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Keynote points

e Globally, about 2,000 marine non-indige-
nous species (NIS) have been introduced
to new locations through human-mediated
movements. A few of those have econom-
ic value, but most have had negative eco-
logical, socioeconomic or human health
impacts. With increased trade and climate
change, biological invasions are likely to
increase.

e NIS can pose significant biosecurity and
biodiversity hazards. Large-scale NIS
surveys with broad taxonomic coverage
are lacking, as are studies documenting
the range of potential impacts in recipient
environments.

e Major invasion vectors (i.e., ballast water,
biofouling, aquaculture, trade in live spec-
imens, canals and plastic or other debris)
lack characterization and understanding at

1. Introduction

Invasion by non-indigenous species (NIS) is
a major driver of biodiversity change that can
reduce biodiversity, alter community structure
and function, diminish fisheries and aqua-
culture production and impact human health
and well-being. It is exacerbated by climate
change, including extreme events, and other
human-induced disturbances (Bax and others,
2003; MEA, 2005; Ojaveer and others, 2018).
NIS are those species, including microbes, that
have overcome a natural dispersal barrier to
become established in a new biogeographical
area outside their native range as an intention-
al or unintentional result of human-mediated
activities (Carlton, 1999). Those species can
then spread in the newly invaded area, either
naturally or by means of additional human-me-
diated activities, through a wide range of inva-
sion vectors (i.e., the physical means by which
individuals are moved, including biofouling, ag-
uaculture, trade in live specimens and canals)
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the global, and often regional, levels and,
other than for the management of ballast
water and sediments, there is an absence
of regulation. Given the multi-vector nature
of both the introduction and the spread of
NIS, there is a need for comprehensive and
integrated legal instruments with robust
enforcement to mitigate the movement
of species and holistic monitoring pro-
grammes that can detect them.

e Bettertools are urgently required to assess
the potential risks of NIS under changing
environmental conditions, to identify the
native species and ecosystems most at
risk and to determine the best way to re-
spond (i.e., through early detection and
rapid response). That is especially true for
species with no previously documented
invasion history.

(Carlton and Ruiz, 2005; Richardson and oth-
ers, 2011). Invasion pathways represent a com-
bination of processes and opportunities that
allow individuals to be moved from a source
location to a recipient (non-native) one and in-
clude some elements of invasion vectors (the
term “invasion pathway” has sometimes been
used interchangeably with “invasion vector”)
(Carlton and Ruiz, 2005; Richardson and oth-
ers, 2011). Species that undergo distributional
changes owing to ecosystem regime shifts or
in response to climate change in their native
range are not considered to be NIS, and neither
are cryptogenic species (those whose native
range is unknown) (Carlton, 1996). A subset
of all NIS, often identified as “invasive alien
species”, have significant biological, economic
or human health impacts (Williamson, 1996;
UNEP, 2002). Given that it is often impossible
to predict which NIS will become invasive in
which area and under which circumstances,
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the precautionary approach has been followed
in the present chapter, which therefore covers
all NIS from marine and estuarine systems.

NIS are drivers of change in invaded ecosys-
tems. They are influenced by the ecosystems
that they are invading and the activities and
events that have allowed them to be moved
from their native range. Moreover, there is
increased recognition that NIS are a critical
component of multiple stressors, especially
in coastal marine habitats, and that develop-
ments in the global economy and improved
transportation are contributing to the spread
of NIS (MEA, 2005). Marine ecosystems that
are already stressed or degraded as a result
of other human-caused impacts, such as
overfishing, eutrophication, ocean acidifica-
tion and habitat alteration, have been shown
to be favourable to the establishment of NIS
(Crooks and others, 2011). Thus, changes in
native biodiversity (including in relation to
species included in the appendices to the Con-
vention on International Trade in Endangered
Species of Wild Fauna and Flora),! productivity
(including fisheries), harmful algal blooms and
ecosystem structure and function (chaps.
6, 7, 10 and 15) can all directly affect marine
invasion success, including where NIS are
pathogens. In addition, expected increases in
artificial habitats (chap. 14) that allow fouling
species to become established in otherwise
unsuitable environments may facilitate the
introduction and the spread of NIS, the range
of which is also extended by human-mediat-
ed activities such as marine transport and
shipping, aquaculture- and fishing-related
movements and stocking, habitat restoration,
canals and diversions, marine debris and litter
(especially plastics, which do not degrade rap-
idly and can thus persist as a transport vector)
and research activities (chap. 16) (Ruiz and
others, 1997; Carlton and others, 2017; Galil
and others, 2018; Therriault and others, 2018).

T United Nations, Treaty Series, vol. 993, No. 14537.
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NIS have the potential to affect, directly or indi-
rectly, the biota and ecosystems that support
healthy and productive human communities.
Although NIS unintentionally introduced or es-
caped to the wild after an intentional introduc-
tion have been occasionally exploited (e.g. the
Pacific oyster (Crassostrea gigas), the Red Sea
prawn (Penaeus pulchricaudatus), the Asian
tiger shrimp (P. monodon), the blue swimming
crab (Portunus segnis) and the Manila clam
(Ruditapes philippinarum)), the longer-term im-
pacts tend to be negative, with reduced native
diversity. Impacts also extend to coastal com-
munities, directly or indirectly, by reducing the
overall productivity and resilience of marine
systems that traditionally support sustainable
fisheries or aquaculture (Molnar and others,
2008; Schroder and de Leaniz, 2011).

For an improved understanding of invasions at
the global scale, there is a need for validated,
detailed georeferenced inventories of NIS ac-
cessible in searchable databases that can be
used to better understand the distribution of
such species and the potential mechanisms
by which their range is extended. Currently,
there is limited, incomplete or no understand-
ing of NIS in many locations around the world,
including in relation to the date of their first
arrival (or detection) and the likely introduction
vectors. Although progress has been made in
terms of biodiversity assessments (Costello
and others, 2010; Narayanaswamy and others,
2013), especially with advances in molecular
techniques (Darling and others, 2017), critical
gaps remain with respect to NIS. Specifically,
not only does the taxonomy need to be fully
resolved for each species, especially where
NIS and sibling native species overlap, but an
understanding of the native range of such spe-
cies is also required. Similarly, there is a need
for an improved geospatial and temporal un-
derstanding of invasion vectors and pathways.
Although some regional studies have been
conducted in relation to ballast water, there is



in general limited information on the NIS trans-
ported by many invasion vectors. In addition,
there is an incomplete understanding of, inter
alia, the characteristics, routes, frequency
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and intensity of important invasion pathways.
Collectively, such information is essential to
inform NIS policy and management.

2.  Documented baseline and changes in non-indigenous

species

Since the first World Ocean Assessment (Unit-
ed Nations, 2017) did not contain a formal
assessment of the status of NIS and related
trends, it is not possible to evaluate changes
since its publication. However, there are mul-
tiple lines of evidence confirming that NIS
continue to spread globally, with new introduc-
tions reported in new locations, as a result of
a general lack of management and control.
Although the International Convention for the
Control and Management of Ships’ Ballast
Water and Sediments, 2004,2 came into force
in September 2017 (International Maritime
Organization (IM0), 2019), the degree to which
it has been implemented globally and its effec-
tiveness in reducing marine invasions at the
regional level are not clear. However, the cur-
rent experience-building phase may provide
important information for future assessments.
Similarly, some States have implemented the
International Council for the Exploration of
the Sea (ICES) Code of Practice on the Intro-
ductions and Transfers of Marine Organisms
(ICES, 2005) to reduce the threat posed by NIS
when intentionally introduced to new areas for
cultivation, but invasions have still occurred.
Recognizing the growing importance of hull
fouling as a vector, ICES has recommended
four actions to evaluate and mitigate biofoul-
ing introductions (ICES, 2019). However, there
are still many invasion vectors that are not
globally regulated at present (see below).

Globally, the information available on NIS
is quite variable spatially, temporally and

taxonomically. NIS are not routinely surveyed
or monitored in many locations. There are
also strong biases in the breadth and depth
of taxonomic coverage and expertise, with
significantly better information available on
larger, more conspicuous species (i.e., fishes
and large crustaceans) than on smaller, less
conspicuous ones (i.e., worms and other small
invertebrates).

It is important to note that the consequences
of marine invasions can take a considerable
time to manifest and are notoriously difficult
to quantify. There are often time lags between
when an NIS is introduced to a new location
and when the species is detected or impacts
are noted. Furthermore, important pre-invasion
baseline data are often not available. Thus, it
is difficult to attribute observed ecosystem
changes to NIS specifically, especially when
so many other external stressors are affect-
ing marine ecosystems. However, if global or
regional baseline inventories are established,
as suggested by Tsiamis and others (2019) for
European Union countries, it will be possible
to gain a better understanding of both the
changes in NIS over space and time and their
impacts on ecosystems and human well-be-
ing, recognizing that critical validation of those
inventories will be required to ensure that they
are fit for purpose. The first comprehensive
region-specific analysis of baseline status and
trends for multiple taxonomic groups is provid-
ed below (see sect. 4).

2 International Maritime Organization, document BWM/CONF/36, annex.
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3. Consequences for human communities, economies

and well-being

Not only do NIS affect the realization of Sus-
tainable Development Goal 14 (Conserve and
sustainably use the oceans, seas and marine
resources for sustainable development) by
contributing to the degradation of coastal hab-
itats and the ecosystem goods and services
associated with them, but they may also direct-
ly or indirectly affect that of many other Goals?
(see International Council for Science (ICSU)
and others, 2017). The achievement of Goal 1
(End poverty in all its forms everywhere) may
be hindered by the continued spread of NIS that
negatively affect fisheries and aquaculture di-
rectly or indirectly by altering the structure and
function of ecosystems, especially in the case
of small island developing States and least de-
veloped countries, which lack NIS regulations,
policies, and monitoring and early detection
and rapid response plans. Similarly, NIS could
jeopardize the achievement of Goal 2 (End
hunger, achieve food security and improved
nutrition and promote sustainable agriculture)
by compromising seafood safety and security
by means of the same mechanisms. In many
cases, NIS, especially those with the potential
to affect human health, can be considered as
a biological contaminant. Thus, the continued
global spread of NIS, especially human patho-
gens such as Vibrio cholerae, also affects the
achievement of Goal 3 (Ensure healthy lives and
promote well-being for all at all ages). Some
NIS have the potential to dramatically alter ma-
rine coastal environments and communities
and, as such, could negatively influence the
achievement of Goal 6 (Ensure availability and
sustainable management of water and sani-
tation for all). There is growing evidence that
many biofouling marine NIS are able to exploit
anthropogenic structures, including docks, oil
platforms and wind farms. As growing energy

3 See General Assembly resolution 70/1.
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demands result in the development of coastal
and offshore infrastructure, NIS could also hin-
der the achievement of Goal 7 (Ensure access
to affordable, reliable, sustainable and modern
energy for all). Sustainable growth in fisheries
and aquaculture could be compromised in ar-
eas where NIS continue to spread unchecked.
Thus, NIS also have the potential to compro-
mise the achievement of Goal 8 (Promote sus-
tained, inclusive and sustainable economic
growth, full and productive employment and
decent work for all) and Goal 9 (Build resilient
infrastructure, promote inclusive and sustaina-
ble industrialization and foster innovation).

Good ocean governance, associated with Goal
16 (Promote peaceful and inclusive societies
for sustainable development, provide access
to justice for all and build effective, account-
able and inclusive institutions at all levels)
could play an important role in improving the
understanding of marine NIS and their impacts
globally. Such governance could include the
development of a reporting framework or
database that would allow the ever-changing
distributions of NIS to be documented, so
as to allow informed management or policy
development in areas beyond national juris-
dictions. Furthermore, there are many marine
ecosystems in respect of which even basic
information on NIS is lacking (see sects. 2
and 4). In that regard, global partnerships and
capacity-building may be possible under Goal
17 (Strengthen the means of implementation
and revitalize the Global Partnership for Sus-
tainable Development). If progress on achiev-
ing the Sustainable Development Goals is slow,
then the spread and impacts of NIS could be
exacerbated. For example, without progress
on Goal 13 (Take urgent action to combat cli-
mate change and its impacts), the few marine



ecosystems that currently have only a limited
number of NIS, such as the Arctic Ocean and
the Southern Ocean (see sect. 4), are likely to
see invasions proceed at a much faster rate
as those environments become more suitable
for a wide variety of taxa, and abiotic and biotic
barriers to invasion are degraded or removed.

NIS are also addressed by other global policy
documents, especially those pertaining to
biodiversity, given the negative relationship
between the two. For example, the Convention
on Biological Diversity* recognizes the threat
of NIS and article 8 (h) thereof provides that
each contracting party shall, as far as possible
and as appropriate, prevent the introduction of,
control or eradicate those alien species that
threaten ecosystems, habitats or species. The
Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services has
also recognized the negative impacts of NIS
around the world and has started a process for
the assessment of those species.

Some NIS have the potential to impair human
health and well-being. For example, introduced
Vibrio bacteria and harmful algal species
(dinoflagellates, diatoms and cyanobacteria)
that create toxins can have a negative impact
on marine biota and human consumers. Their
effects are expected to worsen as they benefit
from climate change (Ruiz and others, 2000;
Paerl and Huisman, 2009). In the highly invad-
ed Mediterranean, nine venomous and poison-
ous NIS from the Indian Ocean or the Western
Indo-Pacific pose human health risks (Galil,
2018). In addition, the Indo-Pacific lionfish
Pterois volitans produces a toxin that is dan-
gerous to humans, although it rarely results in
death. However, only fragmentary information
is available concerning the spatial and tempo-
ral trends in those impacts on human health,
as underdiagnosis and underreporting hamper
the quantitative assessment of the global in-
cidence of medically treated cases, and igno-
rance of the extent and severity of, and trends

4 United Nations, Treaty Series, vol. 1760, No. 30619.
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in, those emerging public health risks may
hinder risk analyses.

Some NIS, whether introduced intentionally or
not, have provided economic benefits, but there
is often a trade-off between such benefits and
the ecological consequences. For example, the
Pacific oyster has been introduced in coastal
environments around the world, including in
North America, South America, Africa, Austral-
ia and Europe, resulting in economic oppor-
tunities with global production in excess of 4
million tons (Shatkin, 1997; Food and Agricul-
ture Organization of the United Nations (FAO),
2019). However, in many places, that species
has spread beyond culture locations and has
had a negative impact in some areas on native
biodiversity and ecosystem functioning, and
human well-being (Molnar and others, 2008;
Herbert and others, 2016). The Atlantic salm-
on (Salmo salar) has also been used to create
economic opportunities in countries around
the world, but large-scale escape events can
have negative ecological and socioeconomic
impacts (Schréder and de Leaniz, 2011). In the
Barents Sea, the red king crab (Paralithodes
camtschaticus) was introduced intentionally
for fisheries but has rapidly spread to adjacent
waters and increased in abundance, thus cre-
ating conflicts among various user groups and
having a negative impact on biodiversity and
ecosystem functioning, especially in coastal
fijords (Falk-Petersen and others, 2011). The
establishment of fisheries of NIS has longer-
term implications, especially given the push to
ensure that fisheries are sustainable. Further-
more, some NIS, such as the salt marsh grass
(Spartina alterniflora), which was intentionally
introduced to China as an ecosystem engineer,
have significantly changed the ecosystems
that they have invaded (Wan and others, 2009).
Schlaepfer and others (2011) suggest that
some NIS may provide ecological or conser-
vation benefits, but predicting those is often
complex and dependent on context.
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4. Key region-specific baselines, changes and consequences

Arctic Ocean

4.1.

Although basin-wide assessments of NIS in
the Arctic Ocean are lacking, there appear to
be relatively few invaders at present (Molnar
and others, 2008; Chan and others, 2013).
However, with rapid environmental changes,
including increased temperatures and reduced
sea ice, those waters could become suitable
for a number of potential invaders in the future
(Ware and others, 2016; Goldsmit and others,
2018). Furthermore, those environmental
changes could lead to changes in the pres-
ence of human-mediated invasion vectors in
the Arctic Ocean, especially marine transport,
which could result in increased propagule
pressure in the future (Miller and Ruiz, 2014).

4.2. North Atlantic Ocean,
Baltic Sea, Black Sea,
Mediterranean and North Sea

The Mediterranean has a long history of inva-
sions, with 22 NIS recorded before 1900 (Galil,
2012). By the early 2000s, country-level NIS
inventories had been initiated and, as of 2011,
a total of 787 NIS were listed as being present
in European Union marine waters (Macaronesia
included), with the highest number (242) report-
ed in the western Mediterranean (Tsiamis and
others, 2019; see also Gomez, 2019, regarding
52 microalgal species). However, the omission
of data from the eastern and southern Mediter-
ranean induced a major bias, since the number
of NIS is substantially greater in the eastern
than in the western Mediterranean (over 400
NIS recorded along the coast of Israel alone).
There are 727 metazoan NIS in the entire Medi-
terranean, and the number is rapidly increasing
(Galil and others, 2018) (see figure below), while,
as of 2018, 173 NIS and cryptogenic species
had been reported in the Black Sea. Despite
the growing awareness of the role played by
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the Suez Canal in Mediterranean invasions,
measures to mitigate probable NIS propagule
increases have yet to be considered for the
“New Suez Canal” project, which was launched
in 2014 to substantially increase the depth and
width of the original canal (Galil and others,
2017). Thus, the main invasion vectors for the
Mediterranean include the introduction of Red
Sea biota through the Suez Canal; shipping,
both commercial and recreational; mariculture;
and the aquarium trade. Although the latter
vectors contribute fewer NIS, some have had
disproportionate impacts, including the green
alga (Caulerpa taxifolia) introduced with aquar-
ium spillover (Meinesz and Hesse, 1991) and
the brown alga (Fucus spiralis) introduced in the
packaging of fishing bait (Sancholle, 1988).

Changes in non-indigenous species
reports over time for the Mediterranean
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Note: Red indicates species introduced through the
Suez Canal and blue represents species introduced by
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Since the beginning of the twenty-first century,
the apparent rate of introductions into the Bal-
tic Sea has been 3.2 species per year, almost
twice as high as the 1.4 species per year re-
corded between 1950 and 1999 (ICES, 2018).
Ballast water and hull fouling are the main
vectors for primary introductions, followed by
the natural spread of NIS introduced by rivers
and the North Sea. Most NIS in the Baltic Sea
originate from North America, the Ponto-Cas-
pian region and East Asia but introductions of
subtropical NIS have recently been increasing,
such that a total of 174 NIS and cryptogenic
species have been recorded in the Baltic Sea
(AquaNIS, 2019; Ojaveer and others, 2017; ICES,
2018). However, there remains considerable
uncertainty about the direction and magnitude
of the impacts of even the most widespread
NIS on the structure and dynamics of Baltic
Sea ecosystems (Ojaveer and Kotta, 2015).

Although there is some overlap in the studies,
NIS reported in the eastern Atlantic include at
least 80 species in the North Sea (Reise and
others, 2002); 90 in waters around the United
Kingdom of Great Britain and Northern Ireland
(Minchin and others, 2013); 104 in French At-
lantic waters (Goulletquer and others, 2002);
and more than 100 in the English Channel
(Dauvin and others, 2019). There are at least
189 NIS reported in the western Atlantic (Ruiz
and others, 2015) but their number is likely to
be higher. For policy and management, validat-
ed regional lists are required.

4.3. South Atlantic Ocean and
Wider Caribbean

Records of NIS in the South Atlantic Ocean
and Wider Caribbean are incomplete both
spatially and temporally. The earliest historical
compilations are from South Africa, where 12
NIS were reported in the early 1990s, including
two global invaders, the European green crab
(Carcinus maenas) and the blue (Gallo) mussel
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(Mytilus galloprovincialis) (Griffiths and others,
1992). Mead and others (2011) reassessed NIS
occurrences in the region and identified 86
NIS, singling out ballast water and ship fouling
as the main vectors. Apart from South Africa,
the South-East Atlantic coast remains largely
unstudied with regard to NIS, although a recent
study from Angola reported 29 NIS (Barros
Pestana and others, 2017). In the South-West
Atlantic, the earliest compilations, which were
for Argentina and Uruguay, identified 31 NIS,
including one intentionally introduced species
(the Pacific oyster) (Orensanz and others,
2002). A recent reassessment for that region
identified more than 120 NIS from diverse
taxonomic groups (from viruses to plants and
fishes), including 33 new detections since
2002 (Schwindt and others, 2020) and, as in
the case of South Africa, ships were the main
vector for species introductions. The most
recent surveys from Brazil identified 73 NIS
(Lopes and others, 2009; Teixeira and Creed,
2020), along an extensive coastline with a long
history of shipping, which suggests that that
number could be underestimating the true
richness of NIS. A data gap exists for the North
Atlantic coast of South America (from French
Guiana to Guyana), where there has been lit-
tle attention to NIS (Schwindt and Bortolus,
2017), and no extensive compilations are avail-
able for the wider Caribbean region, although
smaller-scale information is available for the
Bolivarian Republic of Venezuela, where 22
NIS have been identified (Pérez and others,
2007), and Colombia, with 16 NIS recorded
(Gracia and others, 2011). The lionfish Pterois
volitans is one of the most problematic and
studied NIS in the Caribbean region. Similarly,
two invasive sun corals, Tubastraea coccinea
and T. tagusensis, have spread rapidly in the
tropical Western Atlantic and the Gulf of Mex-
ico, outcompeting, overgrowing and replacing
native corals (Creed and others, 2017).
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4.4.

Indian Ocean, Arabian Sea,
Bay of Bengal, Red Sea,
Gulf of Aden and Persian Gulf

Regional records of NIS are incomplete, both
spatially and temporally. Despite the size and
diversity of the Indian Ocean, studies on ma-
rine NIS in that area are scarce, mostly quali-
tative and geographically scattered, resulting
in significant knowledge gaps (Indian Ocean
Commission, 2016). For example, two red algae
(Eucheuma denticulatum and Kappaphycus
alvarezii) native to the Philippines were intro-
duced for mariculture along the East African
coastline (Kenya, Mozambique and the United
Republic of Tanzania), resulting in deleterious
impacts (Bergman and others, 2001; Halling
and others, 2013). K. alvarezii was also intro-
duced along the western coast of India and
has spread into the Gulf of Mannar Biosphere
Reserve, where it has had an impact on native
corals (Chandrasekaran and others, 2008). As
elsewhere, intentional introductions have been
attributed to mariculture activities developed
to address food insecurity and to the aquarium
trade, for economic benefit, while unintention-
al introductions are mostly due to maritime
shipping activities or transport on floating
objects (Indian Ocean Commission, 2016; Anil
and others 2003).

4.5. North Pacific Ocean

The North Pacific Ocean is large and bioge-
ographically diverse and, as in other regions,
NIS reporting is incomplete. However, as of
2012, at least 747 NIS had been reported in the
23 ecoregions studied (which include Hawaii,
United States of America, and the northern
Central Indo-Pacific), a similar number to that
reported in the Mediterranean. More than
70 per cent of those NIS belong to four phyla,
namely, Arthropoda (224), Chordata (tunicates
and fishes) (114), Mollusca (110) and Anneli-
da (89) (Lee and Reusser, 2012; Kestrup and
others, 2015). While 32 per cent of them were
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native elsewhere in the North Pacific Ocean,
48 per cent were native to regions outside the
North Pacific Ocean and 20 per cent were cryp-
togenic (Lee and Reusser, 2012; Kestrup and
others, 2015). The North-East Pacific (368 NIS)
and Hawaii (347 NIS) had similar numbers of
invaders, while lower numbers were observed
in the North-West Pacific (208) and the north-
ern Central Indo-Pacific (75), possibly owing
to different levels of sampling effort. Further-
more, it is important to note that, as there is
no systematic survey effort in at least 27 other
ecoregions in the North Pacific Ocean, pre-
dominately in South-East Asia (Spalding and
others, 2007), the number of NIS is expected
to be higher for the North Pacific Ocean as a
whole. Some more comprehensive studies
have been conducted at smaller spatial scales
or focused on specific taxonomic groups. For
example, there are at least 6 planktonic and 10
algal NIS in the Bohai Sea and port locations
in China (Qiao, 2019) not previously reported
in baseline surveys (Liu, 2008; Wang and Li,
2006), and San Francisco Bay has more than
234 NIS (Cohen and Carlton, 1998).

As in the case of other regions, ballast water
discharges, hull fouling, intentional stocking,
aquaculture escapes, aquaculture-associated
species and the aquarium and plant trade
were all important vectors for the North Pa-
cific. Intentional stocking and aquaculture
escapes were more prominent vectors in the
North-West Pacific than in the North-East
Pacific or Hawaii, which probably reflects the
larger scale of aquaculture efforts in Asia.
Another difference between the North-East
and North-West Pacific was the greater im-
portance of aquaculture-associated NIS in the
North-East Pacific (about 42 per cent of NIS),
probably reflecting the large number intro-
duced through the import of the Atlantic oyster
(Crassostrea virginica) from the Atlantic coast
of North America and the Pacific oyster from
Asia, which resulted in many “hitchhikers” be-
coming established outside their native range.
Increased regulation in recent decades has



been effective in reducing the number of in-
advertent aquaculture-related movements of
NIS. In 2011 the great east Japan earthquake
and the resulting tsunami provided a unique
vector for species indigenous to Japan to be
transported across the North Pacific to Hawaii
and North America (Carlton and others, 2017;
Therriault and others, 2018).

4.6. South Pacific Ocean

There have been no synthetic assessments
of the status of marine bioinvasions across
the geographically, culturally and ecologically
diverse area of the South Pacific. Most ex-
isting information comes from literature and
field studies undertaken since the late 1990s
in Australia, New Zealand and Chile. A litera-
ture review combined with NIS surveys in 41
Australian shipping ports between 1995 and
2004 identified 132 NIS throughout Australia
(Sliwa and others, 2009), with 100 NIS detect-
ed in Port Phillip Bay alone (Hewitt and oth-
ers, 2004). There were more NIS in southern
temperate Australia than in tropical northern
Australia (Hewitt, 2002) but such patterns are
confounded by poorer taxonomic resolution
in the tropical environments and by the larger
urban centres and longer history of shipping
in southern Australia (Hewitt and Campbell,
2010). Forty-three similar baseline surveys
conducted in New Zealand between 2001 and
2007 (Seaward and others, 2015), combined
with published records, museum holdings
and submissions to the Marine Invasives Tax-
onomic Service (Cranfield and others, 1998;
Kospartov and others, 2010), show that, as
of March 2018, 377 NIS had been recorded in
that country’s marine waters (214 species are
considered established in recipient systems,
while the remaining 163 have been recorded
only from vessels or transient structures or
were failed introductions). Forty-six new NIS
were recorded between 2010 and 2018, only 15
of which appear to have become established
(Seaward and Inglis, 2018).
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At least 53 marine NIS have been reported in
Chile (1 seagrass, 15 algae, 26 invertebrates
and 11 fishes) (Castilla and Neill, 2009; Turon
and others, 2016). However, that is likely to
be an underestimate, as there appear to have
been few studies of biofouling assemblages in
ports and harbours, where introduced species
tend to be more abundant. For example, 53 NIS
marine invertebrates were recently reported in
the Galapagos Islands, Ecuador (Carlton and
others, 2019), of which 30 species (57 per cent)
were first recorded in fouling plate and shore-
line surveys undertaken around shipping
docks and infrastructure. Cardenas-Calle and
others (2019) have identified 6 NIS in mainland
Ecuador.

There is limited information about the distri-
bution and impact of NIS in the Pacific Island
Countries and Territories, as relatively few
systematic studies have been done in the re-
gion. Surveys undertaken in American Samoa,
United States, in 2002 identified 17 NIS, most
of which were restricted to Pago Pago harbour
and were species known to occur across a
broad geographical range (Coles and others,
2003). Forty NIS have been identified in Guam,
United States (Paulay and others, 2002) and
a preliminary survey of fouling assemblages
in Malakal Harbour, Palau, identified 11 NIS
(Campbell and others, 2016), in each case
comprising mostly ascidians, bryozoans, hy-
droids and bivalve molluscs. Six NIS, compris-
ing five invertebrates and one alga, have been
recorded from the remote Palmyra Atoll, Unit-
ed States (Knapp and others, 2011). Nuisance
blooms of fucoid algae, possibly spread by
shipping, have been reported in Tahiti, France,
(Stiger and Payri, 1999) and Tuvalu (De Ramon
N’Yeurt and lese, 2013).

More than 80 per cent of known NIS in Austral-
ia and New Zealand have been associated with
incidental transport in ballast water or biofoul-
ing (Hewitt and Campbell, 2010; Kospartov and
others, 2010) while deliberate introductions of
aquaculture species have accounted for less
than 2 per cent of records. Introductions of
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aquaculture species have been more numer-
ous in Chile and Peru (Castilla and Neill, 2009),
as well as in the Pacific Island Countries and
Territories, throughout which at least 38 NIS
have already been transported deliberately
over the past 50 years in attempts to establish
fisheries or small-scale aquaculture ventures
(Eldredge, 1994). In the 1970s and 1980s, the
green mussel (Perna viridis), sourced from
the Philippines, was successively introduced
to New Caledonia (France), Fiji, Tonga, the
Society Islands (France), Samoa and the Cook
Islands (Baker and others, 2007).

4.7. Southern Ocean

The Antarctic Circumpolar Current acts as
a strong barrier to natural dispersal that has
probably contributed to the uniqueness of
Southern Ocean communities. Furthermore,
the Southern Ocean has limited shallow-water
continental shelves and a poorly described
fauna (Brandt and others, 2007). It appears
that the most likely vectors for NIS to those
waters would either be direct human-mediated

5. Outlook

While introductions of NIS continue as a result
of human activities, there are many regions
where temporal analyses have not been possi-
ble because information on NIS is either very
poorly documented or completely lacking.
Furthermore, climate change will add to other
drivers of ocean change, including water pol-
lution, severe storm events and overfishing, to
potentially increase the abundance, ranges and
impacts of NIS by altering recipient ecosys-
tems in which native species will be increasing-
ly stressed and by changing human-mediated
connectivity through shifts in vectors and path-
ways. About 40 per cent of the world’'s popu-
lation lives in coastal communities, increasing
pressure on coastal marine ecosystems
through multiple activities and their conse-
quences that contribute to the introduction and
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transport, such as shipping, or indirect trans-
port by means of longer-distance rafting on ar-
tificial marine debris (Lewis and others, 2003;
Barnes and others, 2006; Hughes and Ashton,
2017). In addition, any NIS that reached those
environments would face challenging environ-
mental conditions. However, with increased
rates of climate change, they may become
more prone to invasions. To date, only the
North Atlantic spider crab (Hyas araneus) ap-
pears to have been introduced to the Southern
Ocean by human activities (Tavares and de
Melo, 2004), but it is likely that that will change
in the future. Potential future invaders include
the blue mussel (Lee and Chown, 2007), the
predatory sea star (Asterias amurensis) (Byrne
and others, 2016) and the kelp (Undaria pinnat-
ifida) (James and others, 2015). Owing to its
relatively low biodiversity, simple ecosystem
structure and unique assemblages dominat-
ed by soft-bodied organisms, the Southern
Ocean system may be especially vulnerable
to introductions of NIS, in particular predatory
species that could have a significant impact.

spread of NIS, including shipping, boating, ma-
rine farming, land-based pollution and marine
litter, coastal installations and development,
energy production and multiple extraction
activities (oil and gas, sediments and fish). It
has been predicted that, in regions such as the
Arctic, changing environmental conditions will
increase the likelihood of new invaders from a
variety of taxa (e.g., Goldsmit and others, 2018).
They may also lead to changes in shipping pat-
terns, with traffic expected to increase along
the Northern Sea Route and become possible
along the Northwest passage, which could in
turn increase the supply of propagules (Miller
and Ruiz, 2014).

Despite the risks posed by NIS, they are
substantially underrepresented in existing
databases and registries, such that many of



the challenges inherent in dealing with such
species stem from the limited or incomplete
nature of the knowledge base. The magnitude
and breadth of that knowledge gap is difficult
to assess. It varies among taxa, habitats and
regions, and owes much to the inaccessibility
of marine ecosystems, caused by such factors
as the higher costs of research relative to
other ecosystems, the lack of expertise and
the lack of interest in NIS that do not benefit
or interfere with human needs. Generally,
impacts are not well documented unless the
NIS is profitable or highly destructive. Thus,
the impacts of the vast majority of marine NIS
have not been quantitatively or experimentally
studied across sufficiently large time periods
and spatial scales and remain unknown, as do
their cumulative and synergetic connections
with other drivers of change affecting the ma-
rine environment (Ojaveer and others, 2015).

Vector management is the most effective
strategy for preventing the translocation of
plants and animals, thereby reducing the intro-
duction and spread of marine NIS. Given the
lack of effective control of propagule transfer
by the major vectors, management is limited
to eradication, removal and control efforts
that are frequently futile. NIS that are known
or suspected to cause harm, and are identi-
fied while they are spatially confined, should
be removed in order to mitigate long-term,
ongoing management costs. Once NIS have
spread widely, eradication or removal is vir-
tually impossible, and attempts to reduce the
population to an economically or ecologically
acceptable level over the long term are rarely
successful (Forrest and Hopkins, 2013). Legi-
slation, regulations and policies to date have
been reactive and fragmentary, often following
disastrous and costly NIS outbreaks. The Unit-
ed Nations Convention on the Law of the Sea®

5 Ibid., vol. 1833, No. 31363.
6 IMO, document BWM/CONF/36, annex.
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was the first global legally binding instrument
that addressed the intentional or accidental in-
troduction of marine species. While guidelines
for preventing the introduction of unwanted
aquatic organisms and pathogens from ships’
ballast water and sediment discharges were
established in 1991, and the International Con-
vention for the Control and Management of
Ships’ Ballast Water and Sediments® entered
into force in 2017, the management of ships’
biofouling is not yet required, despite the IMO
guidelines adopted in 2011 (IMO, 2019; IMO
resolution MEPC.207(62)). Moreover, in its
Strategic Plan for Biodiversity 2011-2020 and
the Aichi Biodiversity Targets,” the Conference
of the Parties to the Convention on Biological
Diversity called for invasive alien species and
pathways to be identified and prioritized, for
priority species to be controlled or eradicated
and for measures to be taken to manage path-
ways by 2020 - a target that will be missed.
The goal of the European Union Marine Strat-
egy Framework Directive to ensure, inter alia,
that, by 2020, NIS are at levels that do not ad-
versely alter the ecosystems is also likely to be
unattainable. Regulation (EU) No.1143/2014 of
the European Parliament and of the Council on
the prevention and management of the intro-
duction and spread of invasive alien species,
which focused only on widely spread species
and those of “Union concern”, is also unlikely
to succeed in marine ecosystems, given that
only one marine species has been listed so
far. Notwithstanding the existence of some na-
tional-level regulations, including in Australia,
Canada, New Zealand and the United States,
there are still no legally binding and strictly
monitored frameworks and tools for address-
ing major global and regional introduction vec-
tors, such as biofouling, the cultivation of and
trade in live organisms, and maritime canals.

7 United Nations Environment Programme, document UNEP/CBD/COP/10/27, annex, decision X/2, annex.
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6. Other

Although NIS have long been recognized
as a major threat to native biodiversity (Bax
and others, 2003), they have been largely
overlooked in conservation and protected
area planning, regulations and management
(Giakoumi and others, 2016; Maci¢ and oth-
ers, 2018). In view of global commitments to
establishing and extending conservation are-
as (i.e., Aichi Biodiversity Target 11, article 8
of the Convention on Biological Diversity and
Sustainable Development Goal 14), that omis-
sion may undermine conservation efforts, in-
cluding the effectiveness of marine protected
areas, in regions overrun by NIS (Galil, 2017,
lacarella and others, 2019). In the Caribbean
and the Gulf of Mexico, large populations of
Indo-Pacific lionfishes (Pterois volitans and P.
miles) have been documented in marine pro-
tected areas, where they have impaired native
biodiversity (Ruttenberg and others, 2012;
Aguilar-Perera and others, 2017). Similarly, in
the Mediterranean, many Erythraean species
have become the most conspicuous denizens
of marine protected areas, having displaced
and replaced native species, thereby reversing
marine conservation efforts and hampering
stock recovery of economically and ecologi-
cally important species (Jimenez and others,
2016; Galil, 2018; Stern and Rothman, 2019).

Thus far, few NIS have been reported in areas
beyond national jurisdiction. It is possible that
that is because survey efforts to detect NIS in
those ecosystems have been limited, but it is

References

also likely that most NIS reported globally are
primarily found in coastal waters (those of all
continents). In addition, as oceanic abyssal
communities have been poorly described, it
is possible that, even if potential NIS were to
be detected, they would not be recognized as
such and might be classified, at least initially,
as native species. That is what occurred in
South America in the case of the smooth cord-
grass (Spartina alterniflora), where “ecological
mirages” masked the true situation (Bortolus
and others, 2015).

Globally, marine NIS pose significant biosecu-
rity and biodiversity hazards, but the identifica-
tion and mitigation of those hazards lag behind
comparable efforts in terrestrial systems,
where there has been a longer history of deal-
ing with agricultural and forest pests. Greater
efforts must be made to document NIS, their
vectors and pathways, and their impacts at
larger spatial scales, given that existing ma-
rine NIS data are often sparse and incomplete,
possibly because of logistical and capacity
constraints. Policies aimed at preventing intro-
ductions, and the development of early detec-
tion and rapid response plans, can reduce the
potential impacts of NIS. Earmarked funding,
political will and capacity-building related to
invasion science are required to effectively
understand and ultimately manage marine
NIS and their vectors globally. Only then can
the sustainability of marine ecosystems be
ensured.

Aguilar-Perera, A., and others (2017). Lionfish invaded the mesophotic coral ecosystem of the Parque Na-
cional Arrecife Alacranes, Southern Gulf of Mexico. Marine Biodiversity, vol. 47, No. 1, pp. 15-16.

Anil, Arga, and others (2003). Ballast Water Risk Assessment: Ports of Mumbai and Jawaharlal Nehru India,
October 2003, Final Report. https://doi.org/10.13140/2.1.3554.9768.

AquaNIS. Editorial Board (2019). Information system on Aquatic Non-Indigenous and Cryptogenic Spe-
cies. 23 October, 2019. www.corpi.ku.lt/databases/index.php/aquanis.

356


https://doi.org/10.13140/2.1.3554.9768
http://www.corpi.ku.lt/databases/index.php/aquanis

Chapter 22: Invasive species

Baker, Patrick, and others (2007). Range and dispersal of a tropical marine invader, the Asian green mus-
sel, Perna viridis, in subtropical waters of the southeastern United States. Journal of Shellfish
Research, vol. 26, No.2, pp. 345-356.

Barnes, David K.A., and others (2006). Incursion and excursion of Antarctic biota: past, present and future.
Global Ecology and Biogeography, vol. 15, No.2, pp. 121-142.

Barros Pestana, Lueji, and others (2017). A century of introductions by coastal sessile marine inverte-
brates in Angola, South East Atlantic Ocean. Marine Pollution Bulletin, vol. 125, No. 1, pp. 426-32.
https://doi.org/10.1016/j.marpolbul.2017.09.041

Bax, Nicholas, and others (2003). Marine invasive alien species: a threat to global biodiversity. Marine
Policy, vol. 27, No.4, pp. 313-323.

Bergman, Kajsa C., and others (2001). Influence of algal farming on fish assemblages. Marine Pollution
Bulletin, vol. 42, No. 12, pp. 1379-1389.

Bortolus, Alejandro, and others (2015). Reimagining South American coasts: unveiling the hidden invasion
history of an iconic ecological engineer. Diversity and Distributions, vol. 21, No. 11, pp. 1267-1283.

Brandt, Angelika, and others (2007). First insights into the biodiversity and biogeography of the Southern
Ocean deep sea. Nature, vol. 447, No. 7142, p. 307.

Byrne, Maria, and others (2016). From pole to pole: the potential for the Arctic seastar Asterias amurensis
to invade a warming Southern Ocean. Global Change Biology, vol. 22, No. 12, pp. 3874-3887.

Campbell, Marnie L., and others (2016). Marine pests in paradise: capacity building, awareness raising
and preliminary introduced species port survey results in the Republic of Palau. Management of
Biological Invasions, vol. 7, No. 4, pp. 351-363.

Cardenas-Calle, M., and others (2019). First report of marine alien species in mainland Ecuador: threats
of invasion in rocky shores. In Island invasives: scaling up to meet the challenge, C.R. Veitch, and
others, eds. Occasional Paper of the IUCN Species Survival Commission No. 62, Gland, Switzer-
land, pp. 452-457.

Carlton, James T. (1996). Biological invasion and cryptogenic species. Ecology, vol. 77, No.6, pp. 1653.

(1999). The scale and ecological consequences of biological invasions in the world’s oceans.
In Invasive Species and Biodiversity Management, Sandlund Odd Terje and others, eds., p. 431.
Dordrecht: Kluwer Academic Publishers.

Carlton, James T., and others (2019). Assessing marine bioinvasions in the Galapagos Islands: implications
for conservation biology and marine protected areas. Aquatic Invasions, vol. 14, No.1, pp. 1-20.

Carlton, James T., and Gregory M. Ruiz (2005). Vector science and integrated vector management in bio-
invasion ecology: conceptual frameworks. Invasive Alien Species: A New Synthesis, vol. 63, pp. 36.

Carlton, James T., and others (2017). Tsunami-driven rafting: transoceanic species dispersal and implica-
tions for marine biogeography. Science, vol. 357, No. 3658, pp. 1402-1406.

Castilla, Juan C., and Paula E. Neill (2009). Marine bioinvasions in the southeastern Pacific: status, ecology,
economic impacts, conservation and management. In Biological Invasions in Marine Ecosystems,
pp. 439-457. Springer.

Chan, Farrah T., and others (2013). Relative risk assessment for ballast-mediated invasions at Canadian
Arctic ports. Biological Invasions, vol. 15, No. 2, pp. 295-308.

Chandrasekaran, Sivagnanam, and others (2008). Bioinvasion of Kappaphycus alvarezii on corals in the
Gulf of Mannar, India. Current Science (007113891), vol. 94, No. 9.

Cohen, Andrew N., and James T. Carlton (1998). Accelerating invasion rate in a highly invaded estuary.
Science, vol. 279, No. 5350, pp. 555-558.

Coles, S.L., and others (2003). Introduced Marine Species in Pago Pago Harbor, Fagatele Bay and the Na-
tional Park Coast, American Samoa. Bishop Museum Technical Report 26.

357


https://doi.org/10.1016/j.marpolbul.2017.09.041

World Ocean Assessment II: Volume |l

Costello, Mark John, and others (2010). A census of marine biodiversity knowledge, resources, and future
challenges. PloS One, vol. 5, No.8, p. €12110.

Cranfield, H.J., and others (1998). Adventive Marine Species. National Institute of Water and Atmospheric
Research, Wellington, New Zealand.

Creed, Joel, and others (2017). The invasion of the azooxanthellate coral Tubastraea (Scleractinia: Dendro-
phylliidae) throughout the world: history, pathways and vectors. Biological Invasions, vol. 19, No. 1,
pp. 283-305.

Crooks, Jeffrey A., and others (2011). Aquatic pollution increases the relative success of invasive species.
Biological Invasions, vol. 13, No. 1, pp. 165-176.

Darling, John A., and others (2017). Recommendations for developing and applying genetic tools to as-
sess and manage biological invasions in marine ecosystems. Marine Policy, vol. 85, pp. 54-64.

Dauvin, Jean-Claude, and others (2019). The English Channel: Becoming like the Seas around Japan. In
Oceanography Challenges to Future Earth, pp. 105-120. Springer.

De Ramon N'Yeurt, Antoine, and Viliamu lese (2013). Overabundant Invasive Sargassum in Funafuti,
Tuvalu — Report.

Eldredge, Lucius G. (1994). Perspectives in aquatic exotic species management in the Pacific Islands.
Introductions of Commercially Significant Aquatic Organisms to the Pacific Islands, vol. 17, p. 1.

Falk-Petersen, Jannike, and others (2011). Establishment and ecosystem effects of the alien invasive red
king crab (Paralithodes camtschaticus) in the Barents Sea—a review. ICES Journal of Marine Sci-
ence, vol. 68, No. 3, pp. 479-488.

Food and Agriculture Organization of the United Nations (FAQO) (2019). FAO Fisheries & Aquaculture -
Cultured Aquatic Species Information Programme - Crassostrea gigas (Thunberg, 1793). 2019.
www.fao.org/fishery/culturedspecies/Crassostrea_gigas/en.

Forrest, Barrie M., and Grant A. Hopkins (2013). Population control to mitigate the spread of marine pests:
insights from management of the Asian kelp Undaria pinnatifida and colonial ascidian Didemnum
vexillum. Management of Biological Invasions, vol. 4, No. 4, pp. 317-326.

Galil, Bella S. (2012). Truth and consequences: the bioinvasion of the Mediterranean Sea. Integrative Zool-
ogy, vol. 7, No. 3, pp. 299-311.

(2017). Eyes wide shut: managing bio-invasions in Mediterranean marine protected areas. Man-
agement of Marine Protected Areas: A Network Perspective. Chichester, United Kingdom: John
Wiley & Sons Ltd, 187-206.

(2018). Poisonous and venomous: marine alien species in the Mediterranean Sea and human
health. Invasive Species and Human Health, vol. 10, p. 1.

Galil, Bella S., and others (2017). The enlargement of the Suez Canal—Erythraean introductions and man-
agement challenges. Management of Biological Invasions, vol. 8, No. 2, pp. 141-152.

Galil, Bella S., and others (2018). East is east and West is west? Management of marine bioinvasions in the
Mediterranean Sea. Estuarine, Coastal and Shelf Science, vol. 201, pp. 7-16.

Giakoumi, Sylvaine, and others (2016). Space invaders; biological invasions in marine conservation plan-
ning. Diversity and Distributions, vol. 22, No. 12, pp. 1220-1231.

Goldsmit, Jesica, and others (2018). Projecting present and future habitat suitability of ship-mediated
aquatic invasive species in the Canadian Arctic. Biological Invasions, vol. 20, No. 2, pp. 501-517.

Gomez, Fernando (2019). Comments on the non-indigenous microalgae in the European seas. Marine
Pollution Bulletin, vol. 148, pp. 1-2.

Goulletquer, Philippe, and others (2002). Open Atlantic coast of Europe—a century of introduced species
into French waters. In Invasive Aquatic Species of Europe. Distribution, Impacts and Management,
pp. 276—290. Springer.

Gracia, Adriana, and others (2011). Guia de las especies introducidas marinas y costeras de Colombia.

358


http://www.fao.org/fishery/culturedspecies/Crassostrea_gigas/en

Chapter 22: Invasive species

Griffiths, C.L., and others (1992). Marine invasive aliens on South African shores: implications for com-
munity structure and trophic functioning. South African Journal of Marine Science, vol. 12, No. 1,
pp. 713-722.

Halling, Christina, and others (2013). Introduction of Asian strains and low genetic variation in farmed sea-
weeds: indications for new management practices. Journal of Applied Phycology, vol. 25, No. 1,
pp. 89-95.

Herbert, Roger J.H., and others (2016). Ecological impacts of non-native Pacific oysters (Crassostrea gi-
gas) and management measures for protected areas in Europe. Biodiversity Conservation, vol. 25,
pp. 2835-2865.

Hewitt, Chad L. (2002). Distribution and biodiversity of Australian tropical marine bioinvasions. Pacific
Science, vol. 56, No. 2, pp. 213-222.

Hewitt, Chad L., and M.L. Campbell (2010). The relative contribution of vectors to the introduction and
translocation of invasive marine species. Commissioned by The Department of Agriculture, Fish-
eries and Forestry (DAFF), Canberra. www.marinepests.gov.au/what-we-do/research/vectors-
introduction-translocation.

Hughes, Kevin A., and Gail V. Ashton (2017). Breaking the ice: the introduction of biofouling organisms
to Antarctica on vessel hulls. Aquatic Conservation: Marine and Freshwater Ecosystems, vol. 27,
No. 1, pp. 158-164.

lacarella, Josephine C., and others (2019). Non-native species are a global issue for marine protected
areas. Frontiers in Ecology and the Environment, vol. 17, No. 9, pp. 495-501.

International Council for the Exploration of the Sea (ICES) (2005). ICES Code of Practice on the Introduc-
tions and Transfers of Marine Organisms 2005.

(2018). ICES Ecosystem overviews: Baltic Sea.

(2019). ICES VIEWPOINT: Biofouling on Vessels — What is the Risk, and What Might be Done
About It? In Report of the ICES Advisory Committee, 2019, vp.2019.01.

International Council for Science (ICSU) and others (2017). SDG14 Conserve and Sustainably Use the
Oceans, Seas and Marine Resources for Sustainable Development. International Council for Sci-
ence.

Indian Ocean Commission (2016). Marine invasive species: An emerging threat in the Western Indian
Ocean. Ebene: Indian Ocean Commission. https://studyres.com/doc/1377322/marine-invasive-
species---commission-de-l-oc%C3%A9an-indien.

International Maritime Organization (IMO) (2019). Status of IMO Treaties. Comprehensive information on
the status of multilateral Conventions and instruments in respect of which the International Mari-
time Organization or its Secretary-General performs depositary or other functions.

James, Kate, and others (2015). Using satellite-derived sea surface temperature to predict the potential
global range and phenology of the invasive kelp Undaria pinnatifida. Biological Invasions, vol. 17,
No. 12, pp. 3393-3408.

Jimenez, Carlos, and others (2016). Veni, vidi, vici: The successful establishment of the lionfish Pterois
miles in Cyprus (Levantine Sea). Rapport Commission International Mer Méditerranée, vol. 41,
p. 417.

Kestrup, Asa M., and others (2015). Report of Working Group 21 on Non-indigenous Aquatic Species.
PICES Scientific Report, No. 48, p. |.

Knapp, |.S., and others (2011). Records of non-indigenous marine species at Palmyra Atoll in the US Line
Islands. Marine Biodiversity Records, vol. 4.

Kospartov, M., and others (2010). Non-indigenous and cryptogenic marine species in New Zealand-Cur-
rent state of knowledge: Interim report. Report Prepared for MAFBNZ Project BNZ10740. National
Institute of Water and Atmospheric Research, Wellington.

359


https://www.marinepests.gov.au/what-we-do/research/vectors-introduction-translocation
https://www.marinepests.gov.au/what-we-do/research/vectors-introduction-translocation
https://studyres.com/doc/1377322/marine-invasive-species---commission-de-l-oc%C3%A9an-indien
https://studyres.com/doc/1377322/marine-invasive-species---commission-de-l-oc%C3%A9an-indien

World Ocean Assessment II: Volume |l

Lee, Henry, II, and Deborah Reusser (2012). Atlas of Nonindigenous Marine and Estuarine Species in the
North Pacific. Office of Research and Development, National Health and Environmental Effects Re-
search Laboratory. EPA/600/R/12/631.

Lee, J.E., and S.L. Chown (2007). Mytilus on the move: transport of an invasive bivalve to the Antarctic.
Marine Ecology Progress Series, vol. 339, pp. 307-310.

Lewis, Patrick N., and others (2003). Marine introductions in the Southern Ocean: an unrecognised hazard
to biodiversity. Marine Pollution Bulletin, vol. 46, No. 2, pp. 213-223.

Liu, Ruiyu (2008). Checklist of Marine Biota of China Seas. Science Press.

Lopes, Rubens M., and others (2009). Informe Sobre as Espécies Exdticas Invasoras Marinhas No Brasil.
574.5 INF.

Macic¢, Vesna, and others (2018). Biological invasions in conservation planning: a global systematic review.
Frontiers in Marine Science, vol. 5, p. 178.

Mead, Angela, and others (2011). Revealing the scale of marine bioinvasions in developing regions: a South
African re-assessment. Biological Invasions, vol. 13, No. 9, pp. 1991-2008.

Meinesz, Alexandre, and B. Hesse (1991). Introduction et invasion de I'algue tropicale Caulerpa taxifolia en
Méditerranée nord-occidentale. Oceanologica Acta, vol. 14, No. 4, pp. 415-426.

Millennium Ecosystem Assessment (MEA) (2005). Ecosystems and Human Well-Being: Wetlands and Wa-
ter. World Resources Institute.

Miller, A. Whitman, and Gregory M. Ruiz (2014). Arctic shipping and marine invaders. Nature Climate
Change, vol. 4, No. 6, p. 413.

Minchin, Dan, and others (2013). Alien species in British brackish and marine waters. Aquatic Invasions,
vol. 8, No. 1, pp. 3-19.

Molnar, Jennifer L., and others (2008). Assessing the global threat of invasive species to marine biodiver-
sity. Frontiers in Ecology and the Environment, vol. 6, No. 9, pp. 485-492.

Narayanaswamy, Bhavani E., and others (2013). Synthesis of knowledge on marine biodiversity in Europe-
an Seas: from census to sustainable management. PLoS One, vol. 8, No.3, pp. €58909.

Ojaveer, Henn, and Jonne Kotta (2015). Ecosystem impacts of the widespread non-indigenous species in
the Baltic Sea: literature survey evidences major limitations in knowledge. Hydrobiologia, vol. 750,
No. 1, pp. 171-1835.

Ojaveer, Henn, and others (2015). Classification of non-indigenous species based on their impacts: con-
siderations for application in marine management. PLoS Biology, vol. 13, No. 4, p. €1002130.

Ojaveer, Henn, and others (2017). Dynamics of biological invasions and pathways over time: a case study
of a temperate coastal sea. Biological Invasions, vol. 19, No. 3, p. 799-813.

Ojaveer, Henn, and others (2018). Historical baselines in marine bioinvasions: Implications for policy and
management. PloS One, vol. 13, No. 8, p. e0202383.

Orensanz, Jose Maria Lobo, and others (2002). No longer the pristine confines of the world ocean: a
survey of exotic marine species in the southwestern Atlantic. Biological Invasions, vol. 4, Nos. 1-2,
pp. 115-143.

Paerl, Hans W., and Jef Huisman (2009). Climate change: a catalyst for global expansion of harmful cyano-
bacterial blooms. Environmental Microbiology Reports, vol. 1, No. 1, pp. 27-37.

Paulay, Gustav, and others (2002). Anthropogenic biotic interchange in a coral reef ecosystem: a case
study from Guam. Pacific Science, vol. 56, No. 4, pp. 403-422.

Pérez, Julio, and others (2007). Especies marinas exoticas y criptogénicas en las costas de Venezuela.
Boletin Del Instituto Oceanografico de Venezuela, vol. 46, No. 1.

360



Chapter 22: Invasive species

Qiao, Bing (2019). Technical methods for determining the baseline, causal relationship and degree of ma-
rine ecological environment damage + 2019 annual scientific and technological progress report. In
Science and technology report of the people’s Republic of China No.4000071918-2016YFC0503602/0
(to be disclosed), pp. 18-22.

Reise, Karsten, and others (2002). Introduced Marine Species of the North Sea Coasts. In Invasive Aquatic
Species of Europe. Distribution, Impacts and Management, Erkki Leppakoski, Stephan Gollasch,
and Sergej Olenin, eds., pp. 260-266. Dordrecht, Netherlands: Kluwer Academic Publishers.

Richardson, David M., and others (2011). A Compendium of Essential Concepts and Terminology in Inva-
sion Ecology. In Fifty Years of Invasion Ecology: The Legacy of Charles Elton, pp. 409-420. John
Wiley & Sons.

Ruiz, Gregory M., and others (1997). Global invasions of marine and estuarine habitats by non-indigenous
species: mechanisms, extent, and consequences. American Zoologist, vol. 37, No. 6, pp. 621-632.

Ruiz, Gregory M., and others (2000). Global spread of microorganisms by ships. Nature, vol. 408, No. 6808,
p. 49.

Ruiz, Gregory M., and others (2015). Invasion history and vector dynamics in coastal marine ecosystems: A
North American perspective, Aquatic Ecosystem Health & Management, vol. 18, No. 3, pp. 299-311.

Ruttenberg, Benjamin I., and others (2012). Rapid invasion of Indo-Pacific lionfishes (Pterois volitans and
Pterois miles) in the Florida Keys, United States: evidence from multiple pre-and post-invasion
data sets. Bulletin of Marine Science, vol. 88, No. 4, pp. 1051-1059.

Sancholle, M. (1988). Présence de Fucus spiralis (Phaeophyceae) en Méditerranée occidentale. Crypto-
gamie Algologie, vol. 9, No. 2, pp. 157-161.

Schlaepfer, Martin A., and others (2011). The Potential Conservation Value of Non-Native Species. Conser-
vation Biology, vol. 25, No. 3, pp. 428-437.

Schroder, V., and Carlos Garcia de Leaniz (2011). Discrimination between farmed and free-living invasive
salmonids in Chilean Patagonia using stable isotope analysis. Biological Invasions, vol. 13, No. 1,
pp. 203-213.

Schwindt, Evangelina, and Alejandro Bortolus (2017). Aquatic invasion biology research in South Ameri-
ca: Geographic patterns, advances and perspectives. Aquatic Ecosystem Health & Management,
vol. 20, No. 4, pp. 322-333.

Schwindt, Evangelina and others (2020). Past and Future of the Marine Bioinvasions along the Southwest-
ern Atlantic. Aquatic Invasions, vol. 15, No. 1, pp. 11-29.

Seaward, Kimberley, and Graeme Inglis (2018). Long-Term Indicators for Non-Indigenous Species (NIS) in
Marine Systems. NIWA Client Report CHC2016-024.

Shatkin, Greg (1997). Considerations regarding the possible introduction of the Pacific oyster (Crassostrea
gigas) to the Gulf of Maine: a review of global experience. Journal of Shellfish Research, vol. 16,
pp. 463-478.

Sliwa, Cathryn, and others (2009). Marine bioinvasions in Australia. In Biological Invasions in Marine Eco-
systems, pp. 425-437. Springer.

Spalding, Mark D., and others (2007). Marine ecoregions of the world: a bioregionalization of coastal and
shelf areas. BioScience, vol. 57, No. 7, pp. 573-583.

Stern, Nir, and Shevy B.S. Rothman (2019). Divide and conserve the simultaneously protected and invasive
species. Aquatic Conservation: Marine and Freshwater Ecosystems, vol. 29, No. 1, pp. 161-162.

Stiger, Valérie, and Claude Payri (1999). Spatial and seasonal variations in the biological characteristics
of two invasive brown algae, Turbinaria ornata (Turner) J. Agardh and Sargassum mangarevense
(Grunow) Setchell (Sargassaceae, Fucales) spreading on the reefs of Tahiti (French Polynesia).
Botanica Marina, vol. 42, No. 3, pp. 295-306.

361



World Ocean Assessment II: Volume |l

Tavares, Marcos, and Gustavo A.S. de Melo (2004). Discovery of the first known benthic invasive species
in the Southern Ocean: the North Atlantic spider crab Hyas araneus found in the Antarctic Penin-
sula. Antarctic Science, vol. 16, No. 2, pp. 129-131.

Teixeira, Larissa M.P,, and Joel C. Creed (2020). A decade on: an updated assessment of the status of
marine non-indigenous species in Brazil. Aquatic Invasions vol. 15, No. 1, pp. 30-43.

Therriault, Thomas W., and others (2018). The invasion risk of species associated with Japanese tsunami
marine debris in Pacific North America and Hawaii. Marine Pollution Bulletin, vol. 132, pp. 82—89.

Tsiamis, Konstantinos, and others (2019). Non-indigenous species refined national baseline inventories:
A synthesis in the context of the European Union’s Marine Strategy Framework Directive. Marine
Pollution Bulletin, vol. 145, pp. 429-435.

Turon, Xavier, and others (2016). Too cold for invasions? Contrasting patterns of native and introduced
ascidians in subantarctic and temperate Chile. Management of Biological Invasions, vol. 7, No. 1,
pp. 77-86.

United Nations (2017). The First Global Integrated Marine Assessment: World Ocean Assessment I. Cam-
bridge: Cambridge University Press.

United Nations Environment Programme (UNEP) (2002). COP 6 Decision VI/23. Alien Species That Threat-
en Ecosystems, Habitats or Species. The Hague, 7-19 April 2002.

Wan, Shuwen, and others (2009). The positive and negative effects of exotic Spartina alterniflora in China.
Ecological Engineering, vol. 35, No. 4, pp. 444-452.

Wang, Xiulin, and Kegiang Li (2006). Appendix | List of Phytoplankton and Red Tide Reasons in Bohai
Sea. Marine Environmental Capacity of Major Chemical Pollutants in Bohai Sea. Science Press.
pp. 311-316.

Ware, Chris, and others (2016). Biological introduction risks from shipping in a warming Arctic. Journal of
Applied Ecology, vol. 53, No. 2, pp. 340-349.

Williamson, Mark Herbert (1996). Biological Invasions. London, New York: Chapman & Hall.

362





