strong scatterers that broke a
rule of a decreasing order of Sv along the leaf height;

(vii) The strong scatterers were removed from the leaf;
(viii) Sv was estimated by averaging all Sv of the leaf;
(ix) Sa was calculated by summing the height-wise Sv of the leaf;
(x) The leaf or canopy height was the distance from the top to the bottom of the leaf to

the sheaths;
(xi) The Sv and Sa of each ping were converted to absolute biomass (g/m2) using the seasonal

(annual data) acoustic–biomass relationships estimated by Mutlu and Olguner ([60]).

The package was installed according to the window size based on the resolution of
the user’s monitor or display.

3. Results

In addition to the opening/loading of data files (acoustic data in *.CSV to *.mat) and
auxiliary files (baseline or coast map in the *.bln to *.mat format, reference noise in *.CSV,
sheath calibration in *.mat and coast blanking in *.bln to *.mat), a main menu for controlling
all the processes was configured in a window called POSIBIOM (Figure 4).
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Figure 4. Sequence of estimation of leaf length and biomass of the meadow in the main menu,
POSIBIOM (a) and detailed flowchart of POSIBIOM (b). Numbers in the chart denote sequence of the
processing. Dashed line denotes subcalls (algorithms) executed in linkage to main menu, POSIBIOM.

3.1. Flowchart of POSIBIOM

The diagram shows the flow chart for completing all the analyses (Figure 4). There was
also an option called “Tools” to plot the results for the leaf length and biomass distribution
in a contour or line format on the map.

To load acoustic or other data, opening in “File” was associated with Microsoft Win-
dows, embedded in MATLAB. For each analysis, the opening of the files was specifically
called from the menu (Figure 4). Files for the “Lost Bottom” analysis were opened in the
“*.CSV” format, the output of the Visual Analyzer program. The following analyses used
the “*.mat” format as the output of the previous successive analysis.

The output files were saved in a folder called “AbdezdeOut” created with the package
under the folder where the user would open the data for the “Lost Bottom” analysis.
The next analyses saved the output to a folder called “AbemsiOut” and “PosiBiom” for
the “Noise and Reverberation” and “SheathFinder and Leaf and Biomass” algorithms,
respectively, in the manner described above. In other words, the previous output files
became input files for the next analysis. The output file of the last analysis (Figure 4) was in
the “*.xls*” format for users to utilize the data for their different purposes.

3.2. Lost Bottom and Dead Zone

This algorithm was designed to correct the lost bottom and then to estimate the dead
zone depth using three different equations (Equations (1)–(4)). After opening a single or
multiple input data files that the user wanted to process (Figure 4), the algorithm also
needed to open a shoreline file from the “Base Line for Map” before starting the analysis by
clicking “Lost Bottom” in the “Analyses” menu in POSIBIOM (Figure S2).
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After commencing the analysis, the algorithm would start to read each of the files
sorted in alphabetical order from A to Z (Figure 5), and then a window would appear to
control the analysis (Figure A3) and to acquire information about the acoustic data and
the sonar configuration during the sampling (Figure 5, Table A1). After all the settings
(transducer depth, calibration offset, types of dead zone estimates, saving, etc., Table S1)
were applied in the window, the analysis continued by pressing the START button (Figure 5).
The description of each option in Figure 5 is presented in Table S1 with its functions, case
of use, recommendations and possible drawbacks.
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for the actions of each coded option and function with numbers).
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During the “Lost Bottom” process, the enhanced echogram would first appear in
pings vs. depth for unprocessed acoustic data, with the estimated lost bottom markers in a
green lineation (Figure S3a). These lineations were based on the algorithm of the bottom
angle and bottom depth in the adjacent real bottoms (Figure S3b, the figure appearance is
optional because of some cases, such as No. 23, in Table S1). As the analysis progressed, the
bottom depth correction would start from the beginning to the end of the pings (Figure S3c,
the figure appearance is optional because of some cases, such as No. 23, in Table S1). If
there were any spurious scatterers through the water column in front of the bottom, the
processing would clean them up to reach the bottom. Nevertheless, the original acoustic
data were saved in the output file. After the lost bottom analysis finished, the algorithm
would estimate the dead zone depths using the equations selected by the user, and then
the final enhanced echogram would appear on the screen. If the user checked the “save
P” option, the final echogram would be saved in the *.jpeg format (*, input filename). If
the user checked the “save F” option, the final results with the variables necessary for the
next analysis would be saved in the “AbdezdeOut” folder as a *.mat file (*, input filename).
Finally, the corrected bottom depth was plotted in line on a map after the correction rate
info appeared on a 3D plot for the user to check to see the uncorrected and corrected bottom
depths (Figure S3e,e’, respectively).

From this example in Figure S3, the results showed a significant correction rate when
comparing the plot in Figure S3e with that in Figure S3e’. Overall, the goodness of correction
was estimated as a percentage of more than 95 after all the files (approximately 4000 files
belonging to different seasons and years) were analyzed using “Lost Bottom”. The plots
in Figure S3d,e were reset every 100 files processed, and the analysis required the user to
press START to continue with the next files.

3.3. Noise, Reverberation and Interference

This algorithm was designed to remove natural background noise, reverberations
and interference (artificial noise) using three different conditional functions based on the
SNR (Figure 6). After opening a single or multiple input data files that the user wanted to
process (Figure 4), the algorithm also needed to open a coast file from “Base Line for Map”
in the main menu, and needed two different noise files, as described in Figures S1, 2 and 4,
before the analysis. The analysis was started by clicking on “Noise” in “Analyses” in the
POSIBIOM menu (Figure S2). This algorithm first performed a subcall in conjunction with
“Noiseback1” to estimate the expected signal-to-noise ratio (ESNR) for the background
noise and interferences (Figure 2).
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The “Noise & Reverberation” algorithm was achieved depending on the configuration
that the user performed to flexibly configure the options, in particular for the reverberations
enhanced at the surface and water column (volume reverberations) (Figure 7a). The surface
reverberations were caused by the wavy sea, strong winds that would roll the ship and the
speed of its propulsion when stopped.

J. Mar. Sci. Eng. 2023, 11, x FOR PEER REVIEW 17 of 35 
 

 

 

 

 

 

Figure 7. Graphical outputs of the “Noise & Reverberation” analysis. (a) Enhanced echogram be-
fore the start of the analysis, (b) an algorithm to figure out the detection of the total noise, spurious 
echoes (optional), (c) the SNR for each background natural and artificial noise (optional) and (d) 
removed noise and reverberations; in this example, the configuration needed to be optimized to 
remove the total reverberations. 

The interference displayed different patterns depending on the bottom depth and 
the pulse width, ping rate and frequency of the ship’s and researcher’s echosounders. 

The menu required the entry of an approximate maximum seagrass canopy height 
and the depth of the transducer installed during the survey; if no entry was input, the 
default values would appear (Figure 6 and Table S2). 

Upon the completion of “Noiseback1”, the program called a subroutine called 
“Sheatfinder2” to begin the process of removing spurious echoes, such as noise and re-
verberations. The subroutine displayed the initial output data processed using “Lost 
Bottom” in an enhanced echogram (Figure 7a) and the bottom depth and average dead 

a 

b 

c 

d 

 D
ep

th
 (m

) 

 D
ep

th
 (m

) 

Yearday 

 D
ep

th
 (m

) 

Figure 7. Graphical outputs of the “Noise & Reverberation” analysis. (a) Enhanced echogram before
the start of the analysis, (b) an algorithm to figure out the detection of the total noise, spurious echoes
(optional), (c) the SNR for each background natural and artificial noise (optional) and (d) removed
noise and reverberations; in this example, the configuration needed to be optimized to remove the
total reverberations.
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The interference displayed different patterns depending on the bottom depth and the
pulse width, ping rate and frequency of the ship’s and researcher’s echosounders.

The menu required the entry of an approximate maximum seagrass canopy height
and the depth of the transducer installed during the survey; if no entry was input, the
default values would appear (Figure 6 and Table S2).

Upon the completion of “Noiseback1”, the program called a subroutine called “Sheatfinder2”
to begin the process of removing spurious echoes, such as noise and reverberations. The
subroutine displayed the initial output data processed using “Lost Bottom” in an enhanced
echogram (Figure 7a) and the bottom depth and average dead zone line estimated with
the methods the user checked in (option numbers 26–28 in Figure 6). If a method was
not checked by the user during the “Lost Bottom” processing, the method option was
automatically disabled in the “Noise and Reverberation” analysis (Figure 6). The algorithm
would start to fix the noise and reverberations for removal after the trace of three conditions
(Figure 7b,c) between the measured and expected SNR. Then, the output file with the
variables (Figure 7d) necessary for the next analysis, “SheathFinder, Leaf and Biomass”,
was saved in the “*.mat” format in a folder, “AbemsiOut” under folder “AbdezdeOut”, if
the user wanted to save the outputs (Figure 6, function n. 31).

The noise, especially the interferences, had different patterns that extended down in
time and space. This situation would create a lot of negative and spurious sources, such as
false acoustic characteristics, similar to those of the sheaths and the vertical rhizomes. More-
over, there were other reverberations other than those generated by the ship’s propulsion,
for example, those generated by SCUBA divers as a study purpose within the beam of the
transducer. During the analysis, both unrecovered and unfixed noise and reverberations
were removed in the next analysis, “SheathFinder, Leaf & Biomass”, and the echoes through
the canopy height were retained until the next analysis.

3.4. Leaf and Biomass Estimation

The recognition of the different characteristics of P. oceanica in the algorithm was performed
based on the descriptions of the experimental results obtained by Mutlu and Olguner [60].
After removing the spurious echoes from the acoustic data, the algorithm provided an
opportunity for a visual calibration to fix the seagrass (Figure 3). Therefore, this algorithm
would be beneficial for users who are not very familiar with the acoustical theory. For the
calibration, three sliders were available to guide the users with each of the color scales
specific to each slider to remove weak and strong scatterers and to fix the leaves and sheaths
or vertical rhizomes, respectively (Table S3 and Figures 3 and 8). The user only needed
to load a file containing the seagrass from the main menu, POSIBIOM (Figure 4). Before
starting the analysis, both the acoustic and calibration data files had to be opened (Figure 4).
At the same time, the coast file was needed to plot the results on a map.
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Figure 8. Graphical menu for control, settings and info menu of “SheathFinder & Leaf and Biomass”
(see Table S3 for actions of each coded option and function with numbers).

Compared to the other algorithms (Figures 5 and 6), the present algorithm was the
easiest and simplest to use graphically (Figure 8). There were some options to save or plot
the estimated results (leaf biomass and length) based on the different EDSUs. Overall, the
biomass estimate based on Sv was plotted on a map on the colored trackline (Figure A4c,d).
For the contour or line plots, another option called ‘Tools’ was added to the main menu
with some more graphical properties.

During the analysis, the biomass was estimated using a combination of Sv and Sa with
eight equations formulated by Mutlu and Olguner [60]. Tapping the “Results Table” button
would cause the results to flow down ping-to-ping, but this option slowed down the analy-
sis. The algorithm stored the results consisting of three different estimates of biomass, in-
cluding other informative variables (file name, geographic coordinates and yearday) inform-
ing time in the format of Julian decimal day + (hrs/24 + min/(24 * 60) + s/(24 * 60 * 60),
bottom depth, dead zone depth, canopy height (leaf height), the biomasses (based on Sv, Sa
in “Cut” experiment, Sa in “Leaf” experiment [60]) and month range, of which equation
was used to estimate the biometrics (Figure 9).

During the analysis, the algorithm started to scan structures, such as the sheaths or the
vertical rhizomes of the seagrass from ping-to-ping, depending on the vertical resolution
analyzed with the “Visual Analyzer” program (Figure 9a). The green scanning vertical
line would move slower when sheaths were detected than when sheaths were absent
in the ping. There were two theories applied to remove the false seagrass; one was the
presence/absence of sheaths and the other was structure, such as whether the sheaths
possessed real leaves or not, as described in the Materials and Methods Section.

After scanning the sheaths and leaves, strong scatterers, such as individual fish, among
the leaves were removed according to the range of the expected threshold of Posidonia [60].
In the next step, the biomass estimates of the leaves were regressed with seasonal equations
according to the current sampling month [60], followed by saving the output data in a
format “*.xls*” The variable names were in the order of each column as follows: geographic
coordinates (latitude and longitude), yearday, bottom depth, canopy top depth, leaf height
(canopy height due to the orientation of leaves standing on the bottom; right, semiflat and
flat position, [62]) and three different successive biomasses (g/m2) estimated with Sv and
Sa (“cut experiment”) and leaf calibration (“leaf experiment”) [60]. There was an auxiliary
script, namely, “PosiDrwTool”, in the “Tools” of the main menu, POSIBIOM, to draw the
distribution of the estimates in a trackline or contour format (Figure A4).
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Figure 9. Fixation and estimation of seagrass leaves during the analysis of acoustic data with
“SheathFinder& Leaf and Biomass”; (a) scanning of sheaths or vertical rhizomes with green vertical
line to determine false or real seagrass, (b) estimation of seagrass after the analysis of the current file
was finished (green line denotes the canopy height) and (c) results table when checking the option
(option no. 25 in Figure 8).

Details of the advantages and disadvantages with limitations of the package were
as follows:

3.5. Advantages of the Package

(i) The package was simple and easy to use and was not a destructive method for
protected seagrasses;

(ii) Users with little knowledge of acoustics could use the package;
(iii) The package solved one of the commonly important postprocessing problems (bottom

depth correction) by correcting misestimated bottoms;
(iv) The package identified spurious scatterers through the water column and bottom

other than the targeted seagrass;
(v) Removed unwanted noise, reverberations and interference using subcalls of the

modified SNR;
(vi) Removal of strong and weak scatterers among the seagrass;
(vii) Most of the algorithms ran autonomously without user intervention;
(viii) The package could distinguish P. oceanica without the need to sea-truth the scatterers;
(ix) No further destructive sampling was required;
(x) The package could separate the sheaths–vertical rhizomes from the leaves;
(xi) The package worked well for the extraction of P. oceanica found on different substrata;
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(xii) The relative biomass was converted to the absolute biomass of the leaves, regard-
ing the seasonal–EDSU–biomass relation by using different equations of the in/ex
situ experiments;

(xiii) As for many programs, the package plotted the distribution of the results (leaf biomass
and canopy).

3.6. Disadvantages (Troubleshooting/Negatives) of the Package

(i) The package was only associated with acoustic data collected with the BioSonics
echosounder;

(ii) The package could not read line acoustic data and required a postprocessor belonging
to BioSonics;

(iii) Bottom recovery was not possible in the case of strong volume reverberations, espe-
cially produced by SCUBA divers;

(iv) A cyclic solution that took time to complete bottom correction could occur during a
ping solution of an incorrectly estimated bottom;

(v) The deletion of the first pings may be necessary if the first pings had no bottom echo
or the first echo was incorrectly estimated with the postprocessor;

(vi) Bottom recovery was achieved at 90–95%, which biased seagrass detection;
(vii) The accuracy and precision of the leaf biomass and canopy height depended on the

vertical resolution of the data obtained with the postprocessor, which took time to
convert raw data to the CSV format;

(viii) The package did not allow for measurements of the true leaf length, but only canopy height;
(ix) Leaf biomass estimation depended only on the conversion equations performed for a

bottom depth of 15 m, where the biometry of P. oceanica was highly variable compared
to other depths, regardless of shallower or deeper depths;

(x) Almost 7–8 equations [60] for the conversions were used to display the results in the
“Results Table”, but three of them were saved in the output file;

(xi) The package results were limited with estimates of biomass, height and canopy cover.
Vertical rhizome + sheath length could be measured. Other biometrics (shoot density,
number of leaves per shoot, leaf type, internode distance, leaf width, etc.) could not
be estimated;

(xii) False seagrass could be detected using the package, but was then eliminated due to
the package;

(xiii) Some large macrophytes (algae; Caulerpa prolifera) could be insignificantly misclassi-
fied as P. oceanica due to the occurrence of negligible cases when the bottom echo was
not perfectly removed;

(xiv) Effect of significant epiphytes on leaves could not be removed from the leaf echo.

3.7. Preliminary Demonstration of Results from Each Algorithm

As a result of the three algorithms, the following remarks could be determined for
each algorithm:

The “Lost Bottom and Dead Zone” algorithm efficiently estimated the true bottom
depth to recover the depth incorrectly estimated with the “Visual Analyzer” program
(Figure 10). Overall, the bottom correction efficiency was approximately >90% between
the misestimated and estimated bottom depths. The vertical green lines with positive
depths expressed the estimated bottom depth (Figure 10b) and the lines with negative
depths expressed the underestimated depth, referring to the real bottom depths around the
adjacent tracklines (Figure 10a,c). Overestimated depths were inferred from the case of a
strong occurrence of volume reverberations, such as the bubbles exhausted by a SCUBA
diver’s regulator. Therefore, the algorithm overestimated the bottom depth, followed by
the dead zone estimates.
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Figure 10. Three-dimensional demonstration (latitude, longitude and depth) of the efficiency of the
algorithm “Lost Bottom and Dead Zone” in recovering the real bottom and depth with the dead
zone estimates in July 2011 (a), September 2011 (b), January 2012 (c) and April 2012 (d). The black
line shows the bottom depth estimated with the Visual Analyzer program, and the green line shows
the bottom depth corrected with the algorithm of this study. Vertical lines indicate errors with
overestimates and underestimates on the acoustic trackline.

Regarding the “Noise, Reverberation and Interference” algorithm, the modified SNR
applied to the data of the present study was well associated with the algorithm, which was
highly selective to determine and remove background noise and interference (Figure 11a–c).
This removal was very important to obtain a clear water column to reach the seagrass by
detecting the different structures and strengths of the noise and interferences. During the
clearance, some scatterers, such as the vertical rhizome + sheaths of the seagrass, were
often encountered in the acoustic data (Figure 11a–c). The algorithm was more effective
at detecting and removing surface and bottom reverberations (Figure 7) than volume
reverberations (Figure 11d). The algorithm was also useful for studying zooplankton
acoustics after removing background noise and interferences. In particular, interferences
near or on the bottom looked like a structure of the vertical rhizomes of the seagrass,
therefore, removing such structures would lead to a correct estimation and detection of
the seagrass.
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Figure 11. Removal of background noise; different patterns of interferences. (a–c) Original data
and (a’–c’) removal of interferences, respectively. Removal of background noise and reverberations;
different patterns of surface and volume reverberations produced by SCUBA divers, (d) original data
and (d’) removal of reverberations.

As a preliminary result of the “Leaf and Biomass Estimation” algorithm, Figure 12
shows the spatiotemporal distribution of the leaf biomass and length averaged over the
acoustic sampling area for different seasons of 2011–2012. The distributions were estimated
by interpolating the data per ping, instead of the line plot, which was optional for users.
There were different spatial distribution aspects (Figure 12). This could depend on the
temporal biological dynamics of P. oceanica [5] to be detected by the acoustics of their sheaths.
The spatiotemporal distribution estimated with the acoustics (Figure 12) was found to be in
good agreement with that estimated with SCUBA sampling (Figure A5). Considering the
quantitative comparison between the acoustic and SCUBA estimates, the acoustic estimates
(Figure 12) were slightly lower than the SCUBA estimates (Figure A5). There were some
reasons for such differences in the estimates depending on the cases as follows: (i) the
detection with the echosounder depended on the strength of the rhizomes + sheaths, which
could be below the dead zone; (ii) some deep parts (which could have the weightiest part)
of the leaf bundle, which could not be discarded when the condition was as outlined in
case I; (iii) the equations [60] applied to estimate the absolute biomass using the acoustic
relative biomass were derived from samples of P. oceanica inhabiting only a bottom depth of
15 m, which induced high variability in the biometrics of P. oceanica [5]; and (iv) there were
differences in the estimates obtained from the equations tested in two different empirical
studies (the “leaf” and “cut” experiments) [60]. The seasonal equations that correlated with
the absolute biomass estimated in the “Leaf” experiment were comparatively more robust
and reliable than those estimated in the “Cut” experiment.
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4. Discussion

The present study discussed the advantages and disadvantages of the algorithm POSI-
BIOM in comparison to other commercial acoustic software to estimate the bottom type
and vegetation, since the POSIBIOM is a production of the first study for Posidonia oceanica
and its biometrics. Some scripts of the algorithm were related to the solution of general
acoustical problems (e.g., lost bottom correction and noise and reverberation removal)
during the postprocessing of the acoustical data intended for other studies, such as fishery
acoustics. Commercial and professional software are available for such problems. In some
cases, a manual intervention is needed to correct the bottom, even if they have many
functions for this matter. The mapping of macrophytes can be conducted with software
developed for submerged vegetation (Echo Submerged Aquatic Vegetation; EcoSAV, Visual
Habitat and Visual Aquatic) by the company BioSonics. Other methods of vegetation
acoustics have been developed based on algorithms to classify bottom types [63–66], they
are OTCView, Echoplus, BioSonics VBT (Visual Bottom Typer) and EchoView [67–70].
However, previous studies on vegetation acoustics have been limited to the assessment
of the percentage coverage and canopy height of seagrasses (e.g., van Rein et al. [50];
Lee and Lin [80]) due to the limitations of echosounder parameters [81]. Unlike POSIBIOM,
there was an overall maximum bottom depth constraint with a depth value entered into the
software to remove seagrasses or macrophytes at greater depths. There were two attempts
to calibrate the acoustic data to estimate seagrass biometrics by developing a nonprofes-
sional algorithm; one was based on data from the VBT process [59] and the other was
based on “SheathFinder” to fix the sheaths/vertical rhizomes [58]. In the present study, the
nonprofessional algorithms [58] were completely and significantly modified and revised to
be used professionally for seagrass studies.

Regarding the POSIBIOM package, one benefit was that it avoided the use of destruc-
tive methods to study meadows under protection [34–36]. Moreover, the previous remote
sensing techniques only provided the coverage and mapping of the different habitats
(e.g., [48,49]). Compared to these techniques, the acoustic method was faster, more accurate,
provides data that were easier to ground-truth [2,50] and was amenable to algorithm de-
velopment to remove spurious scatterers [51]. Another issue was the detection of seagrass
using the acoustic frequency. The seagrass was well detected with a frequency of 206 (200)
kHz to assess biomass variables, although a higher frequency (420 kHz, Biosonics Inc.)
is recommended to study the acoustics of seagrass and vegetation. Quintino et al. [82]
recommended 50 kHz to study soft-bottom classifications, but 200 kHz is very effective for
the classification of bottom types, including seagrass.

In practice, vegetation acoustical data were not easier to process than fish acoustics.
Fish acoustics had to overcome many problems during processing [52]. In many cases,
the macrophytes and seagrasses had unstable relationships, especially with oscillations
between the EDSUs and biometrics in time and space [60,61]. These relationships biased the
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estimates alongside the other scatterers, such as epiphytes on the leaves and fishes among
the seagrasses [35,59,61]. The meadow showed inconsistent linear relationships in some
seasons [60] when its biological and physiological activities were intensified [83]. Another
seagrass, C. nodosa, produced more stable relationships in time than P. oceanica [60,61]. POSI-
BIOM considered these matters to estimate the biomass by using three different equations
of relationships established in each season [60]. However, no flowers (only one flower was
found) and no seeds of the meadow were found during all the surveys of the present study.
The flowers and seeds, which are common in the western Mediterranean [84,85], would
change the acoustic characteristics of the meadow in other parts of the Mediterranean coasts.
The main factor causing the variation in the estimates was the strength and magnification of
the physiological activities of the meadow, calcification, oxygen gas release, beam pattern
(orientation), age/type (juvenile, middle and adult leaves) and hardness of the leaves and
the bottom depth of the occurrence of the meadow [60–62,86–90]. The relationships used
in the present study were established through an in/ex situ study at a bottom depth of
15 m for each season. The 15 m was a critical range with its inconsistent biometrics, with
high variations between shallow and deep Posidonia [5,18]. Fish removal was standardized
according to the results of the acoustic ranges of the meadows, but possible significant
epiphytes could be disregarded for removal. This required SCUBA sampling to assess the
acoustic contribution to the EDSUs of the meadow foliage by solving the forward model
solution [60]. This was not a practical way to obtain unambiguous biomass estimates, with
frequent SCUBA sampling being a destructive method. Mutlu and Olguner [61] estimated
the contribution of a calcareous alga, Pneophyllum fragile, to the EDSUs of C. nodosa leaves,
and the contributions remained below the threshold of the leaves depending on the abun-
dance (ind/m2) of alga. Another calcareous alga, Hydrolithon boreale, recently occurred
on leaves of P. oceanica in the present study, and its abundances were found to be low
compared to that of C. nodosa [35,61].

The POSIBIOM could be the best system currently available for biometric estimates
regarding the above issues, though some improvements would be needed during next
studies to reduce possible drawbacks. There were some biases in the biomass and bottom
coverage estimates compared to the SCUBA estimates (Figures 12 and A5). This could
be due to the misestimation of the bottom recovery for coverage and the equations set at
15 m for the biomass [60]. A bottom depth of 15 m was found to be a critical depth for the
occurrence of high variations in biometrics [5,18]. Disadvantages/troubleshooting were
discussed for each algorithm in Tables S1–S3.

In practice, seagrass, especially P. oceanica, which inhabits 30–35% of the Mediter-
ranean coastal area, is a key and protected species for the entire Mediterranean Sea. Besides
its ecological functions and niches mentioned in the introduction of the present study,
the Mediterranean seagrass is an important oxygen producer, source of blue carbon, eco-
logical indicator and fast responder to ecological internal changes, marine–atmosphere
interactions and pollution. Destructive sampling methods, such as SCUBA, are not highly
recommended to collect the shoots of seagrasses. POSIBIOM represented a better approach
to monitor leaf biomasses, canopy heights and coverages and patch sizes on the bottom in
time and space without the need to sea-truth the submerged vegetative scatters as com-
pared to other sampling techniques. The package and the acoustic techniques were based
on the ability to design and change the sampling layout with higher horizontal and vertical
sampling resolutions during the field work when the package was used immediately to
acquire results after a file sampling was completed. All information obtained from the
package could provide ecosystem managers with results that could be used to take precau-
tions and use vegetation or macrophyte ecological indices to obtain the immediate status of
the environment.

The following recommendations require consideration to improve the package with
future research:

(i) The algorithm should read acoustic data from echosounders produced by other
companies in addition to BioSonics;
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(ii) A way could be developed to read the acoustic line data directly without the need to
postprocess it first;

(iii) The debugs of the package could be corrected as the feedback is performed by the
users who would use the package in the C computer language;

(iv) Adapt the algorithm to operate with multiple frequencies when the data are collected,
and then the algorithm could be modified and configured accordingly;

(v) The experiments should be repeated to establish the relationships between the EDSUs
and the biometrics at different bottom depths other than 15 m;

(vi) Leaf types should also be considered seasonally in the relationship equations;
(vii) Mapping of the results should be considered to be integrated into different types of

coastal maps;
(viii) An algorithm of the bottom classifier (hard and soft substrates) could be added to the

package through a method ratioing the first bottom echo to the second bottom echo
using a proper statistical solution;

(ix) Finally, the software of the package could be hardware connected to the echosounder,
which currently requires too much work associated with the electronic integration.

5. Conclusions

One of the coastal ecological indicators to obtain the immediate status of the marine
environment is seagrass, especially Posidonia oceanica in the Mediterranean Sea. Biomet-
rics of the species were estimated using the fastest technology and method, bioacoustics
with a developed package called POSIBIOM. Among the biometrics [5,18], the species
identification and estimation of leaf biomasses and canopy heights were achieved with the
package by covering a large area sampled with a precise horizontal resolution (interacoustic
trackline distance) in a short time. POSIBIOM also addressed some general problems in
acoustic data that needed to be solved for near-bottom fisheries and plankton acoustics. The
present study for the first time described acoustic estimates of leaf biomasses of P. oceanica
in relation to seasonal biometrics. The seagrass was detected at a frequency of 200 kHz
and higher (e.g., 420 kHz) [60]. For the package, an experimental bottom depth of 15 m
was found to have a higher variation of biometrics than shallower and deeper depths, as
SCUBA sampling showed similar variations [60,62]. The package could be improved by
considering the drawbacks and recommendations identified in the present study, as well as
contributions and new experiments carried out with feedback from researchers.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jmse11091790/s1, Figure S1. acoustic data measurements on the
enhanced echogram during the listening mode of the echosounder when the ship’s echosounder
was off (a) and on (b). Figure S2. the procedure to start the “Lost Bottom” analysis; (a) loading
the coastline for the map and (b) starting the analysis. Figure S3. graphical output of the Lost
Bottom analysis. (a) Enhanced echogram before the start of the analysis (green vertical lines denote
the fixed lost bottom), (b) an algorithm to determine the detection of the lost bottom in terms
of the bottom angle and depth (blue vertical line is bottom angle and red line is bottom depth),
(c) correction in progress after the start of the analysis (red vertical lines to be corrected in progress),
(d) bottom depth on the coastal map after the correction was completed, (e) uncorrected bottom
depth in 3D plot (vertical lines denote the lost bottom and (e’) corrected bottom depth in 3D after
the end of the analysis. Table S1. quick guide to using a “Lost Bottom” algorithm with function,
case, recommendation and troubleshooting/negative for each option with numbers (see Figure 5 for
numbers). Table S2. quick guide to the use of a “Noise & Reverberation” algorithm with function,
case, recommendation and troubleshooting/negative for each option with numbers (see Figure 6 for
numbers). Table S3. quick guide to using an algorithm of “SheathFinder & Leaf and Biomass” with
function, case, recommendation and troubleshooting/negative for each option with numbers (see
Figure 8 for numbers).
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Figure A1. Coastline file downloaded from Marine Region [76] and then converted to SURFER
(Golden Software) and MATLAB (MathWorks Inc.) formats. Each colored area is a large sector
described with polygons (13 polygons) consisting of polygons of the islands to be used for mapping
and blanking data outside the islands, as formatted by Marine Region [76]. 1. Gibraltar Straits;
2. Alboran Sea; 3. Balearic Sea; 4. West Mediterranean Sea; 5. Ligurian Sea; 6. Tyrrhenian Sea;
7. Adriatic Sea; 8. Ionian Sea; 9. East Mediterranean Sea; 10. Aegean Sea; 11. Sea of Marmara;
12. Black Sea; 13. Azov Sea.
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Table A1. Echosounder parameters during data acquisition and * Visual Analyzer configuration
parameters during postprocessing (see Figure 5).

Info Variables Description

Alpha Absorption coefficient
Ping rate Pulse rate per second
PW Pulse width
C Sound speed
Threshold Minimum data collection threshold
Tot ping no * Total number of pings
Strata * Number of stratum (vertical resolution)
Report No * Number of reporting data (horizontal resolution)
Beam width Angle of main lobe of beam
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Figure A4. Tools menu to load files (a), to configure the plot of the map, e.g., here biomass (g/m2),
in contour (b,c) or leaf length (m) in trackline (d) depending on the maximum value set by the user.
When selecting the contour plot, some entries appeared to configure the interpolation to create the
grid (Xspace (longitude) versus Yspace (latitude)), the interpolation type and the saving of the figure
(b,c) and when selecting the line plot (b,d), an entry only for the line width. The data were an example
from July 2011 (c,d).
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Figure A5. Posidonia oceanica: leaf biomass (kg/m2) (left panel) and mean leaf length (cm, maximum
circle is 46 cm of leaf length) (right panel) estimated from SCUBA sampling in December 2011 (a),
January 2012 (b), April 2012 (c) and July 2011 (d) for comparison with acoustic estimates (see Figure 12
for comparison). (+: SCUBA sampling stations.).
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