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INTRODUCTION

The dominant and endemic Mediterranean seagrass 
Posidonia oceanica (Linnaeus) Delile is a long-lived spe-
cies that forms extensive meadows and grows from nearly 
the water surface to depths up to 40 m (Mazzella & Buia 
1986). It constitutes a “climax” community and its pres-
ence attests to a relatively stable environment (Francour 
et al. 1999, Montefalcone et al. 2008). Posidonia ocea-
nica meadows play a pivotal role in numerous ecologi-
cal and geomorphological key processes such as nutrient 
recycling, provision of food for fauna, shelter and nursery 
areas for many species, sequestration of carbon, stabili-
zation of sediment, attenuation of waves through their 
canopy (Mazzella et al. 1992, Mateo et al. 1997, Buia et 
al. 2000, Hemminga & Duarte 2000, Vizzini 2009). Posi-
donia oceanica can grow on different substrates includ-
ing sand, which is easily penetrable by the roots, rocks, 
in which crevices host the very sturdy roots, and matte, a 
unique terraced biogenic structure formed by the entan-
glement of roots, rhizomes and sediment (Jeudy de Gris-
sac & Boudouresque 1985). Posidonia oceanica can adapt 
the direction of its growth (horizontally or vertically) to 
the rate of sediment deposition. Under sedimentation, 
rhizomes grow vertically (orthotropic growth) to avoid 
burying (Molinier & Picard 1952, Caye 1980, 1982, Bou-

douresque & Meinesz 1982) resulting in matte edifica-
tion. In sheltered and shallow water this process can lead 
to the matte rise up, with the leaf tips over, close to the sea 
surface and subsequent formation of a reef-made barrier 
(récif barrière sensu Boudouresque & Meinesz 1982). 
Reefs can persist for century or millennia and are increas-
ingly considered as “natural monuments” (Calvo 1987, 
Pergent et al. 2007, 2014, Bonacorsi et al. 2013, Boussard 
et al. 2019) and their census is still in progress (Rouanet 
et al. 2019). Both natural and anthropogenic disturbanc-
es may endanger P. oceanica reefs. These structures are 
particularly threatened by temperature rise (Tomasello 
et al. 2009, Pergent et al. 2014) and erosion caused by 
sea storms (Short & Neckles 1999, Boudouresque et al. 
2012), which are expected to increase in intensity due to 
climate change (IPPC 2019). Furthermore, erosion leads 
to the exposure and then oxidation of the carbon accu-
mulated within the matte, causing the shift of the reefs 
from sinks to sources of carbon (Boudouresque et al. 
2016). The stability of these structures along the Medi-
terranean coasts has been evaluated showing different 
results, since they have been observed in regression (Bou-
douresque et al. 1975, Tomasello et al. 2009, Pergent et 
al. 2014), or in progression (Bonacorsi et al. 2013). To 
gain a better understanding of the actual state of P. oce-
anica reefs, much more attention should be paid to the 
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implementation of monitoring tools able to detect the first 
signs of reef regression (Pergent et al. 2014). Improving 
our knowledge of these particular biogenic structures is 
of pivotal importance to check their status, given that the 
available maps used to estimate their changes do not con-
stitute a reliable baseline because of their low accuracy 
(Bonacorsi et al. 2013). Recently, the use of very high-
resolution images acquired by Unmanned Aerial Vehicles 
(UAVs) has increased markedly in the field of remote 
sensing of the environment, due to their advantages in 
terms of lightweight and low cost required allowing to 
work at an appropriate spatial and temporal scale needed 
to study ecologically relevant variables (Anderson & Gas-
ton 2013). Over the past decade, UAVs have been widely 
used for terrestrial studies, consequently enhancing, as 
technological developments rapidly advance, their versa-
tility and functionality so much that their use has opened 
new opportunities such as monitoring of sensitive marine 
habitats (Ventura et al. 2018). Currently, UAVs are able 
to define also the 3D-reconstruction of an object or scene 
through a high number of photographs taken from differ-
ent points of view (Figueira et al. 2015). Very recently, 
they have also been tested for seabed mapping with par-
ticular reference to marine vegetation (Duffy et al. 2018, 
Ventura et al. 2018), showing a very promising potential. 
The aim of this study was to test the use of UAVs (drone) 
images for evaluating the distribution of P. oceanica reefs 
located along the Southern coast of Sicily (Italy, Medi-
terranean Sea). In this framework, we used photogram-

metry obtained by UAVs to analyze reef features and their 
bathymetrical distribution.

MATERIALS AND METHODS

Study area: The study was carried out in June 2019 along 
the Southern coast of Sicily (Italy), within the site of European 
community importance “Fondali Di Capo San Marco-Sciacca” 
(cod. ITA040012) (Fig. 1). Straight beaches, with medium fine 
sands mostly quartzy, interspersed with cliffs that subtend, 
rather irregularly, several small pocket beaches, characterize the 
geomorphology of the site. The cliff behind, about 5 m high, is 
mainly composed of sandy clay deposits from the Upper Plio-
cene - Middle Pleistocene, and is dominated by a terrace of the 
Tyrrhenian Sea. At the foot of the cliff there are sand – grav-
elly deposits, very irregular, protected by little protruding prom-
ontories, but above all by cobbles (64-256 mm) and boulders 
(> 256 mm) widely present in the coastal area immediately in 
front; these deposits are to be linked to the erosion of the cliff, 
being different from those present in the neighboring areas in 
terms of granulometry, composition and color. Within the site, 
P. oceanica forms several reefs along the coast (Fig. 1). In par-
ticular, six main reefs are present almost continuously distrib-
uted along about 2 km, forming a lagoon-like environment with 
the co-occurrence of other two seagrasses, Cymodocea nodosa 
(Ucria) Ascherson and Zostera noltei Hornemann (Perzia et 
al. 2011). Rarely, P. oceanica grows at few meters far from the 
shoreline (about 3 m), forming a récif frangeant (Boudouresque 
& Meinesz 1982). In this study, the reef located in front of the 

Fig. 1. – Study area with indication of the Maragani’s reef.
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location “Maragani”, was investigated (Fig. 1). The reef is set-
tled mainly on rock resulting in processes of collapse and retreat 
due to causes connected to the same intrinsic instability of the 
cliff system (lithological and geomorphological) and to the sub-
surface hydraulic circulation typical of the coastal stretch. The 
material crushed by the cliff remained on site incorporated with-
in the interior of the meadow. The reef attenuates wave energy 
(Fig. 2), determining the formation of a small lagoon-like area 
characterized by a very shallow depth (< 1 m), low hydrodyna-
mism, seabed with dead matte, muddy sediment and rare and 
very scattered rock blocks. Within the lagoon, water exchange 
is guaranteed by tidal oscillations and / or breaking waves that 
pump water inside the lagoon from which they come out through 
small lateral channels within the reef (AT personal observation).

Data acquisition: Two types of aerial images acquisition 
were performed in the area: one flight was carried out at a height 
allowing a resolution enough to avoid photo-interpretation 
errors, while the other one was carried out at a higher resolution 
to estimate bathymetry.

In particular, the first type of acquisition was performed by 
using a DJI Mavic Pro UAV (743 g take-off weight) for assess-

ing seagrass distribution. The drone was equipped with a 12 
Mpx camera (CMOS sensor) with a focal length of 4.73 mm 
to collect 98 calibrated photos each covering an area about 
40 × 30 m. The flight height was 30 m, which, as demonstrated 
by Casella et al. (2017), is suitable to depict shallow water char-
acteristics, reaching a ground sample distance (GSD) of ~ 1 cm/
pixel according to the following formula:

GSDcm/pix = [(Swmm × Fhm) / (Flmm × Iwpix)] × 100
where GSD is the photo resolution on the ground, Sw is the sen-
sor width, Fh is the flight height, Fl is the focal length of the 
camera, and Iw is the image width (Ventura et al. 2018). The 
flight time was 11 minutes. In this case, the overlap of the imag-
es was 60 %, while sidelap was ~ 30 % for a total ~ 1.6 ha of sea 
recorded.

For the second flight a DJI Mavic 2 UAV (~ 907 g take-off 
weight) was used for image acquisition to estimate bathymetry. 
The drone was equipped with a 20 Mpx camera (CMOS sensor) 
with a focal length of 10 mm to collect 102 calibrated images 
covering the same area as the former flight (1.6 ha) where a sin-
gle photo covers an area of about 80 × 50 m. The flight height 
was 65 m (GSD = 1.52 cm/pix) and a flight time of 7 minutes. 
The overlap and sidelap of the images for the bathymetry esti-

Fig. 2. – The waves break on the 
reef (white arrow). The black 
arrow points the small lagoon 
behind.

Fig. 3. – The flight plan with the 
sequence of image shot.
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mation were ~ 75 % (Fig. 3). In both cases the angle of the 
camera was set at 90° (to collect nadiral images). Take-off and 
landing were controlled manually by an operator on the field 
through a remote control. A Global Navigation Satellite System 
(GNSS) Topcon HiPer HR (horizontal and vertical error 5 mm 
+ 0.5 ppm and 10 mm + 0.8 ppm, respectively) was also used 
to detect 11 landmarks on the field (five underwater and six on 
land) as control points using quadrangular targets 50 x 50 cm 
size (Fig. 4). One control point acquired on the beach/sea inter-
face was used to rescale all elevation of the other points. Further 
16 control points, set as 0 hydrometric, were also chosen directly 
in the images in correspondence of Posidonia leaves that clearly 
emerged at different points at the time of flight. Both surveys 
were carried out on same morning characterized by calm sea 
conditions and clear sky.

Data processing: 
2D mosaic

The realization of the 2D mosaic of the P. oceanica reef along 
Maragani coast involved the use of Image Composite Software 
(ICE 2.0), an advanced panoramic image stitcher (https://www.
microsoft.com/en-us/research/product/computational-photog-
raphy-applications/image-composite-editor/), which allowed to 
create 2D high-resolution scenarios from a set of overlapping 
photographs. More specifically, the images of the 30 m flight 
were imported into the software and a structured serpentine pan-
orama was set, selecting the initial photo and the direction to 
follow, emulating the programmed flight plan.

Bathymetry
The aerial photographs were analyzed with an appropri-

ate software (Pix4D – https://support.pix4d.com/hc/en-us) that 
uses advanced SfM (Structure for Motion) and multi-view ste-

reo (MVS) algorithms to construct an ortho-photomosaic and a 
3D point cloud from overlapping photographs. The software is 
capable of automatic identification of key points on all photos, 
bundle adjustment, point cloud densification, mesh building and 
texturing (Casella et al. 2017, Marre et al. 2019). In a first step, 
the photographs were aligned by means of SfM algorithms iden-
tifying image feature points and then the movement of those 
points throughout the image data set was monitored (~ 180,000 
points). The software also calculated the relative camera posi-
tions at the moment of image acquisition and internal calibra-
tion parameters. Secondly, a dense point cloud was built obtain-
ing ~ 40,000,000 points. Thirdly, the geometric details were 
built through the analysis of the pixel values operated by the 
algorithms. It is a sophisticated procedure based on an advanced 
computer vision solution that enables the creation of high-
quality 3D-content from a series of overlapping images. Then, 
the mesh was textured with photographs. The SfM approach 
requires a set of points of known coordinates (ground control 
points) that measures the difference between true coordinates 
and its coordinates calculated from all photos, to compute pix-
el-to-earth transformations and to georeference the data point 
cloud. From the point cloud, the software generated an ortho-
rectified photomosaic with a resolution of 1.49 cm/pix and a 
DEM with a resolution of 5.95 cm/pix. Finally, the orthophotos 
and DEMs were exported from Pix4D and imported into a GIS 
software (Quantum GIS). The distortion resulting from the air-
water interaction in the final DEM was corrected through the 
Snell’s law by multiplying the cells in the submerged areas by 
the refractive index of water (1.34), assuming a planar water 

Fig. 4. – Target positioning with Topcon HiPer HR.

Fig. 5. – Aerial images of matte wall detected on the outer (A) 
and inner (B) side of the reef in a close-up perspective view 
obtained by drone flying at few meters above the sea.
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surface unaffected by waves or surface rippling, and integrat-
ing these values into the original DEM (Woodget et al. 2015, 
Agrafiotis et al. 2020). A sub sample of DEM points was then 
regressed vs the control points set acquired in field by GPS.

3D Model
The last step was to construct a 3D model of the reef. In par-

ticular, the 2D photomosaic obtained with the 30 m flight was 
georeferenced using, as a base, the orthophoto derived from the 
flight performed at 65 m. The high-resolution georeferenced 
image was then re-projected directly on the 3D-surface (Rende 
et al. 2015). In this way, an excellent level of detail was reached 
still maintaining the ability to identify unequivocally P. oce-
anica meadow in a 3D vision. Then some meadow morpholo-
gies were digitalized in order to record upper limit bathymetri-
cal position and matte elevation. The upper limit was traced on 
patches longer than 5 m and facing toward the lagoon, maintain-
ing always a distance of 5 cm from the leaves, in order to mea-
sure the bathymetrical position of the seabed on which shoots 
were settled thus avoiding to erroneously record the top level of 
canopy. Moreover, other morphologies were also analyzed. In 
particular, dead matte walls previously noted during field activi-
ties (Fig. 5) were recognized on the photomosaic first and then 
their thickness was measured on the corresponding 3D model. 

These measures were finally compared with those recorded in 
situ.

RESULTS

Meadow distribution

Generated photomosaic of the reef, obtained by the 
flight at 30 m, showed very clearly the distribution of 
P. oceanica meadow (Fig. 6), since it was possible to 
recognize the leaves of the seagrass in the whole image 
(Fig. 7). The high level of transparency combined with 
shallow water allowed to detect important features of 
the sea bottom. In particular, on the right side of the area, 
proceeding from North to South, P. oceanica meadow is 
interspersed with an extensive sandy glade, among them 
it shows a wide band with an almost continuous coverage. 
Southernmost, the meadow deviates to east until reach-
ing the coast. Inside the meadow several rocky blocks 
mainly in the southernmost part are present (Fig. 8). Pro-
ceeding towards the coast, the meadow becomes progres-
sively more fragmented near its upper limit where the 
reef emerges with leaves up to the surface also forming 

Fig. 6. – Reef photomosaic with P. oceanica upper limit over-imposed.
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atoll-like patches more or less arched and surrounded by 
dead matte (Fig. 9). The atoll structures have an aver-
age diameter that oscillates between 1.27 m and 5.26 m, 
showing an irregular shape sometimes elongated with the 
presence of multiple arches on the perimeter. The inner 

dead matte showed variable sizes, resulting in an aver-
age thickness of the live atoll ring ranging from 0.24 m 
to 3.85 m. Patches composed predominantly by living 
shoots occurred densely grouped in the South-Eastern 
sector of the reef, very close to the coast (Fig. 10). Inside 
the reef small rocky blocks, grouped or alone mixed with 
sporadic patches of P. oceanica are also found.

Bathymetric map

The DEM generated through the images acquired with 
flight height of 65 m allowed to obtain the bathymetric 
map of the area. Regression between control and esti-
mated bathymetrical points extracted from DEM showed 
a linear agreement on average (Fig. 11). The map shows 
bathymetry ranging from 0 to 2.31 m (Fig. 13).

A rising seabed coincides with the reef platform, which 
has an average depth of –0.13 ± 1×10–5 m. Two depres-
sions in the area behind the reef were detected. Particu-
larly in the North, the depression has an average depth of 
–0.42 m, is wider and expands deeper towards the open 
sea, passing the reef through a channel 4 m wide and with 
a max depth of –0.75 m. In the South, the depression 
shows a very elongated shape following the inner side of 
the reef until it becomes parallel to the coast and then goes 
out from the lagoon through a small channel, 2 m wide 
and –0.45 m deep (Fig. 12). The depth distribution of the 
P. oceanica upper limit calculated by bathymetry via GIS 
showed an average value of –0.27 m.

3D reconstruction

By 3D reconstruction, performed matching DEM with 
photomosaic on the whole area, we could appreciate the 
3D image of reef structure and the morphometric informa-
tion associated (Fig. 13). 3D representation of reef plat-
form showed further details concerning their morphology 
allowing better understanding of the extension of the reef, 
from leaf canopy up to landscape scale. This picture gives 
a real and immersive perception of reef architecture from 
sea surface to greater depth. For example, particular mor-

Fig. 9. – Examples of atolls with a multiple arched perimeter. Note how the empty central zone varies in size and shape.

Fig. 7. – Continuous P. oceanica meadow. The leaves, more or 
less covered by epiphytes (lighter), can be distinguished.

Fig. 8. – Several emerging rocky blocks can be identified within 
or outside the meadow.
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phologies at the boundaries of the reef coincide with the 
wider channel entering inside the small lagoon reported 
before (cf. bathymetric map). Some of these boundaries 
corresponded to dead matte wall. Spatial profile from 

3D model allowed to estimate matte wall thickness 
ranging from 0.21 to 0.82 m and average value equal to 
0.59 m ± 0.20 S.D. (n = 10), while matte wall thickness 
at same point in situ ranged from 0.35 m to 1.00 m and 

Fig. 10. – Patches of Posidonia composed mainly of living 
shoots.

Fig. 11. – Regression between bathymetry recorded in situ and 
estimated through the model.

Fig. 12. – Digital elevation model of the area. Red lines and black arrows indicate P. oceanica upper limit and the two channels, respec-
tively.
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average value equal to 0.70 m ± 0.22 SD (Fig. 14). On the 
basis of these results the error of mean matte wall thick-
ness estimate was –15.9 %.

DISCUSSION AND CONCLUSION

Our study showed that it is possible to analyze Posido-
nia oceanica reefs by using very high-resolution images 
acquired from drones. The approach used has also high-
lighted the potential of this method to obtain 3D repre-
sentation of reefs. This was allowed because seabed was 
clearly visible through the water surface, and with further 
processing it was possible to quantify bathymetry via 
digital terrain models (DTMs) (Ventura et al. 2018). Tra-
ditionally, high-resolution bathymetry maps have been 
successfully obtained by gathering high-resolution sea-
bed MBS data in shallow and deep waters (Di Maida et 
al. 2011). However, such device cannot be used in very 
shallow water (less than 50 cm) due to multiple acoustic 
reflections between the sea surface and the seabed result-
ing in a significant noise, heavily affecting the beam sig-
nal. Our results provide evidence that UAVs are a very 

simple and, at the same time, cheap solution able to rep-
resent not only seagrass 2D distribution, but also its 3D 
architecture at a small spatial scale in a very high hetero-
geneous environment, similarly to what has already been 
achieved in meadows at greater depths through passive 
(Rende et al. 2015, Ventura et al. 2018), or active remote 
sensing methodologies (Komatsu et al. 2003, Di Maida 
et al. 2011). The 2D seagrass distribution combined with 
DEM model gave, indeed, a very accurate bathymetrical 
distribution of Posidonia reefs, which in this specific case 
represent the upper limit of the species in the area. The 
natural upper limit of P. oceanica settled on sand or other 
soft bottoms and on matte can be predicted on the basis 
of physical parameters, which, in a large-scale study car-
ried out along the Mediterranean coasts, was estimated to 
occur at depths greater than 3.2 m (Montefalcone et al. 
2019). Only in presence of rocky substrates, the upper 
limit can be considerably shallower due to the ability of 
rhizomes to anchor tenaciously, thus allowing the plant 
to endure the hydrodynamic forces (Montefalcone et al. 
2016). This is our case, since shoots are settled directly, 
or through a thin matte layer, on rocky outcrops or stones 
corroborating the statement emphasized by Calvo et al. 
(1995) and Badalamenti et al. (2015), that the distribu-
tion, settlement and development of P. oceanica mead-
ows often coincide with the occurrence of this kind of 
substrate, because of the peculiar traits of the root system, 
which enhances the mechanical properties of the plants 
(Badalamenti et al. 2015, Balestri et al. 2015, Tomasello 
et al. 2018, Zenone et al. 2020).

The resolution of drone acquisition was so high that 
allowed the estimation of other features of the reef, 
such as the distribution of surrounding dead matte and 
its thickness, which in some points reached 1 m. To our 
knowledge, this is the first time that such data have been 
obtained through aerial images, giving the opportunity 
to estimate not only the distribution of the foliar canopy, 
but also of the dead hypogeal component represented 
by dead matte. Although these estimates were possible 

Fig. 13. – 3D-model of the P. oceanica reef; the arrow indicates the northern channel.

Fig. 14. – Regression between dead matte thickness recorded in 
situ and estimated via the 3D-model.
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for only the emerging and visible portions of the matte, 
which sometimes can be much extended vertically below 
the bottom (Lo Iacono et al. 2008, Tomasello et al. 2009, 
Monnier et al. 2019), the typology of data obtained may 
have relevant implications on the implementation of the 
methodology required for better estimating these bio-
genic structures and consequently the ecosystem services 
they provide. Indeed, one of the most important values of 
the P. oceanica ecosystem is represented by the vast long-
term carbon stock accumulated over millennia within the 
matte (Mateo et al. 2006). In reef areas where P. oceani-
ca meadows regressed and the leaf canopy disappeared, 
the underlying matte is no longer protected against ero-
sion by high-energy waves (Boudouresque et al. 2012). 
Surveys carried out with the same methodology as that 
adopted in the present study will therefore allow repeated 
matte thickness measurements in order to improve global 
estimates of Mediterranean seagrass Blue Carbon sinks 
and to highlight eventual erosion phenomena, as urgently 
recommended by the scientific community (Pergent et al. 
2014).

The use of very high-resolution images made it also 
possible to identify atoll-like formations. These struc-
tures have been observed in small areas of the Mediter-
ranean Sea, along the Tunisian, Turkish and Corsican 
coasts (Blanpied et al. 1979, Boudouresque et al. 1990, 
Pasqualini et al. 1995), and in Sicily, so far, exclusively 
at the Stagnone di Marsala, a lagoon-like coastal basin 
on the Eastern coast (Calvo & Fradà Orestano 1984). The 
results of the present study indicate that atoll formations 
may be more frequent than previously thought. Increasing 
evidences suggest that Posidonia atolls are the result of 
particular dynamics occurred in very shallow meadows, 
often subjected to stressful conditions where seagrass 
meadows can live at the extreme of their environmental 
tolerance (La Loggia et al. 2004, Tomasello et al. 2009). 
Pergent & Pergent-Martini (1995) and Boudouresque et 
al. (2012) hypothesized that atolls origin from nearly cir-
cular patches of P. oceanica, where plagiotropic (horizon-
tal) shoots only grow outwards, whereas the shoots on the 
central portion of the patch die. Notoriously, P. oceanica 
is considered as an ‘ecosystem engineer’ species, given 
its ability to affect significantly physical, chemical and 
biological features of their environment up to determine 
inhospitable conditions for itself (Boudouresque et al. 
1975). During matte elevation, shoots and leaves can rise 
up to the sea surface forming small lagoon-like environ-
ments, within which the hydrodynamic regime reduces 
abruptly inducing the increase in temperature and salin-
ity variability in comparison with the adjacent open sea. 
The atolls detected in this study lie right at the inner edge 
of the reef and in very shallow waters where water cir-
culation is even more affected by seagrasses, especially 
at low tide when the canopy can occupy the entire water 
column (Koch et al. 2006). Under this circumstance one 
important consequence is that hydrodynamic regime (and 

covariates), considered a prominent factor in shaping sea-
grass landscape (Bell et al. 2006), within seagrass patch-
es located at the inner edge of reefs, falls further down 
greatly affecting shoot vitality. Continuous measurements 
of environmental variables (especially temperature and 
salinity) are clearly necessary to characterize the envi-
ronment inside the atolls. Another important finding that 
arose from our analysis is that atolls appear very irregu-
larly shaped. Although spatially explicit models have not 
yet been developed in a way that would explain such com-
plex patterns (Duarte et al. 2006), a new hypothesis can 
explain the phenomenon underlying atoll formations. In 
a diachronic study, Bonacorsi et al. (2013) observed that 
atolls origin and develop from a single self-maintaining 
patch, more or less regularly shaped across time. How-
ever, this model does not support the complexity of atolls 
recorded in the present study, where, indeed, atolls appear 
to be rather elongated in shape or with multiple arcs of dif-
ferent amplitude delimiting their contours. According to 
Bonacorsi et al. (2013), such morphological complexity 
may be explained only assuming a very variable speed of 
horizontal growth of the rhizomes placed at the periphery 
of the patches. Alternatively, a new hypothesis on atolls 
formation can be formulated, by considering such struc-
tures as the results of the union of several patches that 
came into contact during clonal expansion, still maintain-
ing the geometric memory of their union for a certain time 
interval. Previous studies carried out along Sicilian coasts 
seem to support the multi-patch origin here hypothesized, 
since the genetic structure of atolls was demonstrated to 
be composed by multiple clones (Tomasello et al. 2009).

The P. oceanica reef model here presented, obtained 
by integrating a large amount of extremely accurate pho-
tographic data and derived bathymetry, allowed to real-
ize a 3D reconstruction with great realism. The results 
obtained made it possible to graphically reproduce a spa-
tially heterogeneous mosaic with accuracy unthinkable a 
few years ago. The devices here employed are being con-
tinuously implemented in terms of miniaturization and 
lightening of vehicles, sensor resolution and powerful 
softwares. Surely the advent of these technologies repre-
sents the beginning of a new era in the study and moni-
toring of these important natural monuments, since many 
of the limitations of classical methods applied at seagrass 
landscape level such as incorrect positioning, low reso-
lution and consequent misleading interpretation of data 
(Bell et al. 2006), may now be considered overcome.
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