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Abstract. Two species of the green alga genus Caulerpa are
considered as invasive in Tunisia: Caulerpa racemosa and
C.taxifolia. C.racemosa is found in a many new localities at
the central and southern Tunisian coast, and even in the North
of the country in colder water. These new observations lead
to the hypothesis of the multiplicity of the origins of the
introduction of the species and suggest possible invasive
potentialities. The general thallus, and more particularly the
number, the shape as well as the arrangement of ramelli on
fronds allowed us to identify four morphologically different
groups. These groups could be either different systematic
entities or polymorphic variations of the same taxon due to
different ecological conditions. Caulerpa taxifolia was ob-
served for the first time in Tunisia at the roadstead of Sousse
in the beginning of the year 2000. It is recognized as identical
to that found in the other Mediterranean localities (GenBank
number AJ228960). Up to the end of March 2000, a subma-
rine prospecting campaign revealed an affected area of about
350 ha in front of 2 km of coast. Colonies of Caulerpa
taxifolia disseminating in this area appear in isolated spots.
form, In the growing stage, they form surfaces varying be-
tween 0.5 to 6 m? and located 20 to 100 m from each other.
The total covered surface was estimated to be between 0.5
and 1 ha.
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Introduction

Caulerpales are generally considered as a tropical
and subtropical order of green algae which is also found
in warm-temperate waters. Among the species of the
genus Caulerpa inventoried in the Mediterranean, two
are of special interest in Tunisia: Caulerpa racemosa
(Forsskal) J. Agardh, and Caulerpa taxifolia (Vahl) C.
Agardh. C.racemosa was reported for Tunisia by Hamel
(1926) in the first half of the 20th century. C. taxifolia,
since 1984 present on the northwestern banks of the
Mediterranean Sea (Meinesz & Hesse 1991), was re-
ported for the south banks only in Tunisia (Langar et al.
2000). The many reports on C. taxifolia in the north-
western Mediterranean, the recent new findindgs of C.
racemosa throughout the Mediterranean littoral and the
qualification of these species as invasive, have triggered
monitoring programs in all countries bordering the Medi-
terranean Sea (Meinesz et al. 2001). The present study
was carried out within the framework of the control of
appearance of new marine species (introduction or mi-
gration) and of the prevention of their expansion.

Material and Methods

During diving excursions arranged regularly along
the Tunisian coast, several new localities of Caulerpa
racemosa were recently discovered accidentally. These
localities were listed and are since then the object of a
regular follow-up. From each locality, a sample of C.
racemosa was collected and preserved either in a solu-
tion of formaldehyde/sea water (1:19) or simply in the
refrigerator until further analysis. Furthermore, frag-
ments of thallus of C. racemosa have been brought by
fishermen or amateur divers from other localities which
we did not survey. In view of the bad conservation status
of these fragments, they were not used for the descrip-
tive study, but they have been used as indicators for a
refinement of the geographical distribution of the species
along the Tunisian coast.

The discovery of C. taxifolia in marine Tunisian
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waters in the beginning of the year 2000 (Langar et al.
2000) was the result of a prevention and awareness
campaign launched in 1997 (Langar et al. 1998). The
cartography of the zone where the presence of this
seaweed was established, has been achieved at the end
of March 2000, following an underwater prospecting
campaign in the zone where occurrence was suspected.
This was realized as follows. In the latter zone, ten well
trained divers were successively towed from the surface
following pre-defined transects. Each time a given diver
encountered a colony of the algae, the place was marked
using a floating signal and a brief description of the
colony was made. At surface, the position of each float-
ing signal was reported on a map, using a GPS, and the
perimeter of the zone colonized by C. taxifolia was
inserted on the map.

A genetic identification of the strain of C. taxifolia
found in Tunisia, was made according to Jousson et al.
(1998) after DNA extraction, cloning and sequencing.

Results and Discussion

Caulerpa racemosa: current distribution and morpho-
logical variations

The compilation of observations of Caulerpa
racemosa allowed us to evaluate the extension of its
current distribution area in Tunisia (Fig. 1): In August
1996, the alga was collected in the Lagoon and the
Canal of Bizerte in the north of the country. In the same
region, it was observed in August 1997 near Cani island.
In 1998, it was brought from Zarzis (south of the Golf of
Gabes). In March of the same year it was collected in the
bay of Monastir and in September, in the Golf of
Hammamet. During the summer of 1999, it was ob-
served at Sidi Daoud, Ras Fartas and Korbous, in the
West littoral of the Cap Bon, as well as at Metline and
Rafraf, in the North of the Gulf of Tunis. Finally in the
course of the summer of 2000 it was found in the
harbour of El Ataya at the Kerkennah islands situated in
the east-centre of the Tunisian coast, and in April 2001
it was discovered at Beni Khiar in the southern littoral of
Cap Bon and in the harbour of Bizerte.

By referring to the aspect of the general thallus and
more particularly to the number, the shape and the
arrangement of the ramelli on fronds, four morpho-
logically different groups of Caulerpa racemosa were
distinguished among the collected plants.

The first grouping is based on samples collected at
Monastir, Hammamet, Bizerte and at Cani islands. The
thallus (Fig. 2a) forms colonies of ca. 40 cm in diameter.
Stolons, of 2 to 3 mm in diameter, are unevenly branched
and finely tangled up. They are fixed to the substratum

by groups of rhizoids irregularly arranged. Chloro-
phyllous in the base, these rhizoids become quickly
colourless. Fronds (Fig. 2b) are narrowly spaced from
each other. The distance separating their insertion point
on the stolon is less than 1 cm. Their mean length varies
from 2 to 8 cm and they bear stem-like vesicular ramelli
arranged like a row of eight leaves. The mean length of
these ramelli and their mean diameter in their middle are
respectively ca. 3.8 mm and 800 (600-950) um. In the top,
the ramelli have a flattened or even convex shape, where
their diameter can reach 2200 (1900- 2600) pwm.

The second grouping corresponds to specimens re-
ported at Cap Bon. The thallus (Fig. 2c) forms colonies
stretching over 10-30 m2. Stolons, with a diameter of 1
to 1.5 mm, are little branched and the fronds are spaced
by 2 to 70 mm, with a mean distance of 14 mm. These
fronds have a mean length of 15 mm. They bear alter-
nate ramelli, arranged like two to four leaves. The
ramelli gradually expand from the base towards the
apex in a droplet shape. Their length varies from 4 to 5
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Fig. 1. Distribution of Caulerpa racemosa in Tunisia. 1 =
Sousse harbour; 2 = Golf of Gabes; 3 = Mahdia harbour; 4 =
Salakta; 5 = Lagoon of Bizerte; 6 = Cani islands 7 = Zarzis; 8
Monastir; 9 = Golf of Hammamet; 10 = Sidi Daoud; 11
Korbous and Ras Fartas; 12 = Metline and Rafraf; 13
Kerkennah islands; 14 = Beni Khiar; 15 = Bizerte.
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Fig. 2. Various groups of Caulerpa racemosa found in the Tunisian littoral. a, ¢, d, e. General aspect of the thallus belonging to the
groups 1,2, 3 and 4, respectively; b., f. Close-ups of fronds belonging to groups 1 and 4, respectively. All scales in cm.
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Fig. 3. Map of the prospected zone and the zone
where the presence of Caulerpa taxifolia was
established by the end of March 2000.

mm and their diameter ca. | mm at the base and 2 mm at
the top.

Samples collected in Monastir Bay belong to a third
group (Fig. 2d). They were found fixed to Posidonia
oceanica rhizomes where they formed small colonies
grouping ca. ten fronds. Fronds are separated by a
distance of 2 to 5 mm. These fronds can be branched and
their length varies between 25 and 55 mm. They bear in
a spaced out way a clavate ramelli arranged like two or
three leaves. The diameter of the ramelli at the base is 750
(700-950) um. The top of the ramelli is flattened with a
diameter from 1.8 to 2 mm.

Group 4 includes specimens collected from the harbour
at Kerkennah. It is characterized by unbranched sto-
lons, attached with numerous rhizoidal branchlets (Fig.
2e). Fronds, with a length of maximally 8 cm, bear
ramelli of 6 mm maximal length, spaced out and generally
cylindrical (Fig. 2f) with a mean diameter of 1 mm.

Morphological differences noticed on Tunisian sam-
ples of C. racemosa suggest a multiplicity of origins,
each corresponding to a form or a different variety of the
species. However, different distribution areas, each cor-
responding to a given morphological group also suggest
that variation may be due to environmental factors, e.g.
light, habitat type and depth. However, while the popu-
lations of Sousse seem to be stable since 1926 and
occupy only restricted surfaces (< 50 cm?), those re-
cently discovered at Cap Bon belonging to the second
group, have a tendency to expand and occupy much
larger areas, and thus behave like an invasive species.
Consequently, the latter populations need a more de-
tailed investigation in order to better control their devel-
opment.

Caulerpa taxifolia: origin and distribution

The area prospected during the submarine campaign,
realized in March 2000, was ca. 9250 ha. Three zones
were involved in this campaign. The first zone with an
area of 6900 ha extends at both sides of the roadstead of
Sousse parallel to the coast. The second zone more in
the northwest, situated in front of the marina of El
Kantaoui, has an area of 2000 ha. The third zone occur-
ring localized in the southeast, in front of the marina of
Monastir, covers an area of 350 ha (Fig. 3).

Caulerpa taxifolia was only found in the zone of
Sousse on an area of 350 ha along 2 km of the coast,
from the roadstead at 17 m depth to the front of this zone
of Sidi Abd El Hamid to the southeast of Sousse at a
depth of 7 m (Fig. 3).

In the roadstead, C. taxifolia is sprouting either
directly on loose sandy-muddy sediment particularly in
furrows left by the chains of anchors of ships, or on the
edge of Posidonia beds or even inside damaged beds of
Posidonia. Dead Posidonia beds in this roadstead are
often eroded at all heights (up to 2 m) and colonies of C.
taxifolia are often present on the ledge of these beds.

Towards shallower zones and away from the
roadstead, C. taxifolia is less frequent, and when it is
present, it is found on all types of bottom, infiltrating
even Posidonia beds .

Colonies of C. taxifolia disseminated in the delim-
ited zone appear as isolated spots, in a growing stage,
with surfaces varying from 0.5 to 6 m?, 20 to 100 m from
each other, with fronds not exceeding 35 cm in length.
The total surface covered was estimated 0.5 - 1 ha.

The presence of C. taxifolia and its distribution at a
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roadstead and its neighbourhood suggest that the spe-
cies was introduced through the anchorage of trade
ships which had anchored before in an infested zone.
Consequently, it would be the same strain as the one
already existent in the northwestern Mediterranean Sea.
This was confirmed by genetic analysis revealing that
the three ITS rDNA cloned fragments and sequenced
within an individual, showed an identical sequence as
the other C. taxifolia specimens collected in different
Mediterranean localities (GenBank number AJ228960).
The discovery of C. taxifolia in Tunisia over an area
of 350 ha suggests that the introduction of the alga
occurred several years ago, but an exact dating is not
possible. Neither can we judge the classification of the
zone where the alga is present according to the system
proposed by Vaugelas et al. (1999). The invasive char-
acter of the species and its presence in new particular
environmental conditions (higher temperature than in
the northwest Mediterranean) should encourage us to
extend and intensify the monitoring of our littoral.
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