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Marine invasive species

What are they?

Alien species  sometimes termed exotic, introduced or
non-native species are plants and animals that have
been intentionally or unintentionally introduced, have
established populations and have spread into the wild in the
new host region (IUCN, 2002). In their home ranges, these
species live in balance with their local native environment,
and populations are controlled by ecosystem interactions
such as predation, parasitism and disease. However, once
they arrive in a new environment, they may become
established and invasive.

Following the IUCN definition, also adopted by the
Convention on Biological Diversity, invasive alien species
(IAS, often abbreviated to invasive species ) are those alien
species which become established in natural or semi-natural
ecosystems or habitats and become an agent of change,
increasing in abundance and distribution and threatening
native biological diversity (IUCN, revised 2012). IAS are
introduced outside their natural range by human action,
either direct or indirect, and can cause harm to biodiversity
or ecosystem services by competing with and on some
occasions replacing native species, and causing complex
changes within the structure and function of the new hosting
ecosystem (Galil, 2007, 2009). Invasive species often owe
their success in colonizing new ecosystems to certain
characteristics that make them more difficult to control and

Codium fragile subsp. fragile. Photo: J.C. Calvin - OCEANA

contain. These characteristics include the capacity to thrive
in different environments and tolerate a wide range of
environmental conditions, high growth and reproduction
rates, a lack of natural predators and an ability to exploit a
variety of food sources.
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Fig. 1. Schematic representation of major barriers limiting the sp!

read of introduced alien species. The barriers are: (A) geographical

barrier(s), (B) Captivity or cultivation (for those species), (C) Survival and reproduction barriers, (D) Local/regional dispersal barriers; and
E) Environmental barrier(s). Arrows A through E indicates the paths followed by different species to reach different states from

introduced alien to invasive spe
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It is difficult to predict when an alien species will become
invasive, as it does not always happen. Generally, the
invasion process consists of several major stages, from the
transport of a species into new habitats to its establishment
and eventual spread (Fig. 1). Each of these stages is limited
by a set of barriers that will determine whether or not the
species will move on to the next stage in the invasion
process and finally become an invasive species (Blackburn
etal., 2011). An alien species must progressively overcome
a series of geographical, survival, reproductive and
dispersal barriers before it can finally expand into a new
environment. During this final stage of invasion, the species
can ultimately also be affected by boom and bust cycles
and pass through periods of sudden population decline or
growth, as observed in several marine alien species in the
early years of invasion.

Because of this, it is generally assumed that the best factor
for distinguishing an invasive species from other aliens is
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Fig. 2. Number of marine alien species per major groups in the
Mediterranean Sea. From Zenetos et al., 2012.

Aplysia dactylomela. Photo: E. Azzurro

that its invasiveness has been proven elsewhere in the world
(Boudouresque and Verlaque, 2002). In this guide, we will
use the term invasive species in accordance with the
previous description to include all alien species with
proven invasive potential, meaning that they are able to
establish viable populations, can expand into previously
uncolonized areas in the Mediterranean Sea and are
capable of damaging the environment, the economy, or
human health.

Marine invasive species are regarded as one of the main
causes of biodiversity loss in the Mediterranean (Galil, 2007;
Colletal., 2010), potentially modifying all aspects of marine
and other aquatic ecosystems. They represent a growing
problem due to the unprecedented rate of their introduction
(Zenetos et al., 2010) and the unexpected and harmful
impacts that they have on the environment, economy and
human health (Galil, 2008). This is a general phenomenon
that extends to all regions of the Mediterranean (Galil, 2007,
2009; Zenetos et al., 2010). That is why invasive species are
considered focal species and should be monitored in all
regions (Pomeroy et al., 2004).

More than 5% of the marine species in the Mediterranean
are now considered non-native species (Zenetos et al.,
2012; Fig. 2). According to the latest regional reviews,
13.5% of those species are classed as being invasive in
nature, with macrophytes (macroalgae and seagrasses) the
dominant group in the western Mediterranean and Adriatic
Sea, and polychaetes, crustaceans, molluscs and fishes in
the eastern and central Mediterranean (Galil, 2009; Zenetos
et al., 2010; Zenetos et al., 2012). The vast majority of alien
species occur in the eastern Mediterranean; some are
located exclusively in the south-eastern basin, others are
restricted to the western basin, while others have colonized
the entire Mediterranean.

Monitoring Marine Invasive Species in Mediterranean MPAs: A strategy and practical guide for managers 09



Invasive species and marine protected
areas

Marine Protected Areas (MPAs) in the Mediterranean have
not escaped this general trend and most of them have long
been affected by introduced invasive alien species that
threaten marine biodiversity (Fig. 3). However, very little is
known about the origins and mechanisms of introduction of
the various species, or about their densities, distributions,
temporal patterns or ecological significance for
Mediterranean biodiversity (Abdulla et al., 2008). Many
MPAs in the Mediterranean are located in proximity to major
ports, have aquaculture farms in them or nearby, or are
frequently used by small recreational or fishing boats as well
as tourists. A large number of introduced species in a given
MPA could be an indicator of high propagule pressure,
probably due to the development of human activities that
facilitate certain pathways of introduction (such as
recreational navigation, aquaculture or the aquarium trade).

As aresult, MPAs across the MedPAN Network face common
challenges, among them the lack of awareness and
understanding of the impacts of invasive species, the scarcity
of information on best management practices and a lack of
baseline information, guidelines and trained local staff to
identify and gather more information on the introduction,
spread and impact of alien species. Furthermore, most MPA
personnel feel that the problem is too large and nothing can
be done with the limited funds available, if any, to develop
actions. At a regional level, the problem species differ from
one MPA to another and there is still weak networking,
coordination and collaboration on this issue.

Marine invasions in general have been under-studied and
most countries have little IAS information available and
limited or no formal programmes to collect information in
MPAs (see Annexes 1 and 2). Furthermore, information is in
many cases generated by research projects with short-term
funding and sometimes restricted access. MPA
management teams lack or have limited capacity and
expertise to identify most non-native marine species and
do not know how to combat a specific invasion when one
occurs. Thus, alien species might be overlooked or pass
unnoticed until they have become well established in the
local ecosystem, by which time eradication is difficult, costly
or impossible.

The objective of this guide is to cover part of these needs
and aid Mediterranean MPAs in developing an effective IAS
programme. To facilitate this, a draft Marine Invasive Alien
Species Strategy for the MedPAN Network was prepared a
priori and discussed in several regional workshops with
MPA managers and experts (MedPAN Draft IAS Strategy,
2012). The overall aim of the strategy is to establish a
common framework for MedPAN members to take action
on marine invasive species. The present guide takes
forward some of the described actions, addressing the key
goals and main recommendations of the strategy, with a
view to the prevention and early detection of new IAS
entering the MPA environment. Furthermore, it contains
information on the introduction pathways and impacts of
major marine species that have invaded the Mediterranean
Sea, on how to monitor and identify them and on what can
be done to prevent their establishment and spread in MPAs.
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Fig. 3. Invasive species in Mediterranean MPAs. Data collected from published and unpublished sources.
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The effects of invasive species

The introduction of invasive alien species is a major threat
to ecosystem biodiversity, structure and function. They may
displace native species, reduce community biodiversity,
change species composition and abundance across
habitats, modify habitat structure and produce cascading
effects or trophic web shifts that could result in major
negative impacts on the ecosystem (EEA, Technical report
No 16/2012). Nevertheless, their effects on the biodiversity
and habitats of the Mediterranean cannot be generalized,
as alien species can cause very diverse effects at different
locations or different times, sometimes with a strong
invasive component and sometimes not.

Marine invasions can also have economic and human
health implications. In Europe, the economic impacts of
non-native terrestrial and aquatic species have been
estimated to be at least EUR 12.5 billion per year, and
probably amount to over EUR 20 billion (Kettunen et al.,
2009). Of that, the negative impact of aquatic invasive
species alone has been estimated to cost the region at least
EUR 2.2 billion per year. Nonetheless, there is limited
comprehensive evidence for most economic impacts of
invasive marine species. Examples of any potential benefits
provided by some of these invasive species or benefits
associated with the prevention and control programmes are
even scarcer. Scientific research has only just started to
glimpse the extent of some of these impacts in the
Mediterranean and, for most of these introductions, the
effects are completely unknown.

Non-native macroalgae (seaweeds) are particularly likely to
become invasive in coastal environments; they can easily
monopolize the available space, reduce biodiversity and
change the whole ecosystem structure. Currently, the
Mediterranean has the largest number of introduced marine
plants in the world. More than 60 macroalgae have already
been introduced and 8 or 9 of them have been proved to
cause serious invasions (Piazzi and Balatta, 2009;
Boudouresque and Verlaque, 2003). For most of them,
however, and with the exception of the well-known Caulerpa
racemosa var. cylindracea, their invasive nature does not
seem to be a general phenomenon everywhere and it is
possible that they may not become invasive in every area
they colonize. This may be due to a variety of factors, such
as the presence of a predator species or less-than-ideal
habitat conditions.

Some common features of these macroalgae, such as their
vegetative reproductive capacity (a single propagule can
start a new colony), their production of toxic metabolites
that deter grazers or their perennial status, make them more
competitive than the native macroalgae species, increasing
the probability that they will become invasive if they

succeed in the new environment. Several of these species
periodically become a major problem, clogging waterways,
fouling nets, and changing nutrient regimes in areas around
fisheries, desalination facilities and aquaculture systems. In
MPAs, the spread of invasive macroalgae such as Caulerpa
sp., Lophocladia lallemandii or Womersleyella setacea
Fig.4 & 5) might also reduce the attractiveness of the marine
landscape for scuba divers and cause a decline in marine
community diversity. Threatened or endangered species in
those areas could also be at risk because of predation,
parasitism and competition with these alien invaders.

Caulerpa racemosa var. cylindracea, an invasive alga
endemic to south-western Australia, has spread rapidly
throughout the Mediterranean, from Cyprus and Turkey to
Spain and all around the larger islands  including in MPAs
(Fig. 4). It can form a dense canopy that overgrows native
algae and significantly decreases their diversity and cover.
It increases siltation, reduces shoot density and biomass of
some native seagrass meadows and prompts significant
changes in the benthic macrofauna.

For instance, in Port-Cros National Park and Scandola
Regional Park, the invasion by Caulerpa racemosa and
Womersleyella setacea has been observed to affect the
survival rate and growth of juvenile colonies of the
gorgonian Paramuricea clavata (Cebrian et al., 2012) and the
reproductive capacity of sponge communities (de Caralt
and Cebrian, 2013). Alien filamentous, turf-forming algae
such as Acrothamnion preissii and Womersleyella setacea
may establish an almost monospecific stratum suffocating
the underlying communities and reducing species number
and diversity in the affected area by trapping sediments.

Asparagopsis armata. Photo: B. Weitzmann.
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Fig. 4. (a) Presence of Caulerpa racemosa var. cylindracea and Caulerpa taxifolia in Mediterranean MPAs. Data collected
from published and unpublished sources; (b) Caulerpa racemosa observations in the Mediterranean Sea. From Klein

and Verlaque, 2008.
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Fig. 5.

Presence of other invasive algae in Mediterranean MPAs. Data collected from published
and unpublished sources.

uﬁn COLLECTION 12




&\ spondylus spinosus

il Bursatella leachi
GG Brachidontes pharaonis

il B pinctada radiata

L Chama pacifica

i

Crassostrea gigas

@ & Ruditapes philippinarum 4 S, APlysia dactylomela

Crepidula fornicata L

r Musculista senhousia Xenostrobus securis
14 L) L 0

Levantine Sea o

55k

.l ¥
L . " \ =
'! 15 .--
E— 4 f 1D| =i
-
=7 r r >
_...:". =) Introduction from the Atlantic e fl‘
- » Introduction from the Red Sea
= Maritime traffic
” Aquaculture

Spain 10-Pon Cesare Taraal
1-Algusenoby 98 FAR Espordd Lo e Agce Bravenia V- Zaiyniton :::mrmm@ 22 Bhigmona Tunisia
i- Arects larreey de Pourdcrn Bl Peisgs -l kb et frten 3 Vaen Diar Hadonmn - Ln Gallle siehesiegs

Arjuetss de L T. Mawsars i iungan 1% Datoa-Baziarun 0 Fosh Handors = Akhgly 2+ Yo Evish IHe ductpel de Kerepnnai
3 Bania on Paled B Hacebe dela bbelor Crasa 18- Has-Hahiea - - Yo Gadot
&-Defty Bel Ees & Tayniars L i - Stvgea
Logend M

* lpmetpies aparen. B - ity rwdie A snits #  fperetyien spnmurn For i ot 1:20.000.000 A

Bl fnaate, s, R T ®  Crapsies hemicais
5 opiane, i pharsenis, Chane panfie B e #  Femmebe s
- Canire for
B i, £ i # Prtats rasliai B dpiysie dunpinaale klﬂ' Mediterranean Cooperation

Fig. 6. Potential introduction pattern of alien molluscs and presence in MPAs.

More than 200 alien marine molluscs have been recorded
off the Mediterranean coast. Most of them are of Indo-West
Pacific origin and are believed to have entered the
Mediterranean through the Suez Canal (Zenetos et al.,
2012). They display a distinct migration pattern beginning
along the Mediterranean coast of Israel, moving north to the
south coast of Turkey and Cyprus before entering the
Aegean Sea and pushing westwards towards Malta, Italy
and elsewhere (Fig. 6).

Aided by factors such as transport on or in ships (in hull
fouling and ballast waters) and introduction through
aquaculture activities, mollusc invasions are common in
many Mediterranean coastal marine ecosystems, especially
bays and estuaries. The Asian date mussel Arcuatula
(Musculista) senhousia, for example, is an ecologically
important global invader that has invaded estuaries in the
Mediterranean. These mussels can form dense aggregations
of up to 170,000 mussels per m? on mud ats, altering the
habitat, reducing the diversity of large invertebrates,
inhibiting the growth of seagrasses, and decreasing the
abundance of suspension-feeding bivalves (Munari, 2008).

Some coastal lagoons have also suffered significant
alterations to their native communities, particularly through
the effects of bivalves introduced through aquaculture, such
as the American oyster Crassostrea gigas or the Japanese

carpet shell Ruditapes philippinarum. The spectacular
invasion of these exotic species in some lagoon environments
such as the Thau lagoon (south-western France) has altered
the ecosystem to such a degree that these species have
become an important part of the biomass and diversity of the
lagoon flora and fauna (Boudouresque et al., 2011).

Similarly, invasive alien crustaceans can have severe
negative impacts on native ecosystems. They may
completely change native communities through alteration
of trophic interactions, interference competition, disease
transmission or habitat modi cation (Snyder and Evans,
2006). For example, Percnon gibbesi, probably the most
invasive decapod species found in the Mediterranean to
date, has spread rapidly in the region and reached a number
of MPAs (Fig. 7), forming thriving populations in a very short
space of time. Its feeding habits (it consumes primarily algae
but also other crabs, polychaetes, gastropods, crustaceans
and jellyfish) may affect the structure of benthic
communities, particularly algal assemblages, and it may
compete with native species for food and shelter
(Katsanevakis et al., 2011). In addition, eight species of alien
penaeid prawns have been recorded in the Mediterranean
(Galil, 2007). Their introduction into the Mediterranean
through the Suez Canal has created a lucrative parallel
industry for Levantine sheries, in particular for species like
the Kuruma prawn Marsupenaeus japonicus or the speckled
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shrimp Metapenaeus monoceros. On the other hand, their
spread has almost completely eliminated populations of the
native penaeid prawn Melicertus kerathurus in those areas.

Other non-native species such as ascidians, corals, jellyfish
or fishes are also expanding their distributional ranges from
other seas across the Mediterranean. Occasional sudden
blooms, like those of the comb jelly Mnemiopsis leidyi or the
nomadic jellyfish Rhopilema nomadica, have adversely
affected beach tourism in some areas, blocked water intake
pipes in ports and other coastal developments, and clogged
fishing nets thereby reducing catches.

Current numbers of alien fish species established in MPAs
are unknown (Fig. 8 a, b) as much of the information gathered
relates to coastal areas but not specifically to MPAs. Most
introductions into the Mediterranean have entered through
the Suez Canal, spreading through the Levantine basin and
causing profound changes in coastal communities. Invasive
fish species have produced significant ecological and
socio-economic impacts in the invaded environments,
causing large changes in the native communities of fish and
other species. The case of Kas-Kekova MPA off Turkey s
south-western Lycian coast is a clear example of these
impacts. Here two invasive herbivorous fish species from the
Red Sea (Siganus luridus and S. rivulatus) are responsible for
creating and maintaining underwater barren grounds
composed solely of bare rock and patches of crustose
coralline algae. The grazing pressure by both fish populations
has severely reduced the composition and biomass of algal

assemblages, particularly erect and canopy-forming algae,
shifting the original habitat to one dominated only by
low-lying and turf-forming algae (Sala et al., 2011).

Percnon gibbesi. Photo: C. Sufkrez - OCEANA
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Fig. 7. (a) Presence of the decapod Percnon gibbesi in Mediterranean MPAs. Data collected from published and unpublished sources;
(b) Percnon gibbesi observations in the Mediterranean Sea. From Katsanevakis et al., 2011.
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Fig. 8 a, b. Presence of invasive alien fish species in Mediterranean MPAs. Data collected from published and unpublished sources.
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Climate change and invasive
species interactions

Climate change will have significant impacts on coastal
zones, as it will drive the predicted rise in sea levels and sea
and air temperatures and will also change other hydrological
characteristics of the Mediterranean coasts where many
MPAs are located. According to different scenarios on
greenhouse gas emissions, and taking into account the
uncertainties of scientific projections to date, coastal sea
temperatures are expected to increase by at least 1 2.5°C
by the end of the 215t century over the whole basin (Di Carlo
and Otero, 2012). The warmer and drier conditions that have
already started to occur in some areas are expected to
continue in the near future.

Temperature anomalies will also affect the Mediterranean s
oceanographic features, leading to nutrient enrichment of its
waters, plankton blooms and consequently changes to food
webs and biological diversity. Climate change is likely to
affect the structure of marine communities and provide
further opportunities for alien species to spread and
out-compete native species. In general, many native and
alien species are shifting their areas of distribution towards
higher latitudes (CIESM, 2008). As the majority of alien
species in the Mediterranean are thermophilic (warmth-
requiring species) that originated in tropical seas of the
Indo-Pacific, warming sea temperatures will favour the

TEMPERATURE C*

introduction of more Red Sea species into the south-eastern
Mediterranean and their rapid spread northwards and
westwards. Similarly, it will also assist the spread of species
of tropical Atlantic origin into the western basin (Fig. 9).

Consequently, invasive populations of alien thermophilic
species are likely to develop adaptations that could lead to
their exponential growth and further spread in the near
future.
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Fistularia commersonii. Photo: G. Pergent

Range shifts among marine flora and
fauna

There is good evidence that the species composition of the
western Mediterranean fish fauna has changed over the last
decade: some species introduced from the Red Sea that are
well established within the eastern Mediterranean basin have
started to spread into the western basin. At the same time,
some Atlantic species have passed through the Gibraltar
Strait and into the western basin.

Fish introduced through the Suez Canal

Since the opening of the Suez Canal in 1869, more than 80
Lessepsian fish species (species that have spread through
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the canal) have been recorded in the Mediterranean. Along
the French coast in the north-western Mediterranean, the
farthest point from the Suez Canal, only two Lessepsian
species (Fistularia commersonii and Siganus luridus) have
so far been recorded. These two species display different
patterns of colonization (Table 1).

Siganus luridus is a species usually found in the western
Indian Ocean and Red Sea. It was first recorded in the
Mediterranean in 1956 and progressively continued its
geographical expansion through the eastern basin. It
reached north-eastern Tunisia around 1970, but crossed
the Strait of Sicily only in 2004; it reached the French
coast in 2008 (Daniel et al., 2009).



In contrast, Fistularia commersonii, widely distributed in the the eastern Mediterranean basin. It reached the Strait of
Indo-Pacific and eastern-central Pacific, was first recorded Sicily in 2003 2004 and the French coast in 2007 and has
in the Mediterranean in January 2000 along the coast of now been recorded from the whole Mediterranean (Bodilis
Israel. Since then, the species has quickly spread throughout etal., 2011) (Fig. 9; Table 1).

TABLE 1. Patterns of spread of Atlantic and Lessepsian fish species in the Mediterranean. Data from Pastor & Francour (2010; Parablennius
pilicornis), Bodilis et al. (2012b; Pomadasys incisus), Francour et al. (2010; Lampris guttatus), Francour & Mouine (2008; Kyphosus sectatrix),
Bodilis et al. (2012a; Pisodonophys semicinctus), Daniel et al. (2009; Siganus luridus), and Bodilis et al. (2001; Fistularia commersonii).

Atlantic species

Parablennius pilicornis Continuous ca. 1960 1986 ca. 1970 1982 2003 2006 ?
Pomadasys incisus Continuous before 1840 ca. 1900 1893 ? 1991 2006-2011  50-70% since 2006
Lampris guttatus Continuous before 1800 ? 2008 1979 1807 1826 60% since 2008
Kyphosus sectatrix Patchy before 1840 1996 2003 1883 1903 2006 70% since 2006
Pisodonophis semicinctus Patchy ca. 1950 ? 1991 1997 1996 1980 60% since 1997
Lessepsian species

Siganus luridus Patchy 1956 no 1970 2003 no 2008 ?
Fistularia commersonii Patchy 2000 2007 2003 2002 2004 2007 ?

15,13
16,17,19,30,31,34 [ 4
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Fig. 10. Location map of the records of Fistularia commersonii along the French coast. Numbers (inset map) denote records described
in Table 2. Years indicate the spreading of the species within the Mediterranean Sea (modified from Bodilis et al., 2011). The black
portion denotes the areas where the species is frequently observed (DAISIE, 2008). Circle sizes correspond to the number of individuals
caught (small, from 1 to 5 individuals; medium, 12 15 individuals; large, more than 100 individuals). Source: P. Francour, P. Bodilis

Monitoring Marine Invasive Species in Mediterranean MPAs: A strategy and practical guide for managers 19



Atlantic fish species

Atlantic fish species have shown two patterns of spread
(Table 1): a) continuous dispersal throughout the whole
western basin (for example the opah Lampris guttatus,
the ringneck blenny Parablennius pilicornis and the
bastard grunt Pomadasys incisus), and b) patchy
dispersal, as in the case of the Bermuda sea chub
Kyphosus sectatrix and the snake eel Pisodonophis
semicinctus. All of these fish species have reached the
Adriatic Sea (at least the southern part) or the eastern
basin. Two species, P. pilicornis and P. incisus, have
displayed a stable distribution in the western basin since
they first arrived in the Mediterranean and established
permanent populations. These two species spread both
clockwise and anticlockwise along the western
Mediterranean coasts, eventually meeting on the
south-east coast of France (Fig. 10; Parablennius
pilicornis, dates in black). The number of individuals of all
Atlantic species has increased during the last decade,
whether their spread has been continuous or patchy, and
these species are now relatively frequent where they were
rare before. Their increasing numbers are having an
impact on native populations and may lead to a reduction
in the abundance of endemic species.

A review of the spread and/or establishment of these
species suggests that their successful invasion may have
occurred along three main pathways:

(1) a recent spread through the Strait of Sicily from the
eastern to the western basin after 2004/2005;

(2) aconstant spread into the western basin through the
Gibraltar Strait since their first reported entry into the
Mediterranean, involving the establishment of
Mediterranean populations;

(3) a sequential spread into the western basin through
the Gibraltar Strait, with alternating spreading phases
spaced several decades apart. These pathways are
considered natural, i.e. they are not human induced.

The changes in the main current circulation in the
Mediterranean during the last few decades coupled with the
present warming of the western basin may well explain the
recent spread of Red Sea species towards the western
basin. The reversal of the North lonian Gyre in 1997 from
anticyclone to cyclone, driven by the Bimodal Oscillating
System mechanism, had a major impact on exchanges
between the eastern basin and the lonian Sea (Civitarese et
al., 2010). Moreover, recent studies (including Soto-Navarro
et al., 2012) have detected a rising salinity trend in Atlantic
waters in the period 2003 2007, implying a higher salinity
input into the Mediterranean. The sharp rise in the
abundance of several Atlantic species in the western basin
since 2006 maybe related to this trend. However, the
geographical distribution of these species is sometimes
highly complex because the natural pathways may be
disturbed by human transportation.

Parablennius pilicornis

Fig. 11. Map of the western Mediterranean with the dates of first observations of Parablennius pilicornis (in black; triangles mark the
meeting point along the south-eastern French coast) and its potential pathway of expansion (arrows) (modified from Pastor & Francour,
2010). Kyphosus sectatrix (in red), another Atlantic species, shows a patchy distribution and two phases of spreading,
at the beginning and at the end of the 20th century (modified from Francour & Mouine, 2009).

Parablennius pilicornis. Photo: M. Otero - Kyphosus sectatrix. Photo: K. Bryant
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Origin and dispersal of marine

Invasives

The most important factor that may have contributed to
the disparity in the richness and identity of recorded alien
species in different parts of the Mediterranean basin is
human-associated transport mechanisms. Vectors and
pathways, the magnitude of transfer and the geographic
sources of the species clearly differ from one region to
another, affecting both the species pool and the number
of propagules delivered. This variation is perhaps most
pronounced between the eastern and the western basins
of the Mediterranean. The majority of alien species
recorded in the Levant entered through the Suez Canal,
whereas mariculture and shipping have been more
important means of alien species introduction in the
north-western Mediterranean and the Adriatic Sea.

Suez Canal

The Suez Canal has supplied the largest number of
successfully established aliens in the Mediterranean Sea
in terms of magnitude, frequency and duration of transfer.
For decades, the ongoing migration of marine species
through the Suez Canal has helped to explain the richness
of Red Sea alien species in the eastern Mediterranean
Sea, particularly in the Levant area (from Libya and Egypt
in the south to Israel, Lebanon and Syria in the east).

Since its opening in 1869, the canal has undergone several
major enlargements over the years. Its most recent
expansion, completed in January 2010, increased its
depth to allow the passage of vessels with drafts of up to
66 ft. The canal s typical cross-sectional area, which was
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The Suez Canal Authority is currently evaluating a new
proposal for increasing the canal s depth or doubling
its width to attract loaded very-large crude carriers
(VLCCs) and ultra-large crude carriers (ULCCs)
(www.suezcanal.gov.eg). A deeper, wider canal will
enlarge the saltwater passage to the Mediterranean and
consequently enable the migration of more Red Sea
species. With the continuous removal of high salinity
barriers and the canal s expansion over the years, the influx
of these aliens has not abated; quite the opposite, since
they have recently been recorded spreading to even
deeper waters in the Mediterranean, increasing the spatial
extent of invasion not only to coastal ecosystems but also
to adjacent environments.

Shipping

Ships can transport alien species in ballast water, as hull
fouling or as solid ballast (i.e. with sand, rocks, soil, etc.).
Hull fouling on ships was recognized as a vector for alien
introductions when non-native serpulid polychaetes were
found for the first time in the Mediterranean. It is likely that
some, perhaps many, other early introductions have been
overlooked.

Shipping has been implicated in the dispersal of numerous
neritic organisms, from micro-organisms and macrophytes
to fish. Ballast is usually taken into dedicated ballast tanks

Maritime transportation routes
in the Mediterranean
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Fig. 12. Map of maritime transportation routes in the Mediterranean. Sources: REMPEC; Beilstein, M., Bournay, E., Environment and
Security in the Mediterranean: Desertification, ENVSEC, 2009. By R. Pravettoni - GRID-Arendal
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or into empty cargo holds when offloading cargo, and is
discharged when loading cargo or bunkering (fuelling).
Ballast water therefore consists mostly of port or near-port
waters that can contain many viable alien organisms even
after long voyages. After these organisms are flushed into
a new port environment, some of them may begin to
crowd out native species and disrupt local ecosystems.

Shipping is also an important vector for secondary
introductions the dispersal of an alien beyond its
primary location of introduction. The widely invasive algae
Caulerpa taxifolia and Caulerpa racemosa var. cylindracea
were spread across the Mediterranean by ships, fishing
boats and recreational craft. Several Red Sea aliens such
as the mussel Brachidontes pharaonis have also spread
as far west as Sicily in ship fouling. Additionally, shipping
trade routes have ensured that the Mediterranean exports
biota as well as importing it: the Indo-West Pacific portunid
crab Charybdis hellerii, which has been present in the
eastern Mediterranean since the 1920s, has been
transported in ballast tanks to Latin America, and other
species such as the veined rapa whelk, Rapana venosa,
native to the Sea of Japan, have spread to the Aegean and
Adriatic Seas, possibly by larval transport in ballast waters
from the Black Sea.

Mariculture

The increasing market-driven demands for exotic fish and
shellfish and the decline in wild fisheries have created a surge
of marine aquaculture (mariculture) along the shores of the
Mediterranean in the last 30 years. Production of shellfish has
increased exponentially, and two commercially important
shellfish, the American oyster Crassostrea gigas and the
Manila clam Ruditapes philippinarum, were intentionally
introduced into the Mediterranean for this purpose in the
1960s and 1970s, respectively.

Unrestricted transport of commercially important alien
oysters has also resulted in numerous unintentional
introductions of pathogens, parasites and pest species.
Oyster farms have served as gateways into Mediterranean
coastal waters for other associated species as well as
several non-native algae. At Thau lagoon, for example, the
spread of the brown alga Sargassum muticum has locally
displaced the native alga Cystoseira barbata by blocking
light penetration and thus inhibiting the growth and
recruitment of the native species. Similarly, the slipper
limpet Crepidula fornicata, native to the Atlantic coast of
North America, also arrived with culture animals in the
mussel beds near Toulon (France) in 1957. Parasitic
copepods, such as Mpytilicola orientalis and Myicola
ostreae, and the toxic dinoflagellate Alexandrium catanella
are examples of associated alien species introduced into
some areas that may render commercial molluscs and
other species unfit for human consumption.

Other pathways by which aliens enter
MPAs

There are also multiple other vectors or pathways that can
bring invasive species into MPAs. Increasing maritime traffic,
visits by recreational boats and aquaculture farms in or near
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protected areas are leading to an increase of marine
introductions into many MPAs, with severe ecological
impacts on biodiversity in some cases.

Less obvious, although considered the third most important
source for the introduction of alien aquatic species, are
aquarium and ornamental escapees (IUCN, Lowe et al.,
2000). The dumping of unwanted organisms, escapes from
tanks and breeding farms, the drainage of water containing
organisms from tanks and public aquariums and the direct
release of unwanted pets are activities that can bring alien
species into the marine environment. A good example of an
aquarium species turned invasive is the killer alga Caulerpa
taxifolia, an alga that now continues to spread through the
Mediterranean.

Ports and small marinas act not only as gateways for alien
species but also as reservoirs. They can produce a constant
spillover of new invaders into surrounding areas, where MPAs
may be located, and thereby contribute to their successful
establishment.

The growth of marinas in many Mediterranean coastal areas
in recent years could be providing a platform for the spread
of invasives as these sites are closely associated with the
movements of vessels (fishing or recreational boats or
commercial ships) carrying alien species as hull fouling.
Although antifouling paints help to control fouling, hulls are
still an important means of transport for invasive species.

Likewise, small fishing and recreational boats clearly have a
high potential for spreading marine organisms. On arrival,
transported alien species may release gametes that
successfully colonize new areas or they may be discharged
from boats and their fragments may re-grow, establishing
new populations. Fishing gear, bait products, propellers and
anchors, recreational equipment such as scuba-diving gear,
and other types of commercial fishing tools have also been
implicated in the transport of non-native fauna and flora.

Izola port, Slovenia. Photo: M. Otero



Management strategy and
actions against invasive species

The relationship with all the different activities performed
within or in close proximity to MPAs which may act as
dispersal vectors for potentially damaging species is the key
to the management of present and future introductions of
alien species in protected areas. Regulations, monitoring
and awareness raising among fishing and recreational boat
owners may help greatly to reduce the establishment of new
species. Awareness is particularly important not only within
MPAs but also in their surrounding areas to reduce
continuous spillover effects from adjacent areas. Educational
displays addressing aquarium retailers and hobbyists can
also help to prevent escapes from aquariums.

Preventing the establishment of new invasive species
should be treated as the top priority. Experience has
demonstrated that, once a species is established, prompt
control measures may still be effective although they are
time consuming and require considerable effort.

The National Park of Port Cross has explored a variety of
methods to control the spread of the killer alga Caulerpa
taxifolia, and now follows a well-structured planning and
management protocol to control and eradicate it in different
areas of the park (Cottalorda et al., 2010). As the alga can be
spread by vessel anchors, diving equipment and fishing nets,
management regulations aimed at restricting the further
propagation of Caulerpa include a ban on anchoring by
recreational vessels and on fishing in high-risk areas, the
restricted use of buoys for mooring and diving, and
awareness-raising activities.

Management also involves a good monitoring programme
with volunteer divers and technicians that every year mark out
the newly colonized zones so that more experienced workers
can then work to eradicate the new colonies through manual
harvesting and the use of opaque plastic sheeting to restrict
the plants photosynthesis. These measures have made it
possible to significantly slow down the expansion of Caulerpa
taxifolia within the National Park boundaries.

Eradicating Caulerpa taxifolia in Port Cros MPA (France).
Photo: A. Rosenfeld - Port Cros National Park

The methods for addressing invasive alien species in
MPAs need to be site specific and appropriate to the
particular conditions of each site and to the species
concerned. Eradication of some species may be possible
when an introduced species is identified at an early stage
of colonization and still has a limited spatial distribution.

Monitoring. Photo: S. Ruitton - Port Cros National Park
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The guiding principles on invasive species adopted by the
Convention on Biological Diversity (2002) and the
Guidelines for Protected Areas (Tu, 2009) reflect these
findings: prevention should be the priority, followed by
early detection, rapid response and possible eradication
when prevention fails. Following these recommendations,
the Draft Marine Invasive Alien Species Strategy for the
MedPAN Network provides a framework for common and
individual management actions for MPAs (MedPAN Draft
IAS Strategy, 2012).

Each MPA management plan should have an IAS strategy
integrated into the overall plan. The plan should cover all
stages, from developing and implementing specific
management plans for high-priority invasive species in
vulnerable sites, to identifying opportunities to help
prevent new invasions and the spread of established
invaders (Fig. 13). Moreover, it should also focus on
increasing awareness among the general public and
specific groups, building collaboration programmes to
address solutions with research and stakeholder groups,
and monitoring invasive species impacts in order to

The bryozoan Tricellaria inopinata. Photo: G. Breton Port Vivant
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prioritize management actions (see MedPAN Draft IAS
Strategy, 2012)
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Fig. 13. Management strategy against invasive species. From
Simberloff et al., 2013




A priority list of species with the
greatest potential impact

Vigilance and regular monitoring are a critical component
of any effective IAS management programme and such
action can result in lower cost and resource use than
implementing a long-term control programme after an
alien species has become established. To support
monitoring in Mediterranean MPAs, a priority list of the
species with the greatest potential impact (The Black List
for Mediterranean MPAS) has been developed with the
assistance of Mediterranean taxonomic and IAS experts,
following a series of evaluations and ranking exercises.
The purpose of the list is to help identify the most invasive
and damaging species in MPAs that may be easily
identified by non-specialists, so that they can then be
targeted by monitoring and management actions. Some
of the species may be very harmful throughout the region,
while others might be a major problem in just a few
countries or MPAs. Moreover, the Black List may serve as
a basis for the development of invasive species monitoring
at national or MPA level if this information has not
previously been produced. Managers should focus on
identifying IAS that are or may potentially be present in
their protected areas and may become invasive, by using
this list and any other available information from their
region.

Black List of Marine Invasive Species

The present Black List, however, is not static and will need
to be revised every 2 3 years with the assistance of the
Advisory Group and other expert groups from the
Mediterranean region (IUCN Invasive Species Specialist
Group and CIESM exotic-species experts, among others)
in the light of new information on risk assessments and
environmental impacts.

This list therefore presents a wide range of marine invasive
organisms that occur in the Mediterranean Sea. The
species included meet one or more of the following
criteria:

a) they are known to be highly invasive in nature (high
invasive potential). They are high-risk species that are
actually or potentially ecologically harmful and have the
potential to become established over large areas;

b) they can be easily recognized and identified by
technicians and MPA managers;

c) they are known to cause significant economic and
ecological impacts, degrade and transform natural
ecosystems, or negatively affect native species, or they
have, or may have, deleterious effects on human
health.

Algae 15. Brachidontes pharaonis Combjellies/Ctenophores
1. Acrothamnion preissii 16. Bursatella leachii 31. Mnemiopsis leidyi

2. Asparagopsis armata 17. Chama pacifica Fish

3. Asparagopsis taxiformis 18. Crassostrea gigas 32|S AIS F?;S djedaba

4. Caulerpa rac_em_osa var. cylindracea 19. Crepidula fornicata 33. Apogonichthyoides pharaonis

5. Caulerpa taxifolia 20. Limnoperna (Xenostrobus) securis 34. Atherinomorus forskalii

6. Codium fragile sp. fragile 21. Pinctada imbricata radiata 35. Fistularia commersonii

T Lophoclagia Iallemandii i 22. Rapanavenosa 36. Lagocephalus sceleratus

8. Stypopodium schimperii 23. Spondylus spinosus 36. Lagocephalus spadicel_Js

9. Womersleyella setacea 36. Lagocephalus suezensis

Angiosperm
10. Halophila stipulacea

Cnidarians
11. Oculina patagonica
12. Rhopilema nomadica

Molluscs
13. Aplysia dactylomela
14. Arcuatula (Musculista) senhousia

24. Venerupis (Ruditapes) philippinarum

Crustaceans

25. Marsupenaeus japonicus
26. Metapenaeus monoceros
27. Metapenaeus stebbingi
28. Percnon gibbesi

Ascidians
29. Herdmania momus
30. Microcosmus squamiger

37.
38.
39.
40.
41.
42.
43.
44,
45,
46.
47.

Nemipterus randalli
Parexocoetus mento
Pempheris vanicolensis
Plotosus lineatus
Sargocentron rubrum
Saurida undosquamis
Siganus luridus
Siganus rivulatus
Stephanolepis diaspros
Upeneus molluccensis
Upeneus pori
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Monitoring programme design

Standard monitoring protocols for marine invasive alien
species in MPAs with examples of work conducted in
protected areas

There is a variety of monitoring methods and programmes
operating in MPAs, but few of them are specifically
designed to monitor alien species and marine invasive
alien species. Monitoring the abundance and distribution
patterns of alien species, particularly those that are
invasive in nature, will help us to detect problems early,
understand the relative risk of invasions by different
species into MPA environments, identify the potential
patterns of invasions and see how to target management
efforts so as to reduce further risks. The spatial and habitat
distribution of a given IAS can further provide useful
information to help identify which areas are most at risk of
being invaded in the future.

A monitoring programme must cover all stages of
assessment, be simple, and record the presence and
status of different species, through a science-based
approach. It can also take advantage of existing
programmes in the MPA in which specialist teams monitor
native species diversity, and it can also use trained
volunteers (such as recreational diving club members)
specially to report sightings in new areas or of new
species.

Underwater visual surveys

To monitor the occurrence and spatial distribution of
invasive species inside an MPA, a series of sampling
stations should be selected beforehand. These stations
should be chosen to be representative of all the habitats,
depth ranges, substrates and wave exposure conditions
found in each individual MPA. The number of sampling
stations will therefore be variable and will depend on the
MPA s size and habitat heterogeneity as well as the
logistical and financial facilities available.

The monitoring, conducted by two scuba divers, should
follow linear transects perpendicular to the shore and it
should be run twice a year in summer and winter to detect
the presence of alien species of seasonal occurrence. If
that is not possible due to logistical or financial
constraints, the monitoring should be run at least once a
year, preferably in summer, and at the same time each
year. Perennial plant species display their greatest growth
over summer making them easier to detect at this time.

On vertical walls and steep slopes, monitoring can be
undertaken in two stages (Fig. 12). The first stage (during
the descent) will serve to identify the main topographic and
bathymetric features and the succession of habitats at
different depths from the surface to the deepest zone
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reached in each transect. In the second stage (during the
ascent), the divers will carefully examine each of the
benthic communities found for approximately ten minutes
to detect the presence or absence of possible invasive
and/or alien species. If an alien species is found, its relative
abundance should be estimated. This may be performed
by using semi-quantitative methods such as the Braun
Blanquet scale.

Braun Blanquet cover-abundance scale

Braun-Blanquet scale Range of cover (%)

5 75-100

4 50-75

3 25-50

2 5-25

1 <5; numerous individuals
+ <5; few individuals

A similar procedure could be followed when an invasive
species is detected. If it is feasible during the same dive, its
abundance should be recorded in each habitat. Taking
photographs of unidentifiable species or potential biological
invaders can be a valuable aid to confirm identification.

On more level substrates, monitoring can be performed
along transects 25 m long and 5 m wide at each station.
Along each transect, the divers should swim in one direction
at constant speed, identifying and recording the presence
of each alien species encountered. To record the spatial
distribution and density of different taxonomic groups, a
variety of standard methodologies can be used. This work
can be conducted during a second visit to the area.

Monitoring species. Photo: L. Tunesi



Fig. 14. Graphical representation of a transect at a sampling station representative of highly exposed rocky bottoms. 1. Exposed
photophilic algae; 2. Cystoseira sp. beds; 3. Shade-loving algal communities dominated by Dictyopteris polypodioides and invertebrates;
4. Coralligenous outcrops invaded by Womersleyella setacea. Bathymetric transect: Jordi Corbera. Photos: E. Ballesteros

TABLE 2. Example of the information that can be obtained from a qualitative estimate of the invasive species present at each sampling
station monitored in Cabrera National Park (Spain) along the years. Source: E. Ballesteros et al.

Sampling
stations
S Lntel) 8.4 m

* Freu imperial 0-50m

¥ Saw Rates 0-3am

A Ba Caitassa 0-45m

L7 O -Sen

W Eatell dLs Coll 300w

L (5]

B Cova Verda 0 -i3m

& Wit Foradal -4y

16 Cava Bava Ddom

11: Sa Matgets 0-3m

12 Cap Libewg O-4km

A% Part 0-37m

14 Caly Sy Maria 0-11m

1% Ha Redora 0-32m

[ ow HH <o [ 060% Bl >e0s of invasives presence Bursatella leachii. Photo: B. Weitzmann
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Monitoring invasive algae

For each different habitat, the coverage of invasive algae
may be quantified by using 25 cm x 25 cm quadrats, each
subdivided into 25 subquadrats of 5 cm x 5 cm (Cebrian
et al., 2000; Fig. 13). In each habitat type, divers position
20 quadrats (covering a total area of 1.25 m?) randomly
over the substrate and record the number of subquadrats
in which the specific invasive alga occurs.

Monitoring sessile invertebrates and
species with scattered distribution

Bathymetric transects performed in different habitats at
each sampling station may firstly identify the depth at
which other invasive species are most abundant. At each
depth, two transects (50 m x 1 m) located randomly
should be monitored by a scuba-diving team. In those
cases where invasive species may be of a considerable
size (e.g. the invasive coral Oculina patagonica), only
colonies or individuals with at least 50% of their surface
area lying within the belt transect should be considered
and counted to avoid bias in the sampling (Nugues and
Roberts, 2003).

Monitoring invasive fishes

At each sampling station, the abundance and size of any
invasive fish should be recorded along transects. An
observer should dive at an approximately constant speed
along three 25 m x 5 m transects at each sampling station
and at a fixed depth (where invasive fishes are most
abundant).

Along each transect the observer will identify the species,
count the number of individuals observed and estimate the
approximate size of all individuals (in 2 cm increments of
total length, TL). Fish biomass (g wet weight m-2) can be
estimated from size data using length-weight relationships
from the available literature and databases (Froese and
Pauly, 2009).

Fig. 15. Semi-quantitative method to calculate percentage of
cover of benthic species. Photo: E. Ballesteros
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DCULING FATAGDRICA

CAULEAPA RACEMOSA

STAHBLE DISTRIBUTION
STABLE ABUNDANCE

INCREAGING DISTRIBUTION
INCAEASING BIDMASS

J iy

IAS ABUNDANCE : COVER

IAS ABUNDANCESS COVER

DCCASIONAL MONITORING NEED TO CONTIMUE MONITORING

Fig. 16. Monitoring can be used to illustrate the extent and the
depth range of invasive colonizers over time. Some species, such
as Caulerpa racemosa var. cylindracea, might start their
colonization at greater depths and move to shallower waters after
a few years, making it more difficult to detect them if surveys are
only conducted in shallow environments.

Stephanolepis diaspros. Photo: A. Can www.alpcan.com



Reporting the discovery of
non-native species: Collecting
specimens, recording information

and reporting

Digital photographs of unknown specimen(s) can be a very
valuable tool for taxonomic experts to identify or verify
species. In some cases, specimens may also be collected
for further taxonomic identification if it seems necessary.
During this process, care should be taken to avoid
spreading the species into other areas.

The simplest method of obtaining algae for identification
involves placing a sample of the algae in a sealable
container with water and immediately storing it at a low
temperature until it can be brought to an expert for
identification. Invertebrates can be stored in a closed box
with alcohol or be frozen and fishes should be placed in
double plastic bags and frozen.

Within the MedPAN Network, an alert system set up to
report new observations on IAS could provide online
information for managers and organizations on the spread
of IAS. Managers and interested institutions could receive
information on the arrival of new species into nearby areas
and direct their efforts towards planning and managing the
invasives while their numbers are 