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Abstract

:

Posidonia oceanica meadows are ecosystem engineers that play several roles in marine environment maintenance. In this sense, monitoring of the spatial distribution and health status of their meadows is key to make decisions about protecting them against their degradation. With the aim of checking the ability of a simple low-cost acoustic method to acquire information about the state of P. oceanica meadows as ecosystem indicators, ground-truthing and acoustic data were acquired over several of these meadows on the Levantine coast of Spain. A 200 kHz side scan sonar in a vertical configuration was used to automatically estimate shoot density, canopy height and cover of the meadows. The wide athwartship angle of the transducer together with its low cost and user friendliness entail the main advantages of this system and configuration: both improved beam path and detection invariance against boat rolling. The results show that canopy height can be measured acoustically. Furthermore, the accumulated intensity of the echoes from P. oceanica in the first 30 centimeters above the bottom is indirectly related to shoot density and cover, showing a relation that should be studied deeply.






Keywords:


side scan sonar; Posidonia oceanica; seagrass; acoustics; monitoring












1. Introduction


The marine phanerogam Posidonia oceanica (Linnaeus) Delile (1813) forms biodiversity hotspots in the Mediterranean Sea, where it is endemic. P. oceanica meadows are complex and structured ecosystems, and some of them have been dated to be older than 6000 years ([1] in [2]), nevertheless they are experiencing habitat fragmentation [3] and their area is declining in many regions [4]. Considered ecosystem engineers [5,6], their leaves can reach 120 cm length [7] and are grouped in shoots that form rich and broad meadows up to 40 m deep [8]. They support fisheries, carbon sequestration and coastal protection [9]. Moreover, P. oceanica presents a high net primary and O2 production together with large amounts of biomass [8].



Several factors contribute to the regression of P. oceanica meadows. These valuable ecosystems are vulnerable to coastal development, especially mechanical damage, turbidity and pollution. Effects of warming and a rise in sea level have been observed [2,10], along with effects of alien species in low-density areas [11,12,13]. Furthermore, the seagrass regression problem is compounded by the fact that their recovery is hampered by their slow rhizome growth and low genetic variability [2,14].



Owing to the described risky situation of Posidonia oceanica, the development of projects focused on protecting and recovering their meadows are imperative. To take proper measures, the first step is to assess the distribution and health status of the meadows. Gathering traditional and local knowledge about ecosystems, including seagrasses, is a common tool used to assist in marine conservation [15,16], notwithstanding scientific information is necessary for the basis. Monitoring programs have for many years included direct methods to assess the structural characteristics of P. oceanica such as matte structure, shoot density and bottom cover [17]. Scuba diving provides valuable detailed data, but involves high economic and time investment, and has limited horizontal coverage. Towed video cameras and remotely operated vehicles have proven useful in obtaining information on the composition of biological communities, but data quality is limited by the water turbidity and their interpretation is time-consuming and likely to be subjective [18,19].



Remote sensing technologies based on satellite imagery have been used successfully to map large extensions of seagrass meadows [20]. However, they are limited by depth, light absorption, clouds, high algal coverage and roughness of the sea surface [21], potentially underestimating seagrass areal extension [22]. Acoustic methods are effective for detecting and characterizing targets within the water column and seabed [23,24]. A variety of scientific echosounders have been used for the mapping and/or monitoring of seagrass [25], from the simplest and cheapest single beam [19,26], through split beam [27], to sophisticated and expensive multibeam echosounders that allow full coverage [28,29,30]. Moreover, it has even been possible to classify seagrass meadows according to their relative abundance from measurements at high frequencies [31]. However, the standard acoustic system for mapping seagrass has been side scan sonar (SSS), a single beam transducer with a broad athwartship angle and a very narrow alongship one that provides wide-area and high-resolution pictures of the seabed due to its low slant angle orientation and high frequencies.



SSS presents a great versatility, high efficiency and relatively low cost for mappings seagrass compared with aerial methods [32], discriminating it from rocky and sandy bottoms [33] and detecting and quantifying bare patches [34,35], even comparing different sediment grain size distributions [36].



Despite the advantages described, using a beam with low grazing angles does not confer high precision in bottom detection and bathymetry, and it also reduces the scattering volume close to the first echo from the seabed. In 2012, a modified use of SSS, with higher grazing angle (25    °    from the vertical direction), was employed by Sánchez et al. to improve bottom and P. oceanica detections, also measuring the height of the meadows. Furthermore, they used the SSS transducer supported in the ship band, which avoided the use of a towfish, increasing the simplicity and comfort of the performance and the precision in geographic positioning [34].



Following the initiative of these authors, we propose a vertical use of an SSS transducer to improve the bottom detection and to maximize the scattering volume of P. oceanica leaves before the first hit of the acoustic pulse on the sea bottom. The wide angle in the transversal direction will also ensure an improvement in the stability of the acoustic measurements against boat rolling, which is a common problem when using small ships in coastal waters.



This work aims to test the efficiency of such a vertical configuration SSS as a low-cost tool to monitor P. oceanica meadows, evaluate its capability to estimate canopy height and characterize the relationship between shoot density and backscatter intensity. Monitoring of both structural features, canopy height and shoot density, could be used to assess meadows over time, identifying seasonal and interannual variations and allowing the detection of damage after natural or anthropogenic harmful events, as well as signs of recovery after the implementation of protection protocols. The proposed configuration could be especially helpful for monitoring the lower limits of P. oceanica fields, where satellite detection is compromised by depth and the diving effort is hardly affordable.



Two studies are described in this paper. They have been carried out at different times and locations and with slightly different equipment. However, they share the same main definition parameters and use comparable technologies. For these reasons, both experiments and results are shown together, allowing the development of a common conclusion.




2. Materials and Methods


2.1. Study Area


Two areas belonging to the Alicante coast were studied: the coast of Dénia, where the measurements took place in July 2016, and the marine area around the Penyal d’Ifac in Calp, surveyed in August 2018 (Figure 1).



Both locations presented seagrass meadows mainly formed by Posidonia oceanica and were located within marine protected areas, considered as Important Community Places (LIC).



Despite their protection, both locations are influenced by human impact due to sewage discharge, recreational activities and, in Dénia, also the proximity to a fishing industry harbor.



Two sampling sites were surveyed in Dénia, one comprising a lateral meadow limit (site D_1) and another one in the midst of the same meadow (site D_2). Both stations were approximately 5 m deep.



In Calp, the sampling strategy comprised four sampling sites. In this case, it was decided to maximize the depth variability, so two transects were placed at 8 and 12.5 m deep (sites C_1 and C_2, respectively), south of Penyal d’Ifac, where there is a large P. oceanica meadow, and two transects at 4.5 and 6 m deep (sites C_3 and C_4), north of Penyal d’Ifac, where the meadow extends all along the beach La Fossa.



Furthermore, in both study areas, transects over sandy seabed were surveyed as control measurements (site D_0 in Dénia and C_0 in Calp).



A line transect was delimited in every sampling site, along which acoustic measurements and ground-truthing were carried out. The orientation thereof was defined by the way that the variation in bottom depth within the site was minimized (less than 1 m). Figure 1 shows the locations of the sites and their transects in Dénia and Calp. The transects’ lengths and depths can be seen in Table 1.




2.2. Acoustic Data Acquisition


Every transect was acoustically covered using a 200 kHz SSS installed on one side of a boat, with its beam axis facing vertically downwards. Figure 2 depicts the influence of this choice on the volume of Posidonia oceanica leaves that contribute to the acoustic backscattering before the first strike of the acoustic pulse on the sediment or the hardest parts of the rhizome. Figure 3 illustrates the influence of this arrangement of the SSS beam geometry on the spatial resolution of the acoustical mapping and the installation of the transducer below the water line on one side of the boat.



In both works, we used SIMRAD transceivers with an SSS transducer provided by Airmar with asymmetric beam apertures at −3 dB: 0.5    °    alongship and 49    °    athwartship. Ping duration was set to 64   μ  s, offering a sample interval of 16   μ  s, working at 100 W for Dénia measurements and 90 W for Calp ones. Both transceivers were controlled by a laptop connected to a GPS receiver, allowing recording of one position per second. The equipment was powered by 12 V batteries. A 8.5 m long ship was used in Dénia, which kept a speed of 3 knots during measurements and each transect was covered once by acoustics. In Calp, a 4 m long ship was used at a speed of 1.5 knots and each transect was covered 6 times. Ping interval was 100 ms in Dénia and the minimum supported (60 to 70 ms) in Calp. That means that one ping was emitted every 15 cm for the Dénia study and around every 5 cm in Calp. The resulting beam path was a very narrow insonified area of just 4 cm in the navigation direction (alongship) and a much wider one of 4.5 m in athwartship, for the case of a 5 m depth.



Salinity and temperature data from water were provided by handheld multiparameter probes, since they were going to be required for part of the acoustic data processing that is described later in the text. Due to the relatively shallow working depths, the environmental parameters were considered uniform throughout the water column.




2.3. Ground-Truthing


Due to the broad athwartship aperture of the acoustic beam, the area covered by acoustics extended from 2 to 5.70 m on either side of the line for 4.5 to 12.5 m depths, respectively. Scuba divers collected observation data with quadrats sampled randomly within that area.



In Dénia, ground-truthing data were collected from 10 points at each site, using a 40 × 40 cm quadrat following Pergent et al. [17], as shown in Figure 4. Three structural descriptors where measured: shoot density (shoots·m     − 2    ) from the number of shoots within quadrats; leaf length (cm) from the length of 3 leaves chosen randomly in every quadrat; and canopy height, measuring the height of the canopy in 5 of the 10 quadrats, considering that leaves are usually curved and the canopy height could be acoustically estimated more than leaf length.



In Calp, shoot density and cover measurements were conducted. Shoot density was sampled from 15 points at each site using a 25 × 25 cm quadrat [17]. Cover sampling was performed using 50 × 50 cm quadrats [37] with 30 repetitions at each site. Every quadrat was subdivided into four sub-quadrats. Each cover measurement was carried out by two scuba divers who recorded the percentage occupied by Posidonia oceanica in each one of the four quadrats. Afterwards, each datapoint was compared to avoid large deviations. If the deviation was greater than 15%, that sub-square was surveyed again by both divers. For this measurement, locations of maximum density were sought, avoiding barren spots.



It is noticeable that shoot density is surveyed in both sites using different quadrat sizes. Ground-truthing was performed in each study area at different times and in the framework of collaborations with two different research groups. Each group had defined protocols for the assessment of the evolution of the P. oceanica meadows in their own area, attending to their spatial characteristics. Both dimensions are referenced in the literature on sampling of seagrass descriptors [17], therefore, they were considered well suited for representing the shoot density of the meadows. However, a bigger quadrat size was used in the Dénia area, whose meadows are less dense than in the Calp area. In dense meadows, smaller quadrats turn out to be more efficient. Furthermore, recognizing the differences between both quadrat sizes, survey results are presented in the same units of measurement (shoots·m     − 2    ), which allows their comparison.



Statistical analysis of ground-truthing data was carried out using the statistical software Statgraphics.




2.4. Acoustic Data Processing


Echograms obtained from every transect and stored in raw files were corrected by the compensation of the geometrical spreading and attenuation losses in order to be able to compare echoes from different depths. For the first losses, it was assumed that the acoustic wave is spherical during the outgoing but it is a plane during the echo from the bottom since this is more extensive than the acoustic beam, so only one way was compensated by adding the term calculated by the equation:


   20 · l o  g 10  · R ,   



(1)




where R is the sample range in m [38]. For the absorption losses, we added:


   2 · α · R ,   



(2)




where   α   is the absorption coefficient calculated by the François and Garrison model [39,40], in dB·m     − 1    . The sound velocity used to determine the distance of each sample and the absorption coefficient was calculated from the Mackenzie equation [41].



After corrections, the bottom echoes were detected and the bottom range was equalized in every echogram. For every ping, the maximum value from the bottom echoes was taken. The minimum one minus 1 dB was defined as a limit beyond which, for each ping, the first sample before reaching the maximum level that exceeds this limit was identified as the beginning of the bottom. Then, echograms were lined up by equalizing these bottom positions to the maximum detected one.



To characterize the P. oceanica meadows, two acoustic variables were calculated: acoustic canopy height and accumulated acoustic intensity.



The acoustic canopy height was calculated for every ping as the range between bottom and the first three consecutive samples from the bottom to the surface whose level was below the bottom echo level minus 35 dB. This threshold and the number of consecutive samples below it were empirically defined. If the acoustic height exceeded 120 cm, the respective ping was discarded, since leaves do not reach more than this length [7,42,43]. Furthermore, this rule minimizes the risk of considering non-target echoes as P. oceanica (for example, from fish schools over the meadow). The relationship between acoustic height and leaf length and canopy height, the last two directly measured by divers, was analyzed.



The value of the accumulated intensity for each ping is calculated as the sum of the echo intensity from the samples within a specific range. It was computed only for the 30 cm above the bottom line in order to reduce the variability caused by the presence of fish schools and other species on the meadow or by the curvature of the leaves due to water movements. The relationship between accumulated intensity in that 30 cm and shoot density and cover was analysed.



For the particular case of site D_1, located in a meadow limit, only the part of the transect on the meadow was considered to calculate the acoustic height and the accumulated intensity of the canopy, discarding the part on bare seabed for this purpose.



An example of the processing steps is depicted in Figure 5.



All the previous processes were carried out using the programming and numeric computing platform Matlab. Supplementary Materials Figures S1–S3 for the present article includes information that completes the description of acoustic data processing.



Supplementary Material for the present article includes information that completes the description of acoustic data processing.





3. Results and Discussion


3.1. Density and Cover Direct Estimation Values


Ground-truthing results are presented in Table 2. The stations showed differences in density, with lower densities in Dénia than in Calp, varying from 326 shoots·m     − 2     in D_1 to 1109 shoots·m     − 2     in C_3. Figure 6 shows the shoot density as a function of depth. An analysis of variance was carried out in order to compare the mean density values obtained from the surveyed meadows. A significant difference was showed between the means of the six stations (p-value < 0.05). After applying Fisher’s least significant difference test to compare between pairs of samples, it was concluded that there are no statistically significant differences at the 95 % confidence level between D_1–D_2 and C_3–C_4. Therefore, four groups could be established according to shoot density: D_1 and D_2, C_1, C_2, C_3 and C_4.



In Dénia, both sites are at similar depths and present similar densities, which are low compared to Calp ones. In the case of Calp, data clearly reveal an influence of depth since the meadows present more density in shallower waters, decreasing as the depth increases (r = −0.998, alpha = 0.05). It is noteworthy that this behavior with respect to depth variation has already been observed in the biomass and density of P. oceanica [44,45]. It is even suggested that this trend is due to acclimatization to high depths, since the reduction in the density of seagrass shoots can improve the relative amount of light available for each shoot within the canopy since self-shading is reduced [46,47].



It is noteworthy that shoot density and cover from Calp sites are directly related, as expected, as the higher the density is, the more of the area is covered (r = −0.96, alpha = 0.05).



The ground-truthing data have allowed the characterization of the Posidonia oceanica meadows in order to study the relationship between their structural characteristics and their acoustic response. However, contemplating the possibility of conducting future studies, it is considered that the aforementioned relationship would be statistically more robust with more detailed ground-truthing of the surveyed meadows.




3.2. Acoustic Detection and Characterization of P. oceanica Meadows


P. oceanica was easily detected in the echograms generated with vertical configuration of SSS. The methodologies applied to detect the bottom and the top of the canopy have worked adequately. Regarding the bottom detection, the available literature shows several methods. For example, it has been assumed that the beginning of the seabed that is acoustically detected is one pulse length before the range where the maximum intensity of the echo is reached [48] or the range where the echo exceeds a particular threshold before the range of the maximum intensity [49] and, in the case of seabed covered with vegetation, the bottom has been identified where the echo reaches the maximum backscatter [19] or by applying a threshold with respect to the maximum value of the echo [34]. The methodology applied here, a small threshold relative to the maximum limit, considers the range of the maximum value of the echo without reaching the defined maximum limit and it is between the first two and the last methodologies named above [34,48,49].



Figure 7 shows the echogram from station D_1 as an example. Before ping 350, the seabed was devoid of vegetation except for some isolated clumps of P. oceanica located outside the continuous meadow. If a ping from the bare bottom and a ping from the bottom with vegetation are compared, a large difference in the acoustic height (the range from the bottom to the beginning of the P. oceanica detection) is revealed, as can be seen in the same figure. Owing to the characteristics of the acoustic beam, the transducer setup and the algorithm used, even if there is no vegetation on the bottom, a minimum acoustic height is always detected.



It is noteworthy that the maximum acoustic height of 120 cm is exceeded in 1% of the pings. It is a small proportion of the surveys, however, it is useful to avoid considering non-target echoes as echoes from P. oceanica. Its effect is illustrated in Figure 7, shortly before ping number 400. There are echoes above the canopy, possibly scattered by the presence of fish swimming in the area. The applied methodology delimits the canopy height from the non-target echoes, and when it is not able to do this, the rule of the maximum canopy height of 120 cm removes the measurement and improves the quality of the resulting set.



Regarding acoustic canopy height, the analysis showed an average height of 74.02 ± 18.95 cm in D_1 and 71.03 ± 11.03 cm in D_2. The acoustic and ground-truthing measures are depicted together in Figure 8. The mean acoustic height is close to the leaf length, slightly lower in both sites, as expected due to the natural curvature of the leaves. Contrary to expectations, acoustic height is higher than directly measured canopy height, especially in D_1. It is probable that the streams of the sea during surveys or those generated by divers during handling modified the natural curvature of the leaves and this was different from the curvature during acoustic survey.



Results for accumulated intensity (Table 3) are presented in relation to shoot density and cover in Figure 9. The results from backscatter intensity analysis related to shoot density and cover are presented together for both locations since the emission configurations and the acoustic systems were very similar. However, the entire systems were not calibrated and the results have to be approached comparatively for each location, not absolutely.



Accumulated intensity depicted a decreasing pattern related to increasing shoot density and cover. This result may be contrary to what was expected, since previous studies have shown how the energy of the echo at high frequencies tends to increase with the increasing seagrass biomass [45]. Nevertheless, biomass and shoot density do not necessarily present a positive relationship [50,51], since the number of leaves per shoot varies as well as the leaf length, owing to several factors, such as the season or the occurrence of severe storms.



In addition, there are other factors that can contribute to decreasing the level of the echo when the density increases. Photosynthetic activity in seagrasses, which strictly depends on the light irradiance reaching the leaves, provides oxygen to the water and this can dissolve or form bubbles in a proportion that depends on the degree of stirring [52]. Several studies have revealed that the propagated acoustic signals at lower frequencies (lower than 16 kHz) are sensitive to the void fraction of gas present in the water column in seagrass meadows, being attenuated [52,53]. According to this, a higher photosynthetic activity and, therefore, a higher oxygen content in the water, can be expected at higher densities and shallower depths. In this sense, high frequency waves, such as the ones we have used in the present work, could be attenuated too. The study carried out by Wilson et al. [54] showed that transmission loss for a high frequency, 104 KHz, increases in the presence of seagrass compared with bare substrate. In the present work, an even higher frequency has been used than in [54], almost double, and it is expected that the presence of seagrasses causes a similar effect on transmission losses. These transmission losses would explain the lower echo intensities as density increases.



Moreover, aegagropiles from Posidonia oceanica, the spherical aggregates formed by fibers from this phanerogam, show a high sound absorption capacity [55]. This characteristic might be present in living vegetation, which would also explain the current results.



The effect of the environmental factors described above should be thoroughly studied to accurately describe the acoustic response of the seagrass meadow depending on shoot density and cover variations.



A certain concern could arise from the fact that the used echosounders were not calibrated. Although this is a fundamental issue in other applications, such as biomass estimation in fishery acoustics, it has been a minor matter in habitat mapping performed with single beam echosounders. Bottom classification has been achieved by the parameterization of echo envelope characteristics in a differential way, by comparison of the backscattered energy values from different sea bottom types, obtained with the same echosounder [34,56,57,58]. In these well-established methodologies, the assignment of absolute values of backscattering coefficients is generally avoided, and the calibration can be interesting just for the purpose of the assignment of absolute values of backscattering coefficients is generally avoided, and the calibration can be interesting just for the purpose of checking the proper functioning of the equipment, especially in the case of repeating the measurements at the same locations for long periods of assessment. For the detection methodology proposed in this work, echosounder calibration for absolute echo intensity measurements is not as important as the control of the signal-to-noise ratio using a particular echosounder, since echogram thresholding could affect the detected meadow limits and heights. In the presented studies, two different SIMRAD echosounders (EA400 and EK60) were used, both with a dynamic range of 95 dB, offering similar signal-to-noise ratios. Nevertheless, the issue of the echosounder calibration with a side scan sonar type transducer should be addressed in the future, and a suitable methodology investigated. In this case, to apply the standard calibration method with a calibrated sphere [59,60] is simply not feasible for practical reasons. The SSS transducer is constituted by an eight-element linear array, producing an asymmetric beam with a wide transversal aperture (49    °   ) and a very narrow one (0.5    °   ) in the longitudinal direction with several side lobes. The calibration sphere must be completely insonified and placed in the center of the main lobe in the transducer farfield, which is estimated by the producer to be several tens of meters, although the directivity pattern is already stable between 5 and 10 m. The athwarth- and alongship −3 dB apertures of the beam at 10 m from the transducer are 9.3 m and 0.087 m, respectively, while the diameter of a tungsten carbide calibration sphere for 200 kHz is 38.1 mm. It seems to be very difficult to obtain an accurate position of the calibration sphere inside such a narrow beam in sea conditions, even more so if we consider that it must be carried out without the angular information provided by a split beam transducer. Therefore, the measurement of source level and beam characteristics at typical working distances in a large pool or pond with a precise positioning system for hydroacoustic measurements seems the most suitable approach, if available. Possible deviations from the spherical decay of the beam with the distance to the transducer along the first meters of propagation could be properly corrected when comparing intensity integration values at different depths.



SSS in a vertical configuration is presented as an useful tool for monitoring structural features of seagrass meadows. Several studies present acoustic measurements of these variables using acoustic methodologies with satisfactory results. Canopy height has been acoustically surveyed using SSS in a quasi vertical configuration [34], with single beam [19,61,62,63,64,65] and multibeam echosounders [31]. In the same way, vegetation cover has been estimated from SSS [32], with single beam [63,64] and multibeam echosounders [29], and biomass and/or abundance using single beam [65,66], split beam [45] and multibeam echosounders [30,31].



The main advantage of the use of SSS in a vertical configuration against a single beam or split beam echosounder lies in its broad athwartship aperture that not only increases the surveyed area, keeping a high resolution on the alongship axis, but also provides robust measurements against roll movements. On the other hand, multibeam echosounders present broad apertures composed of narrow beam angles producing high-resolution images from bathymetry and intensity, however, their higher cost, the need for specific software and the computational cost and data storing requirements present SSS as a much more accessible tool for seagrass assessment.





4. Conclusions


The use of SSS in a vertical configuration allows the clear detection of the presence of Posidonia oceanica meadows, even of clumps. Due to its wide transversal angle, the beam path is wider than that obtained with the usual single beam echosounders, and the acoustic measurements are stable despite the rolling and provide echograms from which the height of the meadow can be calculated. Spatial resolution in the navigation direction is, on the contrary, improved. Moreover, its low cost and user friendliness make it a more affordable tool than multibeam echosounders. Accumulated intensity has shown a decreasing trend as density and coverage increase. The diversity of the possible causes of this effect implies the need to carry out thorough studies that significantly characterize the relationship between these variables since it would enable us to acoustically assess shoot density and cover of P. oceanica meadows. These results show the potential use of SSS in a vertical direction as an efficient and low-cost tool to monitor structural features of P. oceanica meadows, such as canopy height, shoot density and cover, over time.
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Figure 1. Study areas on Alicante coast (E Spain). Survey transects in Dénia and Calp depicted in blue and red, respectively. 
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Figure 2. SSS transducer configurations: (a) standard SSS, (b) higher grazing angle used by [34], (c) symmetric vertical configuration used in this work. Panel (d) shows for comparison the insonified Posidonia oceanica leaf volume for a vertical single beam echosounder with typical aperture of 10 degrees. 
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Figure 3. Left: comparison of single beam echosounder and vertical SSS geometries. Right: SSS transducer below the vessel during measurements in Dénia. 
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Figure 4. Handmade quadrat used in Dénia to calculate shoot density. 
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Figure 5. An example of the processing applied in the D_2 transect. On the left, a part of the echogram from transect D_2 where it is possible to identify the echoes from Posidonia oceanica over the echoes with highest intensity values from the bottom. In the middle, the same echogram with bottom line equalized is shown. The solid black line marks the bottom, the red line marks the beginning of the P. oceanica detection, the dashed black line marks the range used to calculate the accumulated energy from P. oceanica (0.3 m above the bottom). On the right, the echoes from ping number 500 are depicted, the same lines mark the different ranges to calculate canopy height and accumulated intensity. 
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Figure 6. Posidonia oceanica shoot density as a function of depth. 
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Figure 7. On the left, the echogram from transect D_1. The solid black line marks the bottom and the red line marks the beginning of the Posidonia oceanica detection. The vertical dashed black line marks ping number 200 and the dotted green one ping number 450. On the right, the echoes from these pings are depicted with their respective red lines marking the range of the beginning of P. oceanica and the black line marking the range of the bottom. 
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Figure 8. Acoustic canopy height, together with leaf length and canopy height in Dénia sites. 
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Figure 9. Accumulated intensity 30 cm above bottom vs. shoot density and cover. 
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Table 1. Transect length in every survey site. Depth is considered as the distance between bottom and tranducer, regardless of the draft.
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	Sites
	Length (m)
	Depth (m)





	D_0
	110
	6



	D_1
	110
	5



	D_2
	162
	5



	C_0
	60
	2.5



	C_1
	37
	9



	C_2
	39
	12.5



	C_3
	22
	4.5



	C_4
	24
	6
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Table 2. Ground-truthing data, average and standard deviation for shoot density, leaf length and canopy height and median for cover, for each site.
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	Stations
	Density Stimation

(Shoots·m      − 2     )
	Leaf Length

(m)
	Canopy Height

(m)
	Cover

(%)





	D_1
	326.30 ± 125.34
	76.8 ± 18.73
	56.68 ± 12.43
	-



	D_2
	391.87 ± 104.25
	76.6 ± 23.67
	67 ± 5.58
	-



	C_1
	827.64 ± 97.61
	-
	-
	30



	C_2
	604.80 ± 122.47
	-
	-
	15



	C_3
	1109.33 ± 255.18
	-
	-
	70



	C_4
	987.20 ± 272.48
	-
	-
	30
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Table 3. Accumulated intensity results, average and standard deviation, for each site.
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	Stations
	Accumulated Intensity (dB)





	D_1
	−51.76



	D_2
	−51.89



	C_1
	−52.63 ± 0.69



	C_2
	−52.36 ± 0.88



	C_3
	−56.32 ± 0.75



	C_4
	−53.74 ± 0.90
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