A peer-reviewed open-access journal

Nature Conservation 37: 17-29 (2019) ’
@ \ Nature

doi: 10.3897/natureconservation.37.33079 RESEARCH ARTICLE ‘ Conservation

http://natureconservation.pensoft.net Launched to accelerate biodiversity conservation

Distribution of Caulerpa taxifolia var. distichophylla
(Sonder) Verlaque, Huisman & Procaccini in the
Mediterranean Sea

Anna Maria Mannino', Francesco Cicero?, Marco Toccaceli?,
Maurizio Pinna?, Paolo Balistreri*

| Department of Biological, Chemical and Pharmaceutical Sciences and Technologies, University of Palermo,
Via Archirafi 38, 90123 Palermo, Italy 2 Cooperativa CREA, Via Guardione 30, 90139 Palermo, Italy
3 Department of Biological and Environmental Sciences and Technologies, University of Salento, S.P Lecce-
Monteroni, 73100 Lecce, Italy 4 C. Bioc>Tec Soc. Coop., Trapani, Italy

Corresponding author: A.M. Mannino (annamaria.mannino@unipa.it); M. Pinna (maurizio.pinna@unisalento.it)

Academic editor: Klaus Henle | Received 14 January 2019 | Accepted 12 August2019 | Published 25 September 2019

hitp:/lzoobank.org/l686FEOD0-A21E-4ACC-B2F2-79FBEF4DB637

Citation: Mannino AM, Cicero E Toccaceli M, Pinna M, Balistreri P (2019) Distribution of Caulerpa taxifolia var.
distichophylla (Sonder) Verlaque, Huisman & Procaccini in the Mediterranean Sea. Nature Conservation 37: 17-29.
hetps://doi.org/10.3897/natureconservation.37.33079

Abstract

The Non-Indigenous Species (NIS) Caulerpa taxifolia var. distichophylla (Sonder) Verlaque, Huisman &
Procaccini has been reported for the first time in the Mediterranean Sea along the coast of South Turkey.
This NIS is actively expanding into the Eastern and Western Mediterranean Sea. In this paper, we present
an overview of the current distribution of this alga in the Mediterranean Sea, based on relevant scientific
publications, grey literature and personal observations. New records from the Sicilian coast (Italy) are also
reported. Caulerpa taxifolia var. distichophylla was found over a wide range of environmental conditions
(depth, light and substratum), suggesting a broad ecological plasticity of this alga which makes it a poten-
tial threat for the Mediterranean benthic communities. In this respect, artificial structures, often linked
to harbours and maritime traffic, seem to provide suitable habitats for this NIS. Since maritime traffic is
intense in the Mediterranean Sea, further expansion of C. taxifolia var. distichophylla in this region is to be
expected. For this reason, it is very important to build up an overview on the current distribution of the
species and its possible pattern of colonisation in relation to environmental conditions, as well as in view
of future climate change scenarios.
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Introduction

The spread of Non-Indigenous Species (NIS, i.e. organisms introduced outside of their
natural, past or present range and outside of their natural dispersal potential) has been
pointed out as a major threat to biodiversity (Wallentinus and Nyberg 2007; Katsane-
vakis et al. 2014; Vergés et al. 2016). NIS may become invasive (Invasive Alien Species
“IAS”) and may cause biodiversity loss and ecosystem service changes (Brunel et al.
2013; Giakoumi 2014; Vergés et al. 2014, 2016), thus representing a serious concern
for nature conservation and economic activities (Occhipinti-Ambrogi and Galil 2010).
In the Mediterranean, the number of recorded NIS has been currently reaching around
1000, of which 134 species are macrophytes (24 Chlorophyta, 79 Rhodophyta, 30
Ochrophyta and 1 Tracheophyta; Zenetos et al. 2012; Galil et al. 2015; Verlaque et al.
2015; Alés et al. 2016).

Amongst the NIS recorded in the Mediterranean Sea, Caulerpa taxa (Caulerpa
¢ylindracea Sonder, Caulerpa taxifolia (M. Vahl) C. Agardh and Caulerpa taxifolia var.
distichophylla (Sonder) Verlaque, Huisman and Procaccini) have raised serious concern
due to their potential or ascertained impact on the native communities (Boudouresque
et al. 1995; Klein and Verlaque 2008; Katsanevakis et al. 2014).

Jongma et al. (2013) proposed the name C. taxifolia var. distichophylla for a gracile
form of C. taxifolia reported in 2006 from the coasts of South Turkey (first Mediter-
ranean record, Cevik et al. 2007) and one year later from Sicily (Cormaci and Fur-
nari 2009; Meinesz et al. 2010). Morphologically, this form is very close to Caulerpa
distichophylla Sonder, a species described from Western Australia, but differed from
C. taxifolia. However, slight genetic differences observed between these two species
led Jongma et al. (2013) to propose the new combination, which is currently accepted
taxonomically (Guiry and Guiry 2019).

Later, C. taxifolia var. distichophylla, has been reported from other Sicilian sites
(Musco et al. 2014; Antoci et al. 2015; Picciotto et al. 2016; Mannino and Balistreri
2017; Di Martino et al. 2018), Calabria, Sardinia (Di Martino et al. 2018), Cyprus
(Cicek et al. 2013; Tsiamis et al. 2014; Aplikioti et al. 2016), Malta (Schembri et al.
2015), Rhodes Island (Aplikioti et al. 2016), Lebanon (Bitar et al. 2017), Libya (Shak-
man et al. 2017) and Tunisia (Chartosia et al. 2018) (for details on localities see Fig.
1 and Table 1).

This invasive alien taxon, whose plausible pathway of introduction and spread
is maritime traffic, has been pointed out as a potential threat for the indigenous
communities but also for fishing activities (Jongma et al. 2013; Musco et al. 2014) and
as potentially invasive by Aplikioti et al. (2016).

In the Mediterranean, maritime traffic plays an important role in the introduction
and spread of NIS (Katsanevakis et al. 2014). The fact that many colonised areas are
near harbours and exposed to human activities (e.g. shipping, tourism, fishing), would
support this hypothesis (Mannino and Balistreri 2017). Since knowledge of distribu-
tion and spread dynamics of NIS within the Mediterranean Sea is of great importance,
for management and conservation purposes as well as in view of future climate change
scenarios, the aim of the present paper is to draw the current distribution and spread
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Figure 1. Map showing countries in the Mediterranean Sea where Caulerpa taxifolia var. distichophylla
has been recorded (see Table 1 for localities and detailed references).

dynamics of C. raxifolia var. distichophylla into the Mediterranean Sea and to provide
additional records from the Sicilian coasts (North-Western Mediterranean Sea), to-
gether with some environmental and biological variables.

Materials and methods

Field surveys were carried out (summer 2015 and 2017) by the authors in six localities
along the coast of Sicily (North-western Mediterranean) (see Fig. 2). In particular, two
sites were located along the Northern coast: Termini Imerese (PA, 2015) and Cefalt
(PA, 2017) and four along the southern coast: Isola delle Correnti (SR, 2015), Por-
topalo di Capo Passero (SR, 2015), Punta delle Formiche-Pachino (SR, 2015) and
Concerie-Pachino (SR, 2015).

At each site, specimens (n = 20) of the alga were collected by snorkelling, at a depth
of 0—10 m. Specimens were identified in the laboratory as C. taxifolia var. distichophylla
on the basis of morphological characters (stolon, fronds, pinnules, rhizoidal pillars,
midrib) used by Jongma et al. (2013) to characterise specimens from Sicily. Moreover,
some environmental (depth, substrate) and biological variables (percentage cover) were
registered. Depth was measured using a waterproof watch. Different classes of sub-
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Table 1. Known sites of occurrence of Caulerpa taxifolia var. distichophylla in the Mediterranean Sea.

Country Locality Substrate Depth (m) | Coverage level Benthic References
assemblage
Turkey Gulf of Iskenderun silted sand 11 m.d. m.d. Cevik et al. (2007)
Ttaly Punta Braccetto rock 0.5-20 m.d. m.d. Cormaci and
Furnari (2009)
Capo Passero, Isola delle rock m.d. m.d. m.d. Meinesz et al.
Correnti, Punta Braccetto (2010)
Punta Braccetto rock 0.5-20 m.d. m.d. Jongma et al. (2013)
Turkey Kas, Antalya, Gulf of m.d. m.d. m.d. m.d. Jongma et al. (2013)
Iskenderun
Cyprus Agios Philon Church Bay, rock 6-8 m.d. Cystoseria spp., | Cicek etal. (2013)
Dipkarpaz Posidonia oceanica
Cavo Greco, Famagusta rock m.d. m.d. m.d. Tsiamis et al. (2014)
Ttaly Sant’Ambrogio, dead matte, sand 0-5 from < 10 to > Caulerpa Musco et al. (2014)
Donnalucata, Ragusa, with pebbles, 50% cylindracea,
Punta Secca, Torre di cobbles and Cymodocea nodosa,
Mezzo, Punta Braccetto, boulders, rock Posidonia oceanica,
Marina di Torre Salsa macroalgae
Malta White Rocks, Exiles in | rock and sediment 3-15 patches from | Posidonia oceanica Schembri et al.
Sliema 0.35 x 0.35 (2015)
m to 22.0 x
4.0 m
Italy Isola delle Correnti, dead matte, sand, 3-9 from 10 Macroalgae, Antoci et al. (2015)
Foce Fiume Irminio, sabellaria to 5584 Posidonia oceanica,
Punta Braccetto, Marina filloid*m Sabellaria, C.
di Acate, Malerba, cylindracea
Realmonte
Termini Imerese, rock, sand, 1-10 from 1 to 50% | Cymodocea nodosa | Present study (2015)
Portopalo di Capo shipwreck and > 50%
Passero, Isola delle
Correnti
Cyprus Cavo Greco, Agios Philon| biogenic sand, <1,22, 99-100% Caulerpa Aplikioti et al.
Church Bay, Rizokarpaso | mud, biogenic | 34, 42, 48 cylindracea, (2016)
(Dipkarpaz), Sunrise Bay | hard substrate Caulerpa prolifera,
Codium bursa,
Cymodocea
nodosa, Halophila
stipulacea
Rhodes Island | Lindos Bay, Charaki Bay, sand, sand/ 9-18, 20, 99-100% m.d. Aplikioti et al.
(Greece) Karakonero Bay, Lahania | mud, mud, rock, 35, 50, (2016)
pebbles/shells 100
Ttaly San Saba- Acqualadrone- sand 3-6 from < 8 to Halophila Picciotto et al.
Tono 26% stipulacea, (2016)
Penicillus
capitatus,
Posidonia oceanica
Lebanon El Madfoun and Byblos | sand and gravels 16-48 m.d. m.d. Bitar et al. (2017)
Libya Tripoli sand m.d. m.d. Seagrass meadow Shakman et al.
(2017)
Ttaly Termini Imerese sand 9-10 | from 1 to 50% | Cymodocea nodosa Mannino and
and > 50% Balistreri (2017)
Cefalti, Punta delle sand, rock 2-5 from 20 to | Posidonia oceanica | Present study (2017)
Formiche-Pachino and 50% and >
Concerie-Pachino 50%
Tunisia Alataya Harbour, sand, rock, dead 0.2-2 m.d. Posidonia oceanica Chartosia et al.
Djerba, Tabarka matte (2018)
Ttaly Stagnone di Marsala, dead matte, sand, 0—4 m.d. Cymodocea nodosa,| Di Martino et al.
Terrauzza Bay, Brucoli rock Posidonia oceanica (2018)

Bay, Augusta Harbour,
Vendicari Natural
Reserve, Scala dei Turchi
Beach, Scilla (Calabria),
Cagliari (Sardegna)

m.d.: missing data
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Figure 2. Map showing localities surveyed in the present study.

strate were examined: natural (rock, sand, sand and rock) or both natural and artificial
(sand, rock and shipwreck). The percentage cover was visually estimated (7 situ and
by using photographs of the frames) by placing a 20 x 20 cm frame (three replicates)
(Mangialajo et al. 2008) and three classes were considered: 1 (cover < 20% and > 1%),
2 (cover < 50% and > 20%) and 3 (cover > 50%).

All the relevant publications, grey literature and reports dealing with C. rzaxi-
Jfolia var. distichophylla in the Mediterranean, from its first record in the area and
updated till 2018, were also searched and analysed. A search, based on the following
string: Caulerpa AND taxifolia AND “var. distichophylla” AND Mediterranean*,
was performed using standard scientific databases (Scopus, Web of Science) (Mar-
rocco et al. 2019).

Results

Field surveys
During the surveys, three new records of C. raxifolia var. distichophylla have been reg-

istered: Concerie-Pachino and Punta delle Formiche-Pachino, located along the south-
ern coast and Cefalti located along the Northern coast. The alga was growing on both
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natural (mainly on rock) and artificial substrates, from 1 to 10 m depth (mainly in
shallow waters). In all sites, only sterile specimens were found. We report below de-
tailed information for each surveyed site.

Concerie-Pachino: the alga (fronds about 10 cm long) was found in shallow waters
(at a depth of about 3 m) both on rocky substrate, forming patches of class 2 or 3 and
on sandy substrate, forming patches of class 2.

Punta delle Formiche-Pachino: the alga (fronds not exceeding 10 c¢m in length)
was recorded on rocky substrate in very shallow waters (at a depth of about 2 m),
forming patches of class 2 or 3.

Isola delle Correnti (Figs 3A-D): the alga was found in shallow waters (at a depth
of about 3 m and 300 m distant from the coastline) flourishing on a shipwreck, a
boat sunk about 30 years ago on sandy substrate. Rocky and sandy substrates were
both present around the shipwreck, but the alga was present only on rocky substrate.
On the external surfaces of the shipwreck, C. taxifolia var. distichophylla (erect fronds
not exceeding 5 cm in length) formed patches of class 1 or 2. On the internal sur-
faces of the shipwreck, the alga (erect fronds about 10-15 cm long) formed patches
of class 1 or 3.

Portopalo di Capo Passero: the alga, with fronds not exceeding 10 ¢cm in length,
settled on rocky substrate in very shallow waters (at a depth of about 1-2 m), forming
patches of class 2.

Cefalui: the alga, with fronds 5-10 cm long, was found at a depth of about 4-5 m
on rocky substrate and at the base of Posidonia oceanica (L.) Delile, forming patches
of class 2.

Termini Imerese: the alga, with fronds 5-10 cm long, was found on sandy sub-
strate at a depth of about 9-10 m, forming patches of class 1 along the borders of a
Cymodocea nodosa (Ucria) Ascherson meadow (Fig. 3E-F).

Literature data

The analysis of literature data also highlighted that C. wxifolia var. distichophylla is able
to thrive under a wide range of environmental conditions (see Table 1 for details on
records). It grows mainly in shallow waters, even though it was found from the surface
down to 100 m depth. It is mainly found on sand, but it can also grow on biogenic
substrates, calcareous algae, pebbles, cobbles, sand, rock, mud and artificial substrates.
It can grow both under low and high light conditions, though in shaded conditions, it
is more abundant and with longer fronds. It occurs alone but also intermingled with
other NIS (C. ¢ylindracea and Halophila stipulacea (Forsskil) Ascherson) or native mac-
roalgae, on dead matte of P oceanica and C. nodosa, as well as along the borders or in
vicinity of P oceanica meadows. The level of colonisation ranged from sparse individu-
als to patches (from 0.35 x 0.35 m to 22.0 x 4.0 m), the number of filloid ranged from
10 to 5584 m?* and the substratum cover (%) ranged from 8% to 100%.
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Figure 3. Caulerpa taxifolia var. distichophylla A=D patches on the shipwreck at Isola delle Correnti
(photos by Francesco Cicero) E=F small patches at Termini Imerese (photos by Marco Toccaceli).

Discussion

Though there is a certain limitation in the collection of data by snorkelling, this tech-
nique allows the gathering of useful data and information on NIS, mainly in shallow
waters (Imbert 2014). Field surveys confirmed the presence of C. taxifolia var. disticho-
phylla in sites where it was previously recorded (Mannino and Balistreri 2017), but also
allowed us to register new populations both in the southern and in the northern coast
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of Sicily, suggesting the spread of this alga is an on-going process along the Sicilian
coasts. Along the southern coast, it was recorded in very shallow waters (between 1 and
3 m), whereas in the northern coast, it was found both in shallow and deeper waters
(between 4 and 10 m). In reduced light conditions (e.g. on the inside surfaces of the
shipwreck), the alga had longer fronds.

Moreover, it seems to prefer rocky and artificial substrates (patches of class 3) more
than sandy bottoms. In particular, the alga really flourished on the structures of the
shipwreck. Caulerpa raxifolia var. distichophylla, as well as the congeneric C. cylindracea,
seem to grow well on artificial structures (e.g. shipwrecks, present study and Ragonese
and Rizzo 2017), which may provide suitable habitat for marine NIS but also enhance
their further spread, by functioning either as stepping stones or even corridors for their
expansion (e.g. Bulleri and Airoldi 2005; Ruiz et al. 2009; McNeill et al. 2010; Mineur
et al. 2012). In this respect, artificial structures could act as sentinel places for moni-
toring the appearance of new NIS (Ruiz et al. 2009; Peirano 2013). The analysis of
literature data highlighted how, in colonised areas, C. taxifolia var. distichophylla is able
to adapt well to different environmental conditions (e.g. light, depth, substrate) more
than in native areas where it is found on sand up to 6 m depth (Womersley 1984).
The alga is also able to grow in deeper waters than the congeneric C. ¢ylindracea (Klein
& Verlaque, 2008); indeed it was found to at least 100 m depth, even though the
presence at 100 m depth still needs to be confirmed (Aplikioti et al. 2016). Certainly,
the ability to adapt well to different environmental conditions makes C. taxifolia var.
distichophylla a potential threat for the indigenous communities (Musco et al. 2014;
Aplikioti et al. 2016). However, its impact on Mediterranean habitats and associated
communities (i.e. 2 oceanica, hard bottoms) has not yet been ascertained (Cevik et
al. 2012; Musco et al. 2014, 2015).

The recent records of C. raxifolia var. distichophylla along the Sicilian coasts, in
Rhodes Island (Aplikioti et al. 2016), Lebanon (Bitar et al. 2017), Libya (Shakman et
al. 2017), Tunisia, Sardinia and southern coast of Italy (Chartosia et al. 2018; Di Mar-
tino et al. 2018) confirm that C. taxifolia var. distichophylla is actively spreading into
the Mediterranean Sea, expanding beyond its northern and western limit (Musco et
al. 2014). Sicilian populations of C. wxifolia var. distichophylla, probably entered in-
dependently from the Turkish one. The regular and intense maritime traffic between
Sicily and other Mediterranean countries could be responsible for the introduction of
this alga along the Sicilian coasts but also for a secondary introduction from Sicily to
other regions such as Malta, Sardinia and Calabria (Schembri et al. 2015; Di Martino
et al. 2018). Since maritime traffic can produce a constant spill-over of new invaders
into surrounding areas, Sicily and Turkey could have played and are still playing an
important role as receiver, transit and probably sources for secondary dispersal of NIS,
respectively within the Eastern and Western basin of the Mediterranean Sea. Therefore,
knowledge of spread dynamics of NIS in these areas is of great importance for all the
Mediterranean Sea, as well as for management purposes.

Sicily and circum-Sicilian Islands are inhabited by a rich biota (e.g. Domina et al.
2018) and have a high number of Marine Protected Areas (MPAs). As a consequence
of their geographic position and by virtue of the intense maritime traffic volumes cross-
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ing the region, they are particularly vulnerable to biological marine invasions (Occhip-
inti-Ambrogi et al. 2011a, b; Coll et al. 2012; Katsanevakis et al. 2014; Mannino et al.
2014, 2015, 2017, 2018; Mannino and Balistreri 2017). Therefore, this area should be
regularly and carefully monitored.

Moreover, a warmer and drier Mediterranean region, as forecast for the 21* cen-
tury (Ben Rais Lasram et al. 2010), will certainly facilitate the further expansion of
C. taxifolia var. distichophylla. Its occurrence, in association with tropical-subtropical
macrophytes (e.g. H. stipulacea and Penicillus capitatus Lamarck), suggests that a re-
organisation of benthic communities as a consequence of global change is already un-
derway within the Mediterranean Sea (Evagelopoulos et al. 2008; Picciotto et al. 2016).

For a better understanding of the invasive potential and spread dynamics of NIS,
a quick sighting of any newly colonised area (Klein and Verlaque 2008), together
with good knowledge of environmental and biological factors enhancing their spread,
is fundamental. Therefore, the establishment of regular monitoring programmes,
including public awareness campaigns, citizen science initiatives and online databases
or networks, are necessary in areas at risk, such as Sicilian coasts (included MPAs),
particularly areas located in proximity to ports, marinas and transitional waters (e.g.
Orfanidis et al. 2007), in order to increase knowledge on distribution and spread
dynamics of IAS (Mannino and Balistreri 2018). Moreover, the identification of
threatening NIS at the earliest stages of their introduction increases the chances for
effective control (Bieler et al. 2017).

References

Alés J, Tomas F, Terrados J, Verbruggen H, Ballesteros E (2016) Fast-spreading green beds of
recently introduced Halimeda incrassata invade Mallorca island (NW Mediterranean Sea).
Marine Ecology Progress Series 558: 153—158. https://doi.org/10.3354/meps11869

Antoci ML, Coppola C, Cicero E Galfo E Nicastro A, Campo D, Toccaceli M, Bono A, An-
daloro E Castriota L, Falautano M, Romeo T, Sinopoli M, Vivona B, Musco L, Mikac B,
Mirto S, Vega Ferndndez T, Agnetta D, Pipitone C, Di Stefano G, Badalamenti F (2015)
Fenomeno Caulerpa 2010-2013. Rapporto sull’evoluzione delle specie aliene nel Canale
di Sicilia. Palermo.

Aplikioti M, Louizidou B, Mystikou A, Marcou M, Stavrou P, Kalogirou S, Tsiamis K, Panayotidis
D, Kiipper FC (2016) Further expansion of the alien seaweed Caulerpa taxifolia var. disticho-
phylla (Sonder) Verlaque, Huisman & Procacini (Ulvophyceae, Bryopsidales) in the Eastern
Mediterranean Sea. Aquatic Invasions 11(1): 11-20. https://doi.org/10.3391/2i.2016.11.1.02

Ben Rais Lasram F, Guilhaumon E Albouy C, Somot S, Thuiller W, Mouillot D (2010) The
Mediterranean Sea as a ‘cul-desac’ for endemic fishes facing climate change. Global Change
Biology 16(12): 3233-3245. https://doi.org/10.1111/j.1365-2486.2010.02224.x

Bieler R, Granados-Cifuentes C, Rawlings TA, Sierwald P, Collins TM (2017) Non-native
molluscan colonizers on deliberately placed shipwrecks in the Florida Keys, with description
of a new species of potentially invasive worm-snail (Gastropoda: Vermetidae). Peer] 5:

€3158. https://doi.org/10.7717/peerj.3158


https://doi.org/10.3354/meps11869
https://doi.org/10.3391/ai.2016.11.1.02
https://doi.org/10.1111/j.1365-2486.2010.02224.x
https://doi.org/10.7717/peerj.3158

26 Anna Maria Mannino et al. / Nature Conservation 37: 17-29 (2019)

Bitar G, Ramos-Espld A, Ocafa O, Sghaier Y, Forcada A, Valle C, El Shaer H, Verlaque M (2017)
Introduced marine macroflora of Lebanon and its distribution on the Levantine coast.
Mediterranean Marine Science 18(1): 138-155. https://doi.org/10.12681/mms.1993

Boudouresque CF, Meinesz A, Ribera MA, Ballesteros E (1995) Spread of the green alga Caul-
erpa taxifolia (Caulerpales, Chlorophyta) in the Mediterranean: Possible consequences of a
major ecological event. Scientia Marina 59 (Suppl. 1): 21-29.

Brunel S, Ferndndez-Galiano E, Genovesi P, Heywood VH, Kueffer C, Richardson DM (2013)
Invasive Alien Species: A Growing but Neglected Threat? In Late Lessons from Early
Warning: Science, Precaution, Innovation. Lessons for Preventing Harm. EEA Report
1/2013, Copenhagen, 518-540.

Bulleri E Airoldi L (2005) Artificial marine structures facilitate the spread of a non-indigenous
green alga, Codium fragile ssp. tomentosoides, in the north Adriatic Sea. Journal of Applied
Ecology 42(6): 1063-1072. https://doi.org/10.1111/j.1365-2664.2005.01096.x

Cevik C, Yokes B, Cavas L, Erkol L, Derici OB, Verlaque M (2007) First report of Caulerpa
taxifolia (Bryopsidales, Chlorophyta) on the Levantine coast (Turkey, Eastern Mediter-
ranean). Estuarine, Coastal and Shelf Science 74(3): 549-556. https://doi.org/10.1016/j.
ecss.2007.05.031

Cevik C, Cavas L, Mavruk S, Derici OB, Cevik F (2012) Macrobenthic assemblages of newly
introduced Caulerpa taxifolia from the Eastern Mediterranean coast of Turkey. Biological
Invasions 14(3): 499-501. https://doi.org/10.1007/s10530-011-0095-7

Chartosia N, Anastasiadis D, Bazairi H, Crocetta F, Deidun A, Despalatovi¢ M, Di Martino V,
Dimitriou N, Dragicevi¢ B, Dul¢i¢ ], Durucan E Hasbek D, Ketsilis-Rinis V, Kleitou P, Lipej
L, Macali A, Marchini A, Ousselam M, Piraino S, Stancanelli B, Theodosiou M, Tiralongo F,
Todorova V, Trkov D, Yapici S (2018) New Mediterranean Biodiversity Records (July 2018).
Mediterranean Marine Science 19(2): 398-415. https://doi.org/10.12681/mms.18099

Cicek BA, Kurt O, Taskin E, Oztiirk M (2013) First report of Caulerpa taxifolia var. disticho-
phylla (Sonder) Verlaque, Huisman and Procaccini (Caulerpaceae, Chlorophyta) from
Northern Cyprus. Rapport Commission International Mer Méditerranée 40: 600 pp.

Coll M, Piroddi C, Albouy C, Ben Rais Lasram F, Cheung WWL, Christensen V, Karpouzi VS,
Guilhaumon E Mouillot D, Paleczny M, Palomares ML, Steenbeek J, Trujillo B, Watson
R, Pauly D (2012) The Mediterranean Sea under siege: Spatial overlap between marine
biodiversity, cumulative threats and marine reserve. Global Ecology and Biogeography
21(4): 465-480. https://doi.org/10.1111/j.1466-8238.2011.00697 .x

Cormaci M, Furnari G (2009) Progetto ISPRA. Realizzazione ed aggiornamento delle schede
tassonomiche delle specie non indigene di taxa vegetali: aggi ornamento ed implementazi-
one dei records e delle segnalazioni delle stesse specie, ove presenti, nel mar Mediterraneo e
nei mari Italiani, aggiornamento e studio critico della letteratura. Aggiornamento dei dati
gia in possesso dell ISPRA (ex ICRAM): Macrofitobenthos. Catania.

Di Martino V, Stancanelli B, Cantasano N (2018) The alien alga Caulerpa taxifolia (Vahl) C.
Agardh var. distichophylla (Sonder) Verlaque, Huisman and Procaccini move their northern
and western limits. Journal of the Black Sea/Mediterranean Environment 24 (2): 140-148.

Domina G, Campisi I, Mannino AM, Sparacio I, Raimondo FM (2018) Environmental qual-
ity assessment of the Sicilian coast using a multi-disciplinary approach. Acta Zoologica
Bulgarica (Suppl. 11): 11-18.


https://doi.org/10.12681/mms.1993
https://doi.org/10.1111/j.1365-2664.2005.01096.x
https://doi.org/10.1016/j.ecss.2007.05.031
https://doi.org/10.1016/j.ecss.2007.05.031
https://doi.org/10.1007/s10530-011-0095-7
https://doi.org/10.12681/mms.18099
https://doi.org/10.1111/j.1466-8238.2011.00697.x

Distribution of Caulerpa taxifolia var. distichophylla (Sonder)... 27

Evagelopoulos A, Koutsoubas D, Basset A, Pinna M, Dimitriadis C, Sangiorgio F Barbone E,
Maidanou M, Koulouri P, Dounas C (2008) Spatial and seasonal variability of the mac-
robenthic fauna in Mediterranean solar saltworks ecosystems. Aquatic Conservation 18(1):
118-134. https://doi.org/10.1002/aqc.948

Galil B, Boero F, Fraschetti S, Piraino S, Campbell M, Hewitt C, Carlton J, Cook E, Jelmert
A, Macpherson E, Marchini A, Occhipinti-Ambrogi A, Mckenzie C, Minchin D, Ojaveer
H, Olenin S, Ruiz G (2015) The enlargement of the Suez Canal and introduction of
non-indigenous species to the Mediterranean Sea. Limnology and Oceanography Bulletin
24(2): 43-45. https://doi.org/10.1002/10b.10036

Giakoumi S (2014) Distribution Patterns of the Invasive Herbivore Siganus luridus (Riippell, 1829)
and its Relation to Native Benthic Communities in the Central Aegean Sea, Northeastern
Mediterranean. Marine Ecology (Berlin) 35(1): 96-105. https://doi.org/10.1111/maec.12059

Guiry MD, Guiry GM (2019) AlgaeBase. World-wide electronic publication, National Univer-
sity of Ireland, Galway. http://www.algaebase.org {searched on 17 July 2019]

Imbert M (2014) Snorkel surveys of the marine environment: Methodological guide. MedPAN
Collection, 66 pp.

Jongma DN, Campo D, Dattolo E, D’Esposito D, Duchi A, Grewe P, Huisman J, Verlaque
M, Yokes MB, Procaccini G (2013) Identity and origin of a slender Caulerpa taxifolia
strain introduced into the Mediterranean Sea. Botanica Marina 56(1): 27-39. https://doi.
org/10.1515/bot-2012-0175

Katsanevakis S, Coll M, Piroddi C, Steenbeek J, Ben Rais Lasram F, Zenetos A, Cardoso AC
(2014) Invading the Mediterranean Sea: Biodiversity patterns shaped by human activities.
Frontiers in Marine Science 1: 32. https://doi.org/10.3389/fmars.2014.00032

Klein J, Verlaque M (2008) The Caulerpa racemosa invasion: A critical review. Marine Pollution
Bulletin 56(2): 205-225. https://doi.org/10.1016/j.marpolbul.2007.09.043

Mangialajo L, Chiantore M, Cattaneo-Vietti R (2008) Loss of fucoid algae along a gradient of
urbanisation, and structure of benthic assemblages. Marine Ecology Progress Series 358:
63-74. https://doi.org/10.3354/meps07400

Mannino AM, Balistreri P (2017) An updated overview of invasive Caulerpa taxa in Sicily and
circum-Sicilian Islands, strategic zones within the NW Mediterranean Sea. Flora Mediter-
ranea 27: 221-240. https://doi.org/10.7320/FIMedit27.221

Mannino AM, Balistreri P (2018) Citizen science: A successful tool for monitoring invasive alien
species (IAS) in Marine Protected Areas. The case study of the Egadi Islands MPA (Tyrrheni-
an Sea, Iraly). Biodiversity (Nepean) 1-7. https://doi.org/10.1080/14888386.2018.1468280

Mannino AM, Balistreri I, Yokes MB (2014) First record of Aplysia dactylomela (Opistho-
branchia, Aplysiidae) from the Egadi Islands (western Sicily). Marine Biodiversity Records
7: €22. https://doi.org/10.1017/S1755267214000190

Mannino AM, Balistreri P, Taciofano D, Galil BS, Lo Brutto S (2015) An additional record
of Kyphosus vaigiensis (Quoy & Gaimard, 1825) (Osteichthyes, Kyphosidae) from Sicily
clarifies the confused situation of the Mediterranean kyphosids. Zootaxa 3963(1): 45-54.
hteps://doi.org/10.11646/z00taxa.3963.1.3

Mannino AM, Parasporo M, Crocetta F, Balistreri P (2017) An updated overview of the marine
alien and cryptogenic species from the Egadi Islands Marine Protected Area (Italy). Marine
Biodiversity 47(2): 469—480. https://doi.org/10.1007/s12526-016-0496-2


https://doi.org/10.1002/aqc.948
https://doi.org/10.1002/lob.10036
https://doi.org/10.1111/maec.12059
http://www.algaebase.org
https://doi.org/10.1515/bot-2012-0175
https://doi.org/10.1515/bot-2012-0175
https://doi.org/10.3389/fmars.2014.00032
https://doi.org/10.1016/j.marpolbul.2007.09.043
https://doi.org/10.3354/meps07400
https://doi.org/10.7320/FlMedit27.221
https://doi.org/10.1080/14888386.2018.1468280
https://doi.org/10.1017/S1755267214000190
https://doi.org/10.11646/zootaxa.3963.1.3
https://doi.org/10.1007/s12526-016-0496-z

28 Anna Maria Mannino et al. / Nature Conservation 37: 17-29 (2019)

Mannino AM, Gambi MC, Dieli T, Gianguzza P (2018) A new contribution to the alien mac-
roalgal flora of the Ustica Island Marine Protected Area (Tyrrhenian Sea, Italy). Biolnva-
sions Records 7(4): 367-373. https://doi.org/10.3391/bir.2018.7.4.03

Marrocco V, Zangaro E Sicuro A, Pinna M (2019) A scaling down mapping of Pinna nobilis
(Linnaeus, 1758) through the combination of scientific literature, NATURA 2000,
grey literature and citizen science data. Nature Conservation 33: 21-31. https://doi.
org/10.3897/natureconservation.33.30397

McNeill G, Nunn J, Minchin D (2010) The slipper limpet Crepidula fornicata linnaeus, 1758
becomes established in Ireland. Aquatic Invasions 5 (Suppl. 1): S21-S25. https://doi.
org/10.3391/ai.2010.5.51.006

Meinesz A, Chancollon O, Cottalorda JM (2010) Observatoire sur 'expansion de Caulerpa
taxifolia et Caulerpa racemosa en Méditerranée: campagne janvier 2008 — juin 2010. Uni-
versité Nice Sophia Antipolis E.A. 4228 ECOMERS Publ.

Mineur F, Cook EJ, Minchin D, Bohn K, Macleod A, Maggs CA (2012) Changing coasts:
Marine aliens and artificial structures. Oceanography and Marine Biology — an Annual
Review 50: 189-234. https://doi.org/10.1201/b12157-5

Musco L, Andaloro F, Mikac B, Mirto S, Vega Fernandez T, Badalamenti F (2014) Concern
about the spread of the invader seaweed Caulerpa taxifolia var. distichophylla (Chlorophyta:
Caulerpales) to the Western Mediterranean. Mediterranean Marine Science 15(3): 532~
538. https://doi.org/10.12681/mms.742

Musco L, Andaloro E D’Anna G, Giangrande A, Lo Brutto S, Mikac B, Mirto S, Pipitone C,
Scuderi D, Vega Ferndndez T, Badalamenti F (2015) Impatto di Caulerpa taxifolia var.
distichophylla su macro- e meiofauna associate a Posidonia oceanica. Biologia Marina Medi-
terranea 22(1): 136—-137.

Occhipinti-Ambrogi A, Galil B (2010) Marine alien species as an aspect of global change.
Advances in Oceanography and Limnology 1(1): 199-218. https://doi.org/10.4081/
2i0l.2010.5300

Occhipinti-Ambrogi A, Marchini A, Cantone G, Castelli A, Chimenz C, Cormaci M, Froglia C,
Furnari G, Gambi MC, Giaccone G, Giangrande A, Gravili C, Mastrototaro F, Mazziotti
C, Orsi-Relini L, Piraino S (2011a) Alien species along the Italian coasts: An overview.
Biological Invasions 13(1): 215-237. https://doi.org/10.1007/s10530-010-9803-y

Occhipinti-Ambrogi A, Marchini A, Cantone G, Castelli A, Chimenz C, Cormaci M, Froglia
C, Furnari G, Gambi MC, Giaccone G, Giangrande A, Gravili C, Mastrototaro E Mazzi-
otti C, Orsi-Relini L, Piraino S (2011b) Erratum to: alien species along the Italian coasts:
an overview. Biological Invasions 13(2): 531-532. https://doi.org/10.1007/s10530-010-
9856-y

Orfanidis S, Papathanasiou V, Sabetta L, Pinna M, Gigi V, Gounaris S, Tsiagga E, Nakou K,
Theodosiou TH (2007) Benthic macrophyte communities as bioindicators of transitional
and coastal waters: Relevant approaches and tools. Transitional Waters Bulletin 1(3): 45-49.

Peirano A (2013) Wrecks on the bottom: Useful, ecological sentinels? Marine Technology
Society Journal 47(3): 118-127. https://doi.org/10.4031/MTS].47.3.5

Picciotto M, Bertuccio C, Giacobbe S, Spand N (2016) Caulerpa taxifolia var. distichophylla: A
further stepping stone in the western Mediterranean. Marine Biodiversity Records 9(1): 73 pp.
https://doi.org/10.1186/s41200-016-0038-1


https://doi.org/10.3391/bir.2018.7.4.03
https://doi.org/10.3897/natureconservation.33.30397
https://doi.org/10.3897/natureconservation.33.30397
https://doi.org/10.3391/ai.2010.5.S1.006
https://doi.org/10.3391/ai.2010.5.S1.006
https://doi.org/10.1201/b12157-5
https://doi.org/10.12681/mms.742
https://doi.org/10.4081/aiol.2010.5300
https://doi.org/10.4081/aiol.2010.5300
https://doi.org/10.1007/s10530-010-9803-y
https://doi.org/10.1007/s10530-010-9856-y
https://doi.org/10.1007/s10530-010-9856-y
https://doi.org/10.4031/MTSJ.47.3.5
https://doi.org/10.1186/s41200-016-0038-1

Distribution of Caulerpa taxifolia var. distichophylla (Sonder)... 29

Ragonese S, Rizzo A (2017) Un’altra Caulerpa aliena. Notiziario s.i.b.m., 71: 44—48.

Ruiz GM, Freestone Al, Fofonoff PW, Simkanin C (2009) Habitat distribution and heterogene-
ity in marine invasion dynamics: the importance of hard substrate and artificial structures.
In: Wahl M (Ed.) Marine Hard Bottom Communities: Patterns, Dynamics, Diversity and
Change. Springer (Berlin): 321-332. https://doi.org/10.1007/b76710_23

Schembri PJ, Barbara J, Deidun A, Lanfranco E, Lanfranco S (2015) It was only a matter of
time: Occurrence of Caulerpa taxifolia (Vahl) C. Agardh var. distichophylla (Sonder) Ver-
laque, Huisman and Procaccini in the Maltese Islands (Chlorophyta, Ulvophyceae, Cauler-
paceae). Biolnvasions Records 4(1): 9-16. https://doi.org/10.3391/bir.2015.4.1.02

Shakman EA, Abdalha AB, Thala F, Al-Faturi A, Bariche M (2017) First records of seven marine
organisms of different origins from Lybia (Mediterranea Sea). Biolnvasions Records 6(4):
377-382. https://doi.org/10.3391/bir.2017.6.4.13

Tsiamis K, Taskin E, Orfanidis S, Stavrou P, Argyrou M, Panayotidis P, Tsioli T, Cicek BA, Mar-
cou M, Kiipper FC (2014) Checklist of seaweeds of Cyprus (Mediterranean Sea). Botanica
Marina 57(3): 153-166. https://doi.org/10.1515/bot-2014-0006

Vergés A, Steinberg PD, Hay ME, Poore AG, Campbell AH, Ballesteros E, Heck Jr KL, Booth
DJ, Coleman MA, Feary DA, Figueira W, Langlois T, Marzinelli EM, Mizerek T, Mumby
PJ, Nakamura Y, Roughan M, van Sebille E, Gupta AS, Smale DA, Tomas E Wernberg T,
Wilson SK (2014) The tropicalization of temperate marine ecosystems: climate-mediated
changes in herbivory and community phase shifts. Proceedings Biological Sciences
281(1789): 20140846. https://doi.org/10.1098/rspb.2014.0846

Vergés A, Doropoulos C, Malcolm HA, Skye M, Garcia-Pizd M, Marzinelli EM, Campbell
AH, Ballesteros E, Hoey AS, Vila-Concejo A, Bozec YM, Steinberg PD (2016) Long-
term empirical evidence of ocean warming leading to tropicalization of fish communities,
increased herbivory, and loss of kelp. Proceedings of the National Academy of Sciences
of the United States of America 113(48): 13791-13796. https://doi.org/10.1073/
pnas.1610725113

Verlaque M, Ruitton S, Mineur E Boudouresque CF (2015) CIESM Atlas of Exotic Species in
the Mediterranean. Vol. 4. Macrophytes. CIESM Publishers, Monaco: 1-364.

Wallentinus I, Nyberg CD (2007) Introduced marine organisms as habitats modifiers. Marine
Pollution Bulletin 55(7-9): 323-332. https://doi.org/10.1016/j.marpolbul.2006.11.010

Womersley HBS (1984) The marine benthic flora of Southern Australia. Part I. South Australian
Government Printing Division, Adelaide: 1-329.

Zenetos A, Gofas S, Morri C, Rosso A, Violanti D, Garcia Raso JE, Cinar M, Almogi-Labin
A, Ates A, Azzurro E, Ballesteros E, Bianchi C, Bilecenoglu M, Gambi M, Giangrande A,
Gravili C, Hyams-Kaphzan O, Karachle P, Katsanevakis S, Lipej L, Mastrototaro F, Mineur
E Pancucci-Papadopoulou M, Ramos Espla A, Salas C, San Martin G, Sfriso A, Streftaris
N, Verlaque M (2012) Alien Species in the Mediterranean Sea by 2012. A contribution
to the application of European Union’s Marine Strategy Framework Directive (MSFED).
Part 2. Introduction trends and pathways. Mediterranean Marine Science 13(2): 328-352.
hteps://doi.org/10.12681/mms.327


https://doi.org/10.1007/b76710_23
https://doi.org/10.3391/bir.2015.4.1.02
https://doi.org/10.3391/bir.2017.6.4.13
https://doi.org/10.1515/bot-2014-0006
https://doi.org/10.1098/rspb.2014.0846
https://doi.org/10.1073/pnas.1610725113
https://doi.org/10.1073/pnas.1610725113
https://doi.org/10.1016/j.marpolbul.2006.11.010
https://doi.org/10.12681/mms.327

	Distribution of Caulerpa taxifolia var. distichophylla (Sonder) Verlaque, Huisman & Procaccini in the Mediterranean Sea
	Abstract
	Introduction
	Materials and methods
	Results
	Field surveys
	Literature data

	Discussion
	References

