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The Mediterranean Sea is currently facing dramatic changes and threats, including change in native species and ac-
cidental introductions. The introduced green alga Codium fragile subsp. fragile (Suringar) Hariot influences diversity
and community structure in some parts of the world. This paper documents the distribution of this species in Tunisia
and provides a morphological description of C. fragile subsp. fragile in Northern Tunisia. Results confirm the identity of
Tunisian specimens as the invasive subspecies C. fragile subsp. fragile. This is the first morphological characterization of

this subspecies in Tunisia.
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INTRODUCTION

Human activities such as aquaculture, fishing and in-
teroceanic shipping have helped favoring species disper-
sal and increasing the risk of introduction into coastal
marine ecosystems. Introduced species are often free
from predators, competitors or pathogens in the areas of
invasion allowing them to become common and success-
ful in the new area, to displace indigenous species and to
become economic pests (Trowbridge 1995). The ecologi-
cal impacts of invasive marine species represent a major
problem to global biodiversity; non-native species can
alter profoundly the host ecosystems.

Codium Stackhouse (Codiaceae, Bryopsidales, Chlo-
rophyta) is a cosmopolitan genus widely distributed in
marine environments throughout the world, with the ex-
ception of the Polar Regions. It currently comprises about

143 specific and infra-specific taxa currently accepted
taxonomically according to Guiry and Guiry (2016) that
are mainly found in temperate and subtropical zones
(Verbruggen et al. 2007). Five species are present in Tuni-
sia, namely Codium bursa (L.) C. Agardh, Codium decorti-
catum (Woodward) Howe, Codium effusum (Rafinesque)
Delle Chiaje, Codium fragile (Suringar) Hariot, and Co-
dium vermilara (Olivi) Delle Chiaje (Gallardo et al. 1993).
Among them only C. fragile is an introduced one. All over
the world, there are ten subspecies of C. fragile (Guiry and
Guiry 2016), of which three are considered invasive (Pro-
van et al. 2008). From these, only the subsp. fragile (Syn.
C. fragile subsp. tomentosoides, C. fragile subsp. scandi-
navicum) has received more attention over the years
because of its successful invasion in both Northern and
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Southern hemispheres (Silva 1955, Trowbridge and Todd
2001, Hubbard and Garbary 2002). C. fragile subsp. fragile
has become a nuisance by achieving high biomass and
outcompeting resident species on various spatial scales.
This subspecies has spread rapidly in temperate areas
throughout the globe from its native range in Japan (Silva
1955, Trowbridge and Todd 2001). Its various strategies of
reproduction: sexual, asexual, and vegetative (Mathieson
et al. 2003), and its capacity for long-distance dispersal
(Watanabe et al. 2009) contribute to the invasive success
of the species, leading to ecological and economic con-
cerns. Importation of Asian shellfish (oysters and mus-
sels) appears as a major vector of introduction, respec-
tively 44% in Europe and 46% in the Mediterranean Sea
(Zenetos et al. 2012).

Considered as native to Japan, C. fragile subsp. fragile
is a North-Pacific taxon that has been introduced world-
wide (Burrows 1991, Provan et al. 2008). It first appeared
on the shores of Holland before 1900 and later spread
throughout Europe, rapidly colonizing the Mediterra-
nean Sea (Silva 1955). The first introduction into the Med-
iterranean Sea probably dates from World War II and pre-
sumably was due to military shipping (Verlaque 1994). C.
fragile was reported for the first time in Tunisia, in North-
ern Tunisia (lagoon of Bizerte) as C. fragile without men-
tion of the subspecies (Djellouli 1987). The alga was later
identified as C. fragile subsp. fragile (Sghaier et al. 2016).

The distribution and morphology of Codium fragile
has been well described all over the world. In the Mediter-
ranean Sea, C. fragile has been always considered as the
subspecies tomentosoides (Gallardo et al. 1993). However,
the recent signalization of the subspecies atlanticum on
the Italian coasts (Petrocelli et al. 2013) must lead, from
now on, to bring more attention to the criteria used when
describing C. fragile. In this context, this paper describes
the distribution and morphology of C. fragile Tunisian
specimens with emphasis on the subspecies anatomical
and morphological characteristics such as size and shape
of thalli and utricles.

MATERIALS AND METHODS
Sampling sites

Samples were collected from April 2010 to July 2015 at
two different sites located in the north of Tunisia: Marsa
(Bay of Tunis) and Bizerte lagoon. Collection data are re-
ported in Table 1.

Marsa is a rocky sandy area, rich with algae wildlife,
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open to the Mediterranean Western basin and located
near areas with heavy boat traffic such as Goulette and
Sidi Bou Said ports. The Lagoon of Bizerte has a surface
area of 150 km? with a mean depth of 7 m. This lagoon is
subject to strong human pressures such as urban, indus-
trial, and agricultural pollutions as well as the breeding of
mussels and oysters in Menzel Jemil.

Sampling method and identification

All specimens were collected by hand in shallow water
(<2 m). Collected samples were transported freshly in an
icebox. In the laboratory, the algal material was cleaned
with seawater to remove the maximum of epiphytes, and
then was kept in 2% formaldehyde-seawater. Fixed mate-
rials were identified using a binocular microscope (Alp-
haphot-2.YS2-H; Nikon, Tokyo, Japan). The identification
was based on different taxonomical keys. To determinate
the subspecies of Codium fragile, the morpho-anatom-
ical details were analyzed following the keys reported
in the literature (Silva 1955, Trowbridge 1998, Hubbard
and Garbary 2002). Eleven morphometric traits (3 mac-
roscopic and 8 microscopic) were measured on thalli (n
= 5). Utricles were sampled at approximately 2 cm from
the tip of the plant and 5 utricles were measured for each
plant.

RESULTS AND DISCUSSION
Morphology of Codium fragile subsp. fragile

The green alga C. fragile subsp. fragile has spongy ir-
regularly dichotomous branched thallus (Fig. 1A). Inter-
nal structure is composed of intertwined colorless med-
ullary filaments amorphously cylindrical (Fig. 1C) and a
green palisade-like layer of vesicles called utricles (Fig.
1D) prolonging into a long pointed mucron (Fig. 1E). The

Table 1. Collection data of Codium fragile subsp. fragile

Sampling Geographic coordinates Sampling
sites dates
Marsa 36°53'03.97" N, 10°20'14.22" E Apr 27,2010

36°52'56.99" N, 10°20'27.02" E May 27, 2011
36°52'56.99" N, 10°20'27.02" E Aug 20, 2015
Lagoon of 37°13'31.19" N, 9°55'39.43" E Jun 30, 2011
Bizerte 37°13'24.07" N, 9°55'53.00" E Jul 19, 2011
37°13'24.07" N, 9°55'53.00" E Feb 20, 2014
37°13'50.26" N, 9°51'17.61" E Jun 1, 2015
37°13'46.12" N, 9°51'15.90" E Sep 9, 2015
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Fig. 1. Photographs of Tunisian specimens of Codium fragile subsp. fragile. (A) Dichtomous thallus (p, spongy base). (B) Wall of thallus showing
hairs. (C) Utricles in cross section of thallus. (D) Utricle. i, gametangium. (E) Close view of long and pointed mucron on top of utricle. g, hairs scar.
Scale bars represent: A, 10 cm; B& C, 1 ¢cm; D, 100 um.
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presence of pointed mucron, characteristic of C. fragile,
confirmed the identification of the species.

Macroscopic and microscopic morphometric data of
C. fragile subsp. fragile collected from Northern Tunisian
coast were compared to data reported in the literature for
C. fragile subsp. fragile specimens collected from Europe,
Canada, and Korea (Table 2).

Macroscopically, our specimens were found similar to
the diagnostic characters of plants collected in Bizerte by
Dijellouli (1987) and in Europe by Silva (1955) identified as
C. fragile subsp. fragile. However, these data are different
from thalli collected in Canada (Hubbard and Garbary
2002, Matheson et al. 2014) and in Korea (Oh et al. 1987).
Thallus lengths of Tunisian and European samples (up to
25 cm) were smaller than Canadian ones (up to 44 cm).

The microscopic characteristics of thalli collected in
this study showed that mucrons were long and sharp,
with an average of 38.1 um for Marsa samples and 47.2
pm for lagoon of Bizerte samples (Table 2). These mea-
sures are similar to mean length of mucrons of C. frag-
ile subsp. fragile collected in Europe, but different from
measures of mucrons of Canadian C. fragile subsp. fragile.
Indicative features such as size and shape of mucron had
been used in previous studies to distinguish subspecies of
Codium fragile (Trowbridge 1998, Hubbard and Garbary
2002, Matheson et al. 2014). However, since there is a high
variability in the mucron shape and dimension, as under-
lined by Verbruggen et al. (2007), and for unambiguously

Cherif etal. Status of Knowledge of Codium fragile in Tunisia

identification, molecular analysis can be required.

Concerning the position and length of gametangia,
there were no significant differences between the pres-
ent study and previous ones for different C. fragile subsp.
fragile origins, except for native Korean samples. In fact,
Korean samples are distinct from other ones consider-
ing length of thallus, utricules, and gametangia (Table 2).
Differences between native alga and introduced ones in
Canada, Europe, or Tunisia might be due to an ecological
adaptation.

Distribution of Codium fragile spp. fragile

Thalli of C. fragile subsp. fragile were collected in Marsa
attached to small rocks. This specie was the most com-
mon macroalga associated with the green alga Halimeda
tuna and various red and brown algae. In the lagoon of
Bizerte C. fragile subsp. fragile was common with a native
red alga Gracilaria sp. (personal observation).

This north Pacific green alga is an established marine
alien species in the Mediterranean (Zenetos et al. 2012). It
is identified as one of the Europe’s top 10 invasive species
(McLaughlan et al. 2014). The oldest European collection
dates from 1845 in Ireland (Provan et al. 2008) and it has
since spread throughout European Atlantic and Mediter-
ranean coasts. It was discovered on the Netherlands coast
in North Sea in 1900 (Silva 1955). It was introduced in the
Western Mediterranean across Gibraltar in 1940 (Ver-

Table 3. History of the Codium fragile spread along the Mediterranean North African coastline (Morocco, Algeria, Tunisia, and Libya)

Country Location Collecting Depth Identified Reference
date (m) as
Morocco El Jebha 2000 - CF Riadi et al. (2000)
Mellila 1994 - CF Benhissoune et al. (2001)
Algeria El-Kala National Park 2004 1-60 CFT Belbacha et al. (2007)
Habibas Islands 2005 1-13 CF Sartoretto et al. (2008)
Tunisia Lagoon of Bizerte 1985 1 CF Djellouli (1987)
Gulf of Tunis 2000 32-51 CF Jarboui et al. (2005)
Ariana (Raoued, Gammarth); Ben Arous 2005 - CF El Ati-Hellal et al. (2005)
(Rades, Ezzahra, Hammam lif, Hammam
chatt)
Bizerte (Cap Zbib, Rafraf) 2005-2006 10 CF Zerzeri et al. (2010)
Sfax (Tidal flat of Nakta) 2007 - CF Gargouri-Ben Ayed et al. (2007)
Bizerte, Gammart, Korbous 2007-2009 1.5 CF Shili et al. (2010)
Chott-Mariem 2010 0-5 CFF Sghaier et al. (2016)
Lagoon of Tunis 2010-2011 - CFT Shili et al. (2014)
Gulf of Gabes 2013 - CF Hattour and Ben Mustapha (2013)
Libya El-Kouf National Park 1984 - CFF Nizamuddin (1991)

CF, Codium fragile; CFT, Codium fragile subsp. tomentosoides; CFF, Codium fragile subsp. fragile.
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Fig. 2. Historical records of Codium fragile along the Tunisian
coasts.

Lybia

laque 1994). In 1946, it was common in Banyuls (French
coast) then it reached Sicily (Battiato et al. 1980) and Tu-
nisia in Bizerte (Djellouli 1987). In the Eastern basin, it
has only been reported in the Western region of Libyan
coasts (Nizamuddin 1991) (Table 3).

In Tunisia, C. fragile was detected for the first time in
the lagoon of Bizerte (Djellouli 1987), a semi-enclosed
area that communicates with the Mediterranean Sea
through Bizerte channel and with Ichkeul Lake through
Oued Tinja. The absence of signalization of C. fragile in
Tunisian coasts by Menez and Mathieson (1981) and Ben
Maiz et al. (1987) let us think that the introduction of
C. fragile started in the lagoon and might be associated
with mussels and oysters importations from Europe for
shellfish farming. However, the establishment of C. fragile
subsp. fragile in Marsa suggests that the anthropogenic
vectors may have contributed to C. fragile subsp. fragile
transfer later within the Bay of Tunis due to the proximity
of La Goulette and Sidi Bou Said harbors and the heavy
boat traffic. C. fragile subsp. fragile has been signaled in
2000 in the gulf of Tunis through trawl sampling at 7 to

http://dx.doi.org/10.4490/algae.2016.31.4.17
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8 m depth (Jarboui et al. 2005). The establishment of C.
fragile subsp. fragile in the Gulf of Gabes was confirmed
in 2013 (Hattour and Ben Mustapha 2013) through an in-
ventory of marine vegetation on the Southern coast (Fig.
2). The data confirm the spread of this invasive species all
over Tunisian coasts (Table 3), and show the importance
to survey C. fragile subsp. fragile expansion mode and its
ecological impact.

The invasive green alga C. fragile subsp. fragile pos-
sesses diverse modes of natural dispersal. In addition
to swarmer cells, it can propagate through the release
of vegetative buds, thallus fragments, and entire thalli
(Watanabe et al. 2009). Male and female gametangia
are produced on the utricles, and sexual reproduction
is performed through zygotes resulting from the gamete
fusion. C. fragile subsp. fragile colonizes intertidal and
shallow sub-tidal habitats in temperate seas worldwide
(Trowbridge 1998). Moreover, C. fragile subsp. fragile can
tolerate a large range of environmental conditions in-
cluding temperatures from -2 to 33°C, low light require-
ments, salinities from 12 to 40 and relatively short periods
(<6 h) of desiccation and exposure to freshwater (Trow-
bridge 1998, Mathieson et al. 2003). This can explain the
dispersal of C. fragile subsp. fragile in Tunisia.

Ecological impact

Invasive non-native species have complex multilevel
impacts on their introduced ecosystems. Different stud-
ies considered Codium fragile as a nuisance. In fact, in
addition to the high biomass; it is responsible of fouling
boats and has disadvantageous impact on aquaculture
(Trowbridge 1998). Chapman (1999) reported the dam-
aging effects of C. fragile in kelp communities on the At-
lantic coasts. Scheibling and Anthony (2001) confirmed
negative impacts on the sea urchin Strongylocentrotus
droebachiensis. The nuisance aspect of C. fragile subsp.
fragile is associated with its ability to attach to living
shellfish and uproot rhizomes of Zostera marina, so that
it has been given different common names such as ‘eel-
grass thief” or ‘oyster thief’ (Garbary et al. 2004).

Other studies, in opposition, describe positive effects
to C. fragile subsp. fragile invasion. In fact, Bulleri et al.
(2006) reported that the number of mussel recruits was
significantly larger within clumps of C. fragile primordia
(first stage) than on bare surfaces. Drouin et al. (2011),
also, demonstrated an increase in density and diversity
of faunal assemblages within eelgrass beds invaded by C.
fragile.

There is a big gap of information concerning the eco-



logical effects of C. fragile on Tunisian coasts. In Mediter-
ranean Sea, this exotic species is considered to be well es-
tablished (Verlaque et al. 2015) but the potential negative
impacts have never been studied. However, the arrival of
other alien macrophytes has brought severe changes in
the marine communities in other parts of the Mediterra-
nean Sea (Boudouresque and Verlaque 2002). Thus, it is
always important to survey the evolution of alien species.
Further sampling and research on biology and ecology of
C. fragile subsp. fragile would be helpful to know its real
impact on the Tunisian environment.

CONCLUSION

This study allowed gathering all reports about Codium
fragile distribution on Tunisian coasts. It gives a status of
the situation of Codium fragile subsp. fragile in this re-
gion of Mediterranean Sea. More studies have to be done
on this alien alga on environment and human activities
impacts. Continuous and careful supervising of the dis-
persal of the species by using information campaigns to-
wards shellfish farmers, fishermen, etc. would be useful
to early detect any possible nuisance.
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