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Effects of Caulerpa cylindracea Sonder (Chlorophyta Cauler-
paceae) on marine biodiversity

Anna Maria Mannino1 & Paolo Balistreri2

ABSTRACT The chief purpose of Marine Protected Areas (MPAs) is biodiversity conservation. The effects
that invasive alien species (IAS) have on MPAs are not yet fully known, even though assessing
them is fundamental. Effective management plans, indeed, also require knowledge on the dis-
tribution, spread dynamics and impact of IAS. We report first observations on the effects of
Caulerpa cylindracea Sonder (Chlorophyta Caulerpaceae) on the communities living along
the coasts of the Island of Favignana (Egadi Islands MPA, Sicily, Italy). We found that C.
cylindracea may have negative effects on the habitat where it settles in two different ways:
a) affecting the structure of the native algal community which presents a low diversity, and
b) favouring the settlement of other alien species such as Branchiomma bairdi (McIntosh,
1885) (Polychaeta Sabellidae).

INTRODUCTION

The Mediterranean Sea is an important hotspot
for non-indigenous species (NIS, i.e. organisms in-
troduced outside of their natural, past or present,
range and outside of their natural dispersal poten-
tial). NIS may in time become invasive (i.e. inva-
sive alien species “IAS”) and may cause
biodiversity loss and ecosystem service changes
(Brunel et al., 2013; Giakoumi, 2014; Vergeś et al.,
2014, 2016). IAS are recognised as one of the most
serious threats, after habitat losses, to biodiversity
and natural ecosystem functioning. In the Mediter-
ranean Sea, due to multiple human-related stres-
sors, the number of recorded NIS has enormously
increased in the last 100 years (Occhipinti-Am-

brogi et al., 2011a, b; Katsanevakis et al., 2014),
reaching about 1000 NIS, of which 134 species are
macrophytes (Verlaque et al., 2015; Aloś et al.,
2016).

Among IAS, Caulerpa cylindracea Sonder
1845 (Chlorophyta Caulerpaceae) (until Belton et
al., 2014 it was reported in the literature as
Caulerpa racemosa var. cylindracea (Sonder) Ver-
laque, Huisman et Boudouresque 2003), introduced
from Australia and New Caledonia (Belton et al.,
2014) and reported for the first time in Italy in 1993
(in Sicily at Baia di San Panagia and at the Island
of Lampedusa, Alongi et al., 1993), has raised seri-
ous concern due to its ascertained impact on
Mediterranean communities (Boudouresque et al.,
1995; Antolić et al., 2008; Klein & Verlaque, 2008;
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two areas (Area 1, Area 2; see Fig. 1), characterized
by different sedimentation and hydrodynamic con-
ditions. The different environmental conditions are
essentially linked to the presence (Area 1) or ab-
sence (Area 2) of calcarenitic blocks responsible for
the reduction of the hydrodynamism and the in-
crease of the sediment accumulation.    

Within each area, two sites were selected, one
characterized by a high coverage of C. cylindracea
and the other one by the presence of a few thalli of
the alga. At each site six replicated 400 cm2

quadrats were placed in order to estimate the mean
abundance values of the all recorded taxa.

RESULTS

Significant differences between the two areas
were observed whereas no remarkable differences
were highlighted between the two sites of each
area. In the area 1, characterized by a higher rate
of sedimentation, C. cylindracea was more abun-
dant (a mean % coverage of 46±8.1) and behaved
as a pioneer species (Fig. 2). The active mecha-
nism of stolonisation allowed C. cylindracea to

Piazzi & Balata, 2008; Papini et al., 2013; Kat-
sanevakis et al., 2014).

Sicily and smaller surrounding Islands (includ-
ing Marine Protected Areas “MPA”), located at the
crossroads between the eastern and western sectors
of the Mediterranean Sea and characterized by in-
tense maritime traffic, are particularly vulnerable
and suitable to biological marine invasions (Oc-
chipinti-Ambrogi et al., 2011a, b; Coll et al., 2012;
Papini et al., 2013; Katsanevakis et al., 2014). To
plan effective management and conservation strate-
gies, reliable data on distribution, spread dynamics
and impacts of IAS are essential. For this reason,
regular monitoring and surveillance programs are
strongly needed. Since intensive monitoring pro-
grams could be very expensive, citizen science, in-
volving citizens (e.g. tourists, fishermen, divers) in
the collection of data, could be a useful tool for pro-
viding data on IAS that would otherwise be impos-
sible to collect because of limitations on time and
resources (Mannino & Balistreri, 2018). 

We report first observations on the effects of C.
cylindracea on the communities living along the
coasts of the Island of Favignana (Egadi Islands
MPA), carried out during the citizen science project
‘Caulerpa cylindracea - Egadi Islands’, aimed at
monitoring the spread dynamics of C. cylindracea
within the Egadi Islands MPA. 

MATERIAL AND METHODS  

Study area

The Egadi Islands MPA (Aegadian Archipel-
ago), instituted in 1991, is the largest Italian MPA.
This archipelago, located approximately 7–9 km
from the western coast of Sicily (Italy, Tyrrhenian
Sea), is composed of three main islands (Favignana,
Marettimo and Levanzo) and a few small islets (Ga-
leotta, Galera, Preveto, Formica and Maraone).

The study was carried out at Cala San Giuseppe,
one of the old calcarenitic opencast mine, currently
submerged by the sea, located in the northern side
of the Favignana Island (37°56’07.00’’N,
12°20’02.59’’E - Fig. 1). 

Sampling

Samples were carried out in summer 2016 in
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Figure 1. Map showing Cala San Giuseppe (Favignana 
Island, Sicily, Italy) and the sampling areas.
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spread rapidly, forming compact multi-layered
mats which trap the sediment and host native
macroalgae, growing strictly intermingled to C.
cylindracea stolons. In this area the diversity of
the algal community was not particularly high (see
Table 1). The algal community was essentially
dominated by red and green algae such as
Jania rubens (Linnaeus) J.V. Lamouroux, 1816
(Rhodophyta Corallinaceae) (a mean % coverage
of 38±6.8), Cladophora prolifera (Roth) Kützing,
1843 (Chlorophyta Cladophoraceae) (a mean %
coverage of 10±1.4), and Laurencia dendroidea J.
Agardh, 1852 (Rhodophyta Rhodomelaceae) (a
mean % coverage of 10±4.5). The mats, entrap-
ping sediments, also favoured the establishment of
another alien species, Branchiomma bairdi (McIn-

tosh, 1885), a tropical tube-building sabellid poly-
chaete, among patches of C. cylindracea (Fig. 3).
In all 114 individuals were recorded, mainly con-
centrated (88 individuals) where C. cylindracea
formed consistent mats entrapping a huge quantity
of sediment. 

Instead, sponges, particularly Chondrilla nucula
Schmidt, 1862 (Spugna Nocciolina, a mean % cov-
erage of 50±4.5), take advantage of the conditions
in the area 2, characterized by a low rate of sedi-
mentation, occupying quite all the available sub-
strate (Figs. 4, 5). In this area a few thalli of C.
cylindracea and low coverage values of the native
macroalgae were observed (see Table 2). Jania
rubens (a mean % coverage of 30±4.1) was the
dominant species, mainly growing as epiphyte.
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Figures 2–5. Area 1: multi-layered mats formed by Caulerpa cylindracea stolons (Fig. 2), Branchiomma bairdi
among patches of C. cylindracea (Fig. 3); Area 2: the sponge Chondrilla nucula (Figs. 3, 4).



DISCUSSION AND CONCLUSIONS

First results showed how the rate of sedimenta-
tion has an important role in structuring the com-
munities in the studied areas. In the area 1 we
assisted to a cascade process. Precisely, the high
rate of sedimentation favoured the growth and
spread of C. cylindracea which in turn allowed a

further increase of sedimentation, as consequence
of the multi-layered mats trapping the sediment,
which favoured the establishment of several indi-
viduals of Branchiomma bairdi among the patches
of C. cylindracea. This biofouler worm, already
recorded at the Egadi Island MPA (Mytilineou et
al., 2016), clearly takes advantage of the additional
debris among the stolons of C. cylindracea, on
which it can easily settle. Even though this worm
was originally described from Bermuda and
Caribbean Sea (western Atlantic), its origin is cur-
rently unknown (Ramalhosa et al., 2014). 

In the area 2, instead, where the rate of sedi-
mentation is low, sponges such as Chondrilla nu-
cula, take advantage behaving as pioneer species
and they also maintain low both the rate of sedi-
mentation and the biodiversity. Indeed, they do not
allow algal species, C. cylindracea included, to set-
tle well in the area, as clearly shown by the low
coverage values observed for C. cylindracea and
the native macroalgae. The low rate of sedimenta-
tion does not allow also the settlement of Bran-
chiomma bairdi individuals, which do not find
suitable environment conditions for their establish-
ment. Therefore, C. cylindracea may have negative
effects on the habitat where it settles in two differ-
ent ways: a) affecting the structure of the native
algal community which presents a low diversity,
and b) favouring the settlement of other alien
species. It was already observed by Baldacconi &
Corriero (2009) how C. cylindracea (reported as
C. racemosa var. cylindracea) may significantly af-
fect the percentage cover of sponge assemblage of
coralligenous concretions, likely due to the ability
of C. cylindracea to overgrow several sponge
species.

Since Sicily and the circum-Sicilian Islands,
are vulnerable to biological marine invasions, reg-
ular monitoring programs are needed to assess the
spread dynamics of invasive species, particularly
in MPAs such as Egadi islands MPA. In the
MPAs, high rates of visitation could promote the
introduction of invasive species through increased
disturbance and vectors (e.g., boat anchors,
SCUBA equipment, hull fouling) and subsequent
dispersal of propagules (Britton-Simmons & Ab-
bott, 2008; Burfeind et al., 2013), therefore an
IAS strategy integrated into the management plan
of the Egadi Islands MPA may be highly desir-
able.
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Table 1. Area 1: coverage values (mean ± SE, n = 6) 
of Caulerpa cylindracea and the native macroalgae.

Table 2. Area 2: coverage values (mean ± SE, n = 6) of
Chondrilla nucula, Caulerpa cylindracea and the native
macroalgae.
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Vergeś A., Steinberg P.D., Hay M.E., Poore A.G., Camp-
bell A.H., Ballesteros E.,  Heck K.L. Jr., Booth D.J.,
Coleman M.A., Feary D.A., Figueira W., Langlois T.,

Marzinelli E.M., Mizerek T., Mumby P.J., Nakamura
Y., Roughan M., van Sebille E., Gupta A.S., Smale
D.A., Tomas F., Wernberg T. & Wilson S.K., 2014.
The Tropicalization of Temperate Marine Ecosys-
tems: Climate-Mediated Changes in Herbivory and
Community Phase Shifts. Proceedings Biological
Sciences, 281: 20140846. https://doi.org/10.1098/
rspb.2014.0846. 

Vergeś A., Doropoulos C., Malcolm H.A., Skye M., Gar-
cia-Pizá M., Marzinelli E.M., Campbell A.H., Balles-
teros E., Hoey AS., Vila-Concejo A., Bozec Y.M.,
Steinberg P.D., 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 Sci-
ences U.S.A., 113: 13791–13796. 

Verlaque M., Ruitton S., Mineur F. & Boudouresque C.F.,
2015. Vol. 4, Macrophytes. In: Briand F., CIESM
Atlas of Exotic Species in the Mediterranean. CIESM
Publ., Monaco, 1–364.

ANNA MARIA MANNINO & PAOLO BALISTRERI388


