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Effects of the spread of the alga Caulerpa racemosa var.
cylindracea on the sponge assemblage from coralligenous
concretions of the Apulian coast (Ionian Sea, Italy)
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Problem

It has been estimated that about 900 species had been

introduced into the Mediterranean Sea as a consequence

of human activities (opening of the Suez Canal, ballast

waters and international shipping, aquaculture, aquaria)

(Streftaris et al. 2005; Zenetos et al. 2005, 2008). In some

cases, these non-indigenous species have shown the ability

to invade new environments and radically alter the struc-

ture and the functioning of native ecosystems, causing

marked changes or threatening native biological diversity

(Verlaque & Fritayre 1994; Davis et al. 1997; Occhipinti-

Ambrogi 2000; Piazzi & Cinelli 2000; Shiganova et al.

2001; Mastrototaro & Brunetti 2006; Thessalou-Legaki

et al. 2006; Longo et al. 2007). The spread of alien species

in marine ecosystems is therefore an important cause of

biological modifications as well as being generally difficult

to control and evaluate (Piazzi et al. 2001a).

Intentional or accidental introductions of algal species

in the Mediterranean Sea have been widely reported

(Chambers et al. 1993; Verlaque 1994; Ribera & Boudour-

esque 1995; Richardson et al. 2000). In particular, mem-

bers of the tropical and subtropical species of

Bryopsidales exhibit traits typical of invasive species.

Caulerpa racemosa (Forsskål) C. Agardh var. cylindracea

(Sonder) Verlaque, Huisman et Boudouresque (C. race-

mosa hereafter), currently spreading in the Mediterranean

Sea, represents one of the most important examples of

invasive events of recent years (Verlaque et al. 2003, 2004;

Piazzi et al. 2005). The South-western Australian invasive

variety (Verlaque et al. 2003) can inhabit a wide range of

subtidal hard and soft substrates (sand, mud, rocks, dead

mattes of seagrasses) from 0 to 70 m depth (Argyrou

et al. 1999; Capiomont et al. 2005). Caulerpa racemosa

shows rapid growth (Piazzi et al. 1997) and can spread by

fragmentation (Smith & Walters 1999) and sexual repro-

duction (Panayotidis & Žuljević 2001). Moreover, its

spherical branchlets can act as propagules (Renoncourt &

Meinesz 2002). The spreading of this alga seems to be a

result of its asexual reproduction together with human
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Abstract

The present work investigated the modifications induced by the spread of the

green macroalga Caulerpa racemosa var. cylindracea (Bryopsidales, Chlorophyta)

on the sponge assemblage of Apulian coralligenous concretions (Ionian Sea –

Torre Ovo, Italy). The study of qualitative and quantitative sponge composition

was carried out before (2004) and after (2006) the spread of this invasive alga by

means of traditional (quadrat scraping) and photographic sampling methods.

Results indicate that the spread of the green alga is concomitant with a signifi-

cant decrease in percentage sponge cover both on horizontal- and on vertical-

oriented substrates. In addition, strong modifications to the structure of the

community in terms of repartition of the available substrate have been observed

since the algal spread. Conversely, no major changes have affected the specific

composition of the sponge assemblage, suggesting that at this stage of coloniza-

tion the algal spread has not produced a loss of sponge biodiversity. However,

there is a clear need to monitor closely the C. racemosa invasion to verify its

long-term impact on the sponge assemblage.
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activities (transport of propagules in ballast water, trans-

port by anchors and fishing gear) (Piazzi et al. 1997;

Renoncourt & Meinesz 2002), and could be favoured by

other factors, such as alterations of current regimes and

climatic changes, as hypothesized for other thermophilous

species (Astraldi et al. 1995). It is likely that the recent

increase in water temperature in the Mediterranean has

accelerated the spread of this alga (Argyrou et al. 1999).

Moreover, the increase in terrestrial sediments derived

from human activities such as fire, deforestation, coastal

construction, changes in river flow and dredging (Bourcier

1986; Airoldi et al. 1996) could damage Mediterranean

native assemblages and further increase the competitive-

ness of C. racemosa, which is more tolerant to variations

in sedimentation rate (Piazzi et al. 2005). Caulerpa race-

mosa is also a strong competitor and may easily reduce

native algae (Piazzi et al. 2001b, 2005). A recent paper

suggests possible allelopathic activity of a Caulerpa metab-

olite, caulerpenyne, which may play a role in the successful

competition of the green alga with macrophytes (Raniello

et al. 2007). Finally, C. racemosa is not limited by grazing

of native herbivorous species (Ruitton et al. 2006).

In general, the interactions between C. racemosa and the

indigenous Mediterranean communities have hardly been

investigated, and mainly in reference to the impact of the

alga on benthic native macrophytes (Giaccone & Di Marti-

no 1995; Ceccherelli et al. 2000, 2002; Piazzi et al. 2001b,

2005, 2007; Occhipinti-Ambrogi & Savini 2003; Mastro-

totaro et al. 2004; Piazzi & Ceccherelli 2006). Few studies

have detected the effect of C. racemosa spreading on ani-

mal assemblages from soft bottoms (Argyrou et al. 1999;

Sandulli et al. 2004). Currently, there are no works on the

effects produced by the presence of this green alga on the

hard-bottom macrozoobenthos and, in particular, on the

peculiar biocoenosis of great naturalistic importance such

as coralligenous assemblages (Ballesteros 2006).

The aim of the present work is to investigate the effect

of the spread of C. racemosa and the modifications

induced by its colonization of the sponge assemblage of

the Apulian coralligenous concretions (Ionian Sea – Torre

Ovo, Italy). In this regard, a qualitative and quantitative

analysis of the sponge community was carried out before

(2004) and after (2006) the spread of C. racemosa in the

study site using traditional (quadrat scraping) and photo-

graphic sampling methods.

Material and Methods

The study site is located along the Apulian coast, at Torre

Ovo, a small coastal town, 30 km from Taranto (SE Italy,

Ionian Sea, 40�17¢36¢¢ N and 17�30¢21¢¢ E). In this site, a

rich coralligenous assemblage is present from 10 to 18 m

in depth. The typical biogenic formation mainly consists of

the overlap of encrusting calcareous red algae. Some animal

groups such as bryozoans, polychaetes and sponges con-

tribute to construction of concretions. The area is affected

by anthropic impacts caused by fishing, anchor damages

and recreational diving activities. In recent years, changes

of the sedimentation regime, due to the supply of terrestrial

sediments derived from huge coastal construction, have

also occurred. Caulerpa racemosa has been recorded at this

site since 2003 (R. Baldacconi, personal observation).

At 15 m depth, 60 experimental units of 400 cm2 were

selected: 20 of them on horizontal substrates (inclina-

tion < 45�), 20 on vertical substrates (inclination > 45�)

and 20 in small cavities (from 0.5 to 2 m height and from

0.3 to 1 m depth). In the months of August 2004 and

August 2006, each experimental unit was photographed by

SCUBA divers using a Casio Exilim digital camera with an

underwater ⁄ waterproof case. The percentage cover of

C. racemosa and of each species of sponge was evaluated in

the laboratory (Balduzzi et al. 1985; Corriero et al. 2000).

Pictures were analysed with a KURTA IS ⁄ ADB digitizer

connected to a Macintosh PC to estimate the area of sub-

strate covered by the green alga and discrete sponge spe-

cies. The diversity index (H¢) and evenness (J) were

calculated on the basis of the percentage covers estimated

by the photographic image analyses. Univariate statistical

analysis (mean value, standard error with n = 20) was car-

ried out on the percentage cover of C. racemosa and

sponges. Differences in the percentage cover of the green

alga and sponges between August 2004 and August 2006

were evaluated by applying the parametric Student’s t-test,

after dataset normalization. The relationship between the

percentage cover of C. racemosa and all sponge species was

estimated using Spearman’s correlation coefficient (rs).

In addition to the photographic survey, sponge samples

were collected in August 2004 and 2006 by scraping off a

surface of 400 cm2 (20 · 20 cm) at 15 m depth (three

randomly selected replicates for each substrate inclina-

tion). Specimens were fixed with 4% formaldehyde in sea

water and preserved in 70% alcohol. Once in the labora-

tory, the sponges were first separated on the basis of their

growth-form (erect, massive, encrusting, boring, creep-

ing). Slides of dissociated spicules were prepared for each

specimen to study the spicular arrangement and then to

identify sponges at species level. Univariate statistical

analysis (mean value, standard error with n = 3 repli-

cates) was carried out on the number of species found.

Results

Caulerpa racemosa var. cylindracea

In August 2004, Caulerpa racemosa was present at the

study site exclusively on horizontal substrates (six of 20
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experimental units) with low percentage cover values

(11.3 ± 5.4%) (Fig. 1). The green algae formed small

patches mixed with the native algal assemblages. Among

them, a few species of the genus Peyssonnelia were the

most common prostrate forms, and Dasycladus vermicu-

laris, Flabellia petiolata and Padina pavonica were the

most common erect ones. Halimeda tuna, Codium bursa

and Dictyota dichotoma were present but less common.

After 2 years (August 2006), C. racemosa formed a con-

tinuous dense green carpet, with a network of overlapping

stolons, which also trapped sediment. In particular, the

green algae showed a significant increase, spreading both

on horizontal (t = 10.2, P < 0.01) and vertical substrates

(t = 5.4, P < 0.01) with high percentage cover values

(68.6 ± 6.3% and 51.5 ± 9.2%, respectively) (Fig. 1).

Caulerpa racemosa was never found settled in small cavi-

ties (Fig. 1).

Sponge assemblage

Samples from both 2004 and 2006 gave a total of 58 taxa

of sponges, 51 of which were identified at species level

(Table 1). Thirty-six of these species were also detected

from analysis of the photographic survey (Table 1). In

total, 51 species (87.9% of the species recorded) were

found in 2004 and 54 (93.1%) in 2006. Forty-seven spe-

cies (81%) were common to both sampling periods. Four

species (6.9%) were exclusively detected in 2004 and

seven (12%) in 2006. The sponge assemblage mainly con-

sists of species typically found in coastal Mediterranean

waters, previously reported for the nearby coralligenous

concretions of Porto Cesareo (Corriero et al. 2004). One

species, Forcepia (Leptolabis) apuliae (Sarà, 1969), can be

considered a new record for the Ionian Sea.

The number of species showed a slight decrease

between 2004 and 2006 both on horizontal and vertical

substrates (from 18 to 11 and from 32 to 26, respectively)

(Fig. 2A) (mean values ± SE: from 13 ± 2 to 8 ± 2 and

from 30 ± 1 to 21 ± 3, respectively). The covering of sub-

strates by sponge showed more marked changes, with a

significant decrease both on horizontal and vertical sub-

strates (from 30.6 ± 1.5% to 12.2 ± 4.1% on horizontal

substrates, t = 3.1, P < 0.01; from 29.4 ± 3.1% to

17.6 ± 1.8% on vertical substrates, t = 2.3, P < 0.05)

(Fig. 2B). As for the number of species, the percentage

sponge cover was also almost unchanged between the two

periods in the small cavities (from 30.0 ± 3.2% to

30.6 ± 0.9%) (Fig. 2B).

Spearman’s correlation coefficient showed a negative

correlation between the percentage cover of C. racemosa

and both the number of sponge species detected from the

analysis of photographic images (rs = )0.590, P < 0.01)

and the percentage sponge cover (rs = )0.443, P < 0.01).

Both the diversity index (H¢) and evenness (J) con-

firmed the trends observed for the number of species and

the percentage sponge cover (Fig. 2C, D).

Differences between the two sampling periods were also

observed by studying the distribution of the sponge

growth-forms (erect, massive, encrusting, boring, creep-

ing) at the study site.

On horizontal and vertical substrates the number of

massive and encrusting species showed a slight decrease

(on horizontal substrates, from 7 to 4 and from 4 to 2,

respectively; on vertical substrates, from 13 to 10 and

from 8 to 5, respectively) (Fig. 3A, B). In the cavities the

distribution of the sponge growth-forms was almost

unchanged (Fig. 3C).

In 2004, the most abundant species on horizontal sub-

strates were Cliona viridis (present as b encrusting form)

(11.1 ± 2.3%), Scalarispongia scalaris (8.4 ± 1.8%) and

Crambe crambe (4.3 ± 0.9%) (Fig. 4A). In 2006, C. viridis

(6.2 ± 1.3%) and S. scalaris (3.2 ± 0.7%) showed a

decrease in coverage values of about 50% (Fig. 4B).

On vertical substrates, Crambe crambe (9.5 ± 1.5%),

Oscarella lobularis (3.7 ± 0.6%) and Ircinia variabilis

(3.3 ± 0.7%) were the dominant species in 2004

(Fig. 4C). Two years later, C. crambe (9.1 ± 1.8%) was

the only abundant species (Fig. 4D).

In the small cavities no differences between the domi-

nant species (Spirastrella cunctatrix, Agelas oroides and

Phorbas tenacior) were observed between 2004 and 2006

(Fig. 4E,F).

Caulerpa racemosa versus sponge community

Photographic images from the study site highlight the

ability of C. racemosa to overgrow several demosponges.

The green alga covered encrusting, massive and erect spe-

cies such as Cliona viridis (present in b encrusting form)

0

15

30

45

60

75

90

HS VS C

Pe
rc

en
ta

ge
 c

ov
er

2004
2006

Fig. 1. Caulerpa racemosa var. cylindracea: percentage cover

(mean ± SE, n = 20) on horizontal substrates (HS), on vertical sub-

strates (VS) and in cavities (C).
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Table 1. Sponges: list of 58 taxa found and their temporal and spatial distribution on horizontal substrates (HS), vertical substrates (VS) and

cavities (C).

2004HS 2006HS 2004VS 2006VS 2004C 2006C

Clathrina coriacea (Montagu, 1818)a + + +

Sycon sp. + + + +

Oscarella lobularis (Schmidt, 1862)a + + +

Plakortis simplex Schulze, 1880 + + + +

Jaspis johnstoni (Schmidt, 1862) + + + + + +

Penares helleri (Schmidt, 1864) + +

Erylus discophorus (Schmidt, 1862) + +

Erylus euastrum (Schmidt, 1868) +

Geodia conchilega Schmidt, 1862 +

Stoeba plicata (Schmidt, 1868) + + + + + +

Cliona celata Grant, 1826a + + + +

Cliona rhodensis Rützler & Bromley, 1981a + + +

Cliona schmidti (Ridley, 1881)a + + + +

Cliona viridis Schmidt, 1862a + + + + +

Pione vastifica (Hancock, 1849) +

Thoosa mollis Volz, 1939 + + +

Placospongia decorticans (Hanitsch, 1895) +

Spirastrella cunctatrix Schmidt, 1868a + + +

Prosuberites longispinus Topsent, 1893a + +

Suberites carnosus (Johnston, 1842) + +

Terpios fugax Duchassaing & Michelotti, 1864a + + +

Tethya aurantium (Pallas, 1766)a + +

Timea fasciata Topsent, 1934 + +

Timea stellata (Bowerbank, 1866) + +

Spiroxya heteroclita Topsent, 1896 +

Chondrosia reniformis Nardo, 1847a + + + +

Chondrilla nucula Schmidt, 1862a + + +

Acarnus tortilis Topsent, 1892 +

Forcepia (Leptolabis) apuliae (Sarà, 1969) +

Crambe crambe (Schmidt, 1862)a + + + + + +

Phorbas fictitius (Bowerbank, 1866)a + + + + +

Phorbas paupertas sensu Boury-Esnault, 1971 + + + +

Phorbas tenacior (Topsent, 1925)a + + + + +

Mycale (Mycale) lingua (Bowerbank, 1866) + +

Axinella damicornis (Esper, 1794)a + + + +

Axinella verrucosa (Esper, 1794)a + + + +

Bubaris vermiculata (Bowerbank, 1866) +

Achantella acuta Schmidt, 1862a + + +

Dyctionella incisa (Schmidt, 1880) + +

Topsentia aurantiaca (Schmidt, 1862)a + +

Agelas oroides (Schmidt, 1864)a + + + +

Haliclona (Halichoclona) fulva (Topsent, 1893)a + + + +

Haliclona sp. + +

Petrosia (Petrosia) ficiformis (Poiret, 1789)a + + + + + +

Ircinia variabilis (Schmidt, 1862)a + + + + + +

Sarcotragus foetidus Schmidt, 1862a + +

Scalarispongia scalaris (Schmidt, 1862)a + + + +

Fasciospongia cavernosa (Schmidt, 1862)a + +

Spongia (Spongia) officinalis Linnaues, 1759a + +

Spongia (Spongia) virgultosa Schmidt, 1868a + +

Dysidea avara (Schmidt, 1862)a + + + +

Pleraplysilla spinifera (Schulze, 1879)a + +

Aplysilla rosea (Barrois, 1876)a + +

Demospongiae no. 1a + +

Demospongiae no. 2a + +

Spread effects of Caulerpa racemosa var. cylindracea Baldacconi & Corriero
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(Fig. 5A), Ircinia variabilis, Sarcotragus foetidus,

Scalarispongia scalaris (Fig. 5B), Dysidea avara, Axinella

damicornis (Fig. 5C) and Axinella verrucosa. Crambe

crambe was the only sponge not overgrown by the algae

(Fig. 5D).

Discussion

The evaluations of the effects produced by the spread of

the green alga Caulerpa racemosa on both the Mediterra-

nean animal and plant assemblages are not in complete

agreement.

Most of the studies emphasize the loss of biodiversity

of native assemblages in the presence of the algal spread.

Large changes in the composition and abundance of mac-

rofaunal assemblages of soft bottoms, attributable to the

proliferation of the invasive alga, are reported for the

coastal waters of the island of Cyprus (Argyrou et al.

1999). Whereas the dominant taxon before the appear-

ance of C. racemosa was Gastropoda, after the algal

expansion the dominant taxon was Polychaeta (Argyrou

et al. 1999). Piazzi et al. (2007) observed that native mac-

roalgal assemblages from rocky bottoms were affected by

a significant decrease in encrusting and erect species, both

articulated and foliose, whereas filamentous algae

increased their abundance. Deep changes in the native

algal assemblages are also reported for the seas of Taran-

to, where C. racemosa has almost taken the place of the

endemic Mediterranean co-generic Caulerpa prolifera

(Mastrototaro et al. 2004).

According to Piazzi & Ceccherelli (2006), such biologi-

cal modifications are persistent, and the process of

Table 1. (Continued)

2004HS 2006HS 2004VS 2006VS 2004C 2006C

Demospongiae no. 3a + +

Demospongiae no. 4a + +

Demospongiae no. 5a +

Total number of taxa 18 11 32 26 39 42

aTaxa also detected from the analysis of photographic images.
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Fig. 2. Sponges: number of species (A), percentage sponge cover (mean ± SE, n = 20) (B), index of diversity (C) and evenness (D) on horizontal

substrates (HS), vertical substrates (VS) and cavities (C).

Baldacconi & Corriero Spread effects of Caulerpa racemosa var. cylindracea

Marine Ecology 30 (2009) 337–345 ª 2009 Blackwell Verlag GmbH 341



recovery of the native assemblages after the removal of

the invasive alga appears to be quite slow.

Notwithstanding evidence of the strong environmental

modifications due to the alga occurrence, not all authors

agree with the negative opinion of this invasion process.

A study of polluted soft bottoms showed the highest bio-

diversity values in the presence of C. racemosa meadows

(Giaccone & Di Martino 1995). Therefore, the authors

emphasize the positive function of the green alga on pol-

luted sites where the native biocoenosis is highly

degraded. A more complex scenario has been suggested

by Sandulli et al. (2004), who highlight that the spread of

C. racemosa in the Gulf of Taranto seems to have

enhanced the abundance of meiofauna biomass, even if it

seems to have caused a decrease in the diversity of some

meiobenthic crustaceans.

The relationships between sponges and introduced algal

species have hardly been investigated, apart from one

paper documenting the rapid invasion of a sponge-domi-

nated deep-reef by Caulerpa scalpelliformis (Davis et al.

1997). The authors emphasize the substantial decline in

the cover of sessile invertebrates, predominantly sponges,

colonial ascidians and bryozoans, concomitantly with the

algal spread.

Our study provides new information about the effects

produced by this invasive alga on the animal assemblages

inhabiting rocky substrates. The introduction of

C. racemosa is a recent event in the studied area. During

the 2 years of this study the spread of the alga was

concomitant with a slight decrease in the number of
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Fig. 3. Sponges: distribution of sponge growth-forms (erect, massive,

encrusting, boring, creeping) among sampling periods, on horizontal

substrates (HS), on vertical substrates (VS) and in cavities (C).
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sponge species and with a significant decrease in the

sponge percentage cover. Where the alga was absent

(small cavities), the percentage cover of sponges was

almost unchanged (Fig. 2B).

At the study site, C. racemosa is able to overgrow many

benthic organisms through a network of ramified stolons.

With regard to sponges, C. racemosa grows on most of

the conspicuous species detected using photographic

image analysis. The green alga extends its stolons on the

sponge specimens, anchored through numerous rhizoidal

pillars that penetrate the sponge tissue to a depth of sev-

eral millimeters (R. Baldacconi & G. Corriero, personal

observation). Although some species of demosponges can

live covered by a layer of other benthic organisms (Rüt-

zler 1970; Mercurio et al. 2006), the sediment trapped by

the algal stolons of C. racemosa may affect sponge pump-

ing activity, producing a shift to a less diverse, more silt-

tolerant assemblage (Carballo et al. 1996).

It seems that Crambe crambe, an encrusting common

species, is the only sponge which the alga does not over-

grow. In fact, the percentage cover of C. crambe, esti-

mated before and after the spread of C. racemosa, is

almost comparable. According to Berlinck et al. (1992)

and Uriz et al. (1996), this encrusting sponge produces a

toxin with an anti-fouling effect, which could also inhibit

the growth of this invasive alga.

The obtained results underscore the need to monitor

the spread of C. racemosa with great attention to verify

its long-term impact on the sponge community. Till now,

the effect of the algal spread on sponge diversity has been

moderate. However, a further diffusion of the alga, pro-

ducing a continuous felt of stolons, could cause the

occlusion of coralligenous cavities, leading to a dramatic

decline in the diversity of sponges that often colonize

such peculiar cryptic habitats.

Summary

The modification of the sponge assemblage from Apulian

coralligenous concretions induced by the spread of the

green macroalga Caulerpa racemosa was studied by means

of traditional (quadrat scraping) and photographic sam-

pling. The study of qualitative and quantitative sponge

composition was carried out before (2004) and after

(2006) the spread of this invasive alga at the study site.

The sponge assemblage showed a significant decrease in

percentage cover, concomitant with the alga colonization

both on horizontal and vertical substrates. Photographic

images highlight the ability of C. racemosa to overgrow

several demosponge species. It covered encrusting, mas-

sive and erect species, such as Cliona viridis (present in b
encrusting form), Scalarispongia scalaris, Axinella damicor-

nis. It seems that Crambe crambe was the only sponge not

overgrown by the alga. According to the literature, this

encrusting sponge produces a toxin with an anti-fouling

effect, which could inhibit the growth of the invasive alga.

Conversely, no major changes have affected the species

composition of the sponge community, which consists of

58 species very common in coastal Mediterranean waters.

This result suggests that, at this stage of colonization, the

algal spread has not produced a loss of species richness.

However, there is a clear need to monitor the C. racemosa

A B

C D

Fig. 5. Caulerpa racemosa var. cylindracea:

the green alga partially covers some sponges.

(A) Cliona viridis (present in b encrusting

form) (bar = 4 cm). (B) Scalarispongia scalaris

(bar = 5 cm). (C) Axinella damicornis

(bar = 1 cm). In (D), C. racemosa is not able

to extend its stolons on the sponge Crambe

crambe (bar = 4 cm) (photos: R. Baldacconi).
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invasion with great attention to verify its impact on

sponge assemblages on a long-term basis.
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(Bryopsidophyceae, Chlorophyta) le long de la coûte toscane
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