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Abstract

An index (MCALI: Multi-Criteria Anchoring Index) based upon nine parameters and their weighting is proposed. It evidences the
effect of anchoring on the Posidonia oceanica seagrass meadow, even under relatively low mooring pressure.
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Introduction

Posidonia oceanica is a Mediterranean seagrass that is sensitive to a variety of
anthropogenic disturbances and stress, among them anchoring. The impact of
large boats, e.g. cruise ships, isobvious[1,2]. Asfar as small pleasure boats are
concerned, the maximum sustainable mooring pressure onP. oceanica
meadows has be suggested to be two anchorage events hal d1 (annual
average), the number of anchoring boats never exceeding 10 ha'l for a given day
[3]. Higher anchoring pressure would result in meadow regression. In contrast,
under low mooring pressure, the effect of anchors proved to be more or less
unclear, whenever the proxies of anchoring pressure were considered
separately.

Material and methods

Six sites within the Port-Cros National Park (Provence, France, northwestern
Mediterranean Sea), 7 to 9 m depth, were studied in 2011. Mooring has been
banned at Site 2 (East Bagaud Island) since 1993 and Site 6 (Pointe Nord) since
2002. Anchoring pressure is very low in summer at Site 1 (East Bagaud Island:
0.08 boat hal d'1). It is relatively low at Site 3 (Saint-Pierre Cove: 0.12 boat
hal d'1), Site 4 (Fausse Monnaie Cove: 0.13 boat ha'l d'1) and Site 5 (Pomme
d'Or Point: 0.13 boat ha'l d'1) [4]. Parameters taken into account were: (i) P.
oceanica percent cover, (ii) shoot density, (iii) bared rhizomes, (iv) % of
plagiotropic (i.e. creeping) rhizomes, (v) number of free uprooted and broken
shoots, (vi) compactness of the matte, (vii) fragmentation of the meadow,
(viii) density of living individuals of the noble pen shell Pinna nobilis and (ix)
ratio between living and dead or broken P. nobilis shells. Parameters (v), (viii)
and (ix) are innovative.

Tab. 1. Multi-criteria grid of P. oceanica meadow parameters (i through ix),
parameter marks (0 through 2) and parameter weighting (1 through 3). Study
sites are ranked from absence of mooring (left: 2 and 6) to highest anchoring
pressure (right: 4 and 5). In each box: the product of mark and weighting.
White = norma status, light grey = intermediate status, dark grey = abnormal
status. MCAI = overall mark for agiven site.

Para- | Wei- | Site 2 Site 6 Site 1 Site 3 Site 4 Site 5
meter | ght

i 3 [2x3=6 [2x3=6 [1x3=3 [1x3=3 |1x3=3 S
il 2 1x2=2 |1x2=2 |2x2=4 [1x2=2 |1x2=2 [
iii 1 |1x1=1 [1x1=1 [2x1=2 |I1x1=1 |1x1=1 |2x1=2
I\ 2 |2x2=4 |2x2=4 Nix@SPNNESPN 2x2=4 [2x2=4
v 3 12x3=6 |2x3=6 [0x3=0 [0x3=-0 |0x3-0 |0x3-0
vi 2 |2x2=4 |1x2=2 |2x2=4 |2x2=4 |1x2=2 [1x2=2
Vil 1 2x1=2 |2x1=2 |2x1=2 |2x1=2 [2x1=2 [FIGQIESIl
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MCAI 30 31 25 18 19 10

Results and discussion

For each parameter (i through ix), at each site (1 through 6), a mark was
assigned, based on [3, 5] and field observations: 0 = abnormal, 1 = intermediate
and 2 = normal. A few parameters were correlated with the anchoring pressure
(i, v and vii), while most of them were not clearly correlated (Table 1).
However, the 9 parameters considered are of strongly contrasted importance:
percent cover, number of broken shoots and ratio between living ans broken
Pinna nobilis shells matter more than e.g. bared rhizomes and compactness of
the matte. Parameters were therefore weighted (1 through 3). For each
parameter at each site, the site mark was the product of parameter mark and
parameter weight. The overall mark (MCAI: Multi-Criteria Anchoring Index)
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for a given site was the sum of the nine site marks (Table 1). For more details,
see [6]. While individual parameters give contrasted responses, if any, to low
mooring pressure, the multi-criteria response (overall mark, MCAI; Table 1)
unequivocally evidences, for the first time, the expected response of the
seagrass meadow. However, it is worth noting that the evidence of an effect
does not mean that it is beyond the resilience of the meadow: for example, the
annual production of new shoots (via rhizome branching) can compensate
shoot breakage (by anchors).
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