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Abstract

The spatial dynamics of the Posidonia oceanica meadows is a process extending over centuries. This article shows evidence
of the natural dynamics of the P. oceanica “shifting intermattes” or “sand corridors” (hereafter SCs) — unvegetated patches within
a dense meadow. We have studied the features and temporal evolution (2001-2015) of five SCs in the Calvi Bay (Corsica) at a 15
m depth and followed the characteristics of the P. oceanica meadow lining the edge of patches. All SCs show a similar morphol-
ogy. The eroded side has a vertical edge where roots, rhizomes, and sediments are visible, whereas, on the opposite colonized side,
the sand is at the same level as the continuous meadow. The vertical edge reaches a maximum height of 160 cm and is eroded by
orbital bottom currents with a maximum speed of 12 cm.s'— the erosion speed ranging from 0.6 to 15 cm.a™!. SCs progress toward
the coastline with a mean speed of 10 cm.a™'. The rate of colonization by the P. oceanica shoots ranges from 1.5 to 21 cm.a™'. We
have calculated that the studied SCs will reach the coastline within 500 to 600 years. We finally discuss the implication of such

dynamics in the framework of the assessment of meadow colonization and the seascape dynamics.

Keywords: Seagrass colonization, Posidonia oceanica dynamics, Intermatte, Mediterranean Sea, Seascape.

Introduction

The endemic species, Posidonia oceanica (L.) Delile
is the main seagrass of the Mediterranean Sea. This plant
forms extensive meadows from the surface to a depth of
40 m considered as “climax” habitats (Boudouresque et
al., 2012; Pergent et al., 2012).Over the last three de-
cades the interest in landscape ecology has grown and
spread from land to marine ecosystems (Bell ez al., 2006)
and P. oceanica meadows (Montefalcone et al., 2013) to
assess the conservation state of coastal areas. At present,
the morphology of meadows, such as, the presence and
arrangement of bare patches (e.g., natural or anthropo-
genic bare mattes and intermattes) are used as charac-
teristic imprints of environmental conditions (Pergent et
al., 1995; Montefalcone, 2009; Montefalcone et al. 2010,
Abadie et al., 2015). Landscape tools are being widely
utilized in the study of seagrass meadows (seascapes),
but still require the establishment of several bases. More
precisely, patch descriptions and their temporal evolution
must be investigated to sort out the natural erosion from
the anthropogenic erosion of P. oceanica meadows.

Among the patches, special focus has been laid on a
particular structure called “shifting intermattes” or “sand
corridors” (SCs), that is, a sand patch within a P. oceani-
ca meadow, described 60 years ago by Molinier & Picard
(1952). This patch type displays an interesting structural
particularity for study of the erosive and colonization
processes of the meadows. On one side, the currents at
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the bottom erode the meadow creating a vertical edge of
matte, whereas, on the other side P. oceanica colonizes
the bare sandy bottom (Boudouresque et al., 1980).

To follow the spatial evolution of P. oceanica mead-
ows and patch generation on a small scale, several non-
destructive methods have been developed, for example,
the permanent square (Noél et al., 2012) and acoustic
telemetry (Descamp et al., 2011). Another method to as-
sess the ability of P. oceanica to colonize bare substrates
consists of measuring rhizome elongation using lepido-
chronology, that is, the annual cycles of scale thickness
(Pergent et al., 1989). However, these methods remain
time consuming, expensive, and destructive. Thus, the
present work, through the long-term study of the SCs’
particularities, aims to (1) propose a non-destructive and
cost-effective method to assess their spatial evolution,
(2) describe the dynamics of natural patches inside the P
oceanica meadows, and (3) discuss its implication for the
whole P. oceanica seascape.

Materials and Methods

This study took place in the Calvi Bay, located in
the Mediterranean Sea, on the northwest coast of Cor-
sica (42.583333 N, 8.750000 E; Fig. 1), a nutrient-poor
(ultra-oligotrophic) and pristine area. P. oceanica is the
dominant macrophyte species found at the bottom of that
bay and covers the sandy and rocky substrata. Its lower
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limit reaches a depth of 38 m (Bay, 1984). Despite these
very low nutrient concentrations, the meadow displays
both high biomass and productivity (more than 500
g, M™.y"); P. oceanica beds are thus considered as Low
Nutrient-High Chlorophyll (LNHC) systems (Gobert et
al., 2002). The meadow in the studied bay is qualified as
healthy (Gobert et al., 2009) and no significant changes
in its vitality have been registered since 1975 (Jousseau-
me et al., 2014).

The study was carried out from July 2001 to June
2015 on the SCs (Fig. 1) located in front of the research
station of STARESO (STAtion de REcherches Sous ma-
rines et Océanographiques) between 13 m and 16 m in
depth, resulting in a 15-year temporal survey. In July
2001, the borders of five patches were marked out with

labeled pegs, anchored 50 cm deep in the sediments. A
map was then obtained using triangulation measurements
between pegs. This first delimitation was left in place and
a same marking process was performed in June 2002 and
in June 2003. The distance between each peg was record-
ed in June 2002 (evolution from 2001 to 2002) and in
June 2003 (evolution from 2002 to 2003). In June 2010
and 2015, the relative position of the pegs was again
measured on patch 2 (Fig. 1).

In September 2001, four sediment cores (diameter
of 5 ¢cm) were sampled in the middle of patch 5 and in
the adjacent continuous P. oceanica meadow. The mean
length of the sediment cores was approximately 10 cm.
Grain size (fine silt to coarse sand) was measured using
sieves of 0.8, 0.4, 0.2, 0.1, 0.05, 0.025, and 0.0125 mm.

Punta Revellata

Fig. 1: Study site in front of STARESO in the Calvi Bay (Corsica): Sand corridors forming a row of five sand patches in the P.

oceanica meadow.
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Each fraction was dried for 48 hours at 60°C and was
weighed before and after drying. Sediments were classi-
fied according to their grain size, using the scale of Wen-
tworth (1922).

The speed and direction of the currents at the bottom
were measured from November 2001 to October 2002
using an Aanderaa™ RCM?7 current meter placed within
patch 1 close to the eroded side. The current speed and its
direction were measured every 20 minutes and the data
were retrieved each month.

The morphological transects of patches were per-
formed from 2001 to 2003 (description and measure-
ment). Within the same period, the shoot density and the
number of creeping (plagiotropic) and erect (orthotropic)
shoots were counted in the surrounding meadow near the
patches (on both the eroded and colonized sides), by us-
ing a square of 40 cm x 40 cm (n = 16) (Soullard et al.,
1994). Furthermore, one plagiotropic rhizome from each
patch’s colonized side was sampled in July 2015, to mea-
sure the mean annual growth, thanks to lepidochronology
(Pergent et al., 1989).

Results

The five SCs are aligned one after the other parallel to
the coast. The shape of patches 1 and 2 can be compared
to a banana; patches 3 and 4 display a reduced area in
comparison to the other three, and the outline of patch 5

Landward

‘m“\\\\“ RN

Vertical
edge

Orthotropic rhizomes

Erosion

Matte

is more serrated (Fig. 1). All patches show a similar mor-
phology. The eroded side (landward) is a vertical edge
facing west, in which the roots, rhizomes, and sediments
forming the matte are visible (Fig. 2a). The maximum
height of the edge of up to 160 cm (patch 2), is at the
mid length of the eroded side and decreases toward the
patch’s extremities. It can be described as a sheer vertical
matte or a beetling scarp (Fig. 2). At the colonized side
(seaward), the sand is at the same level as the continu-
ous meadow and the matte is less thick with plagiotropic
rhizomes (Fig. 2b).

In the P. oceanica meadow, around 75% of the sedi-
ments below a grain-size of 0.8 mm are constituted by
grains smaller than 0.1 mm, that is, silt, while in the SC,
this proportion is only 60% (Table 1). On the eroded side
the sediments are fine (Fig. 2a), while at the colonized
side the sediments are coarse-grained and composed of
organic material and shell fragments (Fig. 2b).

Currents speed varies from 1.00 to 12.14 cm.s”! on
the eroded side with a mean value of 1.72 + 0.69 cm.s"!
(Fig. 3a). Currents mainly come from the southeast
(39%) and more seldom from the east (17%) and north—
west (15%) (Fig. 3b).

The temporal survey of the five patches performed in
2002 and 2003 reveals that the mean erosion of the verti-
cal edge does not differ from one patch to another, that
is, between 19.5 + 13.9 and 24.4 = 12.2 cm.a™! from 2001
to 2002 and between 5.4 + 3.3 and 11.8 £ 7.0 cm.a™ from
2002 to 2003 (Table 2). However, the mean erosion has

Seaward

Plagiotropic .‘\T:\‘}:}\
rhizomes \\\\\\ \

Colonization

Sediments

Fig. 2: Schematic representation of a sand corridor with pictures of, (a) the eroded side; (b) the colonized side (photos a and b:

A. Abadie).

Medit. Mar: Sci., 17/3, 2016, 777-784

779



Table 1. Percentage of each granulometric fraction according to the sieve meshing and the classification of Wentworth

(1922).
Sand Silt
Granulometry Coarse Medium Fine Very fine Coarse Medium Fine
Sieve size (mm) 0.8 0.4 0.2 0.1 0.05 0.025 0.0125 <0.0125
SCsample 1 0.6 2.0 9.8 28.2 393 17.0 2.6 0.5
SCsample 2 0.6 43 6.6 23.5 40.2 17.6 4.9 24
Meadow sample 1 0.5 0.5 4.8 18.3 342 30.7 83 2.9
Meadow sample 2 0.7 1.1 6.0 18.8 41.4 22.5 6.6 3.0
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Fig. 3: (a) Current speed (cm.s™) from November 2001 to October 2002 at patch 1 near the vertical edge; (b) current frequency

(%) according to their cardinal source.

been significantly higher from 2001 to 2002 (22.8 cm.a™)
in comparison to the 2002-2003 period (9.0 cm.a™'). The
long-term survey of spatial dynamics of patch 2 between
2001 and 2015 shows erosion of its vertical edge ranging
between 50 and 135 cm for the 15-year time interval and
a colonization ranging from 14 to 190 cm (Table 2). The
lepidochronological analysis of rhizome length revealed
the past growth back to 2007 for patch 4, back to 2008 for
patches 2 and 3, back to 2009 for patch 1, and back to 2011
for patch 5. Plagiotropic rhizomes show relatively homoge-
neous mean annual growth rates between the five patches,
ranging from 3.2 to 4.5 cm.a'. Strong knots of roots have
been observed at the extremities of plagiotropic rhizomes
(Fig. 4). At the top of the vertical edge in patch 2 (13 m
depth), the mean density of the P. oceanica meadow is 403
+ 203 shoots.m? (with 9% of plagiotropic rhizomes). On
the colonized side (15 m depth), the mean density reaches
229 + 58 shoots.m™ (with 21% of plagiotropic rhizomes).

Discussion

The SCs studied here are natural structures eroded
by water movements (Boudouresque & Meinesz, 1982;
Blanc & Jeudy De Grissac, 1984), embedded in a whole
P, oceanica seascape structured by wave energy at a shal-
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low depth (Infantes et al., 2009, Vacchi et al., 2010). Our
work aims to characterize the SC dynamics with a tem-
poral approach, to provide a new insight into the coloni-
zation evaluation in the framework of seascape studies.

On the one hand, the mean colonization speed of patch-
es measured, thanks to lepidochronology (rhizome growth
of 3.9 cm.a'), was consistent with the previous data. An
average speed of rhizome growth of 3 to 4 cm.a™! was mea-
sured by Meinesz & Lefevre (1984); between 1.0 and 7.0
cm.a’' by Caye (1982); and between 0.4 and 1.1 cm.a™ and
between 0.4 and 7.4 cm.a™! for orthotropic and plagiotropic
rhizomes, respectively, by Molenaar & Meinesz (1995). On
the other hand, the colonization of patches by the P. oce-
anica shoots based on our long-term census (200F=2015)
using labeled pegs ranged between 1.0 and 23.5 cm.a’'.
The average recolonization speed value (11.0 cm.a') was
higher than those obtained with lepidochronology.

The present study, therefore, suggests that plagio-
tropic rhizome elongation, as determined by lepidochro-
nology, does not correspond to the observed longitudi-
nal spreading capacity of the meadow using anchored
fixed marks. Our observations (Figs 4 and 5) show that
leaves, through their horizontal growth pattern, with
a production of primary roots close to their insertion
rank basis (Fig. 4), can initiate the colonization process.

Medit. Mar. Sci., 17/3, 2016, 777-784



Table 2. Surface area (m?), vertical edge erosion and colonization speed by P. oceanica (cm.a™) at the five SCs. Erosion and colo-
nization data are given as mean + SD, minimum and maximum values and number of measurements. The mean growth (cm.a!) of
plagiotropic rhizomes for each patch are given as mean £ SD for their respective time interval.

Patch 1 3 4 5
Surface area (m?) 104 135 28 24 99
Yearly mean erosion (cm.a™)
2001-2002 242+12.0 244 +£122 22.4+7.7 233+32 19.5+13.9
0-46 11-45 10-35 19-26 0-56
18 26 9 7 14
2002-2003 11.8+£7.0 9,4+4.1 9.0+5.3 54+33 9.7+7.4
3-31 3-18 7-20 0-8 0-27
18 26 9 7 14
2001-2010 77.0+29.4
50-135
23
2014-2015 10.3£8.5
0-19.5
17
Yearly mean colonization (cm.a™)
2001-2010 98.6 +58.1
14-190
14
2014-2015 11.1+6.6
1-23.5
29
Yearly mean plagiotropic 41+14 32+£1.2 43+0.6 45+14 3.5+0.8
rhizomes 2009-2014 2008-2014 2008-2014 20072014 20112014

growth (cm.a™)

This colonization rate, measured with pegs, further
matches the progression rate assessed by the acoustic te-
lemetry along the French coast (Descamp et al., 2011).
For colonization assessment of the P. oceanica meadows,
it is primordial to take into account the advance of the
entire meadow, that is, plagiotropic rhizomes as well as
their leaves and scales (Fig. 5) and not only rhizome elon-
gation. Therefore, the use of beacons appears well-suited
for such monitoring studies. Moreover, the meadow pro-
gression measured with this method corresponds to the
one assessed with remote sensing, for example, the side
scan sonar and satellite images (Descamp et al., 2011,
Clabaut et al., 2014).

Looking at the opposite eroding side of the SCs, the
temporal evolution of the vertical edges leads to seascape
features similar to a beach banquette dynamic of P. oce-
anica leaves, as described by Mateo et al. (2003). The
process occurs through the removal of sediments from
the matte edge and the modification of the sedimentation
rate of particles (Folkard, 2005). A diagram of the suc-
cessional stages of erosion is proposed in figure 6. The
base of the vertical edge is eroded leading the P. oceanica
meadow to hang over the notch. The notch increases and
the overhanging meadow then collapses. Debris from the
meadow —pieces of matte with living P. oceanica— are
finally removed or possibly start to grow again.

According to Blanc & Jeudy De Grissac (1984),
SCs parallel to the coast depend on drift currents, but

Medit. Mar: Sci., 17/3, 2016, 777-784

the effects of intense storms, even those short in dura-
tion, are preponderant. The two main wind sectors in the
Calvi Bay are the north-east (Tramontane) and south-
west (Libeccio) winds (Skliris & Djenidi 2006), both
being powerful enough to generate waves and thus cur-
rents are derived at the bottom from wave energy. In the
present study, SCs have been subjected to low currents
with a maximum recorded speed of 12 cm.s! (Fig. 3).

Fig. 4: Plagiotropic thizome sampled for lepidochronology
at the colonized side of patch 4 showing a knotwork of roots
at its extremity (photo: S. Gobert).
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Fig. 5: Schematic representation of the P. oceanica meadow progression encompassing the present year (p. y.) colonization as-
sessed by the labeled peg, and the past rhizome elongation (p. y. -1 and p. y. -2) measured according to lepidochronology.

This maximum current speed is far from the one considered
to prevent P. oceanica meadow development (about 40 cm.s”
! (Infantes et al., 2009)). However, at the mean depth of the
present study (15 m) waves remain capable of generating
dead matte areas (Vacchi et al., 2016), their constant erosion
activity on the seagrass meadow will possibly lead to SCs.
The mechanical influence of the current speed results
in part from the granulometric characteristics of the sedi-
ment grains. Sediments of sand patches originate mainly
from the erosion of the vertical edge (Cinelli ez al., 1995)
as well as from the pieces of collapsed living matte (De

Falco et al., 2000). At the colonized side of SCs, more
plagiotropic shoots are found in the zone of sediments
accretion. From the eroded side to the colonized one, the
grain size increases, causing the appearance of coarse
sediments between the plagiotropic shoots (Fig. 2a-b).
Within the surrounding P. oceanica meadow, the canopy
acts as a sink of particles and reduces the flow velocity
(Gacia et al., 1999). Under the relatively low water mo-
tion at the bottom of the studied area, the surrounding
meadow has a stabilization influence on nearby SC sedi-
ments (Stratigaki ef al., 2011, Manca et al., 2012).

orbital bottom
currents

Fig. 6: Temporal evolution of the vertical edge on the eroded side. TO: sheer edge, T1 to T4: erosion of edge bottom, T5: collaps-

ing of the meadow overhang (photos: A. Abadie).
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Finally, due to the parallel and equivalent dynam-
ics of their eroded and colonized sides, the five studied
SCs progress simultaneously toward the coastline. Their
speed of progression probably depends on the weather
conditions (storms, wind direction, and speed, which
force the currents) and may also be influenced by the
meadow structure (e.g., density, matte compactness on
the cliff edge, sediment retention). Considering a mean
speed movement of 10 cm.a” and their landward dis-
tance, we predict that the studied SCs will reach the coast
within 500 to 600 years.

Conclusion

The spatial dynamics of P. oceanica is a process ex-
tending over centuries (Meinesz & Lefévre, 1984; Bou-
douresque et al., 2009; Vermaat, 2009). However, the
exceeding slowness of this process complicates the di-
rect measurement of the progression of sand patches and
the seagrass meadow. Nevertheless, this study has shown
evidence of recolonization of natural sand patches by P.
oceanica shoots. We have described, for the first time,
the progression of SCs toward the coastline, highlight-
ing an enhanced shoot recruitment and rhizome growth
rate on their colonized side. At the opposite regressive
side, a high shoot removal rate balances the colonization
process, creating vertical edges. These kind of structures
have also been observed in other places around Corsica
and the Mediterranean Sea, from the upper to the lower
limit of the meadow (Borg et al., 2009; Pedersen et al.,
2011). The results obtained by using a simple and cost-
effective method provided precise data on the spatial
evolution of natural patches within the P. oceanica sea-
scapes.

Acknowledgements

Funding was provided by the European Commu-
nity (European contract NOMATEC; EVK3C- T2000-
00033), by FRS-FNRS (FRFC 2.4.502.08) and by the
French Community of Belgium (ARC Race 05/10- 333).
This study is part of the STARECAPMED (STAtion of
Reference and rEsearch on Change of local and global
Anthropogenic Pressures on Mediterranean Ecosystems
Drifts) project, funded by the Territorial Collectivity of
Corsica and by The French Water Agency (PACA-Corsi-
ca). We wish to thank Sophie Dubié, Cécile Michel, Ju-
lien Canon, Fulbert and Matthieu for their technical and
logistic help during scuba diving (census in 2010). The
authors are also grateful to Prof Nathalie Fagel, who as-
sisted with the granulometric analysis and to one anony-
mous reviewer, for constructive comments on a previous
version of the article. This publication is the MARE pub-
lication n°334.

Medit. Mar: Sci., 17/3, 2016, 777-784

References

Abadie, A., Gobert, S., Bonacorsi, M., Lejeune, P., Pergent, G.
et al., 2015. Marine space ecology and seagrasses. Does
patch type matter in Posidonia oceanica seascapes? Eco-
logical Indicators, 57, 435-446

Bay, D., 1984. A field study of he growth dynamics and pro-
ductivity of Posidonia oceanica (L.) Delile in Calvi Bay,
Corsica. Aquatic Botany, 20, 43-64

Bell, S.S., Fonseca, M.S., Stafford, N.B., 2006. Seagrass Ecol-
ogy: New Contributions from a Landscape Perspective.
In: Larkum AWD, Orth RJ, Duarte CM (eds) Seagrasses:
Biology, Ecology and Conservation. Springer Netherlands

Blanc, J.J., Jeudy De Grissac, A., 1984. Erosion sous-marine
des herbiers a Posidonia oceanica (Méditerranée). In:
Boudouresque CF, Jeudy De Grissac A, Olivier J (eds) In-
ternational Workshop on Posidonia oceanica Beds. G.I.S.
Posidonie, France

Borg, J. A., Rowden, A. A., Attrill, M. J., Schembri, P. J., Jones,
M. B., 2009. Occurrence and distribution of different bed
types of seagrass Posidonia oceanica around the Maltese
Islands. Mediterranean Marine Science, 10(2), 45-62.

Boudouresque, C.F., Meinesz, A., 1982. Découverte de
I’herbier de posidonie, Vol 4, France

Boudouresque, C. F., Thommeret, J., Thommeret, Y., 1980.
Sur la découverte d’un bioconcrétionnement fossile in-
tercalé dans 1’herbier aPosidonia oceanica de la Baie de
Calvi (Corse). Journées d’étude sur la systéematique et la
biogéographie de la mer Méditerranée, Cagliari. CIESM,
Monaco, 139-142.

Boudouresque, C.F., Bernard, G., Pergent, G., Shili, A., Ver-
laque, M., 2009. Regression of Mediterranean seagrasses
caused by natural processes and anthropogenic distur-
bances and stress: a critical review. Botanica Marina, 52,
395-418.

Boudouresque, C.F., Bernard, G., Bonhomme, P., Charbonnel,
E., Diviacco, G. et al., 2012 Protection and conservation
of Posidonia oceanica meadows. RAMOGE pub., Tunis

Caye, G., 1982. Etude sur la croissance de la Posidonie, Posido-
nia oceanica (L.) Delile, formation des feuilles et crois-
sance des tiges au cours d’une année. Téthys, 10, 229-235.

Cinelli, F., Fresi, E., Lorenzi, C.,Mucedola, A., 1995. La
Posidonia oceanica. Rivista Maritima

Clabaut, P., Augris, C., Pergent, G., Pergent-Martini, C., Pasquali-
ni, V. et al., 2014. Les fonds marins cétiers de Corse. Car-
tographie biomorphosédimentaire. Editions Quae.80

De Falco, G., Ferrari, S., Cancemi, G., Baroli, M., 2000. Rela-
tionship between sediment distribution and Posidonia oce-
anica seagrass. Geo-Marine Letters, 20, 50-57.

Descamp, D., Holon, F., Ballesta, L., Guilbert, A., Guillot M.
etal., 2011. Fast and easy method for seagrass monitoring:
Application of acoustic telemetry to precision mapping of
Posidonia oceanica beds. Marine Pollution Bulletin, 62,
284-292.

Folkard, A.M., 2005. Hydrodynamics of model Posidonia oce-
anica patches in shallow water. Limnology and Oceanog-
raphy, 50,1592-1600.

Gacia E., Granata, T.C., Duarte, C.M., 1999. An approach
to measurement of particle flux and sediment retention
within seagrass (Posidonia oceanica) meadows. Aquatic
Botany, 6, 255-268.

783



Gobert, S., Laumont, N., Bouquegneau, J.M., 2002. Posido-
nia oceanica meadow: a low nutrient high chlorophyll
(LNHC) system? BMC Ecology 2,9 DOI: 10.1186/1472-
6785-2-9

Gobert S., Sartoretto S., Rico-Raimondino V., Andral B.,
Chery A. et al., 2009. Assessment of the ecological sta-
tus of Mediterranean French coastal waters as required by
the Water Framework Directive using the Posidonia oce-
anica Rapid Easy Index: PREL. Marine Pollution Bulletin,
58,1727-1733.

Infantes, E., Terrados, J., Orfila, A., Cafiellas, B., Alvarez-El-
lacuria, A., 2009. Wave energy and the upper depth limit
distribution of Posidonia oceanica. Botanica Marina, 52,
419-427.

Jousseaume, M., Abadie, A., Binard, M., Biondo, R., Borges,
A. et al, 2014. STARE-CAPMED - Rapport d’activité
2013. STARESO, Calvi, France

Manca, E., Caceres, ., Alsina, J.M., Stratigaki, V., Townend,
I. et al., 2012. Wave energy and wave-induced flow re-
duction by full-scale model Posidonia oceanica seagrass.
Continental Shelf Research, 50,100-116.

Mateo, M.A., Sanchez-Lizaso, J.L., Romero, J., 2003. Posido-
nia oceanica “banquettes”: a preliminary assessment of
the relevance for meadow carbon and nutrients budget.
Estuarine, Coastal and Shelf Science 56, 85-90.

Meinesz, A., Lefévre, J.R., 1984. Régénération d’un herbier a
Posidonia oceanica quarante années aprés sa destruction
par une bombe dans la rade de Villefranche (Alpes-Mari-
times). In: Boudouresque CF, Jeudy De Grissac A, Olivier
J (eds). Proc International Workshop on Posidonia oce-
anica Beds. G.I.S. Posidonie

Molenaar, H., Meinesz, A., 1995. Vegetative reproduction in
Posidonia oceanica: Survival and development of trans-
planted cuttings according to different spacings, arrange-
ments and substrates. Botanica Marina, 38(1-6), 313-322.

Molinier, R., Picard, J., 1952. Recherches sur les herbiers de
phanérogames marines du littoral méditerranéen frangais.
Annales de I’Institut Océanographique 27,157-234.

Montefalcone, M., 2009. Ecosystem health assessment using
the Mediterranean seagrass Posidonia oceanica: A review.
Ecological Indicators, 9, 595-604.

Montefalcone, M., Parravicini, V., Vacchi, M., Albertelli, G.,
Ferrari, M. et al., 2010. Human influence on seagrass habi-
tat fragmentation in NW Mediterranean Sea. Estuarine,
Coastal and Shelf Science, 86, 292-298.

Montefalcone, M., Rovere, A., Parravicini, V., Albertelli, G.,
Morri, C. et al., 2013. Evaluating change in seagrass mead-
ows: A time-framed comparison of Side Scan Sonar maps.
Aquatic Botany, 104, 204-212.

784

Noél, C., Boissery, P., Quelin, N., Raimondino, V., 2012. Ca-
hier Technique du Gestionnaire-Analyse comparée des
méthodes de surveillance des herbiers de posidonies.
CartOcean, Agence de I’eau RMC, Dreal PACA, Région
PACA.96

Pedersen, M.O., Serrano, O., Mateo, M.A., Holmer, M., 2011.
Temperature effects on decomposition of a Posidonia oce-
anica mat. Aquatic Microbial Ecology 65,169-182.

Pergent, G., Bazairi, H., Bianchi, C.N., Boudouresque, C.F.,
Buia, M.C. et al., 2012. Mediterranean Seagrass Mead-
ows: Resilience and Contribution to Climate Change
Mitigation, A Short Summary / Les herbiers de Magno-
liophytes marines de Méditerranée : résilience et contribu-
tion a I’atténuation des changements climatiques, Résumé.
TUCN, Gland, Switzerland and Malaga, Spain

Pergent, G., Boudouresque, C.F., Crouzet, A., Meinesz, A.,
1989. Cyclic changes along Posidonia oceanica rhizomes
(Lepidochronology) - Present state and perspectives. Ma-
rine Ecology, 10, 221-230.

Pergent, G., Pergent-Martini, C., Boudouresque, C.F., 1995.
Utilisation de I’herbier a Posidonia oceanica comme indi-
cateur biologique de la qualité du milieu littoral en Médi-
terranée : état des connaissances. Mésogée, 54, 3-27.

Skliris, N., Djenidi, S., 2006. Plankton dynamics controlled by
hydrodynamic processes near a submarine canyon off NW
Corsican coast: A numerical modelling study. Continental
Shelf Research, 26,1336-1358.

Soullard, M., Bourge, 1., Fogel, J., Lardinois. D., Mathieu, T.,
Veeschkens C., 1994. Evolution of the shoot density of the
Posidonia seagrass bed of Calvi Bay (Corsica). Vie et Mi-
lieu, 44, 199-201.

Stratigaki, V., Manca, E., Prinos, P., Losada, 1.J., Lara, J.L. et
al., 2011. Large-scale experiments on wave propagation
over Posidonia oceanica. Journal of Hydraulic Research,
49, 31-43.

Vacchi, M., De Falco, G., Simeone, S., Montefalcone, M.,
Morri, C. et al., 2016. Biogeomorphology of the Mediter-
ranean Posidonia oceanica seagrass meadows. Earth Sur-
face Processes and Landforms, DOI: 10.1002/esp.3932

Vacchi, M., Montefalcone, M., Bianchi, C.N., Morri, C., Fer-
rari, M., 2010. The influence of coastal dynamics on the
upper limit of the Posidonia oceanica meadow. Marine
Ecology, 31, 546-554.

Vermaat, J.E., 2009. Linking clonal growth patterns and eco-
physiology allows the prediction of meadow-scale dynam-
ics of seagrass beds. Perspectives in Plant Ecology, Evolu-
tion and Systematics, 11,137-155.

Wentworth, C.K., 1922. A scale of grade and class terms for
clastic sediments. The Journal of Geology 30, 377-392.

Medit. Mar. Sci., 17/3, 2016, 777-784


http://www.tcpdf.org

