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Introdu ction

The present paper forms part of the research undertaken by the Marine Environment Research Centre
ENEA S. Teresa together with the Italian Ministry of Environment, with the leading idea of the
sustainable use of coastal resources, in order to give guidelines on integrated coastal management
(DELBONO et alii, 2001).

This study aims to compare a collection of historical and recent cartography on the extension of the
Cymodocea nodosa meadows in the Tigullio Gulf (Eastern Ligurian Sea, NW lItaly). Cartographic data
collected in 1986 and 1991 were compared with Side Scan Sonar (SSS) surveys conducted in 2001
(Fig.1). The data were thus processed with the Geographical Information System (GIS) to carry out a
critical analysis of the seagrass evolution occurred throughout the years.

The considerable ecological interest of this area is highlighted by the creation of the Regional Natural
Park of the Portofino Promontory and its National Marine Protected Area and it needs to be balanced
against the highly diversified socio-economic development of this coastal territory, which induces a
high anthropic charge (MORRI et alii, 1988).

Materials and method s

The surveys of the Cymodocea nodosa meadow were carried out in 1986, 1991 and 2001 by using
different methods.

Data on the extension of the Cymodocea nodosa meadow in 1986 derive from the biocenotic map
produced by MORRI et alii (1988), using information collected by diving. That map was subsequently
converted in GIS by TUNESI et alii (2002).

The map of the meadow of Cymodocea nodosa in 1991 (BIANCHI & PEIRANO, 1995) was performed
through (SSS) and the vector model was processed in nominal scale 1:25y000.

In 2001, the meadow was studied through a double frequency SSS equal to 500 Khz, integrated with
underwater surveys with SCUBA and Remotely Operated Vehicle (ROV), in the area between Punta
Chiappe and Sestri Levante, within 1.5 km offshore (BARSANTI et alii, 2003). SSS surveys resulted in
three mosaic raster format maps (Fig. 1 and 2) in scale 1:5y000. The conversion from raster to vector
model was performed both in nominal scale 1:5y000 and in scale 1:25y000. The latter was used for
direct comparison with previously obtained information in order to analyse concordances and
discordances in different times. A Geographical Information System was therefore developed.

All vector models of the Cymodocea nodosa meadow are polygonal type and they are georeferenced
at WGS84 datum with UTM metric co-ordinates. The attributes of every model are hectares and area
(m?). Finally, concordance and discordance maps for the years 1986-1991 and 1991-2001 were
produced using vector overlay methods.

Since the three considered surveys do not cover exactly the same area, a common one was located
by marking the limits of the 2001 SSS sonograms. That common area was sub-divided into three
sectors called: 1) Northern sector, from Punta Chiappe to the mouth of the Entella river; Il) Central
sector, from the mouth of the Entella river to Hotel Astoria of Cavi di Lavagna; Ill) Southern sector,
from Hotel Astoria to the beginning of the seafront area of Sestri Levante (Fig. 1).
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Fig. 1 - Mosaic maps of the Side Scan Sonar sonograms (June
2001) and identified sectors for concordance and discordance
analyses.

Fig. 2 - Detail of a Side Scan Sonar sonogram (see box A
in Fig.1). The darkest zones indicate the presence of
Cymodocea nodosa.

Results
In the following table (Table 1) the areas in hectares
three sectors are reported.

of the meadow of Cymodocea nodosa in the

Table 1 - Areas in hectares of the Cymodocea nodosa meadow in the three sectors.

NORTHERN SECTOR CENTRAL SECTOR | SOUTHERN SECTOR
Hectares in 1986 86,4 50,1 93,5
Hectares in 1991 201,1 85,8 120,5
Hectares in 2001 77,7 86,3 115,7

Then the values in hectares were calculated in percentages to carry out the diachronic analyses, i.e.
the difference in the areas of the Cymodocea nodosa meadow in the three sectors during the three
years analysed. These values were calculated through a following formula:

- [A/(A+B+C)]% : percentage value of the portion of the meadow present in year X only;
- [B/(A+B+C)]% : percentage value of the portion of the meadow present in year Y only;
- [C/(A+B+C)]% : percentage value of the portion of the meadow common to the two years.

where X and Y are two generic years.

a. Concordance and discordance data of the Cymodo cea nodo sa meadow between 1986 and
1991

In the Northern Sector, in the period 1986 — 1991 the meadow appeared to have spread out. In 1991,

the lower limit (highest depths) appears almost steady or slightly deeper, while the upper limit (shallow

depths) seems to be distinctly shallower, particularly in the area in front of the Chiavari harbour (Fig.

3). The meadow expanded both westward and eastward between 1986 and 1991, so that a clear

increase of about 60% of the meadow of Cymodocea nodosa was registered (Fig. 4a).




Fig. 3 - Concordance and discordance map of the meadow of Cymodocea nodosa, 1986 - 1991.

Also in the Central sector the lower limit of
the meadow seems preserved, while the
upper one has strongly deepened off Cavi di
Lavagna (Fig. 3). The meadow has greatly
expanded westward. This increase of the
meadow is about 50%, while there is a
decrease of about 20%, compared to the
1986 meadow (Fig. 4b).

Finally in the Southern sector, about 65% of
the meadow kept steady during the following
five years. A slight decrease of the lower limit
is recorded along the whole sector, while the
upper one seems to be increasing towards
Sestri Levante and decreasing in the first
stretch of coast. The percentage of this
decrease is about 5%, while the total
increase of the meadow, both towards the
coast and offshore, is about 30% (Fig. 4c).

Fig. 4 a, b, c — 1986 - 1991

diachronic analyses: increased, decreased and
common proportions of the Cymodocea nodosa
meadow.



b. Concordance and discordance data of the Cymodo cea nodo sa meadow between 1991 and
2001

In Fig. 5, the most recent concordance and discordance map of the Cymodocea nodosa meadow, referred

to 1991-2001, is reported.

Fig. 5 - Concordance and discordance map of the meadow of Cymodocea nodosa, 1991-2001.

In 1991, in the Northern sector Cymodocea
nodosa formed a single meadow, that split in
two in 2001: a first one in front of Chiavari,
the other one at the mouth of Entella River.
Accordingly, the percentage of decrease of
the meadow in 2001 is about 65%, mainly
towards west and in the stretch in front of the
main breakwater of the Chiavari harbour,
while the increase is only about 5% (Fig. 6a).
This increase of the meadow is located to the
ending portion of the sector, in front of the
mouth of Entella River (Fig. 5).

In 2001, the meadow of the Central sector
appears steady for about 50% compared to
1991 and the percentages of increase and
decrease are basically the same, about 25%
(Fig. 6b). The decrease of the meadow is
substantially towards offshore with a
deepening of the lower limit, while the upper
limit got shallower (Fig.5). In 2001 the
meadow of Cymodocea nodosa in this sector
seems to be increasing also towards west,
that is towards the mouth of Entella river.

No relevant changes have taken place in the Fig. 6 a, b, c — 1991-2001 diachronic analysis. Increased,

Southern sector in this period (1991 — 2001). decreased and common proportions of the Cymodocea
nodosa meadow.




Around 80% of the meadow seems to be steady and the upper and lower limits are basically
unchanged (Fig. 6¢). There is an increase of about 9% towards the coast in front of Cavi di Lavagna,
while the decrease is more evident towards the coast in front of Sestri Levante and offshore,
especially in the area in front of Punta Sant'/Anna (Fig. 5). The total decrease of the meadow
compared with the one existing in 1991 is about 13%.

Conclusions

The heterogeneity of mapping methods adopted in the different surveys make difficult an exact
evaluation of the differences observed in the extension of Cymodocea nodosa meadow in the three
surveys. Notwithstanding, there are clear indications of changes with environmental correlates.

The meadow of Cymodocea nodosa along this stretch of coast seems to have substantially increased
its extension between 1986 and 1991 in all the examined sectors, particularly in the Northern and
Central ones. This might be due, at least in part, to the different methodologies of survey in these two
years. Between 1991 and 2001, the meadow appears almost steady in the Central and Southern
sectors, but it is considerably decreasing in the Northern one.

In both the diachronic GIS maps, the evolution of the meadow observed in the Northern sector is very
different from the one in the other two sectors. The more relevant change of the meadow in front of
Chiavari might be explained by late 90’s works at the harbour: by increasing the water turbidity, they
prevent the light penetration and suffocate the seagrass with the deposition of silty - clay material.
Therefore these works could have influenced the meadow of Cymodocea nodosa, that was heavily
reduced between 1991 and 2001 in the stretch of coast in front of the breakwater of the Chiavari
harbour.

This study shows the importance of diachronic analyses with GIS technologies in order to assess the
temporal dynamics of marine biocoenoses, which represent the most relevant indicator of ecosystem
changes driven by both climate and human impact (MORRI & BIANCHI, 2001). This kind of indicators
are therefore able to provide information of primary importance for coastal zone integrated
management.
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