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Abstract: The rhodophyte Hypnea cornuta is native to the Indo-Pacific Ocean. It has been
introduced into the Mediterranean since the 19" century in Greece and has since widely
spread in the eastern Mediterranean subregion. The first record of H. cornuta in Tunisiawas
in the southern coast, at Djerba. This paper reports for the first time, the detection of this
species in the northern Tunisian coast (Bizerte lagoon) in May 2019. Thalli of H. cornuta
were sparse, with a coverage area of less than 5 %. This finding of H. cornuta in Bizerte
lagoon indicates its ongoing expansion in the western Mediterranean basin, and the main
vector of this expansion is likely large commercial vessels and recreational boats.
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1. Introduction

In the Mediterranean Sea, 986 alien
species (more than 5% of the recorded
species), including fishes, crustaceans,
molluscs, worms, macrophytes, etc. were
introduced from their native geographical
ranges, the Atlantic Ocean via the strait of
Gibraltar, the Indo-Pacific Ocean and the
Red Sea via the Suez Canal, since its
opening in 1869 (Zenetos et al., 2012).

Currently, the Mediterranean Sea hosts
more than 1000 validated non-indigenous
species (NIS) (Zenetos et al., 2022).

https://doi.org/10.71754/instm.bulletin.v51.1777

The number of introduced macrophytes in
the Mediterranean reached 128 species,
according to Zenetos et al. (2012), and this
number is likely in a progressive increase.

In Tunisia, studies on marine macroflora
(seagrasses, such as Posidonia oceanica,
and seaweeds) were carried and continue
to be carried out in different areas (Ben
Brahim et al., 2007 a, b; Ben Maiz et al.,
1987; Ben Maiz, 1995; Ktari & Langar,
2004).

Regarding the introduced macrophytes in
Tunisia, a total of 27 alien species were
reported by Sghaier et al. (2016). The
native geographical range of the
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rhodophyte Hypnea cornuta (Rhodophyta;
Florideophyceae; Gigartinales) is the Indo-
Pacific Ocean.

The alien invasive Hypnea cornuta has
been introduced into the Mediterranean
Sea by shipping, oyster cultivation and via
Suez Canal, being first found at Rhodes
Island (Greece), in 1894 (Verlaque et al.,
2015). It is now widespread in the eastern
Mediterranean (Egypt, Palestine, Syria,
Lebabon, etc.) and western Mediterranean
(Italy). In Tunisia, the invasive alien
rhodophyte Hypnea cornuta was recorded
for the first time in the southern coast of
Tunisia, at Djerba in 2009 (Sghaier et al.,
2016).

This paper aims to report the first
observation of Hypnea cornuta in the North
of Tunisia, in Bizerte lagoon.

2. Material and methods
2.1. Sampling site

A routine monitoring of seaweeds, mainly
the genus Gracilaria, in the Bizerte lagoon
(latitude: 37°8’-37°14’N, longitude 9°46'-
9°66’) was undertaken monthly, from
January 2019 to December 2019.
Sampling was conducted in front of the
Lagoon Tunisian Society (LTS) shell-fish
farm (Figure 1).
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Figure 1. Sampling site of Hypnea cornuta in
Bizerte Lagoon
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During seaweed investigation, the
rhodophyte Hypnea cornuta (Figure 2 a)
was detected and collected for the first time
in May 2019, at 0.5m depth.

For the assessment of coverage area, a 1
m X 1 m metallic quadrate divided into 25
small quadrates was used.

Figure 2 a. Hypnea cornuta (fresh specimen)

2.1. Microscopic observation

After seaweed collection, samples were
brought to the laboratory of the INSTM in
plastic bags. Then, fresh algae were
placed in Petri dishes containing
approximately 15 ml of fresh lagoon
seawater.

The observation of the thalli was
undertaken several times during the study
period in the same sampling site, and the
identification was carried out using a
stereomicroscope (Wild Heerbrugg type)
and a light microscope (Nikon PFX, type
104), with different magnitudes. Photos of
stellate branchlets were taken using a
Leica M165 FC stereomicroscope at a
magnitude of 0.73. The observed samples
were compared with the relevant literature
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and online databases, such as AlgaeBase.
Unfortunately, molecular tools for seaweed
identification were not available; therefore,
species identification was based only on
microscopic observations.

3. Results

3.1 Morphological description,
stereomicroscope and light microscope
observation of Hypnea cornuta

The collected samples of Hypnea cornuta
were attached to either sand substrate or
rocky one. The thalli are reddish,
sometimes brownish, green or translucent
and rough when compared to its congener
species Hypnea musciformis, which is soft
and has particular flat hooks at the tips of
many axes and branches. The collected
thalli of H. cornuta were, in general 10 to
30 cm high, but in June and July 2019, they
reached 50 cm tall.

At the sampling site, the H. cornuta
population was very sparse, with a
coverage area not exceeding 5 %,
compared to other macrophytes, such as
Ulva rigida, Caulerpa prolifera, Gracilaria
gracilis, Gracilaria bursa-pastoris, and the
Magnoliophyte Cymodocea nodosa.

Stereomicroscope and light microscope
observations of the fresh collected thalli of
Hypnea cornuta allowed us to identify the
species. In addition to the spiny branches
on the axes, the presence of stellate
branchlets (Figure 2 b) allowed us to
confrm the species, unequivocally.
Additionally, many unattached stellate
branchlets were observed at the bottom of
the Petri dish. These branchlets are
considered as propagules that enable
sexual reproduction in Hypnea cornuta, as
described by Cecere et al., (2004). During
stereomicroscope and light microscope
observations, reproductive organs were
absent from the collected specimens.
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Figure 2 b. Hypnea cornuta, Bizerte lagoon,
Tunisia, May 2019, A: General aspect of the thallus,
B: axes bearing stellate branchlets and free stellate

branchlet in the bottom of Petri dish (arrowed).
Scale bar (ruler) (A & B): 1 mm

4. Discussion and conclusion

In the present study, Hypnea cornuta was
detected for the first time in the Bizerte
lagoon in May 2019, although it was likely
introduced many years earlier. During the
seaweed sampling, from January to
December 2019, the species was
observed at the sampling site until October
but was absent in November and
December. The coverage area of H.
cornuta did not exceed 5 %. Observations
of thalli, using the stereomicroscope and
light microscope, combined with
comparisons to the literature (Cecere et al.,
2004; Sghair et al., 2016) and the
AlgaeBase allowed us to accurately
identify the species as an invasive non-
indigenous species (NIS), which has been
introduced in the north of Tunisia, as well
as in the south of the country (Sghair et al.,
20186).
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It is now well known that NIS introduction
hotspots are mainly ports, harbours,
marinas, and aquaculture facilities.

Shipping was identified a likely vector for
over half of NIS in European waters,
through both biofouling of recreational
vessels and ballast water discharges from
large commercial boats (Zenetos et al.,
2022). The substrates of ports, harbours
and marinas provide suitable habitats for
the secondary spread of alien species in
the neighboring areas. This pattern has
been observed at the global scale,
particularly in the Mediterranean Sea
(Occhipinti et al., 2011; Verlaque et al.,
2015) and especially along the southern
coast of Tunisia (Missaoui et al., 2006;
Hattour & Ben Mustapha, 2015).

Along the northern coasts of Tunisia,
especially in Bizerte region, many
commercial ports and marinas receive
large commercial vessels, as well as
fishing and recreational boats. All these
structures are considered the main
introduction vectors of invasive alien
species (IAS) - a subset of non-indigenous
species (NIS) - in the Bizerte Lagoon,
mainly through biofouling and ballast
waters which transport specimens and
propagules from one area to another.

On the other hand, Teixeira & Creed (2020)
reported a status hierarchy for NIS as
follows: contained, detected, established
and invasive species. Regarding Hypnea
cornuta, which was observed in the Bizerte
lagoon, this NIS species can be considered
well established in its new range. In fact,
after the first record in May 2019, the
species was detected in the subsequent
years, at the same sampling site, during
the same months (from May to October).
Its coverage area remained below 5%, and
no apparent ecological or socio-economic
impacts have been observed to date. From
a scientific perspective «invasive» refers to
a species’ ability to survive, reproduce and
spread in the invaded region, whereas
political frameworks  often  connect
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invasiveness to impact. In this context,
invasive species interfere with the survival
capacity of other species. Therefore, the
introduction of NIS is considered as one of
the main causes of biodiversity loss
(Afonso et al., 2020; Mannino et al., 2023)
and can cause measurable impacts on
socio-economic activities or human health
(Zenetos et al., 2022).

In the future, H. cornuta could expand its
range in the Bizerte lagoon, and invade
other areas through stellate branchlets,
which serve as propagules in the
vegetative reproduction. Consequently, its
spread could threaten the biodiversity of
other  macrophytes, including both
seaweeds and magnoliophytes. The
geographical range of Hypnea cornuta
could also expand in the future and reach
other  countries in the  western
Mediterranean Sea, beyond Tunisia and
Italy. Therefore, monitoring this species is
crucial to assess its impact on biodiversity,
and various human activities.

Acknowledgment

| would like to thank M. Adel Gaamour and
Samia Saidane for their help to use the
Leica stereomicroscope.

| am also deeply debted to the peer-
reviewers for improving the manuscript.

References

1. Afonso |., Berecibar E., Castro N.,
Costa J.L., Frias P., Henriques F.,
Moreira P., Oliveira P.M., Silva G., &
Chainho P. (2020). Assessment of the
colonization and dispersal success of
non-indigenous species introduced in
recreational marinas along the
estuarine gradient. Ecological
indicators, 113, 106147.
https://doi.org/10.1016/j.ecolind.2020.
106147

2. Ben Brahim M., Hiroaki T, & Hamza A.
(2007a). Caractérisation
lepidochronologique des différents
types d’herbiers de posidonie dans le



https://doi.org/10.1016/j.ecolind.2020.106147
https://doi.org/10.1016/j.ecolind.2020.106147

INSTM Bull, vol. 51, 2026

golfe de Gabés (Tunisie). In: C.
Pergent-Martini, S. EI Asmi, C. Le
Ravallec (Eds), Actes du 3°"
symposium méditerranéen sur la
végétation marine, Marseille, 27-29
mars 2007. Tunis: RAC/ASP. 23-27
Ben Brahim M., Hiroaki T., & Hamza A.
(2007Db). Observations  sur la
phénologie des différents types de
posidonie dans le golfe de Gabés
(Tunisie). In: C. Pergent-Martini, S. El
Asmi, C. Le Ravallec (Eds), Actes du
3™ symposium méditerranéen sur la
végétation marine, Marseille, 27-29
mars 2007. Tunis: RAC/ASP. 241-243
Ben Maiz N., Boudouresque C.F, &
Ouahchi F. (1987). Inventaire des
algues et phanérogames marines
benthiqgues de la Tunisie. Giornale
Botanico Italiano, 121(5-6), 259-304.
https://doi.org/10.1080/112635087094
29380

Ben Maiz N. (1995). Etude nationale
sur la diversité biologique de la flore
marine et aquatique de Tunisie. Projet
MEAT/PNUE/GEF. Ministére  de
'environnement et de 'aménagement
du territoire. Tunisie. 78 pp.

Cecere E., Petrocelli A., & Verlaque M.
(2004). Morphology and vegetative
reproduction of the introduced species
Hypnea cornuta (Rhodophyta,
Gigartinales) in the Mar Piccolo of
Taranto (Italy), Mediterranean Sea.
Botanica marina, 47, 381-388.
https://doi.org/10.1515/BOT.2004.056
Hattour A., & Ben Mustapha K. (2015).
Le golfe de Gabés : Espéces des eaux
de ballast, patrimoniales et introduites.
INSTM. 359pp.
http://hdl.handle.net/1834/8361

Ktari L., & Langar H. (2004). Mise en
place dune base de données
informatisée sur les macroalgues de
Tunisie. Bulletin INSTM, 31,107-111.
https://doi.org/10.71754/instm.bulletin.
v31.772

10.

11.

12.

13.

14,

5/6

Mannino A.M., Balistreri P., Mancuso
F.P., Bozzeda F. & Pinna M. (2023).
Searching for the competitive ability of
the alien seagrass Halophila stipulacea
with the autochthonous species
Cymodocea nodosa. NeoBiota, 83,
155-177.
https://doi.org/10.3897/neobiota.83.99
508

Missaoui H., Mahjoub M.S., Chalghaf
M. (2006). Apparition de la
phanérogame Halophila stipulacea,
dans le golfe de Gabes (Tunisie), 115-
117. In: UNEP-MAP-RAC/SPA (Eds),
Proceeding of the Second
Mediterranean Symposium on Marine
Vegetation. Athens, Greece,12-13
December 2003. Tunis: RAC-SPA.
Occhipinti-Ambrogi  A., Marchini A.,
Cantona G., Castelli A., Chimenz C.,
Cormaci M., Froglia C. ...& Piraino S.
(2011). Alien species along the Italian

coasts: an overview. Biological
invasions, 13(2). 215-237.
https://doi.org/10.1007/s10530-010-
9803-y

Sghair Y.R., Zakhama-Sraieb R.,

Mouelhi S., Vazquez M., Valle C.,
Ramos-Espla A.A., Astier J.M,,
Verlaque M., & Charfi-Cheikhrouha F.

(2016). Review of alien marine
macrophytes in Tunisia. Mediterranean
Marine Science, 17(1), 109-123.

https://doi.org/10.12681/mms.1366

Teixeira L.M.P. & Creed J.C. (2020). A
decade on an updated assessment of
the status of marine non-indigenous
species in Brazil. Aquatic Invasions,
15(1), 30-43.
https://doi.org/10.3391/ai.2020.15.1.03
Verlague M., Ruitton S., Mineur F., &
Boudouresque C.F. (2015). CIESM
Atlas of exotic species in the
Mediterranean, Vol. 4: Macrophytes.
Monaco: CIESM publishers, 364 p.



https://doi.org/10.1080/11263508709429380
https://doi.org/10.1080/11263508709429380
https://doi.org/10.1515/BOT.2004.056
http://hdl.handle.net/1834/8361
https://doi.org/10.71754/instm.bulletin.v31.772
https://doi.org/10.71754/instm.bulletin.v31.772
https://doi.org/10.3897/neobiota.83.99508
https://doi.org/10.3897/neobiota.83.99508
https://doi.org/10.1007/s10530-010-9803-y
https://doi.org/10.1007/s10530-010-9803-y
https://doi.org/10.12681/mms.1366
https://doi.org/10.3391/ai.2020.15.1.03

INSTM Bull, vol. 51, 2026 6/6

15. Zenetos A., Gofas S., Morri C., Rosso 16. Zenetos A., Tsiamis K., Galinidi M.,

A., Violanti D., Garcia Raso J.E., Cinar Carvalho N., Bartilotti C., Canning-
M.E., ...& Verlaqgue M. (2012). Alien Clode J., ... & Outinen O. (2022).
species in the Mediterranean Sea by Status and trends in the rate of
2012: A contribution to the application introduction of marine Non-Indigenous
of European Union’'s Marine Strategy Species in European Seas. Diversity,
Framework Directive (MSFD). Part 2. 14(2), 1077.
Introduction trends and pathways. https://doi.org/10.3390/d14121077
Mediterranean Marine Science, 13(2),

328-352.

https://doi.org/10.12681/mms.327

® ©-By-the-authors.-Submitted-for-possible-open-access-publication-under-the-terms-and-
@ conditions: of- the- Creative: Commons- Attribution- (CC- BY)- license-
o}

(http://creativecommons.org/licenses/by/4.0/).x


https://doi.org/10.12681/mms.327
https://doi.org/10.3390/d14121077

	1. Introduction
	2. Material and methods
	2.1. Sampling site
	2.1. Microscopic observation

	3. Results
	3.1. Morphological description, stereomicroscope and light microscope observation of Hypnea cornuta

	4. Discussion and conclusion
	Acknowledgment
	References

