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Abstract 

The first invasive record of the green alga Caulerpa racemosa (Forsskål) J. Agardh in the Mediterranean Sea was in 1990 in 
Tripoli (Libya) (J. Agardh) and since that period, this Chlorophyta has been rapidly spreading to all Mediterranean countries. 
However, very few assessment studies have been carried out along the Algerian coast. In this paper, we present, for the first time 
new observation data concerning an indicated proliferation of this invasive species in Salamandre and Stidia (Gulf of Arzew, 
western Algeria); both these sites are very important for sea fishing activities and traffic. 
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Introduction 

Biological invasions are a widespread and 
significant component of human-caused global 
environmental change (Rejmánek 2008). In 
recent decades, marine and coastal bioinvasions 
represent a serious threat to ecosystems and 
native biodiversity and cause profound economic 
impacts (Ribera and Boudouresque 1995; 
Grosholz 2002; Ruesink et al. 2006; Occhipinti-
Ambrogi 2007; Antolić et al. 2008). 

The Mediterranean sea, particularly harbour 
areas, are considered to be the most severely 
affected regions for marine species invasions, 
where around 600 flora and fauna species are 
considered as introduced species (Boudouresque 
and Verlaque 2005; Boudouresque et al. 2005; 
Zenetos et al. 2005) and from which 100 macro-
phyte species (Ribera Siguan 2002) can be 
counted.  

Since 1990, the Chlorophyta Caulerpa 
racemosa var. cylindracea has colonised 15 
Mediterranean countries: Albania, Algeria, 

Croatia, Cyprus, France, Greece, Italy, Libya, 
Malta, Monaco, Montenegro, Morocco (Spanish 
city of Ceuta), Spain, Tunisia, Turkey (Verlaque 
et al. 2003; Klein and Verlaque 2008; Rivera-
Ingraham et al. 2009), and all the major 
Mediterranean islands (Balearic Islands, Corsica, 
Crete, Cyprus, Sardinia, Sicily) (Verlaque et al. 
2003), strongly interfering with native species 
(Verlaque et al. 2000; 2003; Piazzi et al. 
2001a,b; Balata et al. 2004; Ruitton et al. 2005a; 
Piazzi and Balata 2008) and outcompeting the 
endemic Mediterranean sea-grass Posidonia 
oceanica (Linnaeus) Delile (Piazzi et al. 2001a, 
b; Antolić et al. 2008). 

In the Algerian coast, the presence of 
C.  racemosa was recently and for the first time 
reported in Algiers Bay (Ould-Ahmed and 
Meinesz 2007) (Figure 1; Table 1). The present 
paper reports the first occurrence of the 
C.  racemosa “invasive variety” in the gulf of 
Arzew (western Algeria) in the framework of the 
macrophyte diversity assessment and marine 
pollution   biomonitoring   (Taleb et al. 2009)  in 
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Figure 1. Geographical location of all records of Caulerpa racemosa in Algeria and our study area (yellow rectangle) (adapted 
from Google Earth, 2010). 

 

Figure 2. Caulerpa racemosa in Salamandre site (- 1m) (left plate); (B) Thallus of Caulerpa racemosa of Stidia site (-0,5m) 
(right plate) (Photographs by B. Bachir Bouiadjra). 

Table 1. Characteristics of the sampling areas colonized by Caulerpa racemosa. 

Location 
Geographic coordinates* Depth 

(m) 
Substratum 

Surface 
(m2) 

Reference 
Latitude, N Longitude, E 

Tamentfoust  36°48'29.64'' 03°13'52.56'' 0.50 - -  

Sidi-Fredj 
 

36°45'55.2'' 02°50'50.82'' 0.50 - - 
Ould-Ahmed and 
Meinesz 2007

Bou Ismail  36°41'39.23'' 02°47'50.67'' 0.50 - -  
Salamandre Station 1 35°55'12.46'' 00°03'28.32'' 0.50 Sand 1.30 Present study 

 Station 2 35°55'11.62'' 00°03'28.30'' 0.50 Sand 2.24 Present study

 Station 3 35°55'08.07'' 00°03'27.20'' 0.60 Rock 04 Present study

 Station 4 35°55'06.15'' 00°03'27.09'' 0.80 Sand 150 Present study

Stidia Station 1 35°50'1.45'' 00°00'49.79'' 0.50 Sand – Rock 200 Present study

 Station 2 35°50'2.29'' 00°00'49.12'' 0.40 Sand – Rock 1.30 Present study

 Station 3 35°50'3.96'' 00°00'48.94'' 0.40 Sand – Rock 210 Present study

 Station 4 35°50'4.22'' 00°00'47.30'' 0.30 Sand – Rock 2.80 Present study

* Positions were recorded using differencial Garmin 12 GPS 
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this coastal marine area, and will contribute to 
fill the data gaps of this algal proliferation in the 
south west of the Mediterranean basin. 

Materials and methods 

Sampling was focused on the Stidia and Sala-
mandre sites located in the west of the industrial 
and fishery harbour of Mostaganem City (Figure 
1; Table 1), where a large population of 
C.  racemosa was observed during November 
2009, the period corresponding to the annual 
maximum development of these species in the 
northwest of the Mediterranean sea (Capiomont 
et al. 2005; Ruitton et al. 2005b). 

In order to record the scale of distribution and 
the density of C.  racemosa as well as the 
associated native macroalgae and seagrass at 
each site, four 1 m2 quadrats were laid at random 
on the bottom of four stations spread out along a 
500 m transect. The abundance of the seaweed 
and seagrass species occurring within the 
quadrats was estimated in percentage cover. 

Results and discussion 

Caulerpa racemosa’ (Figure 2) observed percen-
tage cover in all stations varied between 92 to 
100% and 72 to 100% respectively in Sala-
mandre and Stidia monitored sites (Figure 3). 

The absence of the phaeophyceae Cystoseira 
spp., indicators of high ecological status was 
also  noted,  while on the other hand the presence 

of both Corallina elongata J. Ellis and Solander 
and Ulva lactuca Linnaeus (Figure 3) were 
recorded, indicating poor to bad coastal water 
quality (Arévalo et al. 2007). 

The recent appearance of the invasive alga 
C.  racemosa in this study area can be attributed 
to the importance of sea traffic in this 
Mediterranean zone, because our observation 
stations are very close to the large petrochemical 
harbour of Arzew and the industrial and fishery 
harbour of Mostaganem. However, the increased 
occurrence of C. racemosa at the proximity of 
large cities, industrial, cargo, passenger, fishery 
and recreational boating harbours does not 
necessarily demonstrate an affinity for polluted 
areas but may be an artefact due to secondary 
dispersal mechanisms via ship traffic and fishing 
activities (Klein and Verlaque 2008). At least, it 
attests to the tolerance of C. racemosa to high 
levels of pollution.  

Posidonia oceanica was recorded only at two 
stations at the Salamandre site (Figure 3). The 
percentage cover rate ranges from 26 to 62%. 
Several studies conducted on the impact of 
C.  racemosa on macrophyte assemblages (rocky 
substrate, dead Posidonia oceanica mats, 
coralligenous and detritic assemblages) indicate 
a decrease in the total number of species and in 
the total macrophyte cover in the presence of 
C.  racemosa (Ceccherelli et al. 2001; Piazzi et 
al. 2001a, b; 2005; Piazzi and Cinelli 2003; 
Balata et al. 2004; Cinelli et al. 2007; Klein and 
Verlaque 2007; Antolić et al. 2008). 

Figure 1. Percentage cover of 
Caulerpa racemosa and native 
Corallina elongata, Ulva lactuca, 
Caulerpa prolifera and Posidonia 
oceanica in Salamandre and Stidia 
sites. 
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The exposure of the Salamandre and Stidia 

colonised area to winds, strong waves and 
important hydrodynamic flow, resulting from 
prevailing West to South-West winds (43%) 
from October to February and East to the North-
East winds (40%) from May to September (ONM 
2009), in addition to the flow of the coastal 
cyclonic currents in the Gulf of Arzew (Mega 
2002; Mega and Lensari 2006) could reinforce 
the hypothesis of the dispersion of C. racemosa 
to this coastal zone. 

The Stidia site represents a small fishery 
harbour where fishermen clean their nets, 
sometimes charged with algae, in particular 
C.  racemosa. On this subject, the economic 
impact of C. racemosa has never been quantified 
(Klein and Verlaque 2008). However, there has 
been some speculation on the basis of 
observations by fisherman in Italy who found 
their fishing nets clogged with C. racemosa 
(Magri et al. 2001). 

Conclusion 

The data of this preliminary survey reflect the 
possible consequences of the C. racemosa inva-
sion event in this area including modifications of 
physical and chemical conditions (water 
movement, sediment deposition, substrate chara-
cteristics), as well as profound modifications of 
benthic assemblages. The study emphasises the 
need to develop more monitoring research 
program and policies aimed at prevention and 
mitigation of the impacts of aquatic invasive 
alien species on the biological diversity of the 
Algerian coast. 

Acknowledgements 

This research is a part of Doctorate thesis on macrophytes 
diversity assessment in the gulf of Arzew (western Algeria) 
supported by a grant of the University Abdelhamid Ibn 
Badis (Mostaganem, Algeria), and the scientific cooperation 
of the University Abdelmalek Essaâdi (Tétouan, Morocco). 
Authors thank the assistants, Saïd Kaida and Houcine 
Boussena, for their invaluable field help. 

References 

Antolić B, Zuljević A, Despalatović M, Grubelić I, Cvitković I 
(2008) Impact of the invasive green alga Caulerpa racemosa 
var. cylindracea on the epiphytic macroalgal assemblage of 
Posidonia oceanica seagrass rhizomes in the Adriatic Sea. 
Nova Hedwigia 86 (1–2): 155–167, doi:10.1127/0029-5035/ 
2008/0086-0155 

Arévalo R, Pinedo S, Ballesteros E (2007) Changes in the 
composition and structure of Mediterranean rocky-shore 
communities following a gradient of nutrient 
enrichment: Descriptive study and test of proposed 
methods to assess water quality regarding macroalgae. 
Marine Pollution Bulletin 55: 104–113, doi:10.1016/j. 
marpolbul.2006.08.023 

Balata D, Piazzi L, Cinelli F (2004) A comparison among 
macroalgal assemblages in areas invaded by Caulerpa 
taxifolia and C. racemosa on subtidal Mediterranean 
reefs. PSZNI Marine Ecology 25: 1–13, doi:10.1111/j.14 
39-0485.2004.00013.x 

Boudouresque CF, Verlaque M (2005) Nature conservation, 
marine protected areas, sustainable development and the 
flow of invasive species to the Mediterranean Sea. 
Scientific Reports of the Port–Cros National Park, 
France, 21, pp 29–54 

Boudouresque CF, Ruitton S, Verlaque M (2005) Large-
scale disturbances, regime shift and recovery in littoral 
systems subject to biological invasions. In: Velikova V, 
Chipev N (eds), Large-scale Disturbances (Regime 
Shifts) and Recovery in Aquatic Ecosystems: 
Challenges for Management Towards Sustainability. 
UNESCO Publisher, pp 85–101 

Capiomont A, Breugnot E, Den Haan M, Meinesz A (2005) 
Phenology of a deep-water population of Caulerpa 
racemosa var. cylindracea in the northwestern 
Mediterranean Sea. Botanica Marina 48: 80–83, doi:10. 
1515/BOT.2005.006 

Ceccherelli G, Piazzi L, Cinelli F (2001) The development 
of Caulerpa racemosa at the margin of Posidonia 
oceanica. In: Gravez V, Ruitton S, Boudouresque CF, 
Le Direach L, Meinesz A, Scabbia G, Verlaque M. 
(eds), Fourth International Workshop on Caulerpa 
taxifolia. GIS Posidonie Publisher, Marseille, France, pp 
376–384 

Cinelli F, Balata D, Piazzi L (2007) Threats to coralligenous 
assemblages: sedimentation and biological invasions. 
In: United Nations Environment Programme (ed), 
Proceedings of the 3rd Mediterranean Symposium on 
Marine Vegetation, Marseille, France, March 27–29, 
2007. Regional Activity Centre for Specially Protected 
Areas, Tunis, Tunisia, pp 42–47 

Grosholz ED (2002) Ecological and evolutionary 
consequences of coastal invasions. Trends in Ecology 
and Evolution 17: 22–27, doi:10.1016/S0169-5347(01) 

02358-8 
Klein J, Verlaque M (2007) Caulerpa racemosa effect on 

macrophyte assemblages of dead Posidonia beds. In: 
United Nations Environment Programme (eds), 
Proceedings of the 3rd Mediterranean Symposium on 
Marine Vegetation, Marseille, France, March 27–29, 
2007. Regional Activity Centre for Specially Protected 
Areas, Tunis, Tunisia, pp 78–82 

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

Magri M, Piazzi L, Serena F (2001) La présence de 
Caulerpa racemosa le long des côtes septentrionales de 
la Toscane et les conséquences possibles sur l’activité 
de pêche. In: Gravez V, Ruitton S, Boudouresque CF, 
Le Direach L, Meinesz A, Scabbia G, Verlaque M (eds), 
Fourth International Workshop on Caulerpa taxifolia. 
GIS Posidonie Publisher, Marseille, France, pp 338–344 

 



Caulerpa racemosa in the Gulf of Arzew (western Algeria) 

S101 

Mega N (2002) Détection des phénomènes de moyenne 
échelle dans la Baie d’Arzew avec les images d’Alsat-1. 
Mémoire de Master. Centre Régional Africain des 
Sciences de l’Espace (CRASTE-LF, Casablanca, Maroc) 
et Centre National de Techniques Spatiales (CNTS, 
Oran, Algérie), 120 pp 

Mega N, Lansari A (2006) Combination of NOAA/AVHRR 
Images and Topex/Poseidon Data to Analyse the 
Mesoscale Phenomena in the Algerian Basin (in the 
Western Mediterranean Sea). 15 years of progress in 
radar altimetry Symposium, Venice Lido, Italy, March 
13-18, 2006, European Space Agency (ESA), pp 45–46 

Occhipinti-Ambrogi A (2007) Global change and marine 
communities: Alien species and climate change. Marine 
Pollution Bulletin 55: 342–352, doi:10.1016/j.marpolbul. 
2006.11.014 

ONM (2009) Bulletins des relevés climatiques de l’Office 
National de Météorologie, Oran, Algérie, 254 pp 

Ould-Ahmed N, Meinesz A (2007) First record of the 
invasive alga Caulerpa racemosa on the coast of 
Algeria. Cryptogamie, Algologie 28(3): 303–305 

Piazzi L, Balata D (2008) The spread of Caulerpa racemosa 
var. cylindracea in the Mediterranean Sea: An example 
of how biological invasions can influence beta diversity. 
Marine Environmental Research 65: 50–61, 
doi:10.1016/j. marenvres.2007.07.002 

Piazzi L, Cinelli F (2003) Evaluation of benthic macroalgal 
invasion in a harbour area of the western Mediterranean 
Sea. European Journal of Phycology 38: 223–231, 
doi:10.1080/1364253031000136358 

Piazzi L, Ceccherelli G, Cinelli F (2001a) Threat to 
macroalgal diversity: effects of the introduced green 
alga Caulerpa racemosa in the Mediterranean. Marine 
Ecology Progress Series 210: 161–165, doi:10.3354/ 
meps210149 

Piazzi L, Ceccherelli G, Cinelli F (2001b) Effet de Caulerpa 
racemosa sur la structure des communautés algales 
benthiques. In: Gravez V, Ruitton S, Boudouresque CF, 
Le Direach L, Meinesz A, Scabbia G, Verlaque M. 
(eds), Fourth International Workshop on Caulerpa 
taxifolia. GIS Posidonie Publisher, Marseille, France, pp 
371–375 

Piazzi L, Balata D, Ceccherelli G, Cinelli F (2005) 
Interactive effect of sedimentation and Caulerpa 
racemosa var. cylindracea invasion on macroalgal 
assemblages in the Mediterranean Sea. Estuarine, 
Coastal and Shelf Science 64: 467–474, doi:10.1016/j. 
ecss.2005.03.010 

Rejmánek M (2008) Biological invasions: what we know 
and what we want to know. NEOBIOTA: Towards a 
Synthesis, 5th European Conference on Biological 
Invasions, September 23–26, 2008, Prague (Czech 
Republic), pp 13 

Ribera MA, Boudouresque CF (1995) Introduced marine 
plants, with special reference to macroalgae: 
mechanisms and impact. Progress in Phycological 
Researches 11: 187–268 

Ribera Siguan MA (2002) Review of non-native marine 
plants in the Mediterranean Sea. In: Leppakoski E, 
Gollasch S, Olenin S (eds), Invasive aquatic species in 
Europe. Distribution, Impacts and Management. Kluwer 
Academic Publishers, Dordrecht, The Netherlands, pp 
291–310 

Rivera-Ingraham GA, García-Gómez JC, Espinosa F (2009) 
Presence of Caulerpa racemosa (Forsskål) J. Agardh in 
Ceuta (Northern Africa, Gibraltar Area). Biological 
Invasions 12 (6): 1465–1466, doi:10.1007/s10530-009-
9576-3  

Ruesink JL, Feist BE, Harvey CJ, Hong JS, Trimble AC, 
Wisehart LM (2006) Changes in productivity associated 
with four introduced species: ecosystem transformation 
of a pristine estuary. Marine Ecology Progress Series 
311: 203–215, doi:10.3354/meps311203 

Ruitton S, Javel F, Culioli JM, Meinesz A, Pergent G, 
Verlaque M (2005a) First assessment of the Caulerpa 
racemosa (Caulerpales, Chlorophyta) invasion along the 
French Mediterranean coast. Marine Pollution Bulletin 
50: 1061–1068, doi:10.1016/j.marpolbul.2005.04.009 

Ruitton S, Verlaque M, Boudouresque CF (2005b) Seasonal 
changes of the introduced Caulerpa racemosa var. 
cylindracea (Caulerpales, Chlorophyta) at the northwest 
limit of its Mediterranean distribution. Aquatic Botany 
82: 55–70, doi:10.1016/j.aquabot.2005.02.008 

Taleb MZ., Benali I, Gherras H, Ykhlef-Allal A, Bachir-
Bouiadjra B, Amiard J-C, Boutiba Z (2009) Biomoni-
toring of environment pollution on the Algerian west 
coast using caged mussels Mytilus galloprovincialis. 
Oceanologia 51 (1): 63–84 

Verlaque M, Boudouresque CF, Meinesz A, Gravez V 
(2000) The Caulerpa racemosa complex (Caulerpales, 
Ulvophyceae) in the Mediterranean Sea. Botanica 
Marina 43: 49–68, doi:10.1515/BOT.2000.005 

Verlaque M, Durand C, Huisman JM, Boudouresque CF, Le 
Parco Y (2003) On the identity and origin of the Medi-
terranean invasive Caulerpa racemosa (Caulerpales, 
Chlorophyta). European Journal of Phycology 38: 325–
339, doi:10.1080/09670260310001 612592  

Zenetos A, Cinar ME, Pancucci-Papadopoulou MA, 
Harmelin JG, Furnari G, Andaloro F, Bellou N, 
Streftaris N, Zibrowius H (2005) Annotated list of 
marine alien species in the Mediterranean with records 
of the worst invasive species. Mediterranean Marine 
Science 6: 63–118 

 

 


