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1. Introduction 

1.1. Relevance of the thesis 

Non -indigenous species (NIS), introduced by humans outside 

of their natural range and their natural dispersal potential, may 

profoundly affect the ecosystem functioning and the integrity of 

native communities and habitats, as well as economy and 

human health in invaded regions (Grosholz 2002; Katsanevakis 

et al. 2014; Olenin et al. 2010).  

The Mediterranean Sea is heavily affected by biological 

invasions (Galil 2009, Zenetos et al. 2012; Galil et al. 2014) and 

marine protected areas (MPAs) are not immune to NIS 

introductions and spread (Simberloff 2000; De Poorter et al. 

2007; Monaco and Genovesi 2014; Guidetti et al. 2014). 

However, the effects of MPAs on NIS establishment and 

spreading are generally unrecognized. Moreover, due to limited 

research efforts and a lack of regular monitoring programs, 

there is a lack of information on numbers, identity, and 

distribution of marine NIS in some Mediterranean countries 

(e.g. in Croatia) (Galil et al. 2016). Such information represents a 

necessary scientific basis for risk assessment and an adequate 

response to the threat of NIS. Regular NIS monitoring 

programs within MPAs and surrounding areas could enable 

identification of NIS at an early stage of colonization, when it 

has limited spatial distribution and its eradic ation may still be 

possible, at least on a local scale (Otero et al. 2013; Mannino et 

al. 2016). 
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The quantitative measures of impacts of NIS often remain 

unknown (Olenin et al. 2010; Ojaveer et al. 2015; Cardeccia et al. 

2016). The study of the trophic traits of NIS can therefore be a 

useful tool for evaluating the impacts of NIS. Characterisation 

of trophic interactions is critically important in conservation 

ecology, because changes in the diets of consumers can 

potentially reflect environmental changes (Hardy et al. 2010). 

Quantit ative understanding of the predator -prey dynamics 

might offer a tool for measuring early responses to disturbance 

(Carreon-Martinez and Heath, 2010) and thus functional 

changes in the ecosystem.  

In this study, the distribution of NIS and the effect of MPA s on 

NIS establishment and spread was assessed using rapid 

assessment, inside and outside some selected Mediterranean 

MPAs. Furthermore, trophic interactions between the 

indigenous benthic taxa and the non-indigenous species (NIS): 

the green alga Caulerpa cylindracea, the red alga Asparagopsis 

taxiformis, the crab Percnon gibbesi and the sea hare Aplysia 

dactylomela, were investigated using stable isotope ratios and 

subsequent isotopic population metrics, in order to determine 

the role of NIS in invaded ecosystems and the possible impacts 

it has on indigenous taxa. Moreover, the impacts of C. 

cylindracea on fish and microbenthic assemblages were 

evaluated inside the MPAs.  

1.2. Aim and main tasks of the study  

The aim of the study is to assess the diversity and distribution 

of NIS and their impacts in the Mediterranean Marine Protected 

Areas (MPAs). 
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The main tasks are: 

1. To quantify and describe the distribution of marine NIS on 

Lampedusa Island and to assess the effects of protection on NIS 

and macrobenthic and fish assemblages. 

2. To evaluate the trophic interactions between NIS and 

indigenous species on Lampedusa Island.  

3. To investigate the identity, abundance and distribution of 

marine NIS on mooring lines in berthing areas along the eastern 

Adriatic coast,  Croatia, and to evaluate the effects of MPAs on 

NIS establishment and spreading in berthing areas. 

4. To assess the vulnerability of benthic habitats to the invasion 

of the green alga Caulerpa cylindracea and its role in 

macrobenthic and fish assemblages. 

5. To estimate the impact of Caulerpa cylindracea on trophic 

interactions in the MPAs.  
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1.3. Novelty of the study  

This study provides the data on abundance and distribution of 

some non-indigenous and cryptogenic macroalgae, sessile and 

mobile macroinvertebra te and fish species in the central and 

northern parts of the Mediterannean Sea. For the first time, the 

efficiency of Mediterranean MPAs Pelagie Islands (Italy, central 

part of the Mediterannean Sea), Lastovo Archipelago, and Mljet 

Island (Croatia, Adriati c Sea) was assessed in relation to NIS 

introductions and spreading.  

The records of fouling NIS and cryptogenic species S. plicata, C. 

brunnea and W. subtorquata represent the first ones in Croatia, 

and those of C. brunnea and W. subtorquata are new to the whole 

Adriatic Sea. 

For the first time, the trophic positions and trophic interactions 

of non-indigenous herbivores Aplysia dactylomela and Percnon 

gibbesi were assessed using stable isotope analysis (SIA), thus 

providing the evidence for t he invasion meltdown hypothesis: 

the mixing models indicated that the non -indigenous green alga 

C. cylindracea was the most important resource in the diet of the 

non-indigenous crab Percon gibbesi. 

Furthermore, the SIA was used to document the differences in 

the trophic niches of native invertebrates between the sites 

invaded by C. cylindracea and non-invaded sites for the first 

time in the Adriatic Sea.   
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1.4. Scientific and applied significance of the results  

The results of this study contributed to the body of knowledge 

on the distribution and trophic role of non -indigenous 

invertebrates and algae in the Mediterranean Sea. The data 

obtained during this study is available for further use in the 

modeling of other biological and ecological processes, such as 

nut rition, predation, dispersal, etc.  

The rapid assessment methods used in this study proved to be 

an effective method for recording sessile species and 

monitoring NIS presence, which could be undertaken for 

regular NIS surveys in the Mediterranean Sea, especially in 

MPAs, considering the fact that these methods have minimal 

impact on the communities. The results of rapid assessments 

may be utilised as a baseline for future assessments of the 

occurrence of NIS in the Mediterranean Sea. Also these data 

may be utilized for the NIS assessements for the Marine 

Strategy Framework Directive (MSFD) purposes. 

1.5. Defensive statements  

1. There is no evidence of the protection regime effect on 

the abundance and distribution of NIS Caulerpa 

cylindracea, Asparagopsis taxiformis and Percnon gibbesi on 

Lampedusa Island. 

2. All fouling NIS and cryptogenic species on mooring 

lines were found outside of the Adriatic MPAs, which 

may be due to reduced levels of boat activity and 

anthropogenic pollution in the MPAs.  

3. The records of fouling NIS and cryptogenic species 

Styela plicata, Celleporaria brunnea, and Watersipora 
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subtorquata represent the first ones for Croatia. 

Furthermore, C. brunnea and W. subtorquata are new to 

the whole Adriatic Sea.  

4. The green alga C. cylindracea invaded all typ es of 

substrates in the Adriatic MPAs. Sandy substrate sites 

had the highest abundance of C. cylindracea. The sites 

dominated by rocky substrates had higher species 

richness at invaded than at non-invaded sites. 

5. The isotopic niches of non-indigenous herbiv ores, the 

sea hare A. dactylomela and the crab P. gibbesi, showed no 

overlap with the niches of indigenous consumers. The 

invasive green alga C. cylindracea provided the largest 

contribution to the diet of P. gibbesi. Thus, this alga 

might facilitate the expansion of the herbivorous crab in 

the Mediterranean Sea. 

1.6. Scientific approval  

The results of this study were presented at several conferences, 

meetings and seminars: 

¶ Summer School in Marine Ecology and Geobotany ɬ 

M 1$".Ȯɯ$ÙÈÚÔÜÚɯ(ÕÛÌÕÚÐÝÌɯ/ÙÖÎÙÈÔÔÌɯÖÍɯȿ$ËÜÊÈÛÐÖÕɯ

and Culture DG - +ÐÍÌɯ +ÖÕÎɯ +ÌÈÙÕÐÕÎɯ /ÙÖÎÙÈÔÔÌɀɯ

(http://www.mareco -eu.info), FOR-MARE (www.for - 

mare.eu) and the University of Pavia.  

¶ Second MARES Annual Meeting, Faro, Portugal, 

February 2013. 

¶ Fourth MARES Annual Meeting, Ispra, Italy, February 

2015. 

http://www.mareco-eu.info/


14 

¶ 2ÌÔÐÕÈÙɯÎÐÝÌÕɯÈÛɯȿ.ÊÌÈÕÖÎÙÈ×ÏàɯÈÛɯ2ÌÈȯɯ Õɯ(ÕÛÙÖËÜÊÛÐÖÕɯ

ÛÖɯ /ÙÈÊÛÐÊÈÓɯ  Ú×ÌÊÛÚɯ ÖÍɯ .ÊÌÈÕÖÎÙÈ×ÏàȮɯ$41.%+$$32ƖɀȮɯ

Technical University of Denmark, June 2015. 

¶ YouMares conference, Bremen, Germany, September 

2015. 

¶ 12th Croatian biological congress, Sveti Martin na Muri, 

Croatia, September 2015. 

The following peer -reviewed research papers have been 

produced during the PhD studies:  

,ÈÙÐîɯ ,Ȯɯ %ÌÙÙÈÙÐÖɯ )Ȯɯ ,ÈÙÊÏÐÕÐɯ  Ȯɯ .ÊÊÏÐ×ÐÕÛÐ-Ambrogi A, 

Minchin D (2016) Rapid assessment of marine non-indigenous 

species on mooring lines of leisure craft: new records in Croatia 

(eastern Adriatic Sea). Marine Biodiversity.10.1007/s12526-016-

0541-y 

,ÈÙÐîɯ,Ȯɯ#Ìɯ3ÙÖÊÏɯ,Ȯɯ.ÊÊÏÐ×ÐÕÛÐ-Ambrogi A, Olenin S (2016) 

Trophic interactions between indigenous and non -indigenous 

species in Lampedusa Island, Mediterranean Sea. Marine 

Environmental Research. 10.1016/j.marenvres.2016.08.005 

Corsini -Foka M, Zenetos A, Crocetta F, Çinar ME, Koçak F, Golani 

D, Katsanevakis S, 3ÚÐÈÔÐÚɯ*Ȯɯ,ÈÙÐîɯ,ȮɯÌÛɯÈÓȭɯȹƖƔƕƙȺɯ(ÕÝÌÕÛÖÙàɯÖÍɯ

Alien and Cryptogenic Species of the Dodecanese (Aegean Sea, 

Greece): Collaboration through Cost Action Training School. 

Management of Biological Invasions, 6 (4): 351-366. 

1.7. Thesis structure  

The dissertation is presented in the following chapters: 

Introduction, Literature review, Materials and methods, 
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Results, Discussion, Conclusions, References and Annex. The 

volume of the dissertation is 173 pages. References include 227 

sources. The body of the dissertation is written in English with 

Li thuanian summary. It contains 26  tables and 33 figures. 

1.8. Abbreviations and definitions  

MARES Joint Doctoral Programme on Marine Ecosystem Health & 

Conservation funded through  Erasmus Mundus  

MPA  Marine protected area 

MSFD Marine Strategy Framework Directive  

NIS Non-indigenous species 

ROV Remote operated vehicle 

SIA Stable isotope analysis 

TEF Trophic enrichment factor  

TP Trophic position  

 

Non -indigenous species  (NIS; synonyms: alien, exotic, non-

native, allochthonous) are species, subspecies or lower taxa 

introduced outside of their natural range (past or present) and 

outside of their natural dispersal potential. This includes any 

part, gamete or propagule of such species that might survive 

and subsequently reproduce. Their presence in the given region 

is due to intentional or unintentional introduction resulting 

from human activities. Natural shifts in distribution ranges (e.g. 

due to climate change or dispersal by ocean currents) do not 

http://eacea.ec.europa.eu/erasmus_mundus/results_compendia/selected_projects_action_1_joint_doctorates_en.php
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qualify a species as a NIS. However, secondary introductions of 

NIS from the area(s) of their first arrival could occur without 

human involvement due to spread by natural means (Olenin et 

al. 2010). 

Invasive non -indigenous specie s/invasive alien species are a 

subset of established NIS which have spread, are spreading or 

have demonstrated their potential to spread elsewhere, and 

have an adverse effect on biological diversity, ecosystem 

functioning, socio -economic values and/or human health in 

invaded regions (Olenin et al. 2010). 

Cryptogenic species  are species of unknown origin which can 

not be ascribed as being native or alien. They also may 

demonstrate invasive characteristics and should be included in 

invasive species impacts assessments (Olenin et al. 2010). 
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2. Literature review 

2.1. Non -indigenou s species in a marine environment: 

the basic concepts in marine bioinvasion studies  

Non -indigenous species (NIS) continue to be recorded in 

European seas (EEA 2015). All established NIS are supposed to 

have an impact on the functioning of the ecosystem to some 

extent. Some of them may become invasive and have a more 

severe impact on biological diversity, ecosystem functioning, 

economy and human health in invaded regions (Bax et al. 2003; 

Grosholz 2002). Ecological impacts of invasive species range 

from single prey -predator interactions to population declines, 

changes in community composition, or massive impacts, such as 

changes in the entire ecosystem functioning (Olenin et al. 2007). 

Biological invasions are one of the major threats to the integrity 

of native communities and they are considered as one of the 

drivers of global biodiversity changes (Mack et al. 2000). While 

some invasive NIS simply decrease the abundance of native 

members of a community, others can cause fundamental 

changes in the composition and community structure of 

invaded areas. Differential impacts on different species can be 

calculated using measures such as ranked order of species by 

abundance (Vitousek 1990). Olenin et al. (2007) proposed the 

-(2ɯÐÔ×ÈÊÛɯÓÌÝÌÓɯÈÚÚÌÚÚÔÌÕÛȮɯÛÌÙÔÌËɯɁÉÐÖ×ÖÓÓÜÛÐÖÕɯÓÌÝÌÓɯÐÕËÌßɂȮɯ

which consider the abundance and distribution ranges of NIS 

with the levels of impact on communities, habitats and 

ecosystems. In each impact category, the scale involves five 

http://onlinelibrary.wiley.com/doi/10.1111/ddi.12429/full#ddi12429-bib-0014
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levels ranging from no impact (no measurable impact) to 

massive impact. 

Invasive NIS can cause shifts in community composition and 

dominant species (Britton -Simmons 2004), displacement of 

native species (Neideman et al. 2003) and loss of type-specific 

communities and keystone species (Gophen et al. 1995). 

NIS can change the physical habitat in ways that drastically 

alter ecosystem functioning (Rodriguez et al. 2005) and cause 

physicalɬchemical changes to the substrate (Vallet et al. 2001), 

sediment transport and water flow (Schwindt et al. 2001), 

nutrient regime and the transparency of water, as well as the 

replacement of the keystone habitat forming species (Grosholz 

2002, Reise et al. 2006). 

NIS can also modify ecosystem functioning through their 

abundance, distribution or their role as key species. When they 

belong to a different functional group, from that of native key 

species or ecosystem engineers, they can change the energy 

flow and food web structure (Boudouresque et al. 2005; Hejda 

et al. 2009). 

The abundance and impact of NIS will often co-vary with 

environmental variation. The relationship of invader 

abundance and, for example, the effect on species richness, may 

be non-linear. Therefore, a negative relationship of invader 

impacts and species richness, among sites with different 

disturbance regimes, may be caused by anthropogenic factors 

instead of being a genuine effect of the invader (Thiele et al. 

2011). Human activities that are likely to affect species and 

ecosystem diversity are coastal development, dredging, 
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dumping (solid waste), fishing (commercial fishing, trawling, 

overfishing and amateur fishing), ocean warming, ocean 

acidification and pollution (nutrient s, organic matter, heavy 

metals, turbidity, aquaculture facilities) (Boudouresque et al. 

2005; Orr et al. 2005). 

Furthermore, ecological interactions between NIS are common. 

Simberloff and Von Holle (1999) suggested that non-indigenous 

species facilitate the establishment of subsequent invaders in 

various ways, increasing the likelihood of survival and/or of 

ecological impact, and possibly the magnitude of impact. The 

process by which a NIS facilitates the invasion of other species 

ÞÈÚɯÛÌÙÔÌËɯȿÐÕÝÈÚÐÖÕÈÓɯÔÌÓÛËÖÞÕɀȭɯ2ÐÕÊÌɯÛÏÌÕȮɯÛÏÐÚɯÏà×ÖÛÏÌÚÐÚɯ

was often used to explain bioinvasions. Jeschke et al. (2012) 

revealed that out of 30 studies that explicitly tested the 

invasional meltdown hypothesis, 77% of those found evidence 

in support of the hypothesis. The search conducted using the 

&ÖÖÎÓÌɯ 2ÊÏÖÓÈÙɯ ÚÌÙÝÐÊÌȮɯ ÞÐÛÏɯ ÛÏÌɯ ÐÕ×ÜÛɯ ÒÌàÞÖÙËÚɯ ɁÐÕÝÈÚÐÖÕÈÓɯ

ÔÌÓÛËÖÞÕɂȮɯ ÙÌÚÜÓÛÌËɯ ÐÕɯ ÈÙÖÜÕËɯ ƖƝƔƔɯ ÙÌÍÌÙÌÕÊÌÚɯ ÞÏÌÙÌɯ ÛÏÐÚɯ

hypothesis was mentioned, thus confirming its importance in 

invasion biology.  

2.2. Assessing abundance, distribution and  impacts of 

non-indigenous species  

Knowledge of the distribution and quantification of the impacts 

of invasive NIS is essential for the prioritisation of actions in 

order to prevent new invasions or for developing mitigation 

measures. Along with protecting  marine biodiversity, Marine 

Protected Areas (MPAs) provide suitable locations for 

investigating the impacts of NIS without severe anthropogenic 
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disturbances. These areas are often chosen because they include 

important marine resources and habitats. The im pacts of 

marine NIS in these environments can be substantial and even 

highly detrimental to them. Therefore, it is important to address 

the problem of NIS in MPA planning and management 

(Trenouth and Campbell 2013; Campbell and Hewitt 2013). 

Moreover, NIS impact assessment is recommended at a local 

ÚÊÈÓÌȮɯ ÐÕɯ ɀɀÚÛÌ××ÐÕÎɯ ÚÛÖÕÌɯ ÈÙÌÈÚɀɀɯ ÖÙɯ ɀɀÏÖÛ-Ú×ÖÛÚɀɀɯ ÍÖÙɯ -(2ɯ

introduction, and/or in areas of special interest, such as MPAs 

(Olenin et al. 2010). 

2.2.1. Underwater visual census and video techniques  

Underwater vi sual census techniques have minimal impact on 

the community (Harmelin -Vivien et al. 1985). For that reason, 

they are one of the main methods used for studies in MPAs 

(Azzurro et al. 2007a; Tunesi et al. 2006; Consoli et al. 2013). The 

community structure is assessed in situ by estimating the 

quantity of individual species or community descriptors  (by 

counts of individuals or by percent cover) . Transects and 

quadrats are the most common sampling units. Moreover, they 

allow simultaneous collecting of the data on the assemblages 

and environmental characteristics (Murray et al. 2006). 

Underwater video techniques likewise have minimum impact 

on the environment. In addition, they are depth -independent 

and can help remove some major sources of observer bias in 

visual censuses by providing a simultaneous collection of a 

much wider suite of information in a permanent record that can 

be analysed later (Cappo et al. 2003). Therefore, they have 

proved to be a very useful tool for assessing marine 
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populations and communities in MPAs (Assis et al. 20 07; Moore 

2014, 2015). 

2.2.2. Non -indigenous species from berthing areas: rapid 

assessments 

A large proportion (54%) of NIS recorded in the eastern part of 

ÛÏÌɯ  ËÙÐÈÛÐÊɯ 2ÌÈɯ ÞÌÙÌɯ ÍÖÜÓÐÕÎɯ Ú×ÌÊÐÌÚɯ ȹ/ÌîÈÙÌÝÐîɯ ÌÛɯ ÈÓȭɯ ƖƔƕƗȺȭɯ

Leisure craft are capable of spreading non-indigenous species 

(NIS), both on an international and local level (Minchin et al. 

2006), and in some regions are considered to be the most 

important vector of introduction of such species (Clarke -

Murray et al. 2014). 

The large number of marinas, which have been built over recent 

decades within some Mediterranean regions (Savini et al. 2006), and 

the behaviour patterns of leisure craft (Cornell 2002) enable NIS to 

become widely distributed beyond commercial shipping ports and 

areas where aquaculture is practiced. The layout of marinas, that are 

frequently endowed with extensive protective breakwaters offering 

substrate opportunities for benthic species, may also enhance the 

probability of NIS retention and development once introduced 

(Floerl and Inglis 2003; Airoldi et al. 2015). 

Sampling for marine non -indigenous species (NIS) has been 

undertaken at marinas from various regions of the world, as a 

part of standard monitoring approaches. Very often, this has 

involved a team of specialists for species identification (Arenas 

et al. 2006; Pedersen et al. 2005). The development of a target list 

of NIS was proposed by Ashton et al. (2006), Minchin (2007) 

and Nall et al. (2015) in order to facilitate the search for 

potential invaders. This approach has the advantage of selecting 
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particular NIS, ones most likely to be encountered, and involves 

sampling using a smaller research team. Sampling is normally 

made on immersed portions of the floating units supporting 

boardwalks and finger jetties to which small craft b erth. The 

fouling often includes algae (Mathieson et al. 2008) as well as a 

wide range of invertebrates (Minchin and Nunn 2013).  

2.2.3. Stable isotope analysis as a tool for detection of 

the impacts of non -indigenous species  

Based on the experimental evidence that the stable isotope 

ratios of a consumer reflect those of its prey (DeNiro and 

Epstein 1978; 1981), SIA is a widely used method for 

understanding trophic interactions, estimating specific trophic 

positions, reconstructing the dietary composition and 

quantifying the ecological niche of a species within a 

community. Different than stomach content analysis, this 

method provides time -integrated information about the feeding 

relationships (Peterson and Fry 1987; Newsome et al. 2007; 

Layman et al. 2007). Moreover, it has been shown to be a 

powerful tool for the detection of the impacts of NIS on 

ecosystems and a possible niche overlap between NIS and 

indigenous species (Olsson et al. 2009; Bodey et al. 2011; 

Jackson et al. 2012; Hill et a l. 2015; Fanelli et al. 2015). 

2.3. Non -indigenous species in the Mediterranean Sea  

The Mediterranean Sea is heavily affected by anthropogenic 

actions such as intense fishing activity, pollution and tourism 

(Micheli et al. 2013). It is one of the global hotspots of biological 

invasions (Galil 2009, Zenetos et al. 2012; Galil et al. 2014), 
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mainly because of the opening of the Suez Canal in 1869 (Galil 

et al. 2015). Other important pathways of NIS introduction are 

shipping, aquaculture and aquarium trade (EEA 2015). The 

majority of NIS are thermophilic tropical species, from the 

Indo-Pacific Ocean, the Indian Ocean, the Red Sea and pan-

tropical areas (Galil et al. 2009). 

The recorded species of NIS in the Mediterranean Sea vary 

according to different reviews. Zenetos et al. (2010) reported 

955 NIS in the Mediterranean Sea. The majority was reported in 

the eastern Mediterranean (718), followed by the central 

Mediterranean (268) and the Adriatic Sea (171) (Zenetos et al 

2010). Galil et al. (2014) reported 680 NIS in the Mediterranean 

Sea. The number of established NIS, after excluding extinct and 

single records, is 614 (Galil et al. 2016). The number of NIS 

differs among Mediterranean countries, and is substantially 

greater in the east than in the west Mediterranean. Of the 614 

established NIS, 324, 295, 190 and 175 species were recorded off 

Israel, Turkey, Lebanon and Egypt respectively, as compared 

with 105 and 69 from the Mediterranean coasts of France and 

Spain (Galil et al. 2016). 

More than 5% of the total number of species in the 

Mediterranean Sea are considered NIS (Zenetos et al. 2012). 

Some of the Mediterranean species are considered cryptogenic 

(Carlton 1996), since their origin is not clear. A more accurate 

analysis (e.g. a molecular comparison of populations in 

different parts of the world) or new data on transport vectors 

can clarify their status. Therefore, their number has been 

changing over time.  

http://onlinelibrary.wiley.com/doi/10.1111/ddi.12429/full#ddi12429-bib-0011
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2.3.1. Non -indigenous species from Lampedusa Island  

Placed in the centre of the Mediterranean, between the eastern 

and western basin, Lampedusa Island is a remote and relatively 

pristine island, free of severe anthropogenic impacts and direct 

NIS introduction vectors, but still exposed to strong propagule 

pressure of NIS as a result of their secondary spread from other 

parts of the Mediterranean Sea. 

Some of the most successful marine invaders in the 

Mediterranean Sea have established a population on 

Lampedusa Island, including the widely distributed and/or 

locally highly abundant macroalgae Caulerpa cylindracea Sonder, 

1845 and Asparagopsis taxiformis (Delile) Trevisan de Saint-Léon, 

1845, the sea hare Aplysia dactylomela Rang 1828 and the crab 

Percnon gibbesi (H. Milne Edwards, 1853). 

The green alga C. cylindracea is widely distributed in the 

Mediterranean Sea (Klein and Verlaque 2008). It was 

introduced into the Mediterranean Sea from south -western 

Australia (Verlaque et al. 2003). C. cylindracea has a high 

invasive ability and strong competitive characteristics. It can 

completely cover the surface of all substrates and consequently 

outcompete native communities, decrease structural complexity 

and alter trophic interactions ( Piazzi et al. 2001; Piazzi and 

Balata 2008; Katsanevakis et al. 2010; Deudero et al. 2011). 

Although the destruction of natural habitats, increased 

sedimentation and nutrient load enhances the spreading of C. 

cylindracea (Piazzi et al. 2016), MPAs are not immune to the C. 

cylindracea invasion. This algae has been found at both polluted 

and pristine sites, and on all types of substrates between 0 and 
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70 m of depth, both in polluted and in unpolluted areas (Piazzi 

et al. 2005; Klein and Verlaque 2008) (Figure 1). 

 

Figure 1. The green alga Caulerpa cylindracea  on  

Lampedusa Island (Photo: Fabio Giardina).  

Despite the secondary metabolites produced by C. cylindracea, 

such as caulerpenyne, several fish and invertebrate species 

incorporated this alga into their diet (Ruitton et al. 2006; Box et 

al. 2009; Tomas et al. 2011; Terlizzi et al. 2011). The species was 

first reported from Lampedusa Island in 1993 (Alongi et al. 

1993). 

Asparagopsis taxiformis is a red alga with a heteromorphic life 

cycle. The erect gametophytic phase alternates with the 

ÍÐÓÈÔÌÕÛÖÜÚɯÛÌÛÙÈÚ×ÖÙÖ×ÏàÛÌɯÒÕÖÞÕɯÈÚɯÛÏÌɯȿ%ÈÓÒÌÕÉÌÙÎÐÈɀɯÚÛÈÎÌȭɯ
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The species has a wide distribution in tropical and subtropical 

areas. A. taxiformis embodies six cryptic mitochondrial lineages. 

One of them was introduced into the Mediterranean Sea from 

the Indo-Pacific and exhibits a highly invasive pattern 

(Andreakis et al. 2009; 2015). It was first recorded from Sicily in 

2000 (Barone et al. 2003) and spread throughout the 

Mediterranean basin and to the Atlantic south coast of Portugal 

(Andreakis et al. 2009; Katsanevakis et al. 2014). Ecological 

impacts of A. taxiformis are poorly known, but the species can 

probably outcompete the indigenous species for space and light 

(Otero et al. 2013) (Figure 2). 

 

Figure 2. The red alga Asparagopsis taxiformis  on Lampedusa  

Island (Photo: MARECO Summer School). 
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The sea hare Aplysia dactylomela, native to the Atlantic Ocean 

(Valdés et al. 2013), was first recorded in the Mediterranean Sea 

at Lampedusa Island in 2002 (Trainito 2003). Since then it has 

spread across the central and eastern Mediterranean (Pasternak 

and Galil, 2010). It remains unresolved whether or not the 

introduction of A. dactylomela in the Mediterranea n Sea has 

been a human-mediated or natural event (Valdés et al. 2013; 

Stasolla et al. 2014; Mannino et al. 2016). 

One of the most invasive decapod species in the Mediterranean 

Sea, P. gibbesi, is native to the eastern Pacific (California to 

Chile), the western Atlantic (Florida to Brazil) and the eastern 

Atlantic (Madeira to the Gulf of Guinea) (Nizinski 2003). The 

species appeared in the Mediterranean Sea in 1999 at Linosa 

Island, Sicily and Ibiza (Relini et al. 2000; Mori and Vacchi 2002; 

Müller 2001) and spread rapidly throughout the basin. Its 

vector of introduction in the Mediterranean Sea is still under 

debate (Abelló et al. 2003; Mannino et al. 2016). The stomach 

content analysis, the feeding adaptations of the gastric mill and 

the morphological characteristics of the chela indicated that P. 

gibbesi is strictly herbivorous (Ferrer and Frau 2005; Puccio et al. 

2006), although some studies reported opportunistic feeding 

behaviour of P. gibbesi (Deudero et al. 2005; Cannicci et al. 

2004). 

Despite their rapid spread, little work has been done on t he 

impacts of A. dactylomela and P. gibbesi. Studies suggest that 

these species may have a negative ecological impact on algal 

abundance and diversity. It is unclear whether or not they 

compete with other herbivores, such as sea urchins 

(Katsanevakis et al. 2011; Sciberras and Schembri 2008; Otero et 



28 

al. 2013). Lapointe et al. (2004) studied the environmental 

impact of A. dactylomela in the Bahamas and showed that 

herbivory was an important factor in controlling macroalgal 

biomass, but only specific prey items. Percnon gibbesi was 

considered to be a potential competitor for territory with the 

indigenous crab Pachygrapsus marmoratus. However, laboratory 

studies showed that P. marmoratus is unlikely to be excluded 

from its natural ha bitat by P. gibbesi (Sciberras and Schembri 

2008). 

The herbivorous rabbit fish Siganus luridus is considered among 

ÛÏÌɯÔÖÚÛɯÚÜÊÊÌÚÚÍÜÓɯȿÓÌÚÚÌ×ÚÐÈÕɀɯÔÐÎÙÈÕÛÚɯȹ&ÖÓÈÕÐɯÌÛɯÈÓȭɯƖƔƔƖȺȭɯ(Ûɯ

is distributed along the Red Sea and eastern Africa to Mauritius 

and Reunion Island to the Arabian Gulf and the eastern 

Mediterr anean. The species is abundant and commercially 

exploited in many areas of the eastern Mediterranean Sea 

(Azzurro and Andaloro 2004; Bariche 2002). In 2003, S. luridus 

was commonly observed in Linosa and also noticed in 

Lampedusa, at a depth range between 1 and 10 m (Azzurro and 

Andaloro 2004). It can be found mainly on rocky bottoms but 

also on seagrass beds. They are often noticed within schools of 

Sparisoma cretense. In the eastern Mediterranean, S. luridus 

grazes on common macrophytes (e.g,. Halopteris spp., Padina 

spp., Sphacelaria spp., Polysiphonia spp., Ulva spp., Sargassum 

spp.) and occasionally ingests C. cylindracea (Bariche 2006). The 

invasion of S. luridus, and the other invasive rabbit fish in the 

Mediterranean Sea, Siganus rivulatus, is causing a decline in 

habitat complexity, biodiversity and biomass of macroalgae. In 

the eastern Mediterranean, they are turning well -developed 

macroalgal assemblages into bare rocks (Katsanevakis et al. 

2014; Galil et al. 2015). 
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2.3.2. Non -indigenous speci es from the eastern part of 

the Adriatic Sea  

Unlike the Eastern and central Mediterranean basins, where the 

main pathway of introduction is the Suez Canal (Galil et al. 2016), 

in the Adriatic Sea, like in other coasts of Europe, most NIS have 

been introduced by shipping and aquaculture  (David & Jakomin 

ƖƔƔƗȰɯ/ÌîÈÙÌÝÐîɯÌÛɯÈÓȭɯƖƔƕƗȰɯ&ÈÓÐÓɯÌÛɯÈÓȭɯƖƔƕƘȰɯ,ÈÙÊÏÐÕÐɯÌÛɯÈÓȭɯƖƔƕƙÈȺȭɯ

Moreover, t he northward expansion of NIS, already established in 

the Ionian Sea via the East Adriatic Current, is also recognized as a 

further important pathway of expansion into the Adriatic Sea 

(Katsanevakis et al. 2011). According to the latest review by 

/ÌîÈÙÌÝÐîɯÌÛɯÈÓȭɯȹƖƔƕƗȺȮɯÛÏÌɯÕÜÔÉÌÙɯÖÍɯÐÕÛÙÖËÜÊÌËɯÚ×ÌÊÐÌÚɯÐÕɯÛÏÌɯ

eastern part of the Adriatic Sea was 113, of which 61 are NIS, and 

others resulting from natural range expansion.  

The northern part includes a hotspot of NIS introductions, i.e. 

the lagoon of Venice with its 71 NIS (Marchini et al. 2015a). 

 ÊÊÖÙËÐÕÎɯ ÛÖɯ /ÌîÈÙÌÝÐîɯ ÌÛɯ ÈÓȭɯ ȹƖƔƕƗȺȮɯ ÔÖÚÛɯ ÖÍɯ ÔÈÙÐÕÌɯ -(2ɯ ÐÕɯ

Croatia (Eastern Adriatic  Sea) are known from the northern 

shallow part (29), followed by the southern Adriatic (15), and 

have been observed the least (11) in the middle part. 

Caulerpa cylindracea has been reported from the Adriatic Sea in Croatia 

in September 2000 ȹÂÜÓÑÌÝÐîɯÌÛɯÈl. 2003). The impacts of C. cylindracea in 

ÛÏÌɯ ËÙÐÈÛÐÊɯ2ÌÈɯÏÈÝÌɯÉÌÌÕɯËÌÚÊÙÐÉÌËɯÐÕɯÖÕÓàɯÈɯÍÌÞɯÚÛÜËÐÌÚɯȹ ÕÛÖÓÐîɯÌÛɯ

ÈÓȭɯƖƔƔƜȰɯ*ÙÜŉÐîɯÌÛɯÈÓȭɯƖƔƔƜȰɯÂÜÓÑÌÝÐîɯÌÛɯÈÓȭɯƖƔƕƕȺȭɯ3ÖɯÛÏÐÚɯËÈÛÌȮɯÛÏÌɯÐÔ×ÈÊÛɯ

of C. cylindracea has never been studied in Croatian MPAs. Moreover, 

there is a lack of data on the impacts of C. cylindracea on trophic 

interactions or on the structure of benthic communities other than P. 

oceanica in the eastern part of the Adriatic Sea. 
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3. Materials and methods 

Due to complexity of the biological invasion problem, different 

methods are required to reveal peculiarities of the NIS 

distribution, dispersal mechanism and impacts on invaded 

ecosystems (Lehtiniemi et al. 2015). The array of the methods 

and approaches used in this study was aimed to obtain as 

complete as possible the picture of NIS spread and effects on 

the selected Mediterranean Sea ecosystems (Figure 3). 

 

Figure 3. Scheme of the assessment of abundance, distribution and 

impacts of non -indigenous species: aims (black), methods (grey) 

and expected outputs of this study (white).  
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3.1. Case study 1: Lampedusa Island (inside and 

outside of Marine Protected Area Pelagie Island s) 

The study was conducted in June 2013 on Lampedusa Island, 

the largest of the Pelagie Islands, with an area of 20.2 square 

kilometers and a coastline of 36 km (Figure 4). The Italian MPA 

Pelagie Islands is located in the Mediterranean Sea, between 

Malta and Tunisia. It was established in 2002 and includes all 

three Pelagie Islands (Lampedusa, Linosa and Lampione). The 

littoral zone is characterised by rocky substrate and sand. 

 

Figure 4. Map of Lampedusa Island showing the three sampling 

sites: Isola dei  Conigli, Cala Maluk and Mare Morto.  
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The MPA is implemented according to three protection levels 

(Figure 5): 1. Integral reserve (only authorized personnel are 

allowed access for monitoring, research, and maintenance); 2. 

General reserve: low-impact tourism is allowed (boating, 

swimming, snorkeling, fishing, and scuba diving are allowed 

with restrictions on numbers, size, and types of boats and on 

fishing techniques); 3. Partial reserve: restricted recreational 

navigation and some sporting and commercial fishing activities 

are allowed (Villa et al. 2002). 

 

 
 

Figure 5. Map of Lampedusa Island showing zones with different 

level of protection in MPA Pelagie Islands: integral reserve (A), 

general reserve (B) and partial reserve (C).  
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Visual assessment of benthic community structure and 

collection of samples for SIA were conducted at three sites at 

Lampedusa Island: Isola dei Conigli (35.511037° N, 12.559057° 

E) in the integral reserve, Mare Morto (35.514816° N, 12.626914° 

E) in the general reserve, and one area outside the MPA, Cala 

Maluk (35.494539° N, 12.612508° E). 

3.1.1. Underwater visual census  

Community composition, NIS distribution and abundance 

were assessed considering a pre-agreed list of 

macrophytes, macroinvertebrates and fish taxa which are 

easily recognized underwater (Annexes 1, 2 and 3). The 

list was compiled according to the available literature and 

personal communication with experts and local divers.  

3.1.1.1. Underwater visual census of macrophytes 

assemblages 

The percent coverage of 20 macrophytes (Annex 1) was 

estimated using the 50 x 50 cm quadrat. At each site, 60 

quadrats were randomly placed at depths between 0 and 20 m. 

3.1.1.2. Underwater visual census of 

macroinvertebrates assemblages 

Abundance of 25 taxa (Annex 2) was assessed by a visual census, 

which involved swimming along a 30 m transect in constant speed 

and recording all target species seen within a 4 meter belt (total 

surface area=120 m2). Transects were placed at a depth of 

approximately 2 m.  Number of transects per each study site was 8. 
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3.1.1.3 Underwater visual census of fish assemblages 

Abundance of 29 taxa (Annex 3) was assessed by a visual 

census, which involved swimming along a 30 m transect in 

constant speed and recording all target species seen within a 4 

meter belt (total surface area=120 m2). The abundance was 

estimated by two divers. Transects were placed at depths 

between 1 and 20 m. Number of transects per each study site 

was 20. 

3.1.2. Sampling for stable isotope analysis  

The most common macroinvertebrate and macrophyte taxa 

were collected manually by snorkelling and SCUBA diving, at 

depths between 0 and 20 m. Fish were sampled by angling. 

Whenever possible, at least three individuals of each species 

were collected at each sampling site. 

3.2. Case study 2: eastern Adriatic Sea, Croatia 

The survey was carried out from June 22 until July 3 2014 in the 

middle part of the eastern Adriatic Sea.  The Adriatic Sea is 

divided into three distinct biogeographic regions: a northern 

shallow eutrophic part, with the lowest values of surface 

temperature during winter (<9°C) and up to 23°C in summer, 

an intermediate middle part, and a deep oligotrophic sou thern 

part, where sea surface temperatures are above 13°C during 

winter and attain 25°C during summer (Zavatarelli et al. 1998; 

+Ð×ÐáÌÙɯÌÛɯÈÓȭɯƖƔƕƘȰɯ5ÐÓÐðÐîɯÌÛɯÈÓȭɯƕƝƜƝȺȭ 

+ÈÚÛÖÝÚÒÖɯ ÖÛÖðÑÌɯ ȹ+ÈÚÛÖÝÖɯ  ÙÊÏÐ×ÌÓÈÎÖȺɯ -ÈÛÜÙÌɯ /ÈÙÒɯ ÐÕÊÓÜËÌÚɯ

44 islands, islets and reefs. The main island, Lastovo Island (40 
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km 2), with its surrounding waters and islands, was declared a 

Protected Area (PA) in 2006, with a total surface area of 195.83 

km 2, out of which 143.12 km2 is marine (Figure 6). 

The National Park Mljet was established in 1960. It is situated 

on the western part of the island Mljet, with a total surface area 

of 5.4 km2 (Figure 6). 

 

Figure 6. Map showing the MPA Lastovo Archipelago (dark green) 

and MPA Mljet (bright green).  

3.2.1. Rapid assessment in berthing areas  

The field survey was conducted at six marinas or berthing sites 

in the middle part of the Eastern Adriatic Sea, three of them 

being located in the mainland and three offshore, on coastal 

islands. 3ÏÌɯÔÈÐÕÓÈÕËɯÚÐÛÌÚɯÞÌÙÌȯɯÔÈÙÐÕÈɯɁ*ÖÙÕÈÛÐɂȮɯ!ÐÖÎÙÈËɯÕÈɯ

Moru (ƘƗȭƝƘƔƜƗȘɯ -Ȯɯ ƕƙȭƘƘƖƖƖȘɯ $ȺȮɯ ÔÈÙÐÕÈɯ Ɂ9ÈËÈÙɂȮɯ 9ÈËÈÙɯ

(44.11964° N, 15.22928° E) and Rogoznica Quay (43.53293° N, 

15.96616° E). The offshore sites were located within MPAs. Two 

sites were on Lastovo Island, within MPA Lastovo Archipelago: 

Pasadur (42.76581° N, 16.82224° E) and Ubli Quay (42.76555° N, 

16.82249° E) and one site was in MPA Mljet: Pomena Quay 

(42.78777° N, 17.34333° E) (Figure 7). Offshore sites have lower 

number of berths and are characterized by having lower 

anthropogenic pressure in comparison wi th mainland marinas 

(Table 1). 
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Table 1. Geographical coordinates and the number of lines 

examined at the six sampling sites.  

Berthing area  N E 

No. of 

lines  

examined 

Comment  

Ɂ,ÈÙÐÕÈɯ

*ÖÙÕÈÛÐɂɯȮɯ

Biograd na 

Moru  

43.94083 15.44222 40 380 berths 

Ɂ,ÈÙÐÕÈɯ

9ÈËÈÙɂȮɯ9ÈËÈÙ 
44.11964 15.22928 30 300 berths 

Rogoznica 

Quay 
43.53293 15.96616 11 450 berths 

Pasadur Quay 42.76581 16.82224 14 MPA, 30 berths 

Ubli Quay  42.76555 16.82249 8 

MPA, ferry 

terminal, 

temporary 

berths 

Pomena Quay 42.78777 17.34333 9 

MPA a few 

berths for 

visitors of the 

MPA  
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Figure 7. Map of the Croatian coast showing the location of six 

sampling sites.  

 

Not all marinas have floating berthing units and in the 

Mediterranean Sea, which has a reduced tidal range, there are 

small leisure and fishing craft which berth with the stern of the 

ÝÌÚÚÌÓɯ ÏÌÓËɯ ÊÓÖÚÌɯ ÛÖɯ ÛÏÌɯ ØÜÈàȭɯ ,ÖÖÙÐÕÎɯ ÓÐÕÌÚȮɯ ÒÕÖÞÕɯ ÈÚɯ ȿÓÈáàɯ

ÓÐÕÌÚɀȮɯ ÈÙÌ fixed to an anchored block with paired lengths of 

chain and connected to a synthetic rope to the quay (Figure 8). 
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During berthing these ropes are lifted to either side of a craft 

and the raised chain, near the anchored block, is attached to the 

cleat, or ÚÈÔÚÖÕɯ×ÖÚÛȮɯÈÛɯÛÏÌɯÉÖÞȭɯ3ÏÌɯ×ÈÐÙÌËɯȿÓÈáàɀɯÓÐÕÌÚɯÈÙÌɯÛÏÌÕɯ

slackened and returned to the water. As a result these are 

immersed over long periods during which fouling organisms 

may attach themselves to the rope. Two separate lines normally 

attach a craft to the quay. This method of mooring is used in the 

Adriatic and Aegean seas. 

 

Figure 8. The berthing of small vessels in many Mediterranean 

regions involves the use of a specialised mooring system. The 

ÔÖÖÙÐÕÎɯÓÐÕÌÚɯȹÛÌÙÔÌËɯȿÓÈáàɀɯÓÐÕÌÚȺɯÉÌÍÖÙÌɯÈÕËɯÈÍÛÌÙɯÈɯÉerthing are 

shown here.  

(ÕɯÌÈÊÏɯÔÈÙÐÕÈȮɯÈɯÕÜÔÉÌÙɯÖÍɯȿÓÈáàɀɯÓÐÕÌÚɯÞÈÚɯÚÈÔ×ÓÌËɯÛÏÈÛɯÞÈÚɯ

adequate to represent the occurring fouling community. Since 

ÛÏÌɯ ÕÜÔÉÌÙɯ ÖÍɯ ȿÓÈáàɀɯ ÓÐÕÌÚɯ ÞÈÚɯÝÈÙÐÈÉÓÌɯÈÊÙÖÚÚɯÉÌÙÛÏÐÕÎɯÈÙÌÈÚȮɯ

the following criterion was used: at sites wit h fewer than 30 
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lines present, all lines that were not recently cleaned were 

sampled. When the number of lines exceeded 30, a sub-sample 

corresponding to approximately 10% of all available lines was 

investigated, using a random criterion for lines selectio n. The 

number of sampled lines is shown in Table 1. 

ȿ+Èáàɀɯ ÓÐÕÌÚɯ ÞÌÙÌɯ ÓÐÍÛÌËɯ ÈÕËɯ ËÙÈÞÕɯ ÛÖÞÈÙËÚɯ ÛÏÌɯ ÚÏÖÙÌȭɯ 3ÏÌɯ

abundance of NIS that could be identified in the field was 

visually estimated for each line and their frequency (the 

number of lines where NIS wer e discovered) was recorded. 

Samples of small-sized species (<1cm) and species that were 

difficult to identify in the field (e.g. some polychaetes, 

bryozoans and crustaceans) were collected for further 

laboratory analyses. Samples were preserved in 90% ethanol 

and identified under stereoscopic microscopes. For the latter, 

only occurrence data is provided.  

3.2.1.1 Abundance assessment 

Abundance was evaluated according to the classification given 

in Olenin et al. (2007). Abundance was considered to be ȿÓÖÞɀ 

where species were present in low numbers: three individuals 

or less for unitary organisms and three colonies or less for 

modular organisms. A ȿÔÖËÌÙÈÛÌɀ level was assigned when a 

taxon was frequent, but occupied less than half of the surface 

area available for attachment and ȿÏÐÎÏɀ level when the species 

occupied more than half of the available surface for attachment, 

being clearly dominant.  
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3.2.2. Underwater surveys in Marine Protected Areas 

Lastovo Archipelago and Mljet  

Underwater remote sensing survey,  visual assessment of fish 

assemblages and collection of samples for SIA were conducted 

in MPA Lastovo Archipelago and MPA Mljet, Croatia  (Figure 9; 

Table 2). 

 

Figure 9. Map of the MPA Lastovo Archipelago and MPA Mljet 

showing the locations of 15 study sites. The underwater remote 

sensing survey was conducted at sites: 1, 2, 3, 6, 7, 9, 10, 11, 12, 13, 14 

and 15. Samples for stable isotope analysis were taken and visual 

assessment of fish assemblages was conducted at sites: 1, 2, 4, 5, 6, 7, 

8, 9, 10, 11, 14 and 15. 
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Table 2. Geographical coordinates of 15 study sites in MPA Lastovo 

Archipelago and MPA Mljet.  

Site 

No. 
Sites N  E 

Samples 

taken for 

SIA/visual 

assessment 

of fish 

assemblages 

Underwa -

ter remote 

sensing 

survey  

1 Bijelac 42.758117 16.679083 + + 

2 Crnac 42.754567 16.746433 + + 

3 
/ÙÌŉÉÈɯ

(NW)  
42.767433 16.802317 - + 

4 /ÙÌŉÉÈɯȹ26Ⱥ 42.755895 16.805861 + - 

5 Maslovnjak  42.778717 16.827717 + - 

6 
Zaklopatica 

Bay 
42.773683 16.875067 + + 

7 
Zaklopatica 

Islet 
42.775688 16.876726 + - 

8 
Lukovac 

Mali  
42.775350 16.946767 + + 

9 Mrkjenta  42.764317 17.134400 + + 

10 Goli Rat 42.786883 17.317183 + + 

11 /ÖÔÌįÛÈÒ 42.797065 17.339890 + + 

12 
Korizmeni 

Rat 
42.774983 17.328050 - + 

13 Mljet (SW) 42.759567 17.333703 - + 

14 Gonoturska 42.762817 17.388717 + + 

15 Grabova 42.755546 17.417781 + + 
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3.2.2.1. Underwater remote sensing survey 

Underwater remote sensing survey was carried out at 12 sites in 

MPA Lastovo Archipelago and MPA Mljet. Sites were surveyed 

for 30 target NIS (Annex 4), at a depth from 1 to 62.62 meters 

(Figure 9; Table 2). 

The system consisted of the underwater and control unit. The 

depth sensor, light bulbs and video cameras were attached to 

the underwater unit. Remoted operated vehicle (ROV) was 

descended vertically and hovered freely over the bottom. Its 

altitude was regulated manually from the video stream to 

ensure the best video quality. The average altitude was 1.28 m 

above the sea bottom. The video from the underwater unit was 

transmitted in real -time into the control unit that contained GPS 

antenna and an overlay block. The total duration of the video 

transects is 4.88 hours (Table 3). The frame rate of the video 

recording was 25 frames per second. Benthic communities were 

analysed using video mosaics (still images made from adjacent 

frames of video) , which were kindly produced by Dr. Aleksej 

§ÈįÒÖÝȮɯ ÉÈÚÌËɯ ÖÕɯ ÛÏÌɯ ÝÐËÌÖɯ ÔÈÛÌÙÐÈÓɯÊÖÓÓÌÊÛÌËɯËÜÙÐÕÎɯÛÏÌɯÍÐÌÓËɯ

study. Each video mosaic was comprised of approximately 1000 

frames (40 seconds of video transect) and represented one 

assessment unit. The number of analysed assessment units per 

each site is shown in Table 3. 
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Table 3. Total video length, the number of assessment units and the 

depth range of the video taken at 12 sites in MPA Lastovo 

Archipelago and MPA Mljet.  

Site 

No. 
Sites 

Total 

video 

length  

(min:sec) 

No. of  

assessment 

units  

Min. depth  

(m) 

Max. depth  

(m) 

1 Bijelac 10:58 12 16.58 55.08 

2 Crnac 28:10 26 8.24 32.66 

3 
/ÙÌŉÉÈɯ

(NW)  
11:25 27 1.88 19.48 

6 
Zaklopatica 

Bay 
18:06 6 8.88 11.58 

8 
Lukovac 

Mali  
31:29 21 2.18 14.13 

9 Mrkjenta  28:15 20 2.61 9.35 

10 Goli Rat 50:29 31 1 47.85 

11 /ÖÔÌįÛÈÒ 30:58 34 3.34 50.38 

12 
Korizmeni 

Rat 
28:20 10 15.48 62.62 

13 Mljet (SW) 19:48 21 8.58 41.38 

14 Gonoturska 12:27 15 3.21 51.78 

15 Grabova 22:57 30 1.28 49.87 

 

Invaded and non -invaded sites were grouped with respect to 

dominant substratum type (Table 4), in order to make a 

comparison between the sites with the same environmental 
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ÊÖÕËÐÛÐÖÕÚȭɯ3ÏÌɯËÌ×ÛÏɯÙÈÕÎÌɯÖÍɯÛÏÌɯÎÙÖÜ×ɯȿÚÈÕËàɯÚÜÉÚÛÙÈÛÌɯÚÐÛÌÚɀɯ

was from 3.34 to 62.ƚƖɯÔȭɯ3ÏÌɯȿÙÖÊÒàɯÚÜÉÚÛÙÈÛÌɯÚÐÛÌÚɀɯÈÕËɯÛÏÌɯ

ȿÔÐßÌË-Ûà×Ìɯ ÚÜÉÚÛÙÈÛÌɯ ÚÐÛÌÚɀɯ ȹÚÈÕËɤÙÖÊÒÚɤÎÙÈÝÌÓȺɯ ËÌ×ÛÏɯ ÙÈÕÎÌÚɯ

were from 1 to 47.85 m, and from 1.28 to 51.78 m, respectively. 

Table 4. The groups of sites where underwater remote sensing 

survey was conducted. The s ites were grouped according to 

substrate type. The number of the site is indicated in brackets. The 

sites invaded by Caulerpa cylindracea  are shown in bold.  

Sandy substrate sites Rocky substrate sites  
Mixed -type substrate 

sites 

/ÙÌŉÉÈɯ-6ɯȹƗȺ Mrkjenta (9)  Lukovac Mali (8)  

Zaklopatica Bay (6)  Crnac (2) Gonoturska (14)  

Mljet SW (13)  Bijelac (1) Grabova (15) 

/ÖÔÌįÛÈÒɯȹƕƕȺ Goli Rat (10)  

Korizmeni Rat (12)   

3.2.2.2. Video mosaics analysis 

Macrophytes and macroinvertebrates were identified to the 

lowest possible taxonomic level. The abundance was assessed 

using three categories: high, moderate and low. Abundance 

was considered to be ȿÓÖÞɀ where species makes up only a small 

part of a communi ty. A ȿÔÖËÌÙÈÛÌɀ level was assessed when a 

taxon is frequent but comprises less than half of the abundance 

of the community. A ȿÏÐÎÏɀ level was assessed when the species 

exceeds half of the overall abundance, being clearly dominant 

(Olenin et al. 2007). 
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3.2.2.3. Visual assessment of fish assemblages 

The abundance of 29 taxa (Annex 5) was assessed by a visual 

census at 12 sites (Figure 9; Table 2), which involves swimming 

along 30 m transect at constant speed and recording all target 

species seen within a 4 meter belt (total surface area=120 m2). 

Transects were placed at a depth of approximately 10 m. 

3.2.2.4. Sampling for stable isotope analysis  

Macrophytes and macroinvertebrates were sampled manually 

at 12 sites (Figure 9; Table 2), along three transects (20 m of 

length) located at a depth of approximately10 meters, on a 

rocky substrate covered with photophilic macrophytes.  

Six sites were invaded by C. cylindracea, five being located in 

MPA Lastovo Archipelago (2, 5, 6, 8 and 9) and one in MPA 

Mljet (14). Three control sites (no C. cylindracea present) were 

selected in MPA Lastovo Archipelago (1, 4 and 7), and three in 

MPA Mljet (11, 12 and 15) (Figure 9). 

3.3. Stable isotope analysis  

Samples were processed according to Levin and Currin (2012). 

Macroalgae were cleaned of epiphytes, animals were dissected 

and only the soft body tissues were taken for analysis. Fish 

tissue samples were taken from white muscle, with all skin and 

scales removed. All samples were rinsed in distilled water, 

oven dried (48 h at 60 °C), and homogenized by grinding. 

Samples of macrophytes were acidified by adding 10% HCl in 

order to remove inorganic carbonate. 
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Isotopic ratios were determined using continuous -flow isotope 

mass spectrometry (PDZ Europa ANCA -GSL elemental 

analyser interfaced to a PDZ Europa 20-20 isotope ratio mass 

spectrometer) at the UC Davis stable isotope facility. 

Carbon and nitrogen stable isotopic ratios were expressed as 

parts per mil deviations from the standards according to the 

following equation:  

 

where X is 13C or 15N and R is the corresponding 13C/12C and 
15N/ 14N ratio (Peterson and Fry 1987). The standard reference 

material was V-PDB (Vienna PeeDee Belemnite) and air for 

carbon and nitrogen, respectively. Standard deviations of the 

ÚÛÈÕËÈÙËɯÙÌ×ÓÐÊÈÛÌÚɯ ÞÌÙÌɯƔȭƖǕ ÍÖÙɯϗ13"ɯÈÕËɯƔȭƗǕɯÍÖÙɯϗ15N. 

3.4. Statistical analysis  

3.4.1. Stable isotope data analysis  

Differences in isotope values between sources, consumers and 

study sites were tested with PERMANOVA (Anderson, 2001) 

ÉÈÚÌËɯ ÖÕɯ $ÜÊÓÐËÌÈÕɯ ËÐÚÛÈÕÊÌɯ ȹÚÌ×ÈÙÈÛÌÓàɯ ÍÖÙɯ ϗ13C and ϗ15N 

values). Multivariate analyses were performed using PRIMER 

v6 (Clarke and Gorley, 2006).  

3.4.1.1. Trophic position assessment 

Trophic positions (TP) were calculated by the equation 

proposed by Post (2002): 
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3ÏÌɯϗ15N values of primary producers were ave raged to obtain 

the benthic isotopic baseline. Trophic enrichment factor (TEF) 

ÞÈÚɯÈÚÚÜÔÌËɯÛÖɯÉÌɯƖȭƗǷƔȭƖƜǕɯ(McCutchan et al. 2003). 

3.4.1.2. Standard ellipse areas 

On Lampedusa Island, the standard ellipse area (SEA) was used 

as a bivariate measure of the mean core isotopic niche of five 

trophic groups (Table 5) which contains 40% of the data, 

allowing robust comparis on of datasets with different sample 

sizes. SEAc (sample-size corrected version of the standard 

ellipse area) was used to avoid the bias induced by small 

sample size (Jackson et al. 2011). In MPA Lastovo Archipelago 

and MPA Mljet, S EAc were used to compare the isotopic niches 

of invertebrates from sites invaded by C. cylindracea and non-

invaded sites. 

Table 5. Trophic groups based on previous studies (Deudero et al., 

2011; Carefoot, 1991; Puccio et al., 2006). 

Species Trophic group  
Species 

origin  

Trophic 

group code 

Aplysia dactylomela, 

Percnon gibbesi 
Herbivores NIS NIH  

Arbacia lixula, 

Paracentrotus lividus 
Herbivores Indigenous IH  

Chondrilla nucula, 

Chondrosia reniformis 
Filter feeders Indigenous FLF 
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Species Trophic group  
Species 

origin  

Trophic 

group code 

Felimare picta 
Benthic invertebrate 

feeders 
Indigenous BIF 

Diplodus annularis, 

Serranus scriba, 

Spondyliosoma 

cantharus 

Omnivorous/carnivo

rous fishes 
Indigenous BIF/FF/O 

 

3.4.1.3. Bayesian mixing models 

On Lampedusa Island, probability distributions for the 

contributions of the sources to the diet of indigenous and non -

indigenous herbivores were estimated using the Bayesian stable 

isotope mixing model (MixSIAR). Sources were included in the 

model followin g previous studies on the diet of the species 

under study (Boudouresque and Verlaque 2001, Carefoot et al. 

2000; Mannino et al. 2014; Puccio et al. 2006). 

The models were run for Paracentrotus lividus, Arbacia lixula and 

P. gibbesi using seven most abundant macrophytes: Halopteris 

scoparia, Dictyota sp., Posidonia oceanica, Padina pavonica, 

Cystoseira sp., C. cylindracea and A. taxiformis. Stable isotope 

values of Cystoseira sp., Dictyota sp. and Halopteris scoparia, that 

belong to the class Phaeophyceae, were combined in order to 

reduce the number of sources (Phillips et al. 2005). 

In addition to the most abundant sources,  Laurencia sp. was 

included in the model for  A. dactylomela based on observations 

reported in Mannino et al. (2014) and personal observation 
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during the collecting of samples  in this study. As well as A. 

dactylomela, Laurencia sp. was present only at Cala Maluk. 

In MPA Lastovo Archipelago and MPA Mljet, the Bayesian 

stable isotope mixing models were used for estimation of 

probability distributions for the contributions of the sources to 

the diet of sea urchins. The models were run for Paracentrotus 

lividus, Arbacia lixula and Sphaerechinus granularis using the six 

most abundant macrophytes in the study sites: Amphiroa rigida, 

Codium bursa, Cystoseira sp., Halimeda tuna, Padina pavonica, 

Posidonia oceanica. In addition to the six most abundant 

macrophytes, C. cylindracea was included in the mixing models 

for invaded sites. 

In both study areas, all sources used in mixing models had 

significantly different isotope values. TEF was assumed to be 

ƕȭƗǷƔȭƗǕɯ ÍÖÙɯ ϗ13"ɯ ÈÕËɯ ƖȭƖǷƔȭƗǕɯ ÍÖÙɯ ϗ15N (McCutchan et al. 

2003)ȭɯ 6Ìɯ ÙÈÕɯ ÓÌÕÎÛÏɯ ɁÓÖÕÎɂɯ ÍÖÙɯ ÛÏÌɯ ÕÜÔÉÌÙɯ ÖÍɯ,ÖÕÛÌɯ"ÈÙÓÖɯ

Markov Chain simulations. Mixing models were calculated 

using MixSIAR GU I and standard ellipse areas were calculated 

using SIBER (Stock and Semmens 2013; Jackson et al. 2011) in R 

statistical software (R CoreTeam, 2015). 

3.4.2. Community data analysis  

Differences in assemblage structure between the sites were 

assessed using the Bray-Curtis similarity matrices followed by 

non-metric multi -dimensional scaling (MDS) ordination and 

ANOSIM (Clarke and Warwick 1994). Differences in species 

richness were tested with PERMANOVA (Anderson, 2001). 

While both statistical tests use permutation in order to obtain p 

value, R test statistics is obtained by ANOSIM, while the 
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pseudo-F test statistics is computed by PERMANOVA. When 

the differences in macrophyte assemblages between the sites 

invaded by C. cylindracea and non-invaded sites were assessed, 

C. cylindracea was excluded from the analysis. 

Macrophyte, macroinvertebrate and fish taxa abundance data 

from Lampedusa, and fish abundance data from Croatian 

MPAs, was square root-transformed prior to analysis. To 

examine the contributions of individual taxa to the differences 

between the sites, SIMPER (similarity percentages) analysis 

(Clarke, 1993) was also carried out (the cut off  for low 

contributions was set at 90%). 

Al l multivariate analyses were conducted using PRIMER v6 

(Clarke and Gorley, 2006). 

3.5. Summary of the materials and methods  

In total, four different menthods were used in this study, which 

provided 316 samples surveyed by rapid assessment methods, 

253 assessment units obtained by underwater remote sensing, 

and 433 samples selected for SIA (Table 6). 
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Table 6. Sampling methods and numbers of samples obtained in 

each study area. 

Study area Rapid assessments 

Underwater 

remote 

sensing 

Sampling 

for stable 

isotope 

analysis  

 
Underwater 

visual census 

Mooring 

lines 

sampling  
  

Lampedusa 

Island (MPA 

Pelagie 

Islands)  

120 quadrats; 

 48 transects 
  149 samples 

Eastern 

Adriatic coast  
 81 line   

MPAs Lastovo 

Archipelago 

and Mljet  
36 transects 31 line 

253 

assessment 

units 

284 samples 
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4. Results 

4.1. Case study 1: Lampedusa Island (inside and 

outside of Marine Protected Area Pelagie Islands)  

4.1.1. Assessment of the benthic community and non -

indigenous species abundance and distribution on 

Lampedusa Island  

4.1.1.1. Macrophytes assemblages 

The substrate at three study sites was mainly rocky and not 

completely colonised by algae. Posidonia oceanica meadows were 

mainly inhabiting sandy bottoms. The macrophyte assemblages 

were dominated by H. scoparia (24.1±25.8% per m2), Dictyota sp. 

(14.9±23.7% per m2), P. oceanica (11.7±28.9% per m2) and P. 

pavonica (11.4±19% per m2), followed by Cystoseira sp. (2.4±7.1% 

per m 2). 

The cover of the two NIS, C. cylindracea and A. taxiformis, was 

1.7±3.4% and 0.7±5.8%, respectively (Figure 10; Table 7). 

PERMANOVA test showed that there were no significant 

differences in C. cylindracea and A. taxiformis cover between the 

study sites (pseudo-F=1.5172; p(perm)=0.221 and pseudo-

F=0.82462; p(perm)=0.506, respectively). 
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Figure 10: Mean abundances (±SE) of macrophyte taxa (target taxa 

are listed in Annex 1) recorded at Isola dei Conigli, Mare Morto and 

Cala Maluk.  
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Table 7. Macrophyte taxa percent cover (per m 2) at Isola dei Conigli, 

Mare Morto and Cala Maluk.  

Taxa 
Isola dei 

Conigli  
Mare Morto  

Cala 

Maluk  
Total  

 Mean  SD Mean  SD Mean  SD 
Mea

n 
SD 

Chlorophyta          

Caulerpa 

cylindracea 
0.8 1.9 2.4 4.55 2.0 3.1 1.7 3.4 

Codium bursa - - - - 0.1 1 0.1 0.9 

Ulva sp. - - - - 0.1 0.5 0.02 0.3 

Ochrophyta          

Colpomenia 

sinuosa 
0.5 4.1 - - - - 0.2 2.4 

Cystoseira sp. 1.1 3.7 6.1 10.9 - - 2.4 7.1 

Dyctiota sp. 4.0 11.6 25.4 33.7 15.5 
14.

5 
14.9 23.7 

Halopteris 

scoparia 
26.5 25.9 15.7 25.5 30.3 

24.

3 
24.1 25.8 

Padina pavonica 7.9 11 17.4 27.5 8.9 
12.

9 
11.4 19 

Rhodophyta          

Amphiroa rigida - - - - 1.0 4.4 0.4 2.6 

Asparagopsis 

taxiformis 
2.0 10.1 - - 0.1 1 0.7 5.9 

Ellisolandia 

elongata 
- - - - 0.1 0.5 0.0 0.3 
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Taxa 
Isola dei 

Conigli  
Mare Morto  

Cala 

Maluk  
Total  

 Mean  SD Mean  SD Mean  SD 
Mea

n 
SD 

Jania rubens - - 0.1 1 - - 0.0 0.6 

Laurencia sp. - - - - 0.9 4.4 0.3 2.6 

Tracheophyta          

Posidonia 

oceanica 
31.7 40.1 3.4 18.1 - - 11.7 28.9 

 

Although the global one -way ANOSIM test was significant (p = 

0.1%), the low value of R (0.211) and nMDS (Figure 11) 

indicated low dissimilarity between the three study sites. All 

pairwise tests were likewise significant (all p=0.1%), but they 

had a low R value (<0.275). SIMPER analysis revealed that the 

average BrayɬCurtis dissimilarity was the highest between Isola 

dei Conigli and Mare Morto (74.15%). Posidonia oceanica 

contributed the most (22.46%) to the dissimilarity between the 

sites. Similarly, P. oceanica contributed the most (22.87%) to the 

average dissimilarity between Isola dei Conigli and Cala Maluk 

(66.7%). SIMPER showed that the lowest dissimilarity was 

between Mare Morto and Cala Maluk (65.56%), where the 

native alga H. scoparia showed the highest contribution to 

dissimilarity.  
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Figure 11. Non-metric MDS plot based on Bray -Curtis similarity of 

square root -transformed macrophytes cover data. The study sites are 

represented by different symbols: Isola dei Conigli - triangle, Mare 

Morto - circle and Cala Maluk - square. 

4.1.1.2. Macroinvertebrates assemblages 

The sea urchin Arbacia lixula was the most abundant 

invertebrate taxa with an average abundance of 37.7±29.9 per 

120m2. The species had the highest abundance at Cala Maluk 

(46.8±19.4 per 120m2). The sea anemone Anemonia viridis was 

the second most abundant species, with 24.2±34.2 per 120m2. 

The sea urchin Paracentrotus lividus was the next most abundant 

taxa (6.2±10.8 per 120m2) (Figure 12). 

Percnon gibbesi was common at all sites, with a mean abundance 

of 1.5±0.7 per 120 m2. At Isola dei Conigli, the abundance of P. 

gibbesi was the highest (15.7±19.7 per 120m2) (Figure 12; Table 
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8). There was no significant difference in P. gibbesi abundance 

between the study sites (pseudo-F=0.45297; p(perm)=0.648). 

Aplysia dactylomela was present only at Cala Maluk, where eight 

individuals were observed.  

Table 8. Abundances of macroinvertebrate taxa (mean number of 

individuals per 120 m 2; target taxa listed in Annex 2) at Isola dei 

Conigli, Mare Morto and Cala Maluk.  

Taxa Isola dei 

Conigli  
Mare Morto  Cala Maluk  Total  

 Mean SD Mean SD Mean  SD Mean  SD 

Actinia 

equina 
- - - - 1.3 0.6 1.3 0.6 

Aiptasia sp. 3.0 0.0 - - 11.3 7.5 9.3 7.4 

Anemonia 

viridis 
4.0 0.0 10.0 0.0 32.8 40.6 24.2 34.2 

Aplysia 

dactylomela 
- - - - 3.5 0.7 3.5 0.7 

Arbacia 

lixula  
22.3 9.3 44.9 47.4 46.8 19.4 37.7 29.9 

Chiton sp. 2.5 0.7 - - 10.3 7.8 7.7 7.3 

Chondrosia 

reniformis 
2.0 - 1.0 0.0 - - 1.0 0.0 

Echinaster 

sepositus 
- - 1.0 0.0 - - 4.7 3.8 

Hermodice 

carunculata 
- - 4.7 3.8 - - 2.8 1.5 

Holoturia sp. 2.5 0.7 2.8 1.5 2.8 1.9 3.5 1.6 

Ircinia sp. 2.7 2.9 3.6 1.5 4.0 1.7 1.6 0.8 
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Taxa Isola dei 

Conigli  
Mare Morto  Cala Maluk  Total  

 Mean SD Mean SD Mean  SD Mean  SD 

Pachygrapsus 

marmoratus 
2 - - 0.0 1.4 0.9 5.9 3.3 

Paracentrotus 

lividus 
3.5 1.9 7.7 3.1 6.3 3.4 6.3 10.8 

Percnon 

gibbesi 
15.7 19.7 3.7 1.5 2.0 1.7 1.5 0.7 

 

Figure 12. Mean abundances (±SE) of macroinvertebrate taxa at Isola 

dei Conigli, Mare Morto and Cala Maluk.  

The one-way ANOSIM test and nMDS (Figure 13) showed that 

there were no significant differences between the three study 

sites (R = 0.106, P = 1.8%). 
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Figure 13. Non-metric MDS plot based on Bray -Curtis similarity of 

square root -transformed invertebrate abundance data. The study 

sites are represented by different symbols: Isola dei Conigli - 

triangle, Mare Morto - circle and Cala Maluk - square. 

4.1.1.3. Fish assemblages 

Sarpa salpa was the most abundant species with the average 

abundance of 16.7±34.8 per 120m2. The second most abundant 

species was Thalassoma pavo (6.3±4.3 per 120m2), followed by 

Diplodus vulgaris (3.3±4.2 per 120m2). The non-indi genous fish 

Siganus luridus was recorded at Mare Morto, where 2 

individuals were observed (Figure 14; Table 9). 
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Table 9. Abundances of fish taxa (mean number of individuals per 

120 m2) at Isola dei Conigli, Mare Morto and Cala Maluk.  

Taxa 
Isola dei 

Conigli  
Mare Morto  Cala Maluk  Total  

 Mean  SD Mean  SD Mean  SD 
Mea

n 
SD 

Coris julis 3.3 2.3 1.3 2.3 4.6 6.6 2.6 4.1 

Diplodus 

annularis 
2.7 2.1 0.7 1.2 2.6 2 1.8 1.9 

Diplodus 

puntazzo 
- - 0.1 0.2 - - 0.0 0.2 

Diplodus sargus 3.1 3.3 0.3 0.7 3.3 2.3 1.1 2 

Diplodus vulgaris 6.3 6 2.7 4.4 3.6 2.8 3.3 4.2 

Labrus sp. 1.0 - - - - - 0.0 0.2 

Mullus sp. 2.0 0.0 0.1 0.4 1.5 0.7 0.3 0.6 

Oblada melanura 1.3 0.5 0.3 0.9 1.0 0.0 0.5 0.9 

Sarpa salpa 15.4 16.4 16.8 46.7 17.9 15.8 16.7 34.8 

Seriola fasciata 1.0 0.0 - - - - 0.0 0.2 

Serranus cabrilla 1.0 0.0 0.1 0.3 1.3 0.5 0.3 0.5 

Serranus scriba 1.2 0.4 0.4 0.7 1.4 0.7 0.7 0.8 

Siganus luridus - - 0.1 0.3 - - 0.1 0.3 

Sparisoma 

cretense 
3.7 1.4 1.2 2.1 6.4 9.5 2.4 3.9 

Sparus aurata 1.0 0.0 0.1 0.2 1.0 0.0 0.2 0.4 

Spicara smaris 1.0 0.0 1.3 4.9 19.7 26.5 3.1 
9.9 
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Taxa 
Isola dei 

Conigli  
Mare Morto  Cala Maluk  Total  

 Mean  SD Mean  SD Mean  SD 
Mea

n 
SD 

Spondyliosoma 

cantharus 
1.0 0.0 - - 3.5 3.4 0.6 1.9 

Symphodus sp. 2.8 2.3 3 2 5.6 2.8 3.8 2.6 

Thalassoma pavo 4.4 3.3 6.3 4.4 7.9 4.4 6.3 4.3 

 

 

Figure 14: Mean abundances (±SE) of fish taxa recorded at Isola dei 

Conigli, Mare Morto and Cala Maluk.  

Similarly to the macrophytes assemblages, the ANOSIM test was 

significant (p = 0.1%), but the low value of R (0.141) indicated low 

separation between the three study sites (Figure 15). Pairwise tests 

showed that there was no significant dissimilarity betwe en Mare 

Morto and Cala Maluk (R=0.05; p=9.5%), while the difference 



62 

between Isola dei Conigli and Mare Morto was significant (p=0.1), 

but with a low R value (0.215). Similarly, the difference between 

Isola dei Conigli and Cala Maluk was also significant (p =0.4), with 

a low R value (0.16). 

SIMPER analysis revealed that the average BrayɬCurtis 

dissimilarity was the highest between Isola dei Conigli and 

Mare Morto (65.64%). Sarpa salpa contributed the most to the 

dissimilarity between the sites in all three cases (from 17.76% to 

21.51%). The average dissimilarity between Isola dei Conigli 

and Cala Maluk was 62.16%, and between Mare Morto and 

Cala Maluk 57.94%. 

 

Figure 15. Non-metric MDS plot based on Bray -Curtis similarity of 

square root -transformed fish abund ance data. The study sites are 

represented by different symbols: Isola dei Conigli - triangle, Mare 

Morto - circle and Cala Maluk - square. 
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4.1.2. Trophic interactions between indigenous and non -

indigenous species from Lampedusa Island  

4.1.2.1. Carbon and nitrogen stable isotope values 

and trophic positions  

Stable isotope values of each species did not differ between the 

sites (all p(perm)>0.05). Therefore, the samples were pooled per 

species for further analyses (Table 10). Moreover, when all 

stable isotope values were pooled, they did not differ between 

the sites (pseudo-F=0.342, p(perm)=0.799). 

,ÌÈÕɯϗ13C values of macrophyta ranged from -ƜȭƘǕɯȹCymodocea 

nodosa) to -ƗƕȭƝǕɯȹA. taxiformis). The red alga Laurencia sp. had 

ÛÏÌɯÏÐÎÏÌÚÛɯϗ15-ɯÝÈÓÜÌÚɯȹƚȭƚǕȺɯÈÕËɯPeyssonnelia sp. the lowest 

ϗ15-ɯÝÈÓÜÌÚɯȹƔȭƛǕȺȭ 

,ÌÈÕɯϗ13C values of invertebrates ranged from -ƖƔȭƚǕɯȹFelimare 

picta) to -ƕƕȭƛǕɯȹArbacia lixula). The nudibranch mollusc F. picta 

ÏÈËɯ ÛÏÌɯ ÔÖÚÛɯ ÌÕÙÐÊÏÌËɯ ϗ15N values among the invertebrates 

ÈÕÈÓàÚÌËɯ ȹƚȭƝǕȺɯ ÈÕËɯthe sponge Chondrosia reniformis ȹƗȭƖǕȺɯ

ÞÈÚɯÛÏÌɯÔÖÚÛɯËÌ×ÓÌÛÌËɯÐÕɯϗ15N values. ϗ15N values of P. gibbesi 

and A. dactylomela were ƚȭƖǕɯ ÈÕËɯ ƚȭƕǕȮɯ ÙÌÚ×ÌÊÛÐÝÌÓàȭɯ 3ÏÌàɯ

were more enriched than those of the indigenous herbivores A. 

lixula  ȹƘȭƜǕȺɯÈÕËɯP. lividus (4.4Ǖ ). 

"ÈÙÕÐÝÖÙÖÜÚɯ ÈÕËɯ ÖÔÕÐÝÖÙÖÜÚɯ ÍÐÚÏÌÚɯ ÏÈËɯ ÊÖÕÚÐËÌÙÈÉÓàɯ ÏÐÎÏÌÙɯ ϗ15N 

values than invertebrates (from ƜȭƙǕɯ ÛÖɯ ƕƔǕȺȮɯ ÛÏÜÚɯ ÏÈÝÐÕÎɯ ÛÏÌɯ

highest trophic positions among the sampled fauna.  P. gibbesi and A. 

dactylomela had the same trophic position (2.6±1.7), while the trophic 

positions of A. lixula and P. lividus were lower (2±1.9 and 1.8±1.7, 

respectively) (Figure 16; Table 10). 
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Figure 16. Mean values (± SD) of stable isotope values of carbon and 

nitrogen of macrophyta, invertebrates and fish in Lampedusa 

Island. Corresponding number of specimens analysed: see Table 10.  

Table 10. Species names, number of replicates (pooled), sites where 

species were sampled: Isola dei Conigli (1), Cala Maluk (2), and 

Mare Morto (3), trophic group codes, stable -nitrogen and stable -

carbon isotope ratios (mean and SD) and corresponding trophic 

positions (TP) (mean and SD) of primary producers, invertebrates 

and fish. Trophic group codes are: primary producer = PP, filter -

feeder = FLF, non-indigenous herbivore = NIH, indigenous 

herbivore= IH, benthic invertebrate feeder = BIF, omnivore=O, fish 

feeder = FF. Trophic groups are based on previous studies (Deudero 

et al. 2011; Carefoot, 1991; Puccio et al. 2006). Trophic positions (TP) 

ÞÌÙÌɯ ËÌÛÌÙÔÐÕÌËɯ ÜÚÐÕÎɯ ÈÝÌÙÈÎÌɯ ϗ15N values of benthic primary 

producers as isotopic baseline (2.47±1.70) (see section 2. Materials 

and methods). Standard deviations (SD) of TP were determ ined by 

first -order error propagation of uncertainties: 
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, where SD1 is the standard deviation of 

TP of consumer, and SD 2 is the standard deviation of isotopic 

baseline. 

Taxa N  Site 

Trophic 

group  

code 

ϗ13C ϗ15N  TP 

    mean SD mean SD mean SD 

Chlorophyta           

Caulerpa 

cylindracea 
10 1,2,3 PP -15.6 1.2 3.7 1.4   

Codium bursa 10 1,2,3 PP -10.5 1.7 1.3 1.1   

Ulva  sp. 6 1,2 PP -20.3 2.4 4.1 0.5   

Ochrophyta           

Colpomenia 

sinuosa 
7 1,3 PP -11.7 0.5 1.7 0.9   

Cystoseira sp. 6 2,3 PP -17.5 0.5 1.5 0.4   

Dictyota sp. 7 2,3 PP -14.7 0.1 1.5 0.3   

Halopteris 

scoparia 
9 1,2,3 PP -22.7 3.6 2 1.6   

Padina 

pavonica 
8 1,2,3 PP -12.3 1.3 2.8 2.1   

Rhodophyta           

Amphiroa 

rigida 
3 2 PP -16.8 2.9 3.8 1.1   

Asparagopsis 

taxiformis 
8 1,2,3 PP -31.9 0.5 2.5 1.2   
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Taxa N  Site 

Trophic 

group  

code 

ϗ13C ϗ15N  TP 

    mean SD mean SD mean SD 

Laurencia sp. 3 2 PP -16.3 1.5 6.6 0.4   

Peyssonnelia 

sp. 
6 1,3 PP -23.5 1 0.7 0.5   

Tracheophy -

ta 
        

Cymodocea 

nodosa 
3 2 PP -8.4 0.8 2.7 0.1   

Posidonia 

oceanica 
10 1,2,3 PP -13.8 0.9 2.4 0.6   

Porifera           

Chondrilla 

nucula 
4 3 FLF -17.4 0.3 3.3 0.4 1.4 1.7 

Chondrosia 

reniformis 
3 1 FLF -18.1 0.5 3.2 0.1 1.3 1.7 

Mollusca           

Aplysia 

dactylomela 
8 2 NIH  -14.1 0.5 6.1 0.3 2.6 1.7 

Felimare picta 4 3 BIF -20.6 0.4 6.9 0.3 2.9 1.7 

Arthropoda          

Percnon 

gibbesi 
4 1,3 NIH  -14.8 1 6.2 0.2 2.6 1.7 

Echinoder -

mata 
        

Arbacia lixula 7 1,2,3 IH  -11.7 2.9 4.8 1.8 2 1.9 
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Taxa N  Site 

Trophic 

group  

code 

ϗ13C ϗ15N  TP 

    mean SD mean SD mean SD 

Paracentrotus 

lividus 
5 2,3 IH  -13.5 0.8 4.4 0.9 1.8 1.7 

Chordata           

Diplodus 

annularis 
3 1,3 BIF -16 0.1 8.5 0.3 3.6 1.7 

Serranus 

scriba 
12 1,2,3 FF/BIF -16.9 0.2 9.3 0.2 4 1.7 

Spondylioso-

ma cantharus 
3 1,2 O -17.5 0.5 10 0.6 4.3 1.7 

4.1.2.2. Trophic groups 

The PERMANOVA pair -wise test showed significant variations 

in the isotopic composition between all a priori established 

trophic groups (Table 11). 

Table 11. Results of PERMANOVA pair -wise tests for trophic 

groups, after 9999 permutations. Trophic groups are defined in 

Table 5. 

  ϗ13C ϗ15N  

Trophic group codes  df  t p (perm)  t p (perm)  

NIH, IH  21 3.5057   0.002 3.2224   0.004 

NIH, FLF  15 9.4779   0.001 19.521   0.001 

NIH, BIF  14 16.458   0.001 4.5281   0.002 

NIH, BIF/FF/O  22 12.205   0.001 30.133   0.001 
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  ϗ13C ϗ15N  

Trophic group codes  df  t p (perm)  t p (perm)  

IH, FLF 14 5.8445   0.001 2.3139   0.034 

IH, BIF 13 7.9659   0.002 2.8827   0.017 

IH, BIF/FF/O 21 8.0368   0.001 11.052   0.001 

FLF, BIF 7 8.7713   0.008  22.75   0.009 

FLF, BIF/FF/O 15 4.4861   0.001 51.701   0.001 

BIF, BIF/FF/O 14 23.857   0.002 18.146   0.001 

 

IH had the largest isotopic trophic niche of the five groups 

(6.53) followed by FLF (4.73). SEAc of NIH (0.62) was similar to 

that of BIF/FF/O (0.71). There was no overlap between the 

isotopic niches of the groups (Figure 17). 

 

Figure 17. Stable isotope bi -plot illustrating the isotopic niches. Lines 

enclose standard ellipse areas (SEAc) for the five trophic groups: NIH 

(black), IH (red), FLF (green), BIF (blue) and BIF/FF/O (cyan).  
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4.1.2.3. Mixing models  

Bayesian mixing models indicated that C. cylindracea had the 

largest contribution to the diet of P. gibbesi (0.431-1), while the 

proportional contributions of the remaining sources ranged 

between 0 and 0.383, but overlapped considerably. The dietary 

contribution estimates overlapped considerably for all sources 

of A. dactylomela, A. lixula and P. lividus (Table 12). 

Table 12. Median  (±SD) indigenous and non -indigenous herbivores 

diet proportion and 95% credible interval (2.5% and 97.5% 

quantiles, in brackets) estimated using the Bayesian stable isotope 

mixing model (MixSIAR).  

 A. dactylomela  P. gibbesi A.lixula  P. lividus  

A. taxiformis  
0.013±0.018 

(0,0.064) 

0.013±0.027 

(0,0.094) 

0.006±0.014 

(0,0.051) 

0.017±0.031 

(0,0.108) 

C. cylindracea 
0.151±0.229 

(0,0.911) 

0.906±0.158 

(0.431,1.000) 

0.020±0.046 

(0,0.171) 

0.062±0.159 

(0,0.579) 

Cystoseira sp./ 

Dictyota sp./ 

 H. scoparia 

0.033±0.049 

(0,0.170) 

0.017±0.045 

(0,0.164) 

0.053±0.178 

(0,0.996) 

0.044±0.100 

(0,0.340) 

P. pavonica 
0.052±0.076 

(0,0.261) 

0.037±0.099 

(0,0.383) 

0.885±0.242 

(0,1.000) 

0.117±0.235 

(0,0.819) 

P. oceanica 
0.438±0.181 

(0,0.682) 

0.027±0.064 

(0,0.226) 

0.037±0.159 

(0,0.777) 

0.760±0.346 

(0,1.000) 

Laurencia sp. 
0.313±0.104 

(0,0.458) 
n/a n/a n/a 
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4.2. Case study 2: eastern Adriatic Sea 

4.2.1. Rapid assessment of marine non -indigenous 

species on mooring lines of leisure craft  

Four NIS were found during the survey: the serpulid Hydroides 

elegans (Haswell, 1883), the bryozoans Amathia verticillata (Delle 

Chiaje, 1822) and Celleporaria brunnea (Hinks, 1884), and the 

tunicate Styela plicata (Leseur, 1823). Three cryptogenic species 

were also recorded: the barnacle Amphibalanus amphitrite 

(Darwin, 1854), the amphipod Elasmopus rapax Costa, 1853 and 

the bryozoan Watersipora subtorquata ȹËɀ.ÙÉÐÎÕàȮɯ ƕƜƙƖȺȭɯ 3ÏÌɯ

latter belongs to a problematic genus, which has undergone 

several historical misidentifications; hereby it was identified 

following the most recent morphometric and morphological 

taxonomic key provided by Vieira et al. (2014). All NIS and 

cryptogenic species were recorded in Biograd na Moru. In 

addition, S. plicata was also recorded in Zadar. No NIS or 

cryptogenic species were found in Rogoznica, Pasadur, Ubli 

and Pomena. 

Filter -ÍÌÌËÐÕÎɯÍÈÜÕÈɯËÖÔÐÕÈÛÌËɯÛÏÌɯÍÖÜÓÐÕÎɯÊÖÔÔÜÕÐÛàɯÖÕɯȿÓÈáàɀɯ

lines at mainland sites. Bryozoans, tubeworms and tunicates 

were the most abundant taxa. Native bryozoan species included 

Aetea truncata (Landsborough, 1852), Amathia gracilis (Leidy, 

1855), Bugula neritina (Linnaeus, 1758), Cryptosula pallasiana 

(Moll, 1803) and Schizoporella errata (Waters, 1878). Bugula 

neritina and S. errata were dominant taxa at Rogoznica Quay. 

Native species of tubeworms included Hydroides 

pseudouncinatus Zibrowius, 1968, Serpula concharum Langerhans, 

1880, Serpula vermicularis Linnaeus, 1767, Spirobranchus 
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polytrema (Philippi, 1884), Spirobranchus triqueter (Linnaeus, 

1758), Simplaria pseudomilitaris (Thiriot ɬ Quievreux, 1965) and 

Janua sp. (Saint-Joseph, 1894). Other polychaete families were 

present: Sabellidae, Syllidae, Terebellidae and Nereididae. 

Bivalves included Mytilus galloprovincialis Lamarck, 1819, 

Hiatella arctica (Linnaeus, 1767), Mytilaster sp. Monterosato, 

1884, Modiolus barbatus (Linnaeus, 1758), Musculus sp. Röding, 

1798 and Ostrea edulis Linnaeus, 1758. Samples also contained 

crustaceans: Apocorophium acutum (Chevreux, 1908), Dynamene 

edwardsi (Lucas, 1849), Leptochelia savignyi (Krøyer, 1842) and 

Zeuxo sp. Templeton, 1840. A single juvenile of Caprella sp. was 

also found. 

The only NIS that could be recognised in the field with 

reasonable certainty, for which  visual abundance estimation 

was performed, were S. plicata and A. verticillata. The tunicate S. 

plicata was seen within two marinas on the Croatian mainland, 

in Biograd na Moru and Zadar, and was found on the majority 

ÖÍɯÌßÈÔÐÕÌËɯȿÓÈáàɀɯÓÐÕÌÚɯȹƜƔǔɯÈÕËɯƝƛǔȮɯÙÌÚ×ÌÊÛÐÝÌÓàȺȮɯÞÐÛÏɯÓow 

or moderate abundance (Table 13). Other tunicate taxa obtained 

in the Biograd na Moru and Zadar marinas included Clavelina 

sp. Savigny, 1816, Didemnum sp. Savigny, 1816, Diplosoma sp. 

Macdonald, 1859 and Microcosmus sp. Heller, 1877. No tunicates 

were found at offshore sites and Rogoznica Quay. 
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3ÈÉÓÌɯƕƗȭɯ3ÏÌɯÕÜÔÉÌÙÚɯÖÍɯÓÐÕÌÚɯÞÐÛÏɯȿÓÖÞɀȮɯȿÔÖËÌÙÈÛÌɀɯÈÕËɯȿÏÐÎÏɀɯ

abundances of A. verticillata and S. plicata. 

 Biograd na Moru  Biograd na Moru  Zadar  

 A. verticillata  S. plicata S. plicata  

Low  1 25 25 

Moderate  2 7 4 

High  1 0 0 

Total No. of lines 

examined 40 40 30 

 

Amathia verticillata was confined to the inner sheltered part of 

the marina in Biograd na  Moru occurring on 10% of the 

examined lines, in low to high abundances (Table 13). Colonies 

were dark green due to the presence of a film of diatoms and 

sediment. It was likewise present on the hull of several craft at 

the same location. 

While algae were rare at mainland sites, Dictyotales dominated 

the fouling community at three offshore sites. Among them, 

Padina pavonica (Linnaeus) Thivy, 1960 was the most common 

species, followed by Dictyota sp. The green alga Acetabularia 

acetabulum (Linnaeus) P.C. Silva, 1952 and the red encrusting 

coralline algae were also common. 

Fouling fauna at offshore sites included the bryozoans Crisia sp. 

Lamouroux, 1812, Cradoscrupocellaria bertholletii (Audouin, 

1826), B. neritina, A. gracilis and S. errata, polychaetes S. 

pseudomilitaris, the bivalves M. barbatus and M. galloprovincialis, 

and the crustaceans Caprella sp. and L. savignyi. 
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4.2.2. The role of Caulerpa cylindracea in macrophyte 

and macroinvertebrate assemblages in Marine 

Protected Areas Lastovo Archipelago and Mljet  

Out of a total of 12 locations, seven locations (five in MPA 

Lastovo Archipelago, two in MPA Mljet) were colonized by C. 

cylindracea (Table 14). C. cylindracea abundance was significantly 

different between three groups of sites with different substra te 

types (pseudo-F=28.059, p(perm)=0.001). Sandy substrate sites 

had the highest C. cylindracea abundance, followed by mixed -

type substrate sites (Tables 15, 17 and 19). 

Table 14. The upper and lower depth limits (m) and t he numbers of 

assessment units wit ÏɯȿÓÖÞɀȮɯȿÔÖËÌÙÈÛÌɀɯÈÕËɯȿÏÐÎÏɀɯÈÉÜÕËÈÕÊÌÚɯÖÍɯC. 

cylindracea. 

Site 

No. 
Sites 

Substrate 

type 

Caulerpa 

cylindracea 

upper and 

lower  

depth 

limits (m)  

Low  Moderate  High  

1 Bijelac rocky - - - - 

2 Crnac rocky 5-20 12 3 - 

3 /ÙÌŉÉÈɯȹ-6Ⱥ sandy 7 8 12 8 

6 Zaklopatica Bay sandy 8-10 2 1 3 

8 Lukovac Mali  mixed 6-10 3 2 - 

9 Mrkjenta  rocky 6-27 9 6 - 

10 Goli Rat rocky - - - - 
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Site 

No. 
Sites 

Substrate 

type 

Caulerpa 

cylindracea 

upper and 

lower  

depth 

limits (m)  

Low  Moderate  High  

11 /ÖÔÌįÛÈÒ sandy - - - - 

12 Korizmeni Rat  sandy - - - - 

13 Mljet (SW) sandy 10-41 7 13 - 

14 Gonoturska mixed 10-30 8 4 1 

15 Grabova mixed - - - - 

4.2.2.1. Sandy substrate sites 

At the sandy substrate sites, a community of coastal detritus 

bottoms and P. oceanica patches was present. 

C. cylindracea was present in 51 out of a total of 55 assessment 

units from the invaded sites where sand was the dominant 

ÚÜÉÚÛÙÈÛÌɯ ȹ9ÈÒÓÖ×ÈÛÐÊÈɯ!ÈàȮɯ/ÙÌŉÉÈɯ-6ɯÈÕËɯ,ÓÑÌÛɯ26Ⱥȭɯ.ÛÏÌÙɯ

frequent macrophyte taxa at invaded sites were H. scoparia and 

Osmundaria volubilis, whil e turf algae, H. tuna, P. oceanica and 

maerl had the highest occurrence in assessment units from the 

non-ÐÕÝÈËÌËɯÚÐÛÌÚɯȹ/ÖÔÌįÛÈÒɯÈÕËɯ*ÖÙÐáÔÌÕÐɯ1ÈÛȺɯȹ3ÈÉÓÌɯƕƙȺȭ 
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Table 15. 3ÏÌɯÕÜÔÉÌÙÚɯÖÍɯÈÚÚÌÚÚÔÌÕÛɯÜÕÐÛÚɯÞÐÛÏɯȿÓÖÞɀȮɯȿÔÖËÌÙÈÛÌɀɯ

ÈÕËɯȿÏÐÎÏɀɯÈÉÜÕËÈÕÊÌÚɯof macrophytes and macroinvertebrate taxa 

at invaded and non -invaded sites with dominant sandy substrate  

Taxa Invaded  Non -invaded  

 low  moderate high  low  moderate high  

Chlorophyta        

Acetabularia acetabulum 4 - - 1 - - 

Caulerpa cylindracea 15 24 10 - - - 

Codium bursa - - - 1 - - 

Halimeda tuna - - - 4 5 - 

Ochrophyta        

Halopteris scoparia 11 11 1 - - - 

Padina pavonica 2 - - - - - 

Rhodophyta        

Amphiroa rigida 3 - - - - - 

Lithophyllum sp. - - - 4 - - 

Peyssonnelia sp. - - - 3 - - 

Osmundaria volubilis 2 7 9 - - - 

maerl - - - 2 3 2 

Macroalgae functional 

group  
    

  

Turf algae 4 1 1 4 7 1 

Tracheophyta        



76 

Taxa Invaded  Non -invaded  

 low  moderate high  low  moderate high  

Posidonia oceanica 4 - - 3 3 4 

Cnidaria        

Eunicella cavolini - - - 1 - - 

Echinodermata        

Echinaster sepositus - - - 2 - - 

The global one-way ANOSIM test showed significant variations 

in macrophyte assemblages between invaded and non-invaded 

sites (R=0.245; p = 0.1%) (Figure 18). 

 

Figure 18. Non-metric MDS of sandy substrate sites based on 

untransformed macrophytes abundance data per assessment unit. Invaded 

ÚÐÛÌÚɯÈÙÌɯÙÌ×ÙÌÚÌÕÛÌËɯÉàɯÛÙÐÈÕÎÓÌÚɯȹ9ÈÒÓÖ×ÈÛÐÊÈɯ!ÈàȮɯ/ÙÌŉÉÈɯ-6ɯÈÕËɯ,ÓÑÌÛɯ

SW) and non-ÐÕÝÈËÌËɯÚÐÛÌÚɯÉàɯÊÐÙÊÓÌÚɯȹ/ÖÔÌįÛÈÒɯÈÕËɯ*ÖÙÐáÔÌÕÐɯ1Èt). 
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Similarity Percentages analysis (SIMPER) of macrophyte 

assemblages indicated an average dissimilarity of 98.08% 

between invaded and non-invaded sites. O. volubilis contributed 

most to these differences (25.91%), followed by H. scoparia 

(25.27%) (Table 16). 

The brown alga H. scoparium had the largest contribution to the 

similarity between invaded sites (52.21%), followed by O. 

volubilis (43.89%). The average similarity was 25.37%. 

The average similarity in the non -invaded sites was 9.47%. The 

following s pecies accounted for the similarities: turf algae 

(29.30%), H. tuna (23.89%), P. oceanica (23.47%) and maerl 

(19.26%). 

Table 16. Percentage contribution of the taxa/functional group 

contributing the most to the Bray ɬCurtis dissimilarity between non -

invaded  and invaded sandy substrate sites.  

Taxa/functional group  Contribution (%)  

Osmundaria volubilis 25.91 

Halopteris scoparium 25.27 

turf algae 13.99 

Posidonia oceanica 9.93 

maerl 8.28 

Halimeda tuna 7.92 

 

ANOSIM and MDS plot indicated that macroinvertebrate 

assemblages did not differ between invaded and non-invaded 

sandy substrate sites (R=0.008; p = 9.9%) (Figure 19). 
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Figure 19. Non -metric MDS of sandy substrate sites based on 

untransformed macroinvertebrates abundance data per assessment 

unit. Invaded sites are represented by triangles (Zaklopatica Bay, 

/ÙÌŉÉÈɯ-6ɯÈÕËɯ,ÓÑÌÛɯ26ȺɯÈÕËɯÕÖÕ-ÐÕÝÈËÌËɯÉàɯÊÐÙÊÓÌÚɯȹ/ÖÔÌįÛÈÒɯ

and Korizmeni R at). 

4.2.2.2. Rocky substrate sites 

The sites with a rocky substrate were characterized by the 

infralittoral photophilic algae community, coralligenous 

community and patches of P. oceanica. At the invaded sites 

(Crnac and Mrkjenta),  C. cylindracea was present in 28 out of a 

total of 46 assessment units. The turf algae, P. pavonica and C. 

cylindracea were the most common algae at the invaded sites. 

The most common macrophyte taxa at non-invaded sites 

(Bijelac and Goli rat) were P. oceanica and P. pavonica (Table 17). 














































































































































































