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Abstract. This study forms part of the Action Plan for the
Conservation of Marine Vegetation in the Mediterranean Sea
(United Nation Environmental Program). It was carried out in
June 2000 in the Farwà Lagoon, Libya. The mapping of the
main benthic vegetation was achieved by compiling the field
observations (transect method), and remote sensing of SPOT
satellite images. The phytobenthos in the Farwà lagoon covers
an area of 1820 ha (65%). Three benthic macrophyte species
dominate, namely the marine phanerogams Cymodocea nodosa
and Posidonia oceanica, and the alga Caulerpa prolifera.

Dead Posidonia oceanica leaves (litter) form veritable
mounds in the vicinity of the openings leading to open sea.
These leaves, which come from the coastal sea, are brought
into the lagoon by currents and tides; their decomposition will
lead to high oxygen consumption and the release of hydrogen
sulphide.

The phenological data of Posidonia oceanica shoots sam-
pled in the lagoon are similar to those from other stations in the
Mediterranean.

Conversely, the lepidochronological parameters of shoots
sampled in the central part of the lagoon exhibit values that are
substantially higher than those generally recorded in the Medi-
terranean. The mean number of leaves produced annually is
9.9 (mean value for the Mediterranean: 7.5) and the rhizome
growth rate is of 35.7 mm.yr–1 (mean value for the Medi-
terranean: 7.5 mm.yr–1). This hypersaline environment would
seem to provide optimum growth conditions for the species
Posidonia oceanica.

Keywords: Caulerpa prolifera; Cymodocea nodosa; Lepido-
chronology; Mapping; Phenology; Posidonia oceanica;
Seagrass.

Introduction

Mediterranean ecosystems are of major ecological
importance as compared to other biogeographical zones
of the biosphere. In particular, they possess an incred-
ible species richness that places them just below tropical
ecosystems in terms of biodiversity (Ramade 1990).
Thus, the Mediterranean harbours more than 1000 mac-
roscopic marine plant species. A high percentage of
these benthic species are endemic (15 to 20%; Giaccone
& Geraci 1989). The status of these marine and lagoon
species is often poorly understood. There may be species
which are threatened by decline or even disappearance,
but there are also species which make remarkable
progress, some of them even in a proliferous way, as so-
called invasive species (Boudouresque et al. 1995). In
addition to the ecological problems that such changes
may mean in terms of biodiversity, there are also eco-
nomic repercussions that cannot be overlooked, notably
regarding spawning and nursery grounds (Harmelin-
Vivien et al. 1996).

Among the endangered plant species in the Mediter-
ranean coastal environment, the seagrasses are particu-
larly severely affected. Seagrasses occur throughout the
world, and play a major economic and ecological role
(Mc Roy & Helfferich 1980; Fortes 1989). In the Medi-
terranean two species, Posidonia oceanica (L.) Delile
and Cymodocea nodosa (Ucria) Ascherson are respon-
sible for a major part of the richness of coastal waters.
Together with the green alga Caulerpa prolifera
(Forsskål) Lamouroux these seagrasses form vast un-
derwater beds and constitute key ecosystems of the
Mediterranean basin (Bellan-Santini et al. 1994) as to
(1) the surface area they occupy; (2) the vital ecological
role they play (production and exportation of large
quantities of plant matter, production of oxygen, spawn-
ing and breeding ground, source of biodiversity); (3)
their action with regard to the equilibrium of the coastal
environment (stabilization of soft bottoms, reduction of
the force of currents and swell, protection of beaches
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and shores); (4) their role in integrating the overall
quality of the sea water.

It is within this context that the contracting parties of
the Barcelona Convention focused their attention on the
incredible richness present within the Mediterranean
and adopted the concept that (1) this genetic diversity
should be preserved, (2) the populations should be main-
tained at a satisfactory level and (3) the regions of
reproduction and habitats should be protected. Insofar
as marine vegetation is concerned, the publication of the
‘Livre Rouge Gérard Vuignier’ on the threatened plant
assemblages and landscapes of the Mediterranean (Anon.
1990) represented a first step towards the implementa-
tion of these resolutions. The merits of this inventory are
twofold. First of all, the document provides a first syn-
thesis of our knowledge concerning the status of the
main threatened plant species, and in addition it fur-
nishes the first tentative guidelines towards the protec-
tion and management of these species.

In the same spirit, and following the various recom-
mendations made during the eighth meeting of the Bar-
celona Convention’s contracting parties, the Regional
Activities Centre for Specially Protected Areas initiated
a feasibility study in 1995, concerning the implementa-
tion of a surveillance network of marine vegetation in
several Mediterranean countries. This study is part of
the Action Plan for the conservation of marine vegeta-
tion in the Mediterranean sea adopted during the 11th
meeting of the Barcelona Convention’s contracting par-
ties, held in Malta in October 1999.

The objectives of this project are:
1. To implement measures towards the management and
protection of marine plant species;
2. To act against the destruction of these formations,
which are considered to be key components of coastal
ecosystems;
3. To ensure the preservation of these formations in
characteristic areas.

Due to the extension of the Libyan coastline (more
than 2000 km) and the presence of extensive seagrass
beds in this region, it was decided that a preliminary
study was necessary in this country, notably in the
lagoon of Farwà (Anon. 1982). Three main objectives
were set:
• To collect information on the main benthic plants
(species identification and distribution);
• To map the main habitats within the lagoon of Farwà;
• To estimate vegetation vitality especially for seagrass
beds.

Material and Methods

The investigations were carried out from June 5 to
15, 2000 in the Farwà lagoon region, northwestern
Lybia (11∞44'40'' E, 33∞05'20'' N; Fig. 1). The study was
divided into two parts:
• Identification and localization of the main benthic
assemblages and bottom types. This information was
obtained using nine transects by random geo-referenced
investigations (GPS location; Fig. 1).
• Analysis of phenological and lepidochronological
data (see below) of Posidonia oceanica sampled in two
sites (PO1 and PO2).

Transect method

This method consists of unrolling a tape along the
bottom in a direction determined by the location of fixed
landmarks. The transects thus drawn are followed and
species assemblages and bottom types are identified
along the entire length of the tape. All changes in vege-
tation, nature of the assemblage, bottom type and depth
are recorded (Calvo et al. 1993).

Phenological analysis

Posidonia oceanica shoots (ten shoots per station)
were sampled from two representative sectors: (1) in the
vicinity of the man-made channel communicating with
the sea (Station PO1), where the plants correspond to
fairly new arrivals to the lagoon (short isolated rhizomes
corresponding to recent natural cutting), and (2) in the
beds located in the central region of the lagoon (Station
PO2), where acclimatization of the plants present is
considered to have occurred several decades ago (patches
over than 1m2 constituted by long rhizomes with a great
number of interconnections). For each leaf shoot, the
leaves were removed, while respecting the distichous
insertion order, and measured according to the protocol
described by Giraud (1979), including the separation
into adult, intermediate and juvenile leaves, measure-
ment of leaf length and width (blades and sheaths). Two
leaf indices were calculated:
• the foliar index, which corresponds to the leaf sur-
face area (in cm2 per shoot);
• the coefficient A, which indicates the number of
leaves having lost their apex (grazing by herbivores or
due to hydrodynamic action).

Lepidochronological analysis

When Posidonia oceanica leaves die, only the blade
falls and the shoot base or petiole remains attached to
the rhizome, thus becoming what is known as a sheath
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(Pergent-Martini & Pergent 1995). The thickness of
these sheaths varies according to their insertion rank
along the rhizome (cyclical variations), which have an
annual periodicity with a maximum and minimum an-
nual thickness. The study of these cycles has been
termed lepidochronology (Pergent 1990). The position
(rank) of maximum and minimum thickness is noted
while the rhizome is cut at the point of insertion of the
thinnest sheaths. Three parameters are then followed:
• Number of leaves produced annually (number of
sheaths per cycle).
• Annual rhizome growth rate and production.
• Past flowering events (floral stalk remains inserted
between the sheaths).

Lepidochronological analyses were performed on
the same shoots as were used for the phenological study.

Mapping

The acquisition of SPOT satellite images of the
Farwà region was performed on May 3, 2000. The
information provided was necessary to map the assem-
blages and bottom types present within Farwà Lagoon
using remote sensing (Belsher et al. 1988). This treat-
ment was possible using Multiscope software (Matra
Cap System®) based on the protocol established by
Pasqualini et al. (1997) – linear contrast enhancement,
Principal Component Analysis (PCA), classification
supervised by a generalized hypercube to the coloured
composition, homogenization, and calculation of sur-
face areas. Due to the limited quality of the image, as a
result of mirror reflection, manual extrapolations using
Photoshop 5 (Adobe®) software were made to the final
image on the basis of field data.

Results and Discussion

Main assemblages encountered

Three vegetal assemblages occupy almost the total-
ity of the Farwà lagoon bottoms. These formations are,
in decreasing order of importance:
• Cymodocea nodosa seagrass beds;
• Caulerpa prolifera beds;
• Posidonia oceanica in isolated patches.
These benthic macrophytes are found either forming
monospecific assemblages or in mixed populations. The
presence of dead Posidonia oceanica leaves (litter)
should also be noted, which at times form veritable
emergent islands within the channels leading to the open
sea.

Cymodocea nodosa covers virtually all of the lagoon
bottom. It grows mainly from the surface to 1 m depth
forming monospecific seagrass beds. With the alga
Caulerpa prolifera, it also forms extensive formations
up to depths of 2 m and, finally, it can also be occasion-
ally observed associated with the phanerogam Posidonia
oceanica. Cymodocea nodosa grows on all types of
substrate, from silt to sand, and from the surface, where
it exhibits temporary emergence, to 2 m depth, where it
is replaced by beds of Caulerpa prolifera (for instance
in the navigation channel). The leaf lengths increase
with depth, varying from 10 cm along the shoreline to
over 40 cm in the more central regions of the lagoon.
The bottom cover is rather low in the shallowest regions
(10 to 30%) but usually exceeds 50% at more than 30 cm
depth and reaches 80% in the central regions of the
lagoon. Few fruits were observed on shoots in the east-
ern regions of the lagoon.

Fig. 1. Lagoon of Farwà with the position of transects and stations studied.
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Caulerpa prolifera covers large areas within the
lagoon of Farwà. At depths of 1 - 2m it forms vast
assemblages with the phanerogam Cymodocea nodosa.
The bottom cover of Caulerpa prolifera increases with
depth. In deeper waters, and mainly on the slopes and
bottom of the navigation channel, this species often
forms dense, monospecific assemblages. In even deeper
waters (– 2 to – 6m), it can be found associated with the
marine phanerogam Posidonia oceanica. It should also
be noted that in the central part of the lagoon, just off the
small port of Farwà, mixed assemblages can be ob-
served at depths of 1 - 2m which associate Caulerpa
prolifera, Cymodocea nodosa and patches of Posidonia
oceanica. In addition, the alga Caulerpa prolifera will
more easily colonize substrates neighbouring the
Posidonia oceanica litter than the phanerogam Cymo-
docea nodosa (for instance in the man-made channel).

Posidonia oceanica was observed to grow as iso-
lated shoots or patches covering areas of 1 to 10 m2. This
species was mainly observed in three regions in the
lagoon:
• In the vicinity of the man-made channel, where the
plants observed are new arrivals from the open sea
(natural cutting). These plants grow, or survive as iso-
lated shoots where the channel mouth enters the lagoon.
The number of individuals is low and the area they cover
minimal (a few m2);
• In the central portion of the lagoon, in particular off
the small port of Farwà. This very shallow region (–1 to
–2m) corresponds to the extremity of the navigation
channel. The seagrass bed, mainly formed by patches of
1 to 6 m2 originates probably from cuttings brought by
the current present within the channel. It is likely that
the environmental conditions allow a lasting develop-
ment of this species in this region of the lagoon;
• In the navigation channel, which is 2 to 6 m deep,
Posidonia oceanica is present in patches of variable size
(up to 10 m2). The presence of Posidonia within the
navigation channel could be due to the fact that this
channel (1) transports a large number of cuttings into the
lagoon (currents), and (2) exhibits conditions (in terms
of temperature and salinity) that are more stable than
those of shallower biotopes.

The presence of Posidonia oceanica within Farwà
lagoon, the salinity of which is above to that recorded in
the open sea (Anon. 1982), would seem to confirm the
importance of ecological factors in controlling the dis-
tribution of this species. This represents the second
written record of this phanerogam in a lagoon after that
of lake Bibans, which is a hypersaline lagoon located ca.
30 km to the west of the lagoon of ca. 30 km to the west
of the lagoon of Farwà (Pergent & Zaouali 1992).

Mapping of the benthic vegetation

The mapping of the main benthic vegetation (phyto-
benthos) was achieved by compiling the field observa-
tions obtained using the transect method, and by supple-
menting these data with both random observations of
typical regions in the lagoon, and remote sensing of
SPOT satellite images.

The remote sensing allows a preliminary mapping of
the main benthic vegetation and bottom types while
corrections are performed manually based on the field
data (Fig. 2). In light of the similar spectral response of
the Cymodocea nodosa beds and Caulerpa prolifera
beds, in addition to the presence of mixed assemblages
of these species, it is difficult to identify these plant
formations using SPOT image. In addition, the pixel
size (side length of 20 m) makes it impossible to identify
small formations, such as small patches of Posidonia
oceanica (covering several m2). In light of this, only
four themes were considered:
• Emergent land;
• Soft bottoms;
• Benthic macrophytes (Cymodocea nodosa, Caulerpa
prolifera, Posidonia oceanica);
• Posidonia oceanica litter.

The benthic vegetation covers 1820 ha, which repre-
sents 65% of the entire surface area studied (Table 1).
Based on the field observations, the distribution of the
different species encountered can be broken down as
follows:
• From the surface to a depth of 1 m, Cymodocea
nodosa forms monospecific beds;
• Between 1 and 2 m in depth, Cymodocea nodosa and
Caulerpa prolifera are mixed;
• Below 2 m depth, Caulerpa prolifera is present as
dense, monospecific formations, especially within the
navigation channel;
• Large patches of Posidonia oceanica (2 to 4 m2) are
also observed within the navigation channel and from
the end of this channel to the central region of the
lagoon.

Based on the distributions from the field data (Fig.
1), the accuracy of the map is greater in the eastern
portion of the lagoon as compared to the southwestern
region. Nevertheless, it is clear that the Cymodocea
nodosa seagrass beds and Caulerpa prolifera beds are
particularly well developed in the lagoon. These benthic
plant formations are probably responsible for the high
oxygen levels recorded within the lagoon (Anon. 1982);
they ensure a high production of plant matter and repre-
sent spawning and nursery grounds for a great number
of animal species (Guerao & Abello 1996).
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Phenological and lepidochronological analysis of
Posidonia oceanica

The phenological analysis of Posidonia oceanica
shoots reveals that the overall composition of the shoots
is similar (in terms of the number of leaves, length of
leaves, foliar index) in the two studied sites (Student test
95%, Table 2). Next to the man-made channel (PO1),
however, the leaf width is statistically less (Student test
95%), whereas the coefficient A, which describes the
number of damaged leaves, is much higher (Student test
95%).

The main phenological parameters recorded here
correspond to values usually observed within the Medi-
terranean for similar depths and sampling season (Pergent
& Pergent-Martini 1988; Pergent & Zaouali 1992). The
very large leaf widths observed at station PO2, however,
are among the highest recorded in the Mediterranean. It
should also be noted that, for the sampling season, the
values for coefficient A are very low, thus implying a

good preservation of the leaf tips. This observation can
be explained by both the weak hydrodynamic condi-
tions (lagoon environment) and limited herbivore pres-
sure (absence of sea urchins, few herbivorous fish).

The lepidochronological parameters reveal a signifi-
cant difference between the two stations (Student test
95%, Table 3). Indeed, the number of leaves produced
annually and the annual rhizome growth rates are much
higher in the central region of the lagoon (Station PO2).
Similarly, it is at this last site that past flowering events
were recorded.

Table 1.  Surface areas covered by the main assemblages and
bottom types within the lagoon of Farwà.

Surface (ha) Percentage

Soft sediments 963 34.4 %
Benthic vegetation 1 820 65.0 %
Posidonia oceanica litter 16 0.6 %
Total 2 799 100.0 %

Fig. 2. Distribution of the main assemblages and bottom types within Farwà lagoon.

Table 2. Phenological parameters of Posidonia oceanica shoots in the vicinity of the man-made channel (PO1) and in the central part
(PO2). All = adult leaves + intermediate leaves. Confidence level (95%) in brackets.

Station PO1 Station PO2

Adult Intermediate All Adult Intermediate All

Number 4.5 (+ 0.7) 1.4 (+ 0.3) 5.9 (+ 0.7) 4.0 (+ 0.4) 2.3 (+ 0.3) 6.3(+ 0.5)
Total length (mm) 512.5 (+ 50.5) 302.1 (+ 115.1) 462.6 (+ 52.0) 478.2 (+ 39.1) 235.2 (+ 49.6) 389.5(+ 42.2)
Leaf sheath length (mm) 30.9 (+ 3.3) 39.1 (+ 2.9)
Width (mm) 8.5 (+ 0.2) 8.4 (+ 0.5) 8.5 (+ 0.2) 10.7 (+ 0.2) 10.6 (+ 0.3) 10.7(+ 0.2)
Coefficient A (%) 68.2 (+ 20.8) 20.0 (+ 26.1) 55.5 (+ 19.0) 29.3 (+ 17.7) 3.3 (+ 6.5) 19.4(+ 12.5)
Foliar index (cm2/shoot) 196.7 (+ 45.6) 34.5 (+ 14.9) 231.3 (+ 46.6) 204.7 (+ 35.9) 57.4 (+ 7.4) 262.2(+ 37.5)
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If we show the lepidochronological parameters re-
corded in Farwà lagoon on a graph along with these
parameters from other Mediterranean sites (Figs. 3 and
4), then it becomes clear that:
• Values recorded at Station PO1 are within the range
usually observed in the Mediterranean, both in terms of
the number of sheaths per cycle and the rhizome growth
rate (Pergent et al. 1995);
• Station PO2 exhibits values well above those gene-
rally recorded in the Mediterranean (Pergent et al. 1995).
The number of sheaths per cycle was in the order of 7.5
for all of the stations combined, whereas a value of 9.9
was observed for station PO2. Similarly, the mean rhi-
zome growth rate has been estimated to be 7.5 mm.yr–1

in the Mediterranean, whereas a value of 35.7 mm.yr–1

was recorded for station PO2.
The values for Station PO1 refer to cuttings which

arrived recently from within the lagoon of Farwà; this

explains why their characteristics are fairly similar to
those measured at most of the open-sea sites of the
Mediterranean. Conversely, after several years of accli-
matization within the lagoon, the shoots sampled from
Station PO2 exhibit a very high level of vitality charac-
terized by a very high leaf production and growth rate.
This hypersaline environment thus seems to present
optimum growth conditions for the species Posidonia
oceanica. The sedimentation rate could also play a role
in the annual growth rate of rhizomes (Boudouresque et
al. 1983).

Conclusions and Perspectives

The benthic macrophytes in the lagoon of Farwà
cover an area of 1820 ha (65%). Three species domi-
nate, namely the marine phanerogams Cymodocea
nodosa and Posidonia oceanica, and the alga Caulerpa
prolifera. These different species are present either as
monospecific assemblages or as mixed populations.
Their distribution within the lagoon can be described as
follows:
• From the surface to a depth of 1 m, Cymodocea
nodosa growths in monospecific seagrass beds;
• From 1 to 2 m depth, Cymodocea nodosa and Cau-
lerpa prolifera constitute mixed formations;
• Deeper than 2 m, dense monospecific bed of Caulerpa
prolifera is associated with patches of Posidonia
oceanica (2 to 4 m2); this seagrass is also present from

Table 3. Lepidochronological parameters of the Posidonia
oceanica (n = 10) shoots sampled in the vicinity of the man-
made channel (PO1) and in the central part of the lagoon
(PO2). Confidence level (95%) in brackets.

Station PO1 Station PO2

Number of sheaths per cycle 7.4 +0.4 9.9 +0.6
Annual rhizome growth rate (mm) 7.4 +1.2 35.7 +5.1
Past flowering 1998 : 1

1999 : 3

Fig. 3. Number of Posidonia oceanica sheaths per cycle
recorded  for different Mediterranean sites.

Fig. 4. Rhizome growth rates for Posidonia oceanica in differ-
ent Mediterranean sites.
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the end of the channel to the more central part of the
lagoon.

The presence of dead Posidonia oceanica leaves
(litter) should also be noted, as these form veritable
mounds in the vicinity of the openings leading to open
sea. These accumulations, which cover relatively small
surface areas (0.6%), are a very characteristic feature of
the lagoon of Farwà. The decomposition of this plant
matter will lead to high oxygen consumption and the
release of hydrogen sulphide (Anon. 1982). The flora
and fauna are very scarce in the vicinity of these forma-
tions. These Posidonia oceanica leaves, which come
from the marine environment, are brought into the la-
goon by the currents and tides; their accumulation in the
vicinity of the channels is due to reduced hydrodynamic
conditions within the lagoon (settling zone).

The phenological analyses of Posidonia oceanica
shoots sampled in the lagoon are similar to those from
other stations in the Mediterranean, with the exception
perhaps of the Coefficient A which is very low due to a
low level of hydrodynamics and limited herbivore pres-
sure. Conversely, the lepidochronological parameters of
the shoots sampled (Fig. 3) from the central part of the
lagoon show values which are considerably higher than
those generally recorded in the Mediterranean (Pergent
et al. 1995). The mean number of leaves produced
annually is 9.9 against a mean value for the Mediterra-
nean of 7.5, and the rhizome growth rate is in the order
of 35.7 mm.yr–1 against a mean value for the Mediterra-
nean of 7.5 mm.yr –1). Several past flowering events
were also detected. This hypersaline environment would
seem to provide optimum growth conditions for the
species Posidonia oceanica.

In light of its biological, ecological and human as-
sets, Farwà lagoon represents a reference site within the
framework of the Action Plan for the conservation of
marine vegetation in the Mediterranean Sea. The impor-
tance of the benthic vegetation present (bottom cover
and vitality), the evaluation projects for this lagoon
(aquaculture, tourism, hydrology) will need to be in-
cluded in the global management scheme for this region
taking into consideration the aim of Integrated Coastal
Zone Management.
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