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SECTION A - Organism Information and Screening

Al. Identify the organism. Is it clearly a single taxonomic entity and can it be adequately
distinguished from other entities of the same rank?

including the following elements:

o the taxonomic family, order and class to which the species belongs;

o the scientific name and author of the species, as well as a list of the most common synonym
names;

e names used in commerce (if any)

e alist of the most common subspecies, lower taxa, varieties, breeds or hybrids

As a general rule, one risk assessment should be developed for a single species. However, there may

be cases where it may be justified to develop one risk assessment covering more than one species

(e.g. species belonging to the same genus with comparable or identical features and impact). It shall

be clearly stated if the risk assessment covers more than one species, or if it excludes or only

includes certain subspecies, lower taxa, hybrids, varieties or breeds (and if so, which subspecies,

lower taxa, hybrids, varieties or breeds). Any such choice must be properly justified.

Response: This risk assessment covers one species: Nanozostera japonica (Ascherson & Graebner)
Tomlinson & Posluszny, 2001

Phylum: Tracheophyta, Class: Magnoliopsida, Order: Alismatales, Family: Zosteraceae, Subgenus:
Zosterella

Synonyms:

Nanozostera americana (Hartog) Tomlinson & Posluszny, 2001 (synonym)

Zostera americana Hartog, 1970 unaccepted (synonym)

Zostera subg. Zosterella americana den Hartog, 1970 (alternate representation)

Zostera subg. Zosterella japonica Ascherson & Graebner, 1907 (alternate representation)

Zostera nana Roth, 1827. This species was subsequently split into Zostera noltei in Europe and Z.
japonica in Asia (Harrison & Bigley, 1982). After a long history of revisions in the genera of the
Zosteracea family, both species were recently placed in the genus Nanozostera (Coyer etal., 2013;
Sullivan & Short, 2023 for a review of the nomenclatural changes over time). Nanozostera noltei is
distributed in Western Europe, the western Baltic, the Mediterranean and the Black Seas, as well as the
Caspian and the Aral Seas (Green & Short, 2003) but forms a monophyletic group with Nanozostera
japonica, which is distributed in East and South-East Asia (Tanaka et al., 2003). To explain the
disjunct distribution, den Hartog (1970) and Phillips & Menez (1988) suggested that N. noltei moved
to the Mediterranean from the Indo-Pacific area through the Tethyan Sea before the closure of the
Suez Isthmus in the Miocene, 5-24 million years ago (in Tanaka et al., 2003).

NOTE: Nanozostera noltei is also encountered in the scientific literature under the alternative name
and spelling Zostera noltii. For the purposes of this document, the species is referred to as N. noltei,
following WoRMS (https://www.marinespecies.org/aphia.php?p=taxdetails&id=669496) and
Algaebase (https://www.algaebase.org/search/species/detail/?species_id=136629). Nevertheless, data
and literature searches in relation to N. noltei were performed with both spellings.

Common names: Japanese eelgrass (US); Dwarf eelgrass (US), note this name is also used for the
native Nanozostera noltei in the EU; Japanisches Seegras (DE).


https://www.algaebase.org/search/species/detail/?species_id=136629

Nanozostera japonica is a very small seagrass species that grows as an annual or short-lived perennial.
The vegetative shoots consist of a leaf bundle containing 2 - 4 leaves, enclosed at the base by an open,
persistent leaf sheath 3 - 6 cm long, with two overlapping membranous flaps. The leaf blades are
alternately arranged, up to 30 cm long, but typically less than 15 cm, and 0.8 - 1.3 mm wide, each
generally having three parallel leaf veins (Hitchcock et al., 1969; Shin & Choi, 1998; Haynes, 2000;
Green & Short, 2003; SeagrassNet NP, 2009).

Flowering shoots arise as erect, sparsely branching stems, up to 30 cm tall. The branches bear 2 - 5
inflorescences, consisting of staminate and pistillate flowers, alternating in two rows on a flattened
fleshy spadix, 1.5 - 2 cm long and 1.5 - 2.5 mm wide. The spadix has tiny flap-like marginal
projections (retinacula) scarcely 1 mm long (Hitchcock et al., 1969), and is enclosed within a
protective spathe 3 - 6 cm (Hitchcock et al., 1969; Shin & Choi, 1998; Haynes, 2000).

The rhizomes are creeping, 0.5 - 1.5 mm in diameter, the internodes are 1 - 3 cm long, with two
elongated roots and one shoot at each node.

Figure 2: Nanozostera japonica showing
overlapping flaps of leaf sheath, from
Yaquina Bay, Oregon. © Gerald D. Carr.

Figure 1: Nanozostera japonica from
Yaquina Bay, Oregon. © Gerald D. Carr.
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Figure 3: Nanozostera japonica morphology. A. Whole plant, showing vegetative shoot (left),
branched flowering shoot (right), horizontal rhizome, and roots. B. Detail of inflorescence with
flowers removed and spathe opened to show, in this specimen, seven retinacula. C. Detail of leaf
sheath (unshaded), showing the two overlapping flaps. Adapted from FIG. 1 in Harrison & Bigley
(1982), with the permission of R.E. Bigley.

A2. Provide information on the existence of other species that look very similar [that may be
detected in the risk assessment area, either in the environment, in confinement or associated
with a pathway of introduction]

Include both native and non-native species that could be confused with the species being assessed,
including the following elements:

o other alien species with similar invasive characteristics, to be avoided as substitute species
(in this case preparing a risk assessment for more than one species together may be
considered);

o other alien species without similar invasive characteristics, potential substitute species;




e native species, potential misidentification and mis-targeting

Response: Borum et al. (2004) provided a detailed comparison of the four European native species of
seagrasses, with which Nanozostera japonica could potentially be confused: Zostera marina
(eelgrass), including ‘Z. marina var angustifolia and Z. angustifolia’, which is regarded as a separate
species or variety by some authors but has repeatedly been found genetically indistinguishable from Z.
marina (Coyer et al., 2013; Olsen et al., 2013; Talbot et al., 2016) and is rather considered an ecotype
of Z. marina (Becheler et al., 2010); Nanozostera noltei (dwarf eelgrass); Cymodocea nodosa
(seahorse grass); and Posidonia oceanica. In addition, there is one non-native seagrass present in the
Mediterranean, Halophila stipulacea. Another potential source of confusion is with species of the
genus Ruppia (widgeon grasses). Both, Cymodocea nodosa and Posidonia oceanica only occur
subtidally. In addition, they both have vertical rhizomes. Cymodocea nodosa has only one root per
rhizome node (SeagrassNet NA, 2009). Halophila stipulacea has oblong leaves that look very
different from the linear leaves of N. japonica. Ruppia species can be identified by their very thin
leaves that taper to a point (Ca Sea Grant, 2009; SeagrassNet NA, 2009), and long white rhizome
segments. Each node forms a leaf bundle and only one long root.

Identification features of the Zostera/Nanozostera species are shown in Table 1.

Table 1. Key distinguishing features of species that could be confused with Nanozostera japonica.

Species Nanozostera japonica®* Nanozostera noltei Zostera marina
Leaves per 2-4 2-5 3-7

bundle

Leaf lengthcm | 10- 30 5-25 30-60to1.5m
Leaf width mm | 0.8-1.3 05-2 2-10

Leaf sheath! 2 overlapping flaps 2 overlapping flaps Complete tube
Rhizome 05-15 05-2 2-6

diameter mm

Rhizome Light green becoming White-green becoming
colour yellow or brown dark brown

Roots 2 elongated roots per node | 1- 4 thin roots per node 2 root bundles per node
Retinacula® 1x0.6 mm 1x0.3mm None

Spathe cross-
section*

>

D

Habitat

Intertidal mud & sand

Intertidal mud & sand

Mainly subtidal to 10 - 15
m




Other
distinguishing
features

1 shoot at each node.
3 parallel leaf veins.

1 shoot at each node.

Terminal shoots on
rhizomes.

In transition zone
specimens may be stunted.

Distribution in
Europe

Not known to be present.

Almost throughout,
northern limit is S Norway.

Throughout, sparser in
Mediterranean.

1 Harrison & Bigley, 1982, Fig. 1C (see Figure 3 above.)

2 Shin & Choi, 1998

3 Retinacula — sterile flaps on the flowering spadix, Bigley, 1981; Shin & Choi, 1998, Fig. 2
4 Bigley, 1981, Fig. 32 (see Figure 4 below.)

Zostera japonica

Zostera noltei

Figure 4: Spathe cross-sections of Nanozostera japonica and Nanozostera noltei. Adapted from Fig.
32 in Bigley (1981), with permission of R. E. Bigley.

Differentiation of Nanozostera japonica and N. noltei could be extremely challenging in the field. As
shown in Table 1, only a few features of the reproductive spathes differentiate the species. DNA
analysis may be useful; however, that also is not straightforward (Daru & Yessoufou, 2016; Westfall
et al., 2020; Ortega et al., 2020). Les et al. (2002) showed differences between them using nuclear
(ITS/5.8S) and chloroplast (rbcL and trnK intron) sequences, whereas Tanaka et al. (2003) used the
chloroplast matK region. The whole chloroplast genome has been sequenced for N. japonica, but not
for N. noltei (Chen & Yang, 2019). Coyer et al. (2004) could not distinguish the species using




microsatellites, however a four-locus analysis utilising one nuclear and three chloroplast loci (1TS1,
matK, rbcL, psbA-trnH) demonstrated a well-defined N. noltei clade within the more diverse N.
japonica clade (Coyer et al., 2013).

A3. Does a relevant earlier risk assessment exist? Give details of any previous risk assessment,
including the final scores and its validity in relation to the risk assessment area.

Response: No formal risk assessment has been carried out.

Tsiamis et al. (2020) ranked Nanozostera japonica as a high priority marine invasive alien species for
risk assessment under Article 5 of the EU IAS Regulation. They assigned weighted final scores of
6/12 for likelihood of arrival, 12/12 for likelihood of establishment, 12/12 for likelihood of spread, and
12/12 for potential impact, giving a total score of 42/48. It ranked third amongst species currently
absent from European waters.

Extensive work has been carried out in N America, where N. japonica is considered invasive in some
states, while others consider it benign or perhaps beneficial. The States of California and Washington
list it as a noxious weed (Shafer et al., 2014; CDFA, 2021; WA NWCB, 2013; 2021). However, N.
japonica does not appear on the Federal or the Oregon invasive species or noxious weed lists.

Ad4. Where is the organism native?
including the following elements:

e an indication of the continent or part of a continent, climatic zone and habitat where the species
is naturally occurring

o if applicable, indicate whether the species could naturally spread into the risk assessment area

Response:

Nanozostera japonica is native to the Northwest Pacific, encompassing the Cold Temperate Northwest
Pacific, the Warm Temperate Northwest Pacific, and the Central Indo-Pacific (Short et al., 2007;
Spalding et al., 2007).

Its range extends from the Kamchatka peninsula in Russia at 54 °N, through Sakhalin, and the Kuril
Islands; throughout Japan including the Ryuku islands; Korea; eastern mainland China; Taiwan; and
Vietnam as far south as the northern edge of the Mekong delta at 10 °N (Miki, 1933; Shin & Choi,
1998; Kafanov & Plekhov, 2001; Green & Short, 2003; GBIF, 2022a; OBIS, 2022).

It is mainly distributed on intertidal sand and mud flats, in sheltered bays, estuaries and around islands
(Green & Short, 2003). In its native range, N. japonica has been reported to grow as deep as 7 m,
although it typically grows intertidally and at depths < 1 m (Hayashida, 2000; Nakaoka & Aioi, 2001;
Abe et al., 2010).



In the IUCN Red List, this species is listed as “Least Concern”, with the comment “This species is
widespread and common in intertidal areas. It is threatened at a local level in some areas by human
activities” (Short et al., 2010a).

P
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Figure 5: Occurrence records of N. japonica in the native (red) and introduced (blue) range. Data
points retrieved from the literature, biodiversity databases and screened as explained in responses A4-
A6 and the modelling Annex (Annex VIII). Map created by Bjorn Beckmann for the purposes of this
RA.

A5. What is the global non-native distribution of the organism outside the risk assessment
area?

Response: Outside its native distribution, Nanozostera japonica has been introduced to the Northeast
Pacific, where currently its distribution is limited to the Cold Temperate Northeast Pacific marine
ecoregion (Spalding et al., 2007). Its current range extends along the coast of N America, from
Vancouver Island and the Strait of Georgia, in British Columbia, Canada, to the Eel River, just south
of Humboldt Bay in California, US (Mach et al., 2014; Stillman et al., 2015; GBIF, 2022a; OBIS,
2022), with a latitudinal range of 50 °N — 40 °N.

Talbot et al. (2016) consider more northerly records of N. japonica from Prince of Wales Island,
Alaska (UAM Herb: 248738-41) dubious, as genetic analysis failed to detect it in the same region
(Alexander Archipelago in southeastern Alaska).

Nanozostera japonica was introduced to the US more than 50 years ago, apparently with the
importation of seed oysters (Magallana gigas) used in the mariculture industry (Harrison & Bigley,
1982). Although it was first reported in Willapa Bay, Washington in 1957, the actual date of
introduction may have been decades earlier as large shipments of oysters were transported with
minimal precautions into this region from 1919 to the early 1950s (Harrison & Bigley, 1982). The first
Canadian record was from Boundary Bay, British Columbia in 1969 (Harrison & Bigley 1982;
Baldwin & Lavvorn, 1994). Given the initially disjunct distribution, it is possible there have been
multiple introductions (Harrison & Bigley, 1982).



In Canada, by 1975 the species had spread throughout Boundary Bay and the northern area of Puget
Sound. By 1978, its range had extended northward into the Strait of Georgia and along the Fraser
River, then in 1979 it reached Vancouver Island, 35 km across the Strait of Georgia from the nearest
colonized site on the mainland (Phillips & Shaw, 1976; Harrison & Bigley, 1982).

In the US, N. japonica also rapidly spread southward, such that by the 1980s, it was established in
several estuaries between the southern Strait of Georgia and Coos Bay, Oregon (Harrison & Bigley,
1982; Posey, 1988; Bayer, 1996; Larned, 2003). In 1999, it was found to be present in most estuaries
between the Powell River, British Columbia and the Coquille River, Oregon (Larned, 2003). By 2002,
it had extended its range further southward to Humboldt Bay, California (Dean et al., 2008, in Shafer
etal., 2014).

Shafer et al. (2014) noted that N American populations of N. japonica are currently limited to bays
and estuaries in British Columbia, Canada; and Washington, Oregon and northern California, US.
However, within this range, dramatic expansions have occurred in some areas, creating large beds that
occupy many hectares of intertidal flats in Boundary Bay, British Columbia, and in Padilla, Samish,
and Willapa Bays, Washington (Posey 1988; Baldwin & Lovvorn 1994; Bulthuis, 1995; Dumbauld &
Wyllie-Echeverria, 2003).

Harrison & Bigley (1982) described extensive beds of N. japonica on the 17,000 ha of intertidal flats
in Willapa Bay, with dense populations covering all substrates except those with excessive clay or
gravel.

Young et al. (2008) determined that N. japonica distribution in Yaquina Bay, Oregon, increased from
0.037 km? in 1998 to almost 0.19 km? in 2007, roughly a 400 % increase over 9 years.

Throughout its established range in N America, N. japonica grows in sheltered bays, estuaries and
around islands, but its distribution extends further up estuaries than that of the native Z. marina (Lee &
Brown, 2009). It is found primarily in the mid- to upper-intertidal zones (Shafer et al., 2014; Young et
al., 2015). There are currently no documented cases of N. japonica growing below mean sea level
(Shafer et al., 2014).

A6. In which biogeographic region(s) or marine subregion(s) in the risk assessment area has
the species been recorded and where is it established? The information needs be given
separately for recorded (including casual or transient occurrences) and established
occurrences. “Established” means the process of an alien species successfully producing viable
offspring with the likelihood of continued survival?.

Aba. Recorded: List regions
A6b. Established: List regions
Freshwater / terrestrial biogeographic regions:

o Alpine, Atlantic, Black Sea, Boreal, Continental, Mediterranean, Pannonian, Steppic

Marine regions:

Z Convention on Biological Diversity, Decision V1/23
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e Baltic Sea, North-east Atlantic Ocean, Mediterranean Sea, Black Sea
Marine subregions:

e Greater North Sea, incl. the Kattegat and the English Channel, Celtic Seas, Bay of Biscay and
the Iberian Coast, Western Mediterranean Sea, Adriatic Sea, lonian Sea, Central Mediterranean
Sea, Aegean-Levantine Sea.

Comment on the sources of information on which the response is based and discuss any uncertainty
in the response.

For delimitation of EU biogeographical regions please refer to https://www.eea.europa.eu/data-and-
maps/figures/biogeographical-regions-in-europe-2 (see also Annex VI).

For delimitation of EU marine regions and subregions consider the Marine Strategy Framework
Directive areas; please refer to https://www.eea.europa.eu/data-and-maps/data/msfd-regions-and-
subregions/technical-document/pdf (see also Annex VI).

Response (6a): None.
Response (6b): None.

Boudouresque et al. (2011) raised the possibility of Nanozostera japonica being present in the Thau
Lagoon, southern France (Mediterranean), an invasion hot-spot resulting from Pacific oyster
importation in the 1970s. However, no published evidence could be found of any subsequent
investigation. Nevertheless Thierry Thibaut (Aix-Marseille University) in a personal communication
(September 2023) communicated that older colleagues had looked for N. japonica in French lagoons
in the past but never found it. An undetected introduction however is not out of the question precisely
because of the difficulty in discriminating the two species in the field.

Confusion over the use of the same common name of Dwarf eelgrass, for N. japonica and N. noltei,
appears to be the reason for its misreported presence around the coast of Ireland (Celtic Seas) on a
website and leaflet produced by a company specializing in non-native species removals (JKC, 2021).

A7. In which biogeographic region(s) or marine subregion(s) in the risk assessment area could
the species establish in the future under current climate and under foreseeable climate
change? The information needs be given separately for current climate and under foreseeable
climate change conditions.

ATa. Current climate: List regions

ATb. Future climate: List regions

With regard to EU biogeographic and marine (sub)regions, see above.
With regard to climate change, provide information on

o the applied timeframe (e.g. 2050/2070)

o the applied scenario (e.g. RCP 4.5)

11
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e what aspects of climate change are most likely to affect the risk assessment (e.g. increase in
average winter temperature, increase in drought periods)

The assessment does not have to include a full range of simulations on the basis of different climate
change scenarios, as long as an assessment with a clear explanation of the assumptions is provided.
However, if new, original models are executed for this risk assessment, the following RCP
pathways shall be applied: RCP 2.6 (likely range of 0.4-1.6°C global warming increase by 2065)
and RCP 4.5 (likely range of 0.9-2.0°C global warming increase by 2065). Otherwise, the choice of
the assessed scenario has to be explained.

Response (7a): The response is based on combining physiological tolerances and the results from the
distribution modeling (see Qu. 2.1, Qu. 2.9 and Annex V111 for details). For purposes of mapping and
assessing the risk of establishment, the following tolerance limits where defined:

e  Minimum long-term temperature > -0.5 °C
e Mean surface salinity > 10 psu and < 38 psu
o Water depth <100 m

Baltic Sea: moderately likely, medium confidence (western part)

Greater North Sea: likely, low confidence (see Qu. 2.9 for rationale)

Celtic Seas: moderately likely, medium confidence

Bay of Biscay and the Iberian coast: likely, low confidence

Western Mediterranean Sea: moderately likely, medium confidence (northern part)
Adriatic Sea: moderately likely, medium confidence (northern part)
Aegean-Levantine Sea: moderately likely, medium confidence (Aegean)

Central Mediterranean Sea and the lonian: moderately likely, medium confidence
Black Sea: moderately likely, medium confidence

In the Mediterranean Sea, high summer temperatures in lagoons and shallow waters, and the high
salinity in the Levantine and the southern Central Mediterranean are expected to reduce the likelihood
of establishment. A useful criterion for the potential extent of the species in this subregion is likely to
be the current distribution range of its sister species N. noltei (i.e., the Western Mediterranean, the
northern Adriatic and locally the Aegean and lonian coast of Greece) (GBIF, 2022b).

The Baltic Sea offers conditions suitable for establishment in its western part; whereas further east,
consistently low salinities are expected to limit the potential for establishment.

In the Black Sea, abiotic conditions are close to the optimal temperature and salinity for N. japonica.
However, the native Zostera beds in the region are fragmented and declining, mainly due to pollution
and eutrophication (Jahnke et al., 2016).

Response (7b): The response is based on combining physiological tolerances and the results from the
distribution modeling (see Qu. 2.1, Qu. 2.9 and Annex V111 for details). The methodology for the
developed models is described in Annex VIII, and considers scenarios RCP 2.6 and RCP 4.5 by 2070.
See also Qu. 2.10. The results are the same under both scenarios.
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Baltic Sea: moderately likely, medium confidence (western part)

Greater North Sea: likely, low confidence

Celtic Seas: moderately likely, medium confidence

Bay of Biscay and the Iberian coast: likely, low confidence

Western Mediterranean Sea: moderately likely, medium confidence (northern part)
Adriatic Sea: moderately likely, medium confidence (northern part)
Aegean-Levantine Sea: moderately likely, medium confidence (Aegean)

Central Mediterranean Sea and the lonian: moderately likely, medium confidence
Black Sea: moderately likely, medium confidence

The species distribution model (SDM) predicted a small increase in projected suitability for N.
japonica for the Greater North Sea and the Black Sea. The aspect of climate change most likely to
affect the organism’s ability to establish is an increase in winter sea surface temperatures. Higher
winter temperatures in Atlantic Europe will favour a shift from short-lived annual to perennial
populations.

Climate change is expected to enhance the hydrological cycle in northern latitudes reducing the
salinity in the Baltic Sea, due to increased river runoff and net precipitation (Kniebusch et al., 2019;
Lehmann et al., 2022). Thus, even though increased minimum temperatures might favour N. japonica,
reduced salinity will likely have the opposite effect (see Qu 2.1 for salinity requirements of the
species).

Suitable conditions in the Mediterranean are likely to become even more restricted spatially and
temporally, rendering establishment in this marine subregion more localized.

Note: Even though the SDM takes into account salinity variability in the form of distance from river
mouths, a future scenario for river discharge was not taken into account and would take very elaborate
data processing to bring into the model. It is anticipated that extreme weather phenomena, like
droughts and storms/flooding, will be more frequent and intense under future climate conditions and
this will increase the uncertainty of predictions.

A8. In which EU Member States has the species been recorded and in which EU Member
States has it established? List them with an indication of the timeline of observations. The
information needs be given separately for recorded and established occurrences.

A8a. Recorded: List Member States
A8b. Established: List Member States

Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands,
Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden

The description of the invasion history of the species shall include information on countries invaded
and an indication of the timeline of the first observations, establishment and spread.

Response (8a): None.
13



Response (8b): None.

Boudouresque et al. (2011) raised the possibility of Nanozostera japonica being present in the Thau
Lagoon, southern France (Mediterranean), an invasion hot-spot resulting from Pacific oyster
importation in the 1970s. However, no evidence could be found of any subsequent investigation.

Confusion over the use of the same common name of Dwarf eelgrass, for N. japonica and N. noltei,
appears to be the reason for its misreported presence around the coast of Ireland (Celtic Seas) on a
website and leaflet produced by a company specializing in non-native species removals (JKC, 2021).

A9. In which EU Member States could the species establish in the future under current
climate and under foreseeable climate change? The information needs be given separately for
current climate and under foreseeable climate change conditions.

A9a. Current climate: List Member States

A9b. Future climate: List Member States

With regard to EU Member States, see above.

With regard to climate change, provide information on
e the applied timeframe (e.g. 2050/2070)

o the applied scenario (e.g. RCP 4.5)

e what aspects of climate change are most likely to affect the risk assessment (e.g. increase in
average winter temperature, increase in drought periods)

The assessment does not have to include a full range of simulations on the basis of different climate
change scenarios, as long as an assessment with a clear explanation of the assumptions is provided.
However, if new, original models are executed for this risk assessment, the following RCP
pathways shall be applied: RCP 2.6 (likely range of 0.4-1.6°C global warming increase by 2065)
and RCP 4.5 (likely range of 0.9-2.0°C global warming increase by 2065). Otherwise, the choice of
the assessed scenario has to be explained.

Response (9a): The Species Distribution Model outlined in Annex VIII provides a projection of
environmental suitability for Nanozostera japonica establishment in Europe. According to the model,
the species could establish in Belgium, Bulgaria, Croatia, Denmark, France, Germany, Greece,
Ireland, Italy, The Netherlands, Portugal, Romania, Slovenia, Spain and Sweden.

Consideration of the physiological tolerances (see Qu. 2.1, Qu. 2.9 and Annex VIII for details)
suggests Slovenia and Spain should also be considered as suitable for establishment. Given the
limitations of the modeling approach for interidal species, which are both under the influence of
marine and terrestrial environmental variables (see Annex VII1), a useful criterion for the potential
extent of the species in the RA area is likely to be the current distribution range of its sister species N.
noltei, with very similar habitat requirements (see Qu. 2.9 and 4.3 for details). Nanozostera noltei in
the Baltic is restricted to the western part, not beyond the Arcona Basin, i.e., as far as Germany
(HELCOM, 2013a). The predictions of the model for suitable habitats further in the Baltic are thus
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considered equivocal, especially considering that sustained periods of salinities under 10 psu were
found to stress N. japonica in its invaded range (Shafer et al., 2011; Kaldy & Shafer, 2013).

Response (9b): Belgium, Bulgaria, Croatia, Denmark, France, Germany, Greece, Ireland, Italy, The
Netherlands, Portugal, Romania, Slovenia, Spain, and Sweden. This response is based on the RCP 2.6
and RCP 4.5 scenarios for the period to 2070 (see Annex V111 for details on modelling and future
climate conditions in the RA area). There is no predicted difference between the two climate change
scenarios.

A10. Is the organism known to be invasive (i.e. to threaten or adversely impact upon
biodiversity and related ecosystem services) anywhere outside the risk assessment area?

Response: Yes.

In the US, the States of California and Washington list Nanozostera japonica as a noxious weed
(Shafer et al., 2014; CDFA, 2021; WA NWCB, 2013; 2021). However, it does not appear on the
Federal or the Oregon invasive species or noxious weed lists.

Over the last 50 years there has been a dramatic increase in the distribution of N. japonica in N
America, this has led to a shift from unstructured mudflat to a vegetated habitat. The consequent
ecological effects include changes to benthic community composition and abundance, nutrient cycling,
carbon usage, and primary and secondary production (Posey, 1988; Hahn, 2003b; Larned, 2003;
Bando, 2006; Williams, 2007; Shafer et al., 2014).

As healthy seagrass is considered a prime indicator of estuarine ecosystem function, some of these
changes may be considered beneficial (Williams, 2007; Shafer et al., 2014), and Mach et al. (2010)
concluded that, at that time, there was insufficient evidence to determine the relative economic or
environmental harm associated with the presence of this seagrass in N America.

However, Mach et al. (2014), in a review of the ecological impacts of N. japonica, found evidence of a
significant negative effect on large infaunal invertebrates in unvegetated habitats. Corbett et al. (2011,
in WA NWCB, 2013) suggest that feeding activity of the endangered green sturgeon is significantly
reduced in tideflats covered in N. japonica compared to the bare sand substrate in which their feeding
pits are typically found. Mach et al. (2014) also noted studies reporting a significant negative effect of
N. japonica on other macrophytes when these species occupy overlapping habitats. Boardman &
Ruesink (2022) reported that N. japonica had an adverse impact on biomass of the intertidal seagrass
Ruppia maritima in contrast with Harrison (1982), who did not find any significant interference
between the two species.

Ecosystem services reported as negatively affected:

Provisioning: Biomass - N. japonica may obstruct harvest methods, thus increasing management costs,
and lessen the production of harvestable shellfish (Fisher et al., 2011; WA NWCB, 2013; Mach et al.,
2014). For example, in Willapa Bay WA, US, studies were conducted to assess the effects of N.
japonica on the commercial farming of Manila clams (Ruditapes philippinarum) and Pacific oysters
(Magallana gigas). The growth of young clams, total clam harvests, clam quality and clam harvest
efficiency, were greater where N. japonica was chemically controlled than where it was not treated.

15



The response of oysters to N. japonica control varied by site; there was no effect at one site, while the
other sites had a 15 % increase in shucked meat with N. japonica control. The potential economic
impact of a N. japonica infestation of a shellfish bed was ~$47,000 ha™* for Manila clams and $4000
ha™* for oysters for each crop harvest cycle (Patten, 2014). Tsai et al. (2010) also reported a 17 %
reduction in the weight of dry meat per clam when N. japonica was present (Shafer et al., 2014).

Regulation & Maintenance: Hydrological cycle and water flow regulation - WA NWCB (2013) report
that reduction to water flow and tideland drainage could result from dense mats of N. japonica that can
slow water flow by up to 40 % as compared to unvegetated mudflats, causing deposition of silt and
detritus (Tsai et al., 2010; Fisher et al., 2011)). Preliminary data from Yaquina Bay, Oregon, suggests
that the presence of N. japonica may alter water column-benthic nutrient fluxes (Larned, 2003).

Cultural: Physical and experiential interactions with natural environment - Sediment build up can
prevent waterfront homeowners from using their docks and forcing expensive dredging to remove the
sediment (Reicher, 2010).

All. In which biogeographic region(s) or marine subregion(s) in the risk assessment area has
the species shown signs of invasiveness? Indicate the area endangered by the organism as
detailed as possible.

Freshwater / terrestrial biogeographic regions:

o Alpine, Atlantic, Black Sea, Boreal, Continental, Mediterranean, Pannonian, Steppic
Marine regions:

e Baltic Sea, North-east Atlantic Ocean, Mediterranean Sea, Black Sea

Marine subregions:

Greater North Sea, incl. the Kattegat and the English Channel, Celtic Seas, Bay of Biscay and the
Iberian Coast, Western Mediterranean Sea, Adriatic Sea, lonian Sea, Central Mediterranean Sea,
Aegean-Levantine Sea

Response: None.

Al12. In which EU Member States has the species shown signs of invasiveness? Indicate the
area endangered by the organism as detailed as possible.

Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands,
Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden

Response: None.
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A13. Describe any known socio-economic benefits of the organism.
including the following elements:

o Description of known uses for the species, including a list and description of known uses in the
risk assessment area and third countries, if relevant.

o Description of social and economic benefits deriving from those uses, including a description of
the environmental, social and economic relevance of each of those uses and an indication of
associated beneficiaries, quantitatively and/or qualitatively depending on what information is
available.

If the information available is not sufficient to provide a description of those benefits for the entire

risk assessment area, qualitative data or different case studies from across the risk assessment area

or third countries shall be used, if available.

Response: In general, seagrass meadows are considered to be key ecosystems, supporting fisheries,
carbon sequestration and coastal protection, and are globally threatened (de Los Santos et al., 2019).
Hou et al. (2020) describe seagrass beds as one of the most important primary producers in coastal
ecosystems, contributing the greatest productivity, and having extremely important ecological
functions. They can reduce suspended particles in water, increase its transparency, remove nutrients
from sediments, improve water quality, weaken waves, control coastal erosion, and provide habitats
for species of ecological and economical value such as scallops, shrimp, crabs and juvenile fish.

In its non-native range in N America, Hay (2011) discusses the economic value of the benefits that N.
japonica can provide, the most significant being: its ability to minimize sediment and pollution within
the water column, regulate water flow in estuarine systems, retain and form soil, provide refugia for
native species, and also act as primary producers to support the estuarine and marine ecosystems as a
whole. Mach et al. (2014) argue that N. japonica has economic benefits by providing nursery grounds
for commercial fish and shellfish species.

Finally, Kwak et al. (2014) demonstrated strong antioxidant activity of solvent-fractionated crude
extracts of N. japonica and suggested that the species may be used as a potential source of natural
antioxidants for the development of cosmetic product or functional food in the future.
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SECTION B — Detailed assessment

Important instructions:

In the case of lack of information the assessors are requested to use a standardized answer:
“No information has been found.” In this case, no score and confidence should be given and
the standardized “score” is N/A (not applicable).

With regard to the scoring of the likelihood of events or the magnitude of impacts see
Annexes | and I1.

With regard to the confidence levels, see Annex Ill.

Highlight the selected response score and confidence level in bold but keep the other scores
in normal text (so that the selected score is evident in the final document).

1 PROBABILITY OF INTRODUCTION AND ENTRY

Important instructions:

Introduction is the movement of the species into the risk assessment area (it may be either
in captive conditions and/or in the environment, depending on the relevant pathways).

Entry is the release/escape/arrival in the environment, i.e. occurrence in the wild

Introduction and entry may coincide for species entering through pathways such as
“corridor” or “unaided”, but it also may differ. If different, please consider all relevant
pathways, both for the introduction into the risk assessment area and the entry in the
environment.

For each described pathway, in each of the questions below, ensure that there are separate
comments explicitly addressing both the “introduction” and “entry” where applicable and as
appropriate. The classification of pathways developed by the Convention of Biological
Diversity (CBD) should be used (see Annex V). For detailed explanations of the CBD
pathway classification scheme consult the IUCN/CEH guidance document® and the
provided key to pathways*.

For organisms which are already present (recorded or established) in the risk assessment
area, the likelihood of introduction and entry should be scored as “very likely” by default.

Repeated (independent) introductions and entries at separate locations in the risk
assessment area should be considered here (see Qu. 1.7).

Qu. 1.1. List relevant pathways through which the organism could be introduced into the risk
assessment area and/or enter into the environment. Where possible give details about the
specific origins and end points of the pathways as well as a description of any associated
commodities.

3 https://op.europa.eu/en/publication-detail/-/publication/f8627bbc-1f15-11eb-b57e-01aa75ed71al

4 https://circabc.europa.eu/sd/a/0Oaeba7fl-c8c2-45a1-9ba3-bcb91a9f039d/TSSR-2016-

010%20CBD%20pathways%20key%20full%200only.pdf
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For each pathway answer questions 1.2 to 1.8 (copy and paste additional rows at the end of this
section as necessary). Please attribute unique identifiers to each question if you consider more than
one pathway, e.g. 1.2a, 1.3a, etc. and then 1.2b, 1.3b etc. for the next pathway.

In this context a pathway is the route or mechanism of introduction and/or entry of the species.

The description of commodities with which the introduction of the species is generally associated
shall include a list and description of commaodities with an indication of associated risks (e.g. the
volume of trade; the likelihood of a commaodity being contaminated or acting as vector).

If there are no active pathways or potential future pathways this should be stated explicitly here, and
there is no need to answer the questions 1.2-1.9.

Pathway name:
TRANSPORT-CONTAMINANT (Contaminant on animals)

Nanozostera japonica is believed to have been introduced to the NW Pacific coast (US and
Canada) with oyster seed shipments from Japan in the first half of the previous century
(Kaldy, 2006). Harrison (1976) indicates that eelgrass was used as packaging material in the
oyster crates; alternatively, Harrison & Bigley (1982) propose that dormant seeds could have
survived among oyster shells and then germinated upon release to a suitable habitat.

Boudouresque et al. (2011) raised the possibility of Nanozostera japonica being present in the
Thau Lagoon, southern France (Mediterranean), an invasion hot-spot resulting from Pacific
oyster importation in the 1970s. However, no published evidence could be found of any
subsequent investigation. Thierry Thibaut (Aix-Marseille University, pers. comm., Septemebr
2023) communicated that older colleagues had looked for N. japonica in French lagoons in the
past but never found it. An undetected introduction however is not out of the question
precisely because of the difficulty in discriminating the two species in the field.

TRANSPORT-STOWAWAY (ship/boat ballast water and sediments)

Floating reproductive shoots with seeds could be entrained in ballast water, released seeds
from decaying shoots can settle and bury in tank sediments and be resuspended upon release
of ballast water. Only scant evidence could be found for the transportation of seagrass shoots
or the presence of seeds in ballast tanks.

TRANSPORT-STOWAWAY Hitchhikers on ship/boat (excluding ship/boat hull fouling)

Recreational boats constitute a common vector of Non-Indigenous Species (NIS) macrophytes
(Boudouresque & Verlaque, 2002; Thibaut et al., 2022), they are strongly suspected of being
responsible for the regional spread of N. japonica in N America (Shafer et al., 2014), and the
trans-oceanic transport of Halophila stipulacea from the Mediterranean to the Caribbean (Ruiz
& Ballantine, 2004). Nanozostera japonica is typically an intertidal species, although in its
native range it is known from depths down to 7 m, so it could conceivably be entrained by
recreational vessel anchors/chains. Mechanical disturbance by anchors and chains can dislodge
sections of seagrass shoots, rhizomes, and roots from the sediment, which may be able to
survive for a relatively long time in damp and sheltered areas of vessels, such as an anchor
well (Ruiz & Ballantine, 2004). However, this is not expected to be a frequent occurrence;
mega-yachts and cruise ships are assumed to travel much less frequently between the N.
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japonica native range (primarily Japan, Korea and China) and the RA area, compared with
recreational routes across the Atlantic between the East Atlantic and the RA area (quantitative
data was not found on the issue but see marinetraffic.com for a visual of the trans-Atlantic
shipping route). Consequently, this is considered a very unlikely means of introduction and is
not elaborated any further in the RA.

UNAIDED (Natural dispersal)

Eelgrass species have a significant potential for natural dispersal, either through floating
fragments or via ingestion and excretion of seeds by waterfowl. Rafting shoots of
Zostera/Nanozostera species can drift for distances in the range of at least 150 - 200 km
(Erftemeijer et al., 2008; Kallstrom et al., 2008) and potentially up to 1000 km (Gonzélez &
Edding, 1990; Berkovi¢ et al., 2014; Jahnke et al., 2016). Predation of seeds by migratory birds
can be very variable but is assumed to disperse propagules for tens of km and possibly even
more (Sumoski & Orth, 2012), while mega-herbivores such as marine turtles can transport
viable Nanozostera seeds potentially for hundreds of kilometres (Tol et al., 2017). Given the
distance between potential donor areas and the RA area, neither of these two mechanisms can
act as a pathway of primary introduction for N. japonica in EU waters (see also Qu. 3.1 for more
details on natural dispersal within the RA area).

Pathway name:

TRANSPORT-CONTAMINANT (Contaminant on animals)

Qu. 1.2a. Is introduction and/or entry along this pathway intentional (e.g. the organism is
imported for trade) or unintentional (e.g. the organism is a contaminant of imported goods)?

RESPONSE | intentional CONFIDENCE | low
unintentional medium
high
Response:

It can be stated with high certainty that this pathway is unintentional. See categorization of pathways
in Annex IV and guidance notes in the beginning of this section.

Qu. 1.3a. How likely is it that large numbers of the organism will be introduced and/or enter
into the environment through this pathway from the point(s) of origin over the course of one
year?

including the following elements:

o discuss how likely the organism is to get onto the pathway in the first place. Also comment on
the volume of movement along this pathway.
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e an indication of the propagule pressure (e.g. estimated volume or number of individuals /
propagules, or frequency of passage through pathway), including the likelihood of reinvasion
after eradication

o if relevant, comment on the likelihood of introduction and/or entry based on propagule pressure
(i.e. for some species low propagule pressure (1-2 individuals) could result in subsequent
establishment whereas for others high propagule pressure (many thousands of individuals) may

not.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: Nanozostera japonica utilizes the same habitat (i.e., primarily intertidal soft sediments), and

is known to co-exist with the oyster Magallana gigas and the clam Ruditapes philippinarum, two
introduced species that are extensively cultivated in the RA area (Wisehart et al., 2007; Park et al.,

2011; Patten, 2014). Shoot fragments or buried seeds of the species may well be entrained in harvested
bivalves destined for exports (Harrison & Bigley, 1982). Even though this is the most likely pathway

of N. japonica’s historical introduction in the NE Pacific and it has been suspected as a source of a

possible undetected introduction of the species in the Thau lagoon in the 1970s (Boudouresque et al.,
2011), bivalve imports are much better regulated nowadays (e.g., COUNCIL REGULATION (EC) No

708/2007) and far less frequent from countries outside the EU. Since no evidence could be found

about the presence of the species in EU waters, risk of entry via this pathway is assessed based on the

current vector activity and intensity. Nowadays, bivalve culture in Europe is largely dependent on

harvesting/collecting wild seed from locations near to aquaculture plots, bivalve seed from hatcheries
to a smaller extent and, when necessary, imports of seed from other EU countries (Robert et al., 2013;

Muehlbauer et al., 2014; Occhipinti-Ambrogi et al., 2016; Marchini et al., 2016). Small quantities of
bivalves and other cultured molluscs may still be imported from non-EU countries, but such imports

are assumed to be rare, such that they are currently considered an unlikely pathway of introduction of

N. japonica in the RA area. Nevertheless, the sparseness and difficulty to access quantitative bivalve

import data from overseas, as well as the possibility of unreported/illegal importations (Mineur et al.,
2014) lowers the confidence of this assessment.

Qu. 1.4a. How likely is the organism to survive, reproduce, or increase during transport and
storage along the pathway (excluding management practices that would kill the organism)?

RESPONSE

very unlikely
unlikely
moderately likely
likely

very likely

CONFIDENCE

low
medium
high
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Response:

Under artificial cold storage conditions (4 °C and 34 psu), N. japonica seeds can survive and
successfully germinate even after 14 months of storage (Kaldy et al., 2015). In the wild, in the cold
temperate part of the species’ distribution, buried seeds survive winter sea temperatures as low as 0
°C, being largely responsible for population recruitment during particularly cold years (Zhang et al.,
2019). Thus, survival of N. japonica propagules, especially seeds, transported with bivalve
consignments is considered likely.

Qu. 1.5a. How likely is the organism to survive existing management practices before and
during transport and storage along the pathway?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response:

The implementation of EC regulation 708/2007 (EC, 2007) concerning use of alien and locally absent
species in aquaculture introduces a high biosecurity level for most bivalve transfers from areas outside
the EU, that has already proven to be effective in preventing new introductions of marine alien species
(Katsanevakis et al., 2013). Magallana gigas and Ruditapes philippinarum, both co-existing with N.
japonica in potential donor regions, constitute exceptions and can be moved without any risk
assessment or quarantine measures, thus increasing risk of introduction of the species, unless stricter
national/regional regulations apply (e.g., see WG-AS & Gittenberger (2018)). On the other hand,
shellfish growers are aware of the risks posed to bivalve stock by the introduction of alien/invasive
species and would be expected to adhere to codes of conduct for thorough inspections and other
additional measures if necessary.

Qu. 1.6a. How likely is the organism to be introduced into the risk assessment area or entry
into the environment undetected?

Please note that “detection” here is considered as any system or event that may actively contribute
to record the presence of a species in a way that appropriate management measures could be
potentially undertaken by relevant authorities.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
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| very likely

Response:

In situations where regular inspection of stock is a normal part of shellfish farm operations, eelgrass
shoots would be hard to miss. However, in the field, it is very difficult to distinguish N. japonica from
the native N. noltei (see Qu. A2) and could easily go unidentified. Conversely, in the event that seeds
of N. japonica are entrained in shellfish consignements, their small size, in the range of 1.9-2.6 mm
(Wyllie-Echeverria et al., 2006), would make it likely that they remain undetected.

Qu. 1.7a. How isolated or widespread are possible points of introduction and/or entry into the
environment in the risk assessment area?

RESPONSE | isolated CONFIDENCE | low
widespread medium
ubiquitous high

Response:

Concerning the two species that are exempted from the EC regulation 708/2007 (EC, 2007), i.e., M.
gigas and R. philippinarum, their cultivation is widespread throughout the RA area, particularly that of
M. gigas. Magallana gigas is extensively cultivated, particularly in Atlantic Europe (Muehlbauer et
al., 2014) but also in some of the Mediterranean countries (Greece, Italy, Mediterranean France and
Spain) to a smaller extent (Rodrigues et al., 2015). Ruditapes philippinarum is cultivated mainly in
Italy, Spain, Portugal, France and Ireland, where the species has naturalized and developed substantial
wild populations, which provide the seed for culture operations, alongside hatcheries (Moura et al.,
2017). Other non-native bivalve species (potential vectors of N. japonica) intended for aquaculture
would be subjected to the Regulation stipulations for strict inspections, quarantine, etc, making
introduction highly unlikely (see Qu. 1.5a for more detail). Besides, these two are the main species
that fulfil both conditions, i.e., have been/are still occasionally imported for aquaculture into the RA
area and can act as vectors of N. japonica as they occupy the same habitat and frequently co-exist.

Qu. 1.8a. Estimate the overall likelihood of introduction into the risk assessment area and/or
entry into the environment based on this pathway?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely
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Response:

The species may be introduced, primarily on imported oysters M. gigas and clams R. philippinarum
from the NW Pacific. Available literature suggests that shellfish imports from countries outside the
EU are generally limited in the past couple of decades and well regulated. The risk of introduction is
associated with a few species listed in Annex 1V of Council Regulation (EC) No 708/2007 (EC, 2007)
if stricter local/regional regulations are not in place (see Qu. 1.5a) and with illegal/unreported
transfers. Even for the exempted species of Annex IV, however, the amount imported from outside the
EU is assumed to be at levels low enough to render this pathway unlikely. It should be noted here that
work by Mineur et al. (2012; 2014) suggests that, despite existing regulations, the pathway was still
active in large European oyster culture grounds until at least 2011. The authors attributed new
macrophyte NIS introductions to unreported oyster imports from the NW Pacific. Since no more
recent data could be found and the source of these introductions cannot be verified, an unlikely score
with medium confidence is maintained for this pathway.

Pathway name: TRANSPORT-STOWAWAY (ship/boat ballast water and sediments)

Qu. 1.2b. Is introduction and/or entry along this pathway intentional (e.g. the organism is
imported for trade) or unintentional (e.g. the organism is a contaminant of imported goods)?

RESPONSE intentional CONFIDENCE low
unintentional medium
high

Response: It can be stated with high certainty that this pathway is unintentional. See categorization of
pathways in Annex IV and guidance notes in the beginning of this section.

Qu. 1.3b. How likely is it that large numbers of the organism will be introduced and/or enter
into the environment through this pathway from the point(s) of origin over the course of one
year?

including the following elements:

e discuss how likely the organism is to get onto the pathway in the first place. Also comment on
the volume of movement along this pathway.

e an indication of the propagule pressure (e.g. estimated volume or number of individuals /
propagules, or frequency of passage through pathway), including the likelihood of reinvasion
after eradication

o if relevant, comment on the likelihood of introduction and/or entry based on propagule pressure
(i.e. for some species low propagule pressure (1-2 individuals) could result in subsequent
establishment whereas for others high propagule pressure (many thousands of individuals) may
not.
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RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response:

Vegetative shoots of N. japonica as well as flowering shoots with seeds can float on the sea surface
and are documented to be dispersed by currents for hundreds of kilometres and for weeks to months of
transport (McMahon et al., 2014 and references therein). Similarly, dormant seeds may be mobilized
through sediment resuspension and enter the water column, albeit for brief periods of time due to their
negative buoyancy. It can thus be envisaged that propagules can be taken up in ballast water and
transferred to new destinations. The uptake of whole N. japonica plants in ballast water in particular
has been implicated in the spread of the species along the NE Pacific coast from British Columbia to
California (Cohen & Carlton, 1995). Furthermore, the species was included in the list of potential
arrivals, mediated by ballast water, to be risk assessed for the Baltic Sea (Leppékoski & Gollasch,
2006). Nevertheless, the only evidence that could be found in the literature for the presence of any
type of seagrass propagule in ship ballast water comes from Carlton & Geller (1993), who reported the
presence of Zosteracea in ballast water from one ship arriving from Japan to the Port of Coos Bay,
Oregon, after a transoceanic trip of 11 to 21 days.

Qu. 1.4b. How likely is the organism to survive, reproduce, or increase during transport and
storage along the pathway (excluding management practices that would Kill the organism)?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response:

No information could be found on the potential survival of seagrass propagules in ballast tanks
specifically.

Under natural conditions in the wild, seeds of Zostera/Nanozostera species on rafting reproductive
shoots can remain viable for extended periods of time (Harwell & Orth, 2002), certainly for longer
than the trans-oceanic travel duration from potential donor areas. Plant fragments can also remain
viable for long periods; e.g., Berkovi¢ et al. (2014) found that 15 % of N. noltei vegetative fragments
in mesocosm experiments were viable and growing after 55 days. In the dark conditions of the ballast

25




tank, however, N. japonica shoots are unlikely to remain viable for the whole trip duration from
potential donor areas.

Empirical determinations of minimum light requirements for growth of seagrasses have reported
values between 5 % and 25 % of surface irradiance (Ralph et al., 2007 and references therein). Bertelli
& Unsworth (2018) calculated a minimum light requirement (MLR) threshold for Z. marina of 20.12
umol photons m2s or the equivalent of 12.9 % surface irradiance and predicted shoot mortality
within 4 - 6 weeks at light levels below that threshold. In their experiments, all photophysiological
responses to shading were exhibited by day 5 of the treatments. Other studies, however, have
determined lower light compensation points for Z. marina at comparable temperatures, as low as
approximately 7 umol photons m2s? both for whole plants and cut leaf blades (Abe et al., 2003 and
references therein). In Abe et al. (2003), the compensation point of young Z. marina in April at 10 °C
was 5.7 % of sea surface irradiance. Jiménez et al. (1987) estimated light compensation points of 30 -
35 pumol photons m2s? at 15 °C for both Z. marina and N. noltei collected in Spain.

Thus, even if survival is possible for a few days, especially under lower temperatures, considering that
a journey from the north-west Pacific to the RA area lasts approximately 5-6 weeks (information
retrieved from shipping companies’ itinerary pages), it is predicted that shoots will eventually start
decaying. Vegetative propagules are unlikely to remain viable, whereas decaying reproductive shoots
will gradually become less buoyant and eventually settle at the bottom of the tank, where the
spathes/seeds will be released or detached (Hosokawa et al., 2015).

Nanozostera japonica seeds are more likely to remain dormant under low temperature (<5 - 10 °C)
and high salinity conditions (>10 psu) (Abe et al., 2009; Kaldy et al., 2015). Considering that ballast
water temperature follows the ambient sea surface temperature (Gollasch et al., 2000; Lenz et al.,
2018), and in tropical seas sea surface temperature can reach values of >30 °C in the summer and as
high as 27 - 28 °C in the winter, it is likely that a high proportion of any transported seeds can
germinate and produce seedlings (Kaldy et al., 2015). In such cases, it would be necessary for the
nutrient reserves present in the seeds to sustain the seedling until such time as it was released in a
suitable environment (Wyllie-Echeverria at al., 2006). Furthermore, Kishima et al. (2011) found that
an increased proportion of N. japonica seeds showed signs of degradation, presumably due to
biological processes by bacteria, mold, etc., when stored at 23 °C.

Survival of N. japonica seeds in ballast sediments, which are typically anoxic, is uncertain.
Contrasting results have been found for the congener Z. marina, with some studies demonstrating
reduced survival (Hootsmans et al., 1987) and development under anoxic conditions (Churchill, 1992,
in Orth et al., 2000); on the other hand, high seed survival rate was observed after a severe anoxic
episode in the Thau lagoon (Plus et al., 2003).

Qu. 1.5b. How likely is the organism to survive existing management practices before and
during transport and storage along the pathway?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
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likely
very likely

Response: The International Maritime Organization (IMO) Ballast Water Management Convention
(BWMC) entered into force in September 2017. It requires ships in international traffic to apply ballast
water management measures, in particular:

o ballast water exchange in open seas, away from coastal areas (D-1 standard for an interim
period)

o fulfil a certain discharge standard (D-2 standard according to the ship specific application
schedule phased in up to 8 September 2024). D-2 standard requires the installation of a
certified ballast water treatment device, which enables sterilization to avoid transfers of ballast
water mediated species.

Ballast Water Exchange (BWE) is currently practiced and requires ships to exchange a minimum of 95
% ballast water volume whenever possible at least 200 nautical miles (nm) from the nearest land and
in water depths of at least 200 metres. When this is not possible, the BWE shall be conducted at least
50 nm from the nearest land and in waters at least 200 metres in depth (David et al., 2007; and BWMC
Guideline 6). Even though BWE can reduce the concentration of live organisms in ballast by 80 - 95
% (Ruiz & Reid 2007; Darling et al., 2018), its application has severe limitations, primarily dependant
on shipping patterns of a port (e.g., shipping routes, length of voyages) and local specificsi.e.,
distance from nearest shore, water depth (David et al., 2007). This is particularly the case for EU Seas
where it is often not possible to meet these conditions. In addition, organisms may still remain in the
volume of ballast not exchanged and in ballast sediment, or BWE may not be possible due to weather
conditions or other safety restrictions. The survival of organisms in the water column and in sediments
(including N. japonica shoots and seeds) is thus not unlikely when only BWE measures are
implemented.

As a result, ballast water treatment (BWT) has been deemed necessary, such that ships shall discharge
less than 10 viable organisms per cubic metre greater than or equal to 50 micrometres in minimum
dimension (IMO D-2 standard). Ballast water treatment options include mechanical (filtration,
separation), physical (heat treatment, ozone, UV light) and chemical methods (biocides). Efficiencies
of various technologies utilised for ballast water treatment are reviewed in Tsolaki & Diamadopoulos
(2010), and can vary with treatment method but the application of many combined methods (e.g.,
Filtration+UV or Hydroclone+chemical disinfectant) can decrease live zooplankton to undetectable
levels, practically diminishing propagule pressure. Under the D-2 standard, all ships shall be required
to regularly remove and dispose of sediments from spaces designed to carry ballast water in
accordance with the ship’s Ballast Water Management Plan. Sediments will be disposed of at
designated sediment reception facilities in ports (GloBallast, 2017).

As such, the survival of N. japonica propagules in ballast water and sediments, with full
implementation of the D-2 standard (i.e. after 2024) is considered unlikely. Even without BWT,
however, propagules of the species are unlikely to remain viable in ballast tanks during transport from
the current distribution range (see previous question).
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Qu. 1.6b. How likely is the organism to be introduced into the risk assessment area or entry
into the environment undetected?

Please note that “detection” here is considered as any system or event that may actively contribute
to record the presence of a species in a way that appropriate management measures could be
potentially undertaken by relevant authorities.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: Eelgrass shoots, vegetative or reproductive, released with ballast water in ports would be
hard to miss; N. japonica, however, is very difficult to distinguish in the field from the native N. noltei
(see Qu. A2) and could easily go unidentified. Conversely, if seeds of N. japonica are the life stage
transported, their small size, in the range of 1.9 - 2.6 mm (Wyllie-Echeverria et al., 2006) and negative
buoyancy, would make it likely that they remain undetected.

Concerning molecular methods of identification, these are not yet well resolved below the family level
in marine macrophytes, largely due to the scarcity of relevant DNA resources, such as suitable
barcodes, species-specific primers and reference libraries (Ortega et al., 2020). Specifically, in relation
to N. japonica and the closely related, native to the RA, N. noltei, they can be differentiated using
nuclear (ITS/5.8S) and chloroplast (rbcL and trnK intron) sequences (Les et al., 2002), as well as the
chloroplast matK region (Tanaka et al., 2003). However, cross-amplification of microsatellite primers
between the two species was found by Reusch (2000) and by Coyer et al. (2004).

Qu. 1.7b. How isolated or widespread are possible points of introduction and/or entry into the
environment in the risk assessment area?

RESPONSE | isolated CONFIDENCE | low
widespread medium
ubiquitous high

Response: In Atlantic Europe, the main ports of entry are located within a relatively confined region,
i.e. both coasts of the English Channel, but principally the Le Havre-Hamburg range along the north
coast of continental Europe. Ports in northern and western Europe are often situated in or near
estuaries with large expanses of intertidal sediments, which constitute a preferred habitat of N.
japonica (see Qu. A5 for details).

Conversely, in the Mediterranean Sea, potential recipient ports are relatively evenly spaced but slightly
more concentrated along the central and western Mediterranean, with a small number in Malta,
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southern Italy, and Spain acting as the main transshipment hubs (Rodrigue, 2020). However, areas
with a considerable tidal regime that would favour the establishment of the species, are confined to the
Northern Adriatic, the Gulf of Gabes (outside the RA area), and the Alboran Sea, such that suitable
and high-risk entry points in the Mediterranean are rather less widespread.

Qu. 1.8h. Estimate the overall likelihood of introduction into the risk assessment area and/or
entry into the environment based on this pathway?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: Transport of full plants of N. japonica, including reproductive shoots with seeds, in ballast
water is conceivable and has been considered a likely mechanism of spread of the species in its
invaded range. Direct entrainment of seeds from suspended sediments is deemed far less likely, given
the shallow waters/intertidal habitats the species prefers. Survival of any transported propagules is
highly uncertain due to the absence of photosynthetically active radiation in ballast tanks, and the high
temperatures likely to be encountered for parts of the year during the passage from the native range,
while transportation during the winter months would offer the best chances of survival of seeds during
passage from tropical waters. The above notwithstanding, N. japonica has only been introduced in one
other area of the world and that was via a different pathway (i.e., contaminant on imported oysters)
and there are only three other seagrass species known to be introduced outside their native range
(Williams, 2007). As far as management practices are concerned, full compliance with the D-2
standard of the BWMC is expected to further reduce the likelihood of introduction of Nanozostera
japonica into Europe with ballast water and sediments. However, this is not expected to happen before
2024 and there may be operational difficulties in fully implementing it.

Qu. 1.9. Estimate the overall likelihood of introduction into the risk assessment area or entry
into the environment based on all pathways and specify if different in relevant
biogeographical regions in current conditions.

Provide a thorough assessment of the risk of introduction in relevant biogeographical regions in
current conditions: providing insight in to the risk of introduction into the risk assessment area.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
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| very likely |

Response: Nanozostera japonica has already been introduced once outside its native range through
shellfish transfers, but this pathway is not as relevant anymore, as the sector relies heavily on intra-
European shellfish stocks. Available literature suggests that shellfish imports from countries outside
the EU in the past couple of decades are generally limited and well regulated. The risk of introduction
is associated with the species M. gigas and R. philippinarum, listed in Annex IV of Council
Regulation (EC) No 708/2007 (EC, 2007) if stricter local/regional regulations are not in place and with
illegal/unreported transfers. Thus, although the possibility of introduction through such an event
cannot be entirely excluded, the likelihood is considered low, and lack of relevant data precludes a
more confident assessment. However, in the event that the species is introduced as a contaminant in
aquaculture, viable propagules are likely to enter the RA area in highly suitable habitats. On the other
hand, even though transport of rafting fragments of N. japonica, including reproductive shoots with
seeds, in ballast water is conceivable and has been considered a likely mechanism of spread of the
species in its invaded range, the survival of propagules under ballast tanks conditions for the duration
of an inter-oceanic journey is highly uncertain and appears rather unlikely. Overall, the risk of
introduction and entry in the RA area is judged as low, albeit with some uncertainty.

Qu. 1.10. Estimate the overall likelihood of introduction into the risk assessment area or entry
into the environment based on all pathways in foreseeable climate change conditions?

Thorough assessment of the risk of introduction in relevant biogeographical regions in foreseeable
climate change conditions: explaining how foreseeable climate change conditions will influence this
risk.

With regard to climate change, provide information on
e the applied timeframe (e.g. 2050/2070)
o the applied scenario (e.g. RCP 4.5)

o what aspects of climate change are most likely to affect the likelihood of introduction (e.g.
change in trade or user preferences)

The thorough assessment does not have to include a full range of simulations on the basis of
different climate change scenarios, as long as an assessment of likely introduction within a medium
timeframe scenario (e.g. 30-50 years) with a clear explanation of the assumptions is provided.
However, if new, original models are executed for this risk assessment, the following RCP
pathways shall be applied: RCP 2.6 (likely range of 0.4-1.6°C global warming increase by 2065)
and RCP 4.5 (likely range of 0.9-2.0°C global warming increase by 2065). Otherwise, the choice of
the assessed scenario has to be explained.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely
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Response: Increased frequency of extreme phenomena under future climate conditions is anticipated to
increase the potential propagule pressure of N. japonica in two ways. Storms and waves cause
fragmentation and heavy losses of seagrass biomass in shallow/intertidal habitats (Yue et al., 2021),
increasing rafting material available for uptake into ballast tanks. This, however, does not change the
likelihood of survival of entrained propagules, which remains low. At the same time, marine heat
waves can cause mass mortality of aquaculture bivalves, leading to increased shellfish transfers to
replenish the stocks (Rodrigues et al., 2015). More shellfish movements may be associated with a
higher risk of introduction if the stocks/seed originate from areas outside the EU where N. japonica is
established and the necessary precautions are not taken.
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2 PROBABILITY OF ESTABLISHMENT

Important instructions:

e For organisms which are already established in parts of the risk assessment area or have
previously been eradicated, the likelihood of establishment should be scored as “very
likely” by default.

e Discuss the risk also for those parts of the risk assessment area, where the species is not yet
established.

Qu. 2.1. How likely is it that the organism will be able to establish in the risk assessment area
based on similarity of climatic and abiotic conditions in its distribution elsewhere in the
world?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: In its native range, N. japonica has an exceptionally wide distribution range extending from
subtropical Vietnam to Kamchatka, Russia in the NW Pacific (Green & Short, 2003), corresponding to
a fairly wide ecological range which largely overlaps with the abiotic conditions encountered in the
RA area, as seen in detail below.

The optimal water temperature for seed germination is in the range of 15 - 20 °C, for early growth
(seedling stage) in the range of 20 - 25 °C (Abe et al., 2009), and for leaf elongation, growth and
productivity at 20 °C (Shafer et al., 2008). The upper critical temperature for the survival of shoots and
seedlings in field and laboratory experiments respectively is reported as 29 °C (Abe et al., 2009;
Morita et al., 2010), Murase et al. (2007) however has reported that N. japonica vegetative shoots in
natural conditions could survive exposure up to 32 - 33 °C for at least 12 days. The species has a lethal
thermal threshold at 35 °C (Kaldy & Shafer, 2013). As regards low temperature tolerances, N.
japonica at high latitudes relies on seed banks in the sediment to persevere through the winter
(Ruesink et al., 2010; Yue et al., 2020) and is known to survive mean monthly air temperatures of -5
°C or daily extremes of -13 °C in China (Zhang et al., 2019). Its distribution is documented at
minimum seawater temperatures below 0 °C (Zhang et al., 2015). Seed germination in the laboratory
can occur at temperatures between 5 °C and 25 °C (Abe et al., 2009) and in the field at temperatures as
low as 6 °C (Arasaki, 1950a; b). Thus, it is evident that the species’ establishment success is not likely
to be limited by the range of temperatures encountered in the RA area, although its life cycle will be
different with a shorter and earlier reproduction period in more southern latitudes (Phillips, 1984;
Huong et al., 2003), see also Qu. 2.7.

Concerning salinity requirements and thresholds, N. japonica can withstand a wide range of salinities,
being able to grow in the range of 0 - 35 psu (Hou et al., 2020), with an optimal salinity for growth at
20 psu (Shafer et al., 2011). N. japonica seed germination in the invaded range is favoured by cold
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temperature stratification with brief pulses of low salinity (<10 psu) conditions, similar to estuarine
salinity dynamics (Kaldy et al., 2015) that develop in late winter/early spring in the RA area. On the
other hand, sustained periods of salinities under 10 psu were found to stress N. japonica (Shafer et al.,
2011; Kaldy & Shafer, 2013).

In China, high salinities (>25 psu), in combination with high turbidity were demonstrated to negatively
affect the growth of juvenile plants (Hou et al., 2020). Furthermore, germination of N. japonica seed
from Oregon was found to be inhibited at salinities of 20 psu and above (Kaldy et al., 2015). In central
Japan, however, N. japonica seed germination has been reported to occur at salinities of 32.5 - 33.5
psu (Yokota et al., 2005). Thus, the critical factors that affect seed germination of N. japonica have not
been confirmed. Studies (experimental or based on field observations) documenting the response of N.
japonica plants to salinities >35 psu could not be found, but the closely related congeneric N. noltei
survives well at salinities up to 41 psu in lagoonal (Sousa et al., 2017) and experimental conditions
(Fernandez-Torquemada & Sanchez-Lizaso, 2011).

Suitable salinity conditions for N. japonica are found in most EU Regional Seas, including the Black
Sea and parts of the Baltic, which are characterised by lower salinities, but are likely to be limited to
only euryhaline habitats of the Mediterranean Sea, where salinities typically range between 37 - 39
psu. Even in low salinity parts of the Mediterranean (western Mediterranean, northern Adriatic,
northern Aegean), some degree of freshwater influence appears to be necessary for the species to
complete its life cycle.

Qu. 2.2. How widespread are habitats or species necessary for the survival, development and
multiplication of the organism in the risk assessment area? Consider if the organism
specifically requires another species to complete its life cycle.

RESPONSE | very isolated CONFIDENCE | low
isolated medium
moderately widespread high
widespread
ubiquitous

Response: Nanozostera japonica is mainly distributed on intertidal sand and mud flats, in sheltered
bays, estuaries and around islands (Green & Short, 2003), although, in its native range, it has been
reported to grow as deep as 7 m. Such habitats are relatively widespread in the RA area; in particular,
estuaries and intertidal areas are especially widespread in the NE Atlantic region while lagoons,
characterized by shallow waters and freshwater influence, are more common in the Mediterranean re
gion (Figure 6).

The organism does not require another species to complete its life cycle.
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Figure 6: Coastal lagoons (blue polygons) and Estuaries (green circles) in the Natura 2000 network of
Europe (source: Natura 2000 Network Viewer).

Qu. 2.3. How likely is it that establishment will occur despite competition from existing species
in the risk assessment area?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: In the RA area, N. japonica is expected to co-occur with other macrophytes in intertidal and
shallow subtidal sedimentary habitats, predominantly with the congeneric Z. marina and N. noltei,
especially the latter, which is very similar functionally and ecologically (i.e. a small, intertidal, fast-
growing species with similar habitat requirements and physiological tolerances to abiotic factors — see
Qu. Al and 4.3 for details).
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The literature suggests that seagrass species may minimise competition by exhibiting tidal zonation or
phenological variations in size and their reproductive cycle, but also frequently co-exist in mixed beds.
In its native range N. japonica co-occurs with a variety of other species including Z. marina, Z.
caespitosa, Halophila spp., Cymodocea spp., and Halodule spp. (Green & Short, 2003; Sugimoto et
al., 2017; Jiang et al., 2018; Sudo & Nakaoka, 2020), in multi-specific seagrass meadows, where N.
japonica is always found in the uppermost parts of the bed. In N America, at the lower end of its
intertidal range, it can co-occur with Z. marina (Ruesink et al., 2010) and at the upper end,
occasionally with Ruppia maritima (Harrison & Bigley, 1982), although the three species were
recently described to co-occur in a mixed bed in Willapa Bay, Washington (Boardman & Ruesink,
2022). Mosaic patterns occur when complex micro-topographic relief creates well-drained areas and
submerged depressions within the same bed (Hannam & Wyllie-Echeverria, 2015).

The potential for establishment of N. japonica will undoubtedly be linked to its interaction with N.
noltei and the density/distribution it achieves in relation to its sister species. However, N. japonica and
N. noltei do not currently co-exist anywhere in the world, thus it is not possible to predict with any
degree of certainty the outcome of any potential competition between them. This is furthermore likely
to be affected by the donor region given the high degree of phenotypic plasticity exhibited by N.
japonica throughout its wide geographic range (Ito et al., 2021). Nanozostera noltei may have a slight
competitive advantage over N. japonica in the Mediterranean Sea, where seawater temperatures in
lagoons and shallow waters can reach high values during summer heat waves, and the native species
has a maximum limiting temperature between 37 °C and 38 °C (Massa et al., 2009), i.e., at least two
degrees higher than documented for N. japonica.

Qu. 2.4. How likely is it that establishment will occur despite predators, parasites or
pathogens already present in the risk assessment area?

RESPONSE | N/A CONFIDENCE | low
very unlikely medium
unlikely high
moderately likely
likely
very likely

Response: In its native range, N. japonica constitutes an important food source for a number of
migrating birds, such as the whooper swan Cygnus cygnus L. (1758), the tundra swan Cygnus
columbianus Ord. (1815) and other Anatidae, as well as for herbivorous fish, e.g., Siganus

fuscescens (Houttuyn, 1782) (Sugimoto et al., 2017; Zhang et al., 2019; Sato et al., 2020). Similarly, in
the invaded range, the species is preyed upon by migratory waterfowl species (Baldwin & Lovvorn,
1994; Lamberson et al., 2011). A virtually identical group of migratory birds feed on Z. marina and N.
noltei in Europe (Jacobs et al., 1981; Tubbs & Tubbs, 1983; Clausen et al., 2002; Gayet et al., 2012;
Balsby et al., 2017). Herbivory by waterfowl can remove significant amounts of eelgrass biomass and
exert top-down control on seagrass beds (see Kollars et al., 2017 for review). Up to 50 % removal of
above-ground biomass was estimated for N. japonica in Boundary Bay, Canada (Baldwin & Lovvorn,
1994) and an almost complete disappearance of a N. japonica bed was reported in Japan (Sato et al.,
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2020). Waterfowl species are also reported to remove rhizomes or uproot whole plants of N. japonica
(Kollars et al., 2017), which can undermine the subsequent recovery of the bed. Nevertheless, N.
japonica, especially in colder temperate areas, relies on seed banks for recruitment and has
successfully persisted in the invaded range despite significant predation. Furthermore, consumption of
seeds (presumably within reproductive shoots) is a well-known mechanism of dispersal for Zostera
species (Sumoski & Orth, 2012) and this could in fact enhance the establishment potential of the
invader.

Regarding the impact of pathogens, in its native and non-native range, N. japonica has suffered from
the wasting disease caused by the endophytic protist Labyrinthula zosterae, which is considered
responsible for the world’s largest losses of the seagrass Zostera marina (Moore & Short, 2006;
Bockelmann et al., 2013), and the phytomyxid pathogen Plasmodiophora bicaudata (Sullivan et al.,
2018). These pathogens are already present in European populations of Z. marina and N. noltei
(Garcias-Bonet et al., 2011; Sullivan et al., 2018) and may infect introduced N. japonica as well. In
Japan however, even though L. zosterae occurs fairly frequently within Zostera and Nanozostera
populations, it appears to play a minor role as a disease agent and exhibits relatively low levels of
infection on N. japonica in particular (Short et al., 1993). Furthermore, the presumably pathogenic
strain of L. zosterae currently widespread in eelgrass meadows in the Atlantic and the Pacific is not
associated with disease symptoms or mass-mortalities (Brakel et al., 2019). Considering that low
salinities (in the range of 10 - 12 psu) are demonstrated to reduce the pathogenicity of Labyrinthula
spp. (McKone & Tanner, 2009; Brakel et al., 2019), N. japonica in low salinity areas may have an
additional advantage against this pathogen.

Qu. 2.5. How likely is the organism to establish despite existing management practices in the
risk assessment area? Explain if existing management practices could facilitate establishment.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: While Ballast Water Exchange (BWE) and Ballast Water Treatment (BWT) can reduce
propagule pressure and, consequently, the rate of establishment (see Qu. 1.5a for details), these
management practices are not always possible or yet in effect. On the other hand, bivalve
transportations for aquaculture purposes (which constitute a pathway of introduction and spread) offer
suitable habitats to Nanozostera japonica in the form of the aquaculture plots themselves and, thus,
facilitate establishment. Moreover, seed relaying offers favourable substrates and conditions for
settlement and growth, enhancing establishment potential.

In parts of its invaded range in N America, N. japonica has been afforded protection under laws and
policies aimed at protecting its congener Z. marina and eelgrass habitats in general due to their
important ecological functions and ecosystem services they provide (Shafer et al., 2014). In the RA
area, the native eelgrass species Z. marina and N. noltei and, collectively, “Zostera or eelgrass beds”
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are protected habitats under EU, OSPAR and HELCOM provisions (OSPAR, 2009; HELCOM,
2013Db; Gubbay et al., 2016) and their protection is included in several Action Plans (e.g.; de Jonge et
al., 2000; UNEP/MAP, 2019; Jahnke et al., 2020; HELCOM, 2021). In addition, N. noltei is included
in the site descriptions for over 40 Natura 2000 sites throughout Europe, which are also under
protection status. Considering that N. japonica has very similar habitat requirements and can
potentially settle in close proximity and co-exist with the native eelgrass species, it is likely that it will
also be protected by any destructive practices that can hamper its establishment, such as for example
anchor damage, towed fishing gears, high nutrient loads, etc.

Qu. 2.6. How likely is it that biological properties of the organism would allow it to survive
eradication campaigns in the risk assessment area?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: A variety of methods has been employed for the local eradication of N. japonica patches in
Humboldt Bay, California, from mechanical removal and covering with plastic sheets to the
application of herbicides and heat treatment (Frimodig & Ramey 2009; Ramey et al., 2011). Even
though some of these methods were initially successful at eliminating small patches locally, total
eradication in the Bay was not achieved after almost ten years of concerted efforts, and the areal
distribution of patches continued to expand (Shafer et al., 2014).

An important reproductive feature of N. japonica is that it reproduces vegetatively via rhizomatous
growth, and also produces seeds. Vegetative growth in particular may allow the species to overcome
Allee effects that can periodically eliminate small initial populations and permit isolated patches to
grow into established clonal beds (Almasi & Eldridge, 2008; Fisher et al., 2011). The same can be
envisaged for anthropogenic removal efforts that may miss parts of the below-ground biomass, even if
they are carried out before the flowering period of the species to ensure seed production does not take
place. This is further supported by the ability of N. japonica to rapidly recover from intense clamming
activities via asexual reproduction, through new shoot formation from buried below-ground tissues
(Park et al., 2011). The propensity of seagrass species to produce “wrack”, i.e., rafts of various
fragments, that can drift and disperse for long distances, can also contribute to incomplete detection
and removal, and the establishment of new patches.

Qu. 2.7. How likely are the biological characteristics of the organism to facilitate its
establishment in the risk assessment area?

including the following elements:

e a list and description of the reproduction mechanisms of the species in relation to the
environmental conditions in the risk assessment area
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e an indication of the propagule pressure of the species (e.g. number of gametes, seeds, eggs or
propagules, number of reproductive cycles per year) of each of those reproduction mechanisms
in relation to the environmental conditions in the risk assessment area.

¢ [frelevant, comment on the likelihood of establishment based on propagule pressure (i.e. for some
species low propagule pressure (1-2 individuals) could result in establishment whereas for others
high propagule pressure (many thousands of individuals) may not.

o If relevant, comment on the adaptability of the organism to facilitate its establishment and if low
genetic diversity in the founder population would have an influence on establishment.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: Seagrasses can reproduce both asexually via clonal growth and sexually via flowering and
seed production (den Hartog, 1970). Nanozostera japonica demonstrates a strong seasonality in
vegetative growth and reproduction and a wide variation in the phenology of reproductive traits,
depending on latitude, temperature, local environmental stressors and the origin of the populations (Ito
etal., 2021).

At the northern limits of its invaded range in British Columbia, N. japonica is considered to be an
annual or short-lived perennial and rarely over-winters (Shafer et al., 2014); new populations are
initiated each year from seed produced the previous year (Harrison, 1982). Oregon populations of N.
japonica are perennial, persisting throughout the year (Kaldy, 2006) with clonal production more
important than seed production. Conversely, Ito et al. (2021), in a global meta-analysis of growth and
reproductive traits of N. japonica native and invasive populations found no significant latitude and
temperature effects on reproductive ratios in Asian populations and postulate that sexual vs asexual
reproduction may rather depend on local environmental conditions and particularly on environmental
stress, which enhances sexual reproduction (Cabaco & Santos, 2012; Kendrick et al., 2012; Suonan et
al., 2017). This study however did not take into account the recently described Chinese populations,
which exhibit a markedly higher investment in sexual reproduction at colder locations (Zhang et al.,
2019; 2021; Yue et al., 2020).

As there is little evidence that vegetative shoots with attached roots and rhizomes, if dislodged, can
successfully reestablish naturally (Ewanchuk & Williams, 1996; Jahnke et al., 2016), the discussion
will focus on the potential for establishment of sexually produced propagules. Generally, flowering in
N. japonica occurs from spring until autumn, with variations in the onset and extent of the period
depending predominantly on temperature (Wai, 1998; Huong et al., 2003; Yokota et al., 2005; Kaldy,
2006; Morita et al., 2011; Suonan et al., 2017; Zhang et al., 2019). Germination of seeds occurs in late
winter/early spring in N America but can start as early as November in parts of the native range
(‘Yokota et al., 2005; Morita et al., 2011). Consequently, reproductive shoots are more likely to arrive
in the RA area during the colder months, where they can find suitable conditions for survival and
further development.
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Being a monoecious species, i.e., having both the male and female flowers in the same individual, is a
trait that favours establishment of transported individuals, since fertilisation can potentially be
accomplished by the same plant (Jahnke et al., 2020 but see Reusch, 2000 for outcrossing rates).
Seedling production can be very variable depending on local environmental conditions; indicatively,
potential seed production of a N. japonica bed in Korea was estimated at between 7850 seeds/m? and
1560 seeds/m? along a high to low disturbance gradient (Suonan et al., 2017), while in the Yellow
River Delta, China, it varied between 13,137 seeds/m?and 30,784 seeds/m? (Zhang et al., 2019). In the
Yellow River Delta population, seed production per flowering shoot was approximately 6-15
seeds/shoot (Zhang et al., 2019). Seed germination rates in the invaded range were found to be fairly
high both under experimental conditions (up to 60 % - Kaldy et al., 2015) and according to field
observations (45 - 57 % of new shoots develop from seed - Ruesink et al., 2010). Despite that, early
work in N America indicated that the probability of a seedling surviving its first year is small, in the
range of 4 % (Harrison & Bigley, 1982). This estimate comes in agreement with similar estimates for
Zostera marina; for example, Orth et al. (2012) estimated a 2 - 7% rate of seedling establishment in
unvegetated plots and attributed it to wave action and currents that can erode sediments and remove
shallow seedlings without a substantial root system. Similarly, Hosokawa et al. (2015) found that
fewer than 5 % of dispersed Z. marina seeds had germinated and hypothesized heavy losses due to
predation by herbivores.

Thus, establishment of a new patch from released seeds, although certainly possible, will depend on
the biomass and seed content of entrained reproductive shoots (or the amount of seeds directly
imported with shellfish stock), the condition of the reproductive propagules post-transport and the
local biotic and abiotic conditions they meet upon entry into the RA area. Propagules entering Atlantic
Europe close to estuarine environments (where quite often harbours, marinas and shellfish culture
plots are located) during the colder months of the year have a better chance of establishment.

Qu. 2.8. If the organism does not establish, then how likely is it that casual populations will
continue to occur?

Consider, for example, a species which cannot reproduce in the risk assessment area, because of
unsuitable climatic conditions or host plants, but is present because of recurring introduction, entry
and release events. This may also apply for long-living organisms.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: The species is not very likely to enter the RA area in the first place (see Risk of
Introduction section), thus the probability of recurring introduction events is considered to be low. In
the event that viable propagules are released in areas with conditions unsuitable for the completion of
its life cycle (e.g. with seasonal maxima of temperature and salinity beyond the species’ tolerance
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limits) it is possible that small patches may still develop from seed germination but their survival is
uncertain and their occurrence unpredictable.

Qu. 2.9. Estimate the overall likelihood of establishment in the risk assessment area under
current climatic conditions. In addition, details of the likelihood of establishment in relevant
biogeographical regions under current climatic conditions should be provided.

Thorough assessment of the risk of establishment in relevant biogeographical regions in current
conditions: providing insight in the risk of establishment in (new areas in) the risk assessment area.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: Abiotic conditions for successful reproduction are encountered in most parts of the RA
area. However, long-term establishment most likely requires specific water body types, such as
estuaries, lagoons and sheltered inshore waters with intertidal sediments, which are more common in
Atlantic Europe.

In the Mediterranean Sea, high summer temperatures in lagoons and shallow waters and the high
salinity in the Levantine and the southern Central Mediterranean are expected to reduce the likelihood
of establishment. A useful criterion for the potential extent of the species in this subregion is likely to
be the current distribution range of its sister species N. noltei (i.e., predominantly the north Western
Mediterranean, the northern Adriatic, the lagoons of the Aegean and lonian coasts of Greece but also
along the north African coast — see Qu. 4.3 for more details). This comes in contrast with the results of
the habitat suitability model (Annex VII1), which predicts absence of the species in the western
Mediterranean, our modeling approach however, with the current resolution and the available
predictive layers at the global scale, has certain limitations when it comes to euryhaline species of the
intertidal/shallow subtidal, since it cannot accurately capture small scale salinity variations of inshore
areas and does not reflect well the extent of the intertidal zone. Furthermore, there is a distinct lack of
information documenting how N. japonica may respond to locally and seasonally high salinities, thus
predictions about its potential distribution in the Mediterranean Sea are characterized by high
uncertainty. As a result, predictions of the proportion of suitable habitat by marine subregion and
Member State under different climate scenarios in Tables 2 and 3 of the modelling annex should be
interpreted with caution.

The Baltic Sea offers conditions suitable for establishment in its western part; further east, consistently
low salinities are expected to limit the potential for establishment. In the Black Sea, abiotic conditions
are close to the optimal temperature and salinity for N. japonica potentially allowing establishment,
however, the native Zostera beds in the region are fragmented and declining mainly due to pollution
and eutrophication (Jahnke et al., 2016).
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More critically than abiotic conditions, however, the potential for establishment will depend on the
number of introduced propagules, their post-transport condition and the survival of the first seedlings,
parameters that are all characterized by low to moderate probability of success and high uncertainty.
Hence, the likelihood of establishment is considered to be moderate in most parts of the RA area. In
the Greater North Sea and the Bay of Biscay, which host the best combination of abiotic conditions,
suitable habitats and pathway pressure, the potential for establishment may be higher, especially if
seeds are introduced via shellfish transfers, but this score is associated with high uncertainty.

Regarding biotic interactions, competition and predation have not hindered establishment of N.
japonica in its current invaded range thus far and are expected to regulate populations of the species in
ways similar to what is observed in its current distribution range. Biotic interactions with the native
con-generic N. noltei, which is very similar ecologically and functionally, have the potential to alter
the likelihood of establishment but this is very difficult to predict.

Baltic Sea: moderately likely, medium confidence (western part)

Greater North Sea: likely, low confidence

Celtic Seas: moderately likely, medium confidence

Bay of Biscay and the Iberian coast: likely, low confidence

Western Mediterranean Sea: moderately likely, medium confidence

Adriatic Sea: moderately likely, medium confidence (northern part)
Aegean-Levantine Sea: moderately likely, medium confidence (primarily the Aegean)
Central Mediterranean Sea and the lonian: moderately likely, medium confidence
Black Sea: moderately likely, medium confidence

Qu. 2.10. Estimate the overall likelihood of establishment in the risk assessment area under
foreseeable climate change conditions. In addition, details of the likelihood of establishment in
relevant biogeographical regions under foreseeable climate change conditions should be
provided.

Thorough assessment of the risk of establishment in relevant biogeographical regions in foreseeable
climate change conditions: explaining how foreseeable climate change conditions will influence this
risk.

With regard to climate change, provide information on

e the applied timeframe (e.g. 2050/2070)
e the applied scenario (e.g. RCP 4.5)

e what aspects of climate change are most likely to affect the likelihood of establishment (e.g.
increase in average winter temperature, increase in drought periods)

The thorough assessment does not have to include a full range of simulations on the basis of
different climate change scenarios, as long as an assessment of likely establishment within a
medium timeframe scenario (e.g. 30-50 years) with a clear explanation of the assumptions is
provided. However, if new, original models are executed for this risk assessment, the following
RCP pathways shall be applied: RCP 2.6 (likely range of 0.4-1.6°C global warming increase by
2065) and RCP 4.5 (likely range of 0.9-2.0°C global warming increase by 2065). Otherwise, the
choice of the assessed scenario has to be explained.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
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moderately likely high
likely
very likely

Response: The species distribution model predicted an overall increase in the suitable area for the
species under future climate conditions (RCP 2.6 and RCP 4.5 by 2070), as well as a small northward
expansion in Atlantic Europe. Higher winter temperatures in Atlantic Europe will favour a shift from
short-lived annual to perennial populations. The increase in suitable habitat in the Mediterranean is
due to the warming trend of its cooler and fresher parts, where the species is more likely to establish.
This comes in agreement with predictions and expectations of seagrass responses to climate change in
general (e.g., Duarte, 2002). Although N. japonica exhibits thermal adaptive mechanisms when
periodically exposed to high temperatures up to 32 °C (Zhang et al., 2017), it still may not survive
extreme temperatures likely to develop in the exposed tidal zone, particularly in the Mediterranean,
which are higher than its upper lethal threshold of 35 °C (Massa et al., 2009). The rapid rise in the
occurrence of Marine Heat Waves can be potentially even more catastrophic than the increase in
average seawater temperature (Nguyen et al., 2021), and such events have already been linked with Z.
marina and N. noltei bed die-offs (Massa et al., 2009; Jarvis et al., 2014). Thus, establishment in the
southern parts of the RA area may be hindered even more. Conversely, higher seawater temperatures
in Atlantic Europe and the Black Sea are likely to favour N. japonica, especially in its interaction with
Z. marina, which has lower thermal limits.

At the same time, increased storm activity throughout the RA area is expected to negatively affect the
species with direct damage (breakage and uprooting of plants — although this may also have a positive
effect by enhancing natural dispersal) and indirect impacts due to coastal erosion and increased
sedimentation coupled with reduced light availability (Duarte, 2002; Nguyen et al., 2021).

Baltic Sea: moderately likely, medium confidence (western part)

Greater North Sea: likely, low confidence

Celtic Seas: moderately likely, medium confidence

Bay of Biscay and the Iberian coast: likely, low confidence

Western Mediterranean Sea: moderately likely, medium confidence

Adriatic Sea: moderately likely, medium confidence (northern part)

Aegean Levantine Sea: moderately likely, medium confidence (primarily the Aegean)
Central Mediterranean Sea and the lonian: moderately likely, medium confidence
Black Sea: moderately likely, medium confidence
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3 PROBABILITY OF SPREAD

Important instructions:

e Spread is defined as the expansion of the geographical distribution of an alien species
within the risk assessment area.

o Repeated releases at separate locations do not represent continuous spread and should be
considered in the probability of introduction and entry section (Qu. 1.7).

Qu. 3.1. How important is the expected spread of this organism within the risk assessment
area by natural means? (List and comment on each of the mechanisms for natural spread.)

including the following elements:

o alist and description of the natural spread mechanisms of the species in relation to the
environmental conditions in the risk assessment area.

e an indication of the rate of spread discussed in relation to the species biology and the
environmental conditions in the risk assessment area.

The description of spread patterns here refers to the CBD pathway category “Unaided (Natural

Spread)”. It should include elements of the species life history and behavioural traits able to explain

its ability to spread, including: reproduction or growth strategy, dispersal capacity, longevity,

dietary requirements, environmental and climatic requirements, specialist or generalist

characteristics.

RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive

Response: Different life stages of seagrasses have different dispersal capabilities in space and time.
Even though not all the relevant information is available for N. japonica specifically, a significant
body of research has focused on the dispersal mechanisms and potential of Zostera/Nanozostera
species (Z. marina and N. noltei in particular) such that inference can be made from congeneric
species.

Pollen and seeds of Zostera spp. are negatively buoyant such that primary dispersal occurs generally
within the parent bed, in the range of centimetres to 100 metres (Harwell & Orth, 2002). Secondary
dispersal is however possible, through resuspension of sediments during storms (Kendrick et al., 2012)
and with biotic dispersal mechanisms, primarily predation but also entanglement of reproductive
material (McMahon et al., 2014). Sumoski & Orth (2012) estimated a maximum dispersal distance for
Z. marina seeds by waterbirds of up to 20 km with a gut retention time up to 5 h, but point out that
much longer seed retention times have been reported in waterfowl, up to 24 h in some species
(Charalambidou et al., 2003; Figuerola et al., 2010), which can significantly enhance the biotic
dispersal potential of seeds. Furthermore, mega-herbivores such as marine turtles can transport viable
Zostera/Nanozostera seeds potentially for hundreds of kilometres (Tol et al., 2017; Tavares et al.,
2022).
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Rafting shoots have a much larger dispersal potential, in the range of at least 150 - 200 km
(Erftemeijer et al. 2008; Kallstrom et al., 2008) and potentially much longer. For example, Berkovi¢ et
al. (2014) estimated a maximum potential dispersal distance of 2300 km by vegetative fragments of N.
noltei in the Ria Formosa. Regarding floating vegetative fragments, even though survival has been
demonstrated in Z. marina and N. noltei for 6 and 7 weeks respectively (Ewanchuk & Williams, 1996;
Berkovic¢ et al., 2014), their potential to re-establish is very small (Ewanchuk & Williams, 1996). In a
study of genetic connectivity among N. noltei populations in the Black Sea, Jahnke et al. (2016)
showed that re-establishment of asexual propagules was unlikely in that region, having found no
identical clones at more than one site. On the other hand, the same study demonstrated that dispersal
and germination of seeds contained in spathes of floating shoots can occur at distances up to 600 km.
Throughout this RA it has been assumed that reproductive fragments are the main long dispersal
propagule of N. japonica and it is considered highly likely that should the species establish in the RA
area, the potential for long range natural dispersal is significant and can extend for hundreds of
kilometres, depending on the local hydrodynamic regime, as well as the migratory movements of
herbivores.

Qu. 3.2a. List and describe relevant pathways of spread other than ""'unaided'’. For each
pathway answer questions 3.3 to 3.9 (copy and paste additional rows at the end of this section
as necessary). Please attribute unique identifiers to each question if you consider more than
one pathway, e.g. 3.3a, 3.4a, etc. and then 3.3b, 3.4b etc. for the next pathway.

including the following elements:

e alist and description of pathways of spread with an indication of their importance and
associated risks (e.g. the likelihood of spread in the risk assessment area, based on these
pathways; likelihood of survival, or reproduction, or increase during transport and storage;
ability and likelihood of transfer from the pathway to a suitable habitat or host) in relation
to the environmental conditions in the risk assessment area.

e an indication of the rate of spread for each pathway discussed in relation to the species
biology and the environmental conditions in the risk assessment area.

o All relevant pathways of spread (except “Unaided (Natural Spread)”, which is assessed in
Qu. 3.1) should be considered. The classification of pathways developed by the Convention
of Biological Diversity shall be used (see Annex IV).

TRANSPORT-CONTAMINANT (Contaminant on animals)

Nanozostera japonica is believed to have been introduced to the NW Pacific coast (US and Canada)
with oyster seed shipments from Japan in the first half of the previous century. Harrison (1976)
indicates that eelgrass was used as packaging material in the oyster crates; alternatively, Harrison &
Bigley (1982) propose that dormant seeds could have survived among oyster shells and then
germinated upon release to a suitable habitat.

TRANSPORT-STOWAWAY Hitchhikers on ship/boat (excluding ship/boat hull fouling)

Recreational boats constitute a common vector of NIS macrophytes ((Boudouresque & Verlague,
2002; Thibaut et al., 2022) and are strongly suspected of being responsible for the regional spread of
N. japonica in N America (Shafer et al., 2014). Mechanical disturbance by anchors and chains can
dislodge sections of seagrass shoots, rhizomes, and roots from the sediment, which may be able to
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survive for a relatively long time in damp and sheltered areas of vessels, such as an anchor well (Ruiz
& Ballantine, 2004).

TRANSPORT-STOWAWAY (fishing equipment)

Fishing equipment has the potential to act as a dispersal vector for N. japonica in much the same way
as recreational boats and activities, by fragmenting and entraining reproductive shoots on the seabed,
as well as by entangling drifting plant material in nets and static gear.

TRANSPORT-STOWAWAY (ship/boat ballast water and sediments)

Floating reproductive shoots could be entrained in ballast water; it is considered possible that shoots
can remain viable for short, intra-regional journeys. Alternatively, seeds can settle and bury in tank
sediments and be resuspended upon release of ballast water. While only scant evidence could be found
for the transportation of seagrass shoots or the presence of seeds in ballast tanks, the uptake of whole
N. japonica plants in ballast water has been implicated in the spread of the species along the NE
Pacific coast from British Columbia to California (Cohen & Carlton, 1995).

Pathway name: TRANSPORT-CONTAMINANT (Contaminant on animals)

Qu. 3.3a. Is spread along this pathway intentional (e.g. the organism is deliberately
transported from one place to another) or unintentional (e.g. the organism is a contaminant of
translocated goods within the risk assessment area)?

RESPONSE intentional CONFIDENCE low
unintentional medium
high

Response: Nanozostera japonica has no commercial value and is considered a pest by shellfish
growers (Fisher et al., 2011); any spread as a result of infestation is accidental and unintentional.

Qu. 3.4a. How likely is it that a number of individuals sufficient to originate a viable
population will spread along this pathway from the point(s) of origin over the course of one
year?

including the following elements:

e an indication of the propagule pressure (e.g. estimated volume or number of specimens, or
frequency of passage through pathway), including the likelihood of reinvasion after eradication

o if appropriate, indicate the rate of spread along this pathway

o if appropriate, include an explanation of the relevance of the number of individuals for spread
with regard to the biology of species (e.g. some species may not necessarily rely on large numbers
of individuals).
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RESPONSE | very unlikely CONFIDENCE | Low
unlikely medium
moderately likely high
likely
very likely

Response: Cultivated shellfish are frequently moved between sites locally, regionally and
internationally, for the purposes of: restocking; to enhance production; relaying for fattening purposes;
relaying for cleansing; or to keep fresh and alive before consumption (McKindsey et al., 2007;
Brenner et al., 2014; Muehlbauer et al., 2014). Shellfish transports constitute one of the main vectors
of marine macrophyte introductions and spread (Boudouresque et al., 2011; Sfriso & Marchini, 2014).

Production of bivalve molluscs in the EU averages 500,000 tonnes annually (350,000 tonnes of
mussels, 100,000 tonnes of oysters and 50,000 tonnes of clams), France and Spain are the most
important countries in terms of production volume and value (DG SANTE, 2018). Spain, Ireland,
France and Italy are the most important regarding trade of live bivalve molluscs for farming and
relaying. France is particularly important in terms of the number of movements of live bivalve
molluscs for relaying before putting on the market, and the natural production of seed spat of Pacific
oysters and mussels that is subject to movements either within France or to other member states. There
are also a large number of movements from Spain, particularly from Galicia to Italy, for relaying and
purification (Robert et al., 2013; DG SANTE, 2018). Mussel bottom culture is typically practiced on
shallow mudflats in areas where there are extensive naturally occurring mussel seed beds. In the
Netherlands, Germany, and Ireland, seed fished from natural beds is the main source for bottom
culture (Kamermans & Smaal, 2002).

Nanozostera japonica utilizes the same habitat (i.e., primarily intertidal soft sediments) and is known
to co-exist both in its native and the invaded range with the oyster Magallana gigas and the clam
Ruditapes philippinarum (Wisehart et al., 2007; Park et al., 2011; Patten, 2014; Dumbauld & McCoy,
2015), two introduced species that are extensively cultivated in the RA area. Shoot fragments or
released seeds of the species may well be entrained in harvested bivalves destined for translocation.
Furthermore, drifting wrack can become entangled in aquaculture cages and suspended culture
equipment, such as longlines and seed collectors. Nanozostera japonica densities in bivalve beds will
vary seasonally and by location; as an indication of potential propagule pressure, Park et al. (2011)
observed a total shoot density of 1965 shoots m™2 prior to clam harvesting in a commercial clam bed in
Korea.

Little information could be found on the possible association of N. japonica with mussels. In the RA
area, mixed stands of Zostera marina with Mytilus edulis are a common phenomenon (Reusch et al.,
1994) and in the NW Pacific, N. japonica is known to co-exist with the date mussel Arcuatula
senhousia (Lee et al., 2001), however no association is reported between the invader and native
mussels in the invaded N American range. Nevertheless, it is considered possible that mussel
translocations can also constitute a mechanism for spread should N. japonica establish in the RA area.

Qu. 3.5a. How likely is the organism to survive, reproduce, or increase during transport and
storage along the pathway (excluding management practices that would kill the organism)?
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RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: Judging by its invasion history in N America, N. japonica has already survived in oyster
shipments, either as seeds or as flowering shoots. In fact, based on the the widely separated centres of
distribution in N America, Harrison & Bigley (1982) hypothesised that the species may have been
introduced on more than one occasion. Survival of shoots in the wet, cool conditions of a cargo hold
with dredged shellfish is highly likely; similarly for seeds, which are more likely to stay dormant
under low temperature conditions (Abe et al., 2009) and thus are also likely to remain viable in
packing conditions.

Reproduction and growth during transit is unlikely as the period between dredging and relaying of the
target species is short, particularly for spat, as the shellfish need to be kept alive and healthy; however,
if mature seeds are present in the entrained material they may start to germinate.

Qu. 3.6a. How likely is the organism to survive existing management practices during spread?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: At the EU level, COUNCIL REGULATION (EC) No 708/2007 (EC, 2007) concerning use
of alien and locally absent species in aquaculture defines the procedures to be followed that minimize
the risk of introducing non-target alien species accompanying commercial shellfish spat and stocks. It
requires a permit procedure, involving risk assessment for the non-target species and a quarantine
period for the translocated stock. Importantly, in relation to spread within the RA area, the regulation
does not apply to movements of locally absent species within the member states (i.e. in this case
cultivated native species of bivalves) “except for cases where, on the basis of scientific advice, there
are grounds for foreseeing environmental threats due to the translocation, Art. 2 para. 2.” Additionally,
movements of the bivalves Magallana gigas and Ruditapes philippinarum, listed in Annex 1V of the
Council Regulation, which could be contaminated with N. japonica, are permitted without any risk
assessment or quarantine. However, local/national legislation exists that can limit the translocation
possibilities of species like M. gigas, e.g. see WG-AS & Gittenberger (2018) for the trilateral Wadden
Sea area. Moreover, if the import region is a Natura 2000 area, regulations can be much stricter as they
aim to protect the conservation objectives of the protected area first.
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In general, restrictions on transfers based on the risk associated with the source areas is an effective
management method, as long as extensive and up-to-date data on the distribution of the high-risk non-
native species are available. However, delays in identifying new non-native species, and their
distribution in the RA area, can mean that spread, particularly within member states, is not prevented.
Visual inspections of the dredged shellfish are unlikely to detect N. japonica seeds due to their small
size, and shoots may be easily mistaken for the native N. noltei. Where the commercial shellfish are
cleaned before transfer this will reduce the level of contamination by N. japonica. Moves within the
commercial shellfish sector towards hatchery culture of spat, and rope culture for mussels, will reduce
the need for dredging (Robert et al., 2013; Smaal et al., 2019).

Qu. 3.7a. How likely is the organism to spread in the risk assessment area undetected?

Please note that “detection” here is considered as any system or event that may actively contribute
to record the presence of a species in a way that appropriate management measures could be
potentially undertaken by relevant authorities.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: Perfunctory visual inspections during bivalve aquaculture operations are likely to miss
spathes and released seeds of N. japonica as they are small (in the range of 5 cm and 2 mm
respectively); additionally, the plant morphology is very similar to the dwarf eelgrass native species N.
noltei, as described in A.2, such that shoots could easily go undetected.

Qu. 3.8a. How likely is the organism to be able to transfer from the pathway to a suitable
habitat or host during spread?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: If bivalve seed/stock contaminated with Nanozostera japonica is relayed on cultivation
plots without any prior management measures, the likelihood of transfer to other suitable habitats is
very high (the cultivation plots themselves are suitable habitats, see Qu. 3.4a). These plots are often

48



situated in coastal areas in close proximity to additional suitable natural habitat to which individuals
may spread.

Qu. 3.9a. Estimate the overall potential rate of spread based on this pathway in relation to the
environmental conditions in the risk assessment area. (please provide quantitative data where
possible).

RESPONSE | very slowly CONFIDENCE | low
slowly medium
moderately high
rapidly
very rapidly

Response: Bivalve transfers are a likely mechanism of entraining and translocating N. japonica in the
RA area, particularly considering that suitable environmental conditions for the establishment of hew
populations are widespread in areas where a high volume of transfer operations takes place (i.e.
throughout shallow coastal areas of Atlantic Europe, as well as the northern Adriatic, northern Aegean
and the western Mediterranean). Taking into account the degree of regulation and management in the
industry and the fact that in many cases transfers are predominantly conducted within Member States,
a moderate rate of spread via this pathway may be expected.

Pathway name: TRANSPORT-STOWAWAY Hitchhikers on ship/boat (excluding ship/boat hull
fouling)

Qu. 3.3b. Is spread along this pathway intentional (e.g. the organism is deliberately
transported from one place to another) or unintentional (e.g. the organism is a contaminant of
translocated goods within the risk assessment area)?

RESPONSE intentional CONFIDENCE low
unintentional medium
high

Response: It can be stated with high certainty that this pathway is unintentional. See categorization of
pathways in Annex IV and guidance notes in the beginning of this section.

Qu. 3.4b. How likely is it that a number of individuals sufficient to originate a viable
population will spread along this pathway from the point(s) of origin over the course of one
year?

including the following elements:
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e an indication of the propagule pressure (e.g. estimated volume or number of specimens, or
frequency of passage through pathway), including the likelihood of reinvasion after eradication

o if appropriate, indicate the rate of spread along this pathway

o if appropriate, include an explanation of the relevance of the number of individuals for spread
with regard to the biology of species (e.g. some species may not necessarily rely on large numbers
of individuals).

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: Recreational boats constitute a common vector of NIS macrophytes (Boudouresque &
Verlaque, 2002; Thibaut et al., 2022) and are strongly suspected of being responsible for the regional
spread of N. japonica in N America (Fisher et al., 2011; Shafer et al., 2014). Mechanical disturbance
by anchors and chains can dislodge sections of seagrass shoots, rhizomes, and roots from the sediment,
leaving bare patches and causing extensive damage. Small pleasure boat anchors undoubtedly uproot
shoots; e.g., an estimated 68,000 shoots ha* of Posidonia oceanica were uprooted in a 1.4 ha area of a
popular anchoring spot in Corsica (Boudouresque et al., 2009). Chain attachments in particular are
known to pull out macrophyte fragments with a very high frequency (West et al., 2007), but the
amount of propagules removed will also depend on the size of the boat and the type of anchor used
(Milazzo et al., 2004). Due to its intertidal habitat and high-density growth strategy, entanglement of
N. japonica fragments on boat trailers is another distinct possibility.

Regarding the magnitude and potential dispersal distance of the vector itself, an indication of the
number of recreational vessels in the RA area is given by the European Boating Industry (2022),
which estimates that over 6 million boats are kept in European waters while 10,000 marinas provide
over 1 million berths both inland and in coastal areas. Extrapolating from Gittenberger et al. (2017),
approximately 30 % of these vessels travel distances >100 km from their home port. Assuming travel
speeds of 5 knots (Fletcher et al., 2017), considerable distances can be travelled within the RA area
within a matter of days, which significantly increases the likelihood that sufficient viable propagules
of N. japonica can spread along this pathway from already established populations in the RA area.

Qu. 3.5b. How likely is the organism to survive, reproduce, or increase during transport and
storage along the pathway (excluding management practices that would kill the organism)?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely
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Response: This will depend on the length of period propagules will remain on the vessels and how
sheltered from direct sunlight and wind they will be. For example, exposure periods of one to a few
hours may occur when a boat travels within an estuary or between adjacent bays, or a few days
between more distant locations with the use of a trailer (West et al., 2007).

Being an intertidal species, N. japonica has a relatively high tolerance to desiccation, which is effected
by a combination of individual leaf physiological adaptations morphological features, and plant
growth strategies that provide shading and protection from evaporation (Shafer et al., 2007; Park et al.,
2021). Kim et al. (2020) showed that the photosynthetic yield of densely overlapping leaves of N.
japonica, naturally lying on the sediment during low tide, decreased slightly after 3 h of air exposure,
with an approximately 22 % reduction of its initial value. In contrast, the photosynthetic yield of the
disturbed N. japonica leaves decreased by approximately 80 %, over the 50 min of air exposure. Thus,
it can be envisaged that a dense clump of N. japonica fragments in a wet and shaded spot on a vessel
(such as under a coil of rope, an anchor well or a storage area) can survive transport along this
pathway for short to medium distances.

Individual seeds of Nanozostera japonica are strongly desiccation sensitive, with a complete loss of
viability after 24 h of desiccation (Yue et al., 2019), if, however, they remain attached to the live wet
fragments, such limitations will be largely alleviated.

Qu. 3.6b. How likely is the organism to survive existing management practices during spread?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: This depends to a large extent on how informed boat users are on the importance of not
releasing hitchhiking species from one waterbody to another and how diligent they are in cleaning
their vessels and equipment, practices that are entirely voluntary. A study in Dutch marinas by
Gittenberger et al. (2017) reported that none of the 77 boat owners interviewed indicated that they
were aware of the potential environmental impact of hull fouling. In the UK, despite a nationwide
“Check, Clean, Dry” campaign being run since 2011, more than 50 % of the 680 anglers interviewed
by Smith et al. (2020) had no awareness of it; and an estimated 40 % presented a high biosecurity risk
by not implementing sufficient biosecurity measures in relation to damp angling equipment. Taking
the above into account and considering that moorings and anchorages are common over seagrass beds
(Unsworth et al., 2017), including within Marine Protected Areas (e.g. Milazzo et al., 2004), the
potential for N. japonica to survive existing management practices is high. It is noteworthy, however.
that action plans and management measures are increasingly being adopted for the protection of
seagrass beds with measures to restrict or prohibit moorings/anchoring or install environmentally
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friendly anchorages in a number of countries, such as Italy, Slovenia, and Croatia (UNEP/MAP,
2019).

Qu. 3.7b. How likely is the organism to spread in the risk assessment area undetected?

Please note that “detection” here is considered as any system or event that may actively contribute
to record the presence of a species in a way that appropriate management measures could be
potentially undertaken by relevant authorities.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: This ties in with the adoption of management measures, as mentioned in the previous
guestion, and the degree of awareness of boat users. Another factor is the size of the transported
propagules, with smaller fragments/clumps, which are frequently trapped by chains, more likely to
escape the attention of boat users and thus be transported to new sites (West et al., 2007). Finally, due
to the close resemblance of N. japonica to N. noltei, as described in A.2, the invader is more likely
than not to be mistaken for the native species and go undetected.

Qu. 3.8b. How likely is the organism to be able to transfer from the pathway to a suitable
habitat or host during spread?

RESPONSE | very unlikely CONFIDENCE | Low
unlikely medium
moderately likely high
likely
very likely

Response: Judging by how frequently macrophytes are first detected in the proximity of harbours and
marinas, hitchhiking on vessels is considered to be one of their main mechanisms of spread (Gambi et
al., 2009; Willette et al., 2014; Winters et al., 2020). Seagrass shoots entangled in chains, ropes and
anchors have a high likelihood of being released to a suitable habitat as a boat moves from location to
location and the anchor is dropped again, or if cleaning of the equipment takes place in a new location.
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Qu. 3.9b. Estimate the overall potential rate of spread based on this pathway in relation to the
environmental conditions in the risk assessment area. (please provide quantitative data where
possible).

RESPONSE | very slowly CONFIDENCE | Low
slowly medium
moderately high
rapidly
very rapidly

Response: Judging by how frequently macrophytes are first detected in the proximity of harbours and
marinas, hitchhiking on vessels is considered one of their main mechanisms of spread (Gambi et al.,
2009; Willette et al., 2014; Winters et al., 2020). Under the prevailing environmental conditions in the
RA area, the peak growth period of the species will coincide with the peak period in recreational
boating activities (i.e., late spring and summer), especially in Atlantic Europe, increasing the chances
of propagules being entrained. Considering the survival period of exposed N. japonica can extend
from a few hours to, possibly, a few days in sheltered and wet niche areas, and assuming a moderate
range of movement for small recreational vessels, a moderate rate of spread is estimated via this
pathway.

Pathway name: TRANSPORT-STOWAWAY (fishing equipment)

Qu. 3.3c. Is spread along this pathway intentional (e.g. the organism is deliberately
transported from one place to another) or unintentional (e.g. the organism is a contaminant of
translocated goods within the risk assessment area)?

RESPONSE intentional CONFIDENCE low
unintentional medium
high

Response: Nanozostera japonica is not a target organism for fisheries; it can be stated with high
confidence that this pathway is unintentional.

Qu. 3.4c. How likely is it that a number of individuals sufficient to originate a viable
population will spread along this pathway from the point(s) of origin over the course of one
year?

including the following elements:

e an indication of the propagule pressure (e.g. estimated volume or number of specimens, or
frequency of passage through pathway), including the likelihood of reinvasion after eradication
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o if appropriate, indicate the rate of spread along this pathway

o if appropriate, include an explanation of the relevance of the number of individuals for spread
with regard to the biology of species (e.g. some species may not necessarily rely on large numbers
of individuals).

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: Fishing equipment has the potential to act as a dispersal vector for N. japonica in much the
same way as recreational boating, by fragmenting and entraining reproductive shoots on the seabed, as
well as by entangling drifting plant material in nets and static gear. Even though trawling is prohibited
in the Mediterranean Sea within 3 nautical miles from the coast or above the 50 m isobath (EU
Regulation 1967/2006) and in other parts of the RA area with local/temporal restrictions, non-
destructive practices such as static nets, longlines, fishing traps and pots, which are common over
seagrass beds (Nordlund et al., 2018) can still entangle plant material. Flowering shoot density during
the reproductive period of N. japonica has been reported in the range of approximately 500 - 1300
reproductive shoots m (Suonan et al., 2017; Zhang et al., 2019; see also Qu. 2.7 for potential density
estimates) and while this will also depend on latitude/temperature effects on reproductive ratios, it is
considered that fishing activities have the potential to transport a sufficient number of propagules for
the establishment of a new population.

Qu. 3.5¢. How likely is the organism to survive, reproduce, or increase during transport and
storage along the pathway (excluding management practices that would Kill the organism)?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: For desiccation tolerance, see Qu. 3.5b. If Nanozostera japonica remains entangled
infunder wet fishing equipment or in damp crevices on the deck, it has a relatively high chance of
survival until the fishing gear is submerged again or the vessel returns to harbour.

Qu. 3.6¢. How likely is the organism to survive existing management practices during spread?
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RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: There are currently no management practices addressing macrophytes caught on fishing
gear during fishing operations, and their discarding at sea. Handling of by-catch can be variable and
depends on fishing gear and practices, such that survival of the species is generally considered likely
during fishing operations.

Qu. 3.7c. How likely is the organism to spread in the risk assessment area undetected?

Please note that “detection” here is considered as any system or event that may actively contribute
to record the presence of a species in a way that appropriate management measures could be
potentially undertaken by relevant authorities.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: Big clumps of entangled seagrass are unlikely to go unnoticed and may be removed on the
spot when fishing gear is retrieved, while smaller fragments/clumps may escape the attention of
fishermen. Regardless of clump size however, due to the high resemblance of N. japonica to N. noltei,
as described in A.2, the invader is more likely than not to be mistaken for the native species and go
undetected.

Qu. 3.8c. How likely is the organism to be able to transfer from the pathway to a suitable
habitat or host during spread?

likely
very likely

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high

Response: This will depend on cleaning practices, fishing operations (e.g., if the gear is used multiple
times during the same fishing trip before being cleaned and stored) and where the species has been
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entrained. If discarded at sea, it is very likely that individuals will survive and be released over
suitable depths and substrates.

Qu. 3.9c. Estimate the overall potential rate of spread based on this pathway in relation to the
environmental conditions in the risk assessment area. (please provide quantitative data where
possible).

RESPONSE | very slowly CONFIDENCE | low
slowly medium
moderately high
rapidly
very rapidly

Response: Entanglement in fishing equipment is considered a moderate risk vector for the
translocation and spread of N. japonica, mainly during the peak reproductive period of the species,
when flowering shoot density can be high. Due to the intertidal/shallow subtidal habitat of the species,
it is more likely to be dispersed by small scale and artisanal fishing gear, whose timeframe of
operation matches rather well the survival timeframe of exposed N. japonica (even though the
potential for entanglement of drifting wrack still exists); as such the geographic spread of N. japonica
via this route would be relatively limited, hence a moderately rapid rate of spread may be expected.

Pathway name: TRANSPORT-STOWAWAY (ship/boat ballast water and sediments)

Qu. 3.3d Is spread along this pathway intentional (e.g. the organism is deliberately
transported from one place to another) or unintentional (e.g. the organism is a contaminant of
translocated goods within the risk assessment area)?

RESPONSE intentional CONFIDENCE low
unintentional medium
high

Response: It can be stated with high certainty that this pathway is unintentional. See categorization of
pathways in Annex IV and guidance notes in the beginning of this section.

Qu. 3.4d How likely is it that a number of individuals sufficient to originate a viable
population will spread along this pathway from the point(s) of origin over the course of one
year?

including the following elements:

56



e an indication of the propagule pressure (e.g. estimated volume or number of specimens, or
frequency of passage through pathway), including the likelihood of reinvasion after eradication

o if appropriate, indicate the rate of spread along this pathway

o if appropriate, include an explanation of the relevance of the number of individuals for spread
with regard to the biology of species (e.g. some species may not necessarily rely on large numbers
of individuals).

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: This will depend on the density of established N. japonica beds, local hydrodynamic
conditions and the time of the year (i.e., highest potential during seagrass senescence). Hosokawa et al.
(2015) determined that spathes on drifting live reproductive shoots have the potential to be a major
means of dispersal along the shoreline of Kurihama Bay, Japan, between May and July. On the US
Pacific Northwest coast, Reimer et al. (2018) found Z. marina and N. japonica to be major
components of the macrophyte wrack in half of the 12 investigated sites in September and October.
Similar periods of senescence are expected in the RA area, with some variability along the north-south
axis. During these periods in particular, it is considered possible that sufficient numbers of drifting N.
japonica can be taken up and transferred with ballast water along this pathway.

With respect to pathway pressure within the EU, transshipment operations constitute the main
maritime traffic that will act as the vector for spread. Important transshipment hubs are situated along
the southern Mediterranean (serving the rest of the Mediterranean and the Black Sea) and the Le
Havre-Hamburg range, serving the UK, the Baltic and Scandinavia (Notteboom et al., 2013). Ports in
Atlantic Europe are more often situated in/close to estuaries such that N. japonica wrack would be
more likely to be entrained in ballast water in this region.

Furthermore, in many parts of the European Seas, ballast in passenger ferries and cruise ships is also a
potential vector, mainly due to high traffic volume potential. Due to the routes taken, measures
described in the ballast water convention cannot easily be followed (exchange at depth and distance
from shore) so the risk of depositing propagules at suitable locations is higher.

Qu. 3.5d. How likely is the organism to survive, reproduce, or increase during transport and
storage along the pathway (excluding management practices that would kill the organism)?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
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| very likely | |

Response: Based on information on the tolerance of Zostera species to light limitation presented in
Qu. 1.4b and the fact that Short Sea Shipping routes/trips between EU ports are shorter than
international shipping voyages from potential donor areas (primarily the NW Pacific), survival of N.
japonica shoots in ballast water for a few days during passage along this pathway is considered
possible but characterised by high uncertainty. Sea surface temperatures (which determine ballast
water temperature) are generally within the range for N. japonica survival, particularly in Atlantic
Europe. In the Mediterranean, high water temperatures during the summer months may accelerate
shoot and seed degradation in ballast tanks. This is also the case for ferry routes between many
European locations.

Qu. 3.6d. How likely is the organism to survive existing management practices during spread?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: For details on Ballast Water Management, see Qu. 1.5b. Ballast Water Exchange (BWE)
for EU Short Sea Shipping routes is usually restricted to the second criterion of at least 50 nm from the
nearest land, and in waters at least 200 metres in depth in the Mediterranean Sea, and even this is often
not feasible in northern European Seas (David et al., 2007). Thus, BWE is not likely to be effective in
preventing the spread of Nanozostera japonica (and other organisms potentially transferred in ballast
water) within European Seas. Regarding the IMO D2 standard, compliance can practically diminish
propagule pressure, but full implementation of the BWMC is not expected to happen before 2024.
However, even then some of the regulations and requirements under the BWMC may be relaxed for
shorter, low-risk shipping routes under regional exemption options.

Qu. 3.7d. How likely is the organism to spread in the risk assessment area undetected?

Please note that “detection” here is considered as any system or event that may actively contribute
to record the presence of a species in a way that appropriate management measures could be
potentially undertaken by relevant authorities.

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
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| very likely |

Response: Eelgrass shoots, vegetative or reproductive, released with ballast water in ports would be
hard to miss; N. japonica however is very difficult to distinguish in the field from the native N. noltei
(see A.2) and could easily go unidentified. Conversely, if seeds of N. japonica are the life stage
transported, their small size, in the range of 1.9 - 2.6 mm (Wyllie-Echeverria et al., 2006) and negative
buoyancy, would make it likely that they remain undetected.

After September 2017, with the BWMC coming into effect and gradually being implemented,
detection of plant material in ballast water/sediments during Port State Control inspections may be
possible. According to Resolution MEPC.252(67), if initial inspections of ballast water samples
indicate non-compliance with the D-2 standard, detailed inspections will be carried out. However, full
implementation of the BWMC is not anticipated until 2024; moreover, molecular methods that reliably
distinguish N. japonica from N. noltei would have to be further refined (see Qu. 1.6b). Until then, the
risk that N. japonica will enter the RA area undetected in ballast waters and sediments remains likely.

Qu. 3.8d. How likely is the organism to be able to transfer from the pathway to a suitable
habitat or host during spread?

RESPONSE | very unlikely CONFIDENCE | low
unlikely medium
moderately likely high
likely
very likely

Response: Nanozostera japonica is typically found in euryhaline, intertidal, soft-sediment habitats,
common around ports and harbours, which are widely distributed in the RA area. If ballast water
exchange occurs in open seas rather than in coastal areas, any viable propagules will have to drift
towards the coast and encounter such habitats. If, however, untreated ballast water is released in ports,
estuaries, or other coastal areas, then propagules have a considerable chance of being released close to
suitable habitats, especially in Atlantic Europe.

Qu. 3.9d. Estimate the overall potential rate of spread based on this pathway in relation to the
environmental conditions in the risk assessment area. (please provide quantitative data where
possible).

RESPONSE | very slowly CONFIDENCE | low
slowly medium
moderately high
rapidly
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| | very rapidly | |

Response: Given: a) the amount of maritime traffic between ports and harbours within the RA area
(thousands of journeys per year); b) the ballast volume of commercial vessels (10*- 10° tonnes)
(GloBallast, 2021); c¢) the common occurrence of drifting wrack for certain parts of the year where N.
japonica is established; and d) its potential to survive in ballast tanks for relatively short regional
journeys; spread within the RA area is considered possible via this pathway and may act as a vector
for long dispersal jumps to other subregions. Nevertheless, throughout its presence in the currently
invaded range (N America) N. japonica has not been observed to spread with long dispersal jumps,
with the exception of its occurrence in Humboldt Bay, California, where the mode of introduction is
unknown (Schlosser & Eicher, 2007). For these reasons, combined with the high uncertainty of
propagule survival and the seasonality of propagule pressure, a moderate rate of spread with low
confidence is proposed. In the Mediterranean potential donor/recipient sites are potentially fewer and
more isolated, resulting in a reduced importance of ballast water as a pathway of spread in this region.

Qu. 3.10. Within the risk assessment area, how difficult would it be to contain the organism in
relation to these pathways of spread?

RESPONSE | very easy CONFIDENCE | low
easy medium
with some difficulty high
difficult
very difficult

Response: Naturally dispersing organisms are very difficult to contain; in the case of N. japonica,
besides the considerable drift range of floating shoots, an additional consideration is biotic dispersal of
seeds by herbivores, especially waterfowl. This is exemplified in California, where, despite repeated
eradication efforts, the areal distribution of N. japonica patches continued to expand from year to year
(Ramey et al., 2011; Shafer et al., 2014).

Regarding human-mediated spread, the current legal instruments and levels of implementation of
voluntary measures are not sufficient to ensure containment of the organism, when transferred by
bivalve movements, ballast water (but this can change with full implementation of the D-2 Standard),
or as a hitchhiker on vessels’ niche areas. In relation to shellfish culture, it may be feasible to prevent
long dispersal jumps, if additional restrictions on the movements of M. gigas and R. philippinarum
based on the risk associated with the source areas are adopted by the industry. Similarly, greater
dissemination and adoption of voluntary biosecurity measures by recreational boat users can
contribute towards limiting spread.
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Qu. 3.11. Estimate the overall potential rate of spread in relevant biogeographical regions
under current conditions for this organism in the risk assessment area (indicate any key issues
and provide quantitative data where possible).

Thorough assessment of the risk of spread in relevant biogeographical regions in current conditions,
providing insight in the risk of spread into (new areas in) the risk assessment area.

RESPONSE | very slowly CONFIDENCE | low
slowly medium
moderately high
rapidly
very rapidly

Response: Nanozostera japonica has the potential to establish more widespread and prolific
populations in Atlantic Europe, where the risk of natural spread with drifting reproductive shoots will
be high, especially over the flowering and senescence period of the species (summer and early
autumn). Although distances travelled will depend on local hydrodynamic conditions, natural spread
of up to a few hundred kilometres may be expected. This can be augmented by biotic dispersal of
seeds after ingestion by waterfowl, with movements in the order of tens of kilometres or even more.
Bivalve transfers and hitchhiking on vessels (leisure craft as well as fishing vessels and equipment) are
the most likely mechanisms of human-mediated spread in the RA area, which is expected to proceed at
a more moderate rate at the regional scale but with a high propagule pressure potential. Ballast water
and sediment transport is the most likely vector to facilitate long distance jumps of the species within
European waters, until the BWMC is fully implemented. Due to the sparse documentation for this
vector and the high uncertainty of propagule survival, even for small intra-European journeys, ballast
water is considered a less important pathway of spread for N. japonica.

In the Mediterranean Sea, if the species is introduced and establishes, its distribution is likely to be
more disjunct, being restricted to the cooler, northern and western basins of this marine region, due to
less favourable environmental conditions for seed germination and the extreme temperature and
salinity conditions developing at suitable habitats (i.e., lagoons) in the summer. Natural dispersal is
expected to be more limited and human-aided spread will likely proceed at a slower rate due to the
smaller number of potential nodes. The Black Sea in contrast is expected to offer more widespread
suitable habitats and conditions, with an enhanced potential of natural spread.

Qu. 3.12. Estimate the overall potential rate of spread in relevant biogeographical regions in
foreseeable climate change conditions (provide quantitative data where possible).

Thorough assessment of the risk of spread in relevant biogeographical regions in foreseeable
climate change conditions: explaining how foreseeable climate change conditions will influence this
risk, specifically if rates of spread are likely slowed down or accelerated.

RESPONSE | very slowly CONFIDENCE | low
slowly medium
moderately high

61



rapidly
very rapidly

Response: Increased frequency of extreme phenomena under future climate conditions is anticipated to
increase the potential propagule pressure of N. japonica in two ways. Storms and waves cause
fragmentation and heavy losses of seagrass biomass in shallow/intertidal habitats (Yue et al., 2021),
increasing rafting material available for uptake into ballast tanks. This, however, does not change the
likelihood of survival of entrained propagules, which remains low. At the same time, marine heat
waves can cause mass mortality of aquaculture bivalves, leading to increased shellfish transfers to
replete the stocks (Rodrigues et al., 2015). More shellfish movements may be associated with a higher
risk of transfer if the stocks/seed originate in areas where N. japonica is established and the necessary
precautions are not taken. With respect to potential donor populations within the RA area, these are
likely to be even more restricted in the Mediterranean Sea due to the increase in temperature and the
frequency of marine heat waves (see Qu. 2.10), such that the potential for spread is expected to be
more significant in Atlantic Europe.
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4 MAGNITUDE OF IMPACT

Important instructions:

e Questions 4.1-4.5 relate to biodiversity and ecosystem impacts, 4.6-4.8 to impacts on
ecosystem services, 4.9-4.13 to economic impact, 4.14-4.15 to social and human health
impact, and 4.16-4.18 to other impacts. These impacts can be interlinked, for example, a
disease may cause impacts on biodiversity and/or ecosystem functioning that leads to
impacts on ecosystem services and finally economic impacts. In such cases the assessor
should try to note the different impacts where most appropriate, cross-referencing between
guestions when needed.

e Each set of questions starts with the impact elsewhere in the world, then considers impacts
in the risk assessment area (=EU excluding outermost regions) separating known impacts to
date (i.e. past and current impacts) from potential future impacts (including foreseeable
climate change).

e Only negative impacts are considered in this section (socio-economic benefits are
considered in Qu. A.7)

¢ In absence of specific studies or other direct evidences this should be clearly stated by using
the standard answer “No information has been found on the issue”. This is necessary to
avoid confusion between “no information found” and “no impact found”. In this case, no
score and confidence should be given and the standardized “score” is N/A (not applicable).
Note that in principle, even if no information is available for the risk assessment area, this
does not apply to Qu. 4.2 and 4.3, because the information on impact can be inferred from
regions outside the risk assessment area. If no information is available from regions outside
the risk assessment area either, then this should be discussed explicitly.

Biodiversity and ecosystem impacts

Qu. 4.1. How important is the impact of the organism on biodiversity at all levels of
organisation caused by the organism in its non-native range excluding the risk assessment
area?

including the following elements:

e Biodiversity means the variability among living organisms from all sources, including
terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they
are part; this includes diversity within species, between species and of ecosystems

e impacted chemical, physical or structural characteristics and functioning of ecosystems

RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive

Response: In its non-native range in N America, Nanozostera japonica has a propensity to radically
alter the intertidal environment and the biological communities inherent within those environments,
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acting as an ecosystem engineer, resulting in a variety of biodiversity and ecosystem impacts (Fisher et
al., 2011).

Habitat structure: There has been a dramatic increase in the distribution of Nanozostera japonica since
its introduction around 50 years ago, see response at Qu. A5 for more details of spread. It has
colonised unvegetated tidal flats, significantly altering the physical habitat structure (Posey, 1988;
Baldwin & Lovvorn, 1994). In some areas such as Boundary Bay, British Columbia, and in Padilla,
Samish, and Willapa Bays, Washington the seagrass now occupies many hectares of intertidal flats
(Posey, 1988; Baldwin & Lovvorn, 1994; Bulthuis, 1995; Dumbauld & Wyllie-Echeverria, 2003).
Harrison & Bigley (1982) described extensive beds of N. japonica on the 17,000 ha of intertidal flats
in Willapa Bay, with dense populations covering all substrates except those with excessive clay or
gravel. Young et al. (2008) determined that N. japonica distribution in Yaquina Bay, Oregon,
increased from 0.037 km? in 1998 to almost 0.19 km? in 2007, roughly a 400 % increase over 9 years.

Colonization by N. japonica can also substantially decrease water flow to mudflats, reportedly by up
to 40 %; this action recruits fine sediment and detritus into the mid-intertidal zone (Tsai et al., 2010),
and can lead to arise in elevation and increased turbidity, as reported from Willapa Bay, Washington
(Fisher et al., 2011).

Nutrient and carbon cycling: In Padilla Bay, Washington, Hahn (2003b) found that N. japonica
decomposes more rapidly than its native congener, Z. marina, accelerating rates of decomposition and
altering the associated decomposer community, which may lead to higher carbon and nutrient
turnover. Larned (2003) demonstrated that N. japonica invasions alter water column-benthos nutrient
fluxes in Yaquina Bay, Oregon, where bare sediments colonized by N. japonica switched from
functioning as net sources to net sinks of inorganic nutrients, suggesting that N. japonica may have the
potential to limit nitrogen levels in previously unvegetated estuaries that are already nitrogen-limited.
These alterations may in turn affect pelagic primary production. Thus, N. japonica can influence the
biogeochemistry of entire estuaries (Williams, 2007).

Species diversity and abundance: The introduction of N. japonica changed the richness and densities
of the benthic and infaunal species, altering the community composition (Posey, 1988; Hahn, 2003a).
Mach et al. (2014), in a review of the ecological impacts of N. japonica, found evidence of a
significant negative effect on large infaunal invertebrates in unvegetated habitats. Tsai et al. (2010)
noted a reduction in infaunal clam condition in the presence of N. japonica. In British Columbia, the
ghost shrimp Neotrypaea californiensis suffered a sharp population decline in areas that had been
invaded by the seagrasses Zostera marina and N. japonica over a period of 8 years (Harrison, 1987),
and Berkenbusch et al. (2007) found that there was a general decrease in N. californiensis sediment
turnover activity and abundance at study sites in Netarts Bay, Oregon, where N. japonica was present.
Hahn (2003b) also observed differences in the microbial community in the sediment compared to that
in Z. marina beds, which is important to the detrital food web.

It has been suggested that feeding activity of the endangered green sturgeon is significantly reduced in
tideflats covered by N. japonica compared to the bare sand substrate in which their feeding pits are
typically found, possibly resulting from a decrease in burrowing shrimps on which they feed (Corbett
etal., 2011 in WA NWCB, 2013; Fisher et al., 2011). N. japonica has also been reported as
contributing to declines in shorebird foraging habitats by causing changes in benthic invertebrate
community structure (Durance, 2002 in GISD, 2022; Dudoit, 2006), although Mach et al. (2014)
found no significant effect on waterfowl.
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Mach et al. (2014) also noted studies reporting that N. japonica had a significant negative effect on
other macrophytes when these species occupied overlapping habitats. Where N. japonica occurs in
mixed beds with the native Z. marina the density and biomass of both species are reduced (Harrison,
1982; Hahn, 2003a; Bando, 2006; Hannam & Wyllie-Echeverria, 2015). For example, in Padilla Bay,
Wiashington, each species had a negative effect on shoot density in the other, and the leaves of Z.
marina were shorter when grown with the invader (Hahn, 2003a). Boardman & Ruesink (2022)
reported that N. japonica had an adverse impact on biomass of the intertidal widgeon grass Ruppia
maritima in Willapa Bay, Washington. However, Harrison (1982) found little evidence of interference
between the two species at a site in the Fraser River delta, British Columbia, although N. japonica had
higher biomass than R. maritima at all sites and at virtually all times during his two-year study.

It should be noted that there are a number of perceived benefits from the introduction of N. japonica in
N America, such as increased seagrass habitat, increased small benthic invertebrate richness and
abundance, and provision of foraging habitat for some birds. There is thus a conflict between the
perceived positive and negative biodiversity and ecosystem impacts and these benefits (Shafer et al.,
2014).

Qu. 4.2. How important is the current known impact of the organism on biodiversity at all
levels of organisation (e.g. decline in native species, changes in native species communities,
hybridisation) in the risk assessment area (include any past impact in your response)?

Discuss impacts that are currently occurring or are likely occurring or have occurred in the past in
the risk assessment area. Where there is no direct evidence of impact in the risk assessment area (for
example no studies have been conducted), evidence from outside of the risk assessment area can be
used to infer impacts within the risk assessment area.

RESPONSE | N/A CONFIDENCE

Response: Nanozostera japonica is not known to be currently present in the risk assessment area.

Qu. 4.3. How important is the potential future impact of the organism on biodiversity at all
levels of organisation likely to be in the risk assessment area?

See comment above. The potential future impact shall be assessed only for the risk assessment area.
A potential increase in the distribution range due to climate change does not per se justify a higher
impact score.

RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive
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Response: As the species is not currently present in the RA area, this response is primarily based on
the impacts reported from its non-native range in N. America, but adjusted to take account of the
presence in the RA area of the functionally similar N. noltei.

In the risk assessment area, the functional and ecological niche that Nanozostera japonica occupies is
fulfilled by the native, very closely related sister species N. noltei (see response at Al). This species is
a foundation seagrass species of muddy intertidal systems in Europe. It is distributed from the southern
coasts of Norway to the Mediterranean Sea, the Black Sea, the Canary Islands, and has been recorded
as far south as Mauritania, on Africa’s west coast (Green & Short, 2003; Borum et al., 2004; GBIF,
2022a). N. noltei forms dense beds in the muddy sand of intertidal and shallow subtidal areas, and in
estuaries and coastal lagoons. In the Mediterranean Bioregion it forms single species meadows at
suitable habitats (e.g., the lagoons of the Northern Aegean and the lonian, often reported as Zostera
nana in older literature (Haritonidis & Tsekos, 2005; Nicolaidou et al., 2005), the Gulf of Gabes
(Mosbahi et al., 2016), the Northern Adriatic (Ivajnsi¢ et al., 2022) and the Western Mediterranan),
and in the Black Sea it is found in pure and mixed stands on sandy substrates (Milchakova & Phillips,
2003; Short et al., 2010b). The two species, N. japonica and N. noltei, appear to have very similar
temperature and salinity requirements and are both tolerant of desiccation (Massa et al., 2008; Abe et
al., 2009; Fernandez-Torquemada & Sanchez-Lizaso, 2011; Kaldy & Shafer, 2013; Yue et al., 2019).
N. noltei is also directly analogous to N. japonica with respect to plant architecture and vertical
distribution (Bigley & Barreca, 1982).

N. noltei does not occur in the current invaded range of N. japonica in N America, nor is there an
equivalent intertidal seagrass species. Thus, the major shifts in habitat structure, converting bare mud
to extensive seagrass beds; the changes to nutrient and carbon cycling; and changes to species
diversity and abundance, seen in N America (see Qu. 4.1) are less likely to occur to the same extent in
Europe, as areas of suitable habitat may already be occupied by N. noltei. However, it is possible that
N. japonica will be able to establish on currently unvegetated shores where N. noltei is not present, in
which case the impact on habitat structure and nutrient cycling would be much greater.

There may be an impact through competition on other macrophytes that occupy the intertidal such as
Z. marina and Ruppia maritima, as reported from N America (see Qu. 4.1).

Thus, the potential biodiversity impacts of N. japonica will depend largely on its interaction with the
native N. noltei and the density/distribution it achieves in relation to its sister species. However, N.
japonica and N. noltei do not currently co-exist anywhere in the world, thus it is not possible to predict
with any degree of certainty the outcome of any potential competition between them. However, it is
likely that the genetic diversity and fitness of the N. noltei populations would be negatively impacted
to some degree. The worst-case scenario would be that N. japonica out-competes N. noltei to such an
extent that it becomes extinct, although this seems unlikely.

The literature suggests that seagrass species frequently co-exist in mixed beds. In its native range N.
japonica co-occurs with a variety of other species including Z. marina, Z. caespitosa, Halophila spp.,
Cymodocea spp., and Halodule spp. (Green & Short, 2003; Sugimoto et al., 2017; Jiang et al., 2018;
Sudo & Nakaoka, 2020). In these temperate multi-specific seagrass meadows, N. japonica is always
found in the uppermost parts of the bed. In N America, at the lower end of its intertidal range, it can
co-occur with Z. marina; and at the upper end, occasionally with Ruppia maritima (Harrison & Bigley,
1982). Similarly, in Europe N. noltei is found in mixed beds with Z. marina, R. maritima and
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Cymodocea nodosa (Ceccherelli & Campo, 2002; Green & Short, 2003), confirming again the
similarities between N. japonica and N. noltei.

With regards to hybridization, Zostera marina is known to hybridize with Z. pacifica (Olsen et al.,
2014) and hybridization is very common in seagrasses generally (Daru & Yessoufou, 2016). Thus,
there is a high risk that N. japonica could hybridise with N. noltei, especially considering their close
relatedness and identical chromosome number (12) (Tanaka et al., 2003). This would directly affect
the genetic diversity and fitness of the native N. noltei populations. Such hybridization could result in
maladaptation and seriously undermine restoration efforts; on the other hand, it could enhance the
survival and longevity of the mixed meadows, particularly if the donor (i.e., invasive) populations
happen to include “future climate-adapted” genotypes (Pazzaglia et al., 2021).

In its native and non-native range, N. japonica has suffered from the wasting disease caused by the
endophytic protist Labyrinthula zosterae, which is considered responsible for the world’s largest
losses of the seagrass Zostera marina (Moore & Short, 2006; Bockelmann et al., 2013), and the
phytomyxid pathogen Plasmodiophora bicaudata (Sullivan et al., 2018). However, these diseases are
already present in European populations of Z. marina and N. noltei, so any additional impact from new
introductions alongside N. japonica is likely to be marginal (Garcias-Bonet et al., 2011; Sullivan et al.,
2018).

Climate change may facilitate expansion of N. japonica northward through both increased fitness and
the ability to out-compete Z. marina, but this would also apply to the native N. noltei as they have
similar temperature and desiccation tolerances. Massa et al. (2008) predict a retraction of N. noltei’s
range in the Mediterranean due to rising temperatures in the exposed intertidal zone, above its sub-
lethal limit of 38° C, again this is likely to apply equally to N. japonica.

Qu. 4.4. How important is decline in conservation value with regard to European and national
nature conservation legislation caused by the organism currently in the risk assessment area?

including the following elements:

e native species impacted, including red list species, endemic species and species listed in the
Birds and Habitats directives

e protected sites impacted, in particular Natura 2000
habitats impacted, in particular habitats listed in the Habitats Directive, or red list habitats

o the ecological status of water bodies according to the Water Framework Directive and
environmental status of the marine environment according to the Marine Strategy Framework
Directive

| RESPONSE | N/A CONFIDENCE |

Response: Nanozostera japonica is not known to be currently present in the risk assessment area.

Qu. 4.5. How important is decline in conservation value with regard to European and national
nature conservation legislation caused by the organism likely to be in the future in the risk
assessment area?

e See guidance to Qu. 4.3. and 4.4.
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RESPONSE

minimal
minor
moderate
major
massive

CONFIDENCE

low
medium
high

Response: As the species is not currently present in the RA area, this response is based on the impacts

reported from its non-native range in N America, but adjusted to take account of the presence in the
RA area of the functionally similar N. noltei.

Seagrasses are among the most productive marine ecosystems and, under the EU Habitats Directive,
are considered habitats that must be preserved and, where possible, recovered.

If Nanozostera japonica is introduced into the RA area the conservation status of many estuarine and
lagoonal Natura 2000 sites, MPAs and SSSis could be degraded. If N. japonica establishes in areas of

currently unvegetated muddy/sandy shores. The biodiversity of saline (X02) and brackish lagoon
habitats (X03) within the Mediterranean, along the Atlantic coast, and in the Black Sea could be

impacted. Lagoonal habitats are important as nursery areas for many fish populations (Pérez-Ruzafa et

al., 2019), as well as feeding grounds for waterfowl, so any changes in trophic interactions and the
overall food web could have short to medium term effects on their conservation value, which is
already degraded/unfavourable in large parts of the RA area (EEA — Habitats Directive reporting
under Article under Article 17).
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Figure 7: Conservation status of coastal lagoons (Habitat 1150) for the period 2013 - 2018 for EU28.
(Source: European Environment Agency, available at https://nature-art17.eionet.europa.eu/articlel7/)

However, the most likely impacts will result from competition with N. noltei and, to a lesser extent, Z.
marina, both are protected species within the EU and are IUCN Red List species (categorized as of
‘Least Concern’). N. noltei has suffered local declines in some regions due to loss of water clarity
from sedimentation, coastal development, wasting disease, competition from the non-native seaweed
Caulerpa racemosa, and shellfishing activities; it is also sensitive to eutrophication and shading
(Ceccherelli & Campo, 2002; Short et al., 2010b; Garmendia et al., 2021).

Hybridization between N. japonica and N. noltei could also impact the genetic diversity and fitness of
the local N. noltei populations, and affect restoration efforts negatively or positively, depending on
where the source popualations originate in (see Qu. 4.3. for details).

Habitats threatened are the littoral seagrass beds, EUNIS codes A2.61 and A5.53, and of specific
concern are the EU Red List habitat types MEDA5.53, BLSA5.53, BLSA5.5w, BLSA5.5z, and
NEAAZ2.61 where N. noltei is included as a characteristic species. In addition, it is included in the site
descriptions for over 40 Natura 2000 sites throughout Europe.

The OSPAR Commission (2009) include Zostera beds on their ‘List of Threatened and/or Declining
Species and Habitats’. In addition, N. noltei and Z. marina are mentioned in the SPA/BD Protocol
(Annex I1: Endangered or threatened species that the Parties shall manage with the aim of
maintaining them in a favourable state of conservation. They shall ensure their maximum possible
protection and recovery) (SPA/BD, 1995).
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It should be noted that if N. japonica establishes in areas of currently unvegetated muddy/sandy shores
it is possible that the conservation status of a protected area is considered overall to be enhanced
(additional seagrass habitat providing improved ecological functioning and ecosystem services, versus
changes in biodiversity and loss of species or genetic diversity).

With respect to the environmental status of any conservation sites if invaded, the impact of N.
japonica could be related to the MSFD descriptors D1 (biodiversity), D2 (NIS), D3 (fishing), and D4
(food webs).

Ecosystem Services impacts

Qu. 4.6. How important is the impact of the organism on provisioning, regulating, and
cultural services in its non-native range excluding the risk assessment area?

e For alist of services use the CICES classification V5.1 provided in Annex V.

e Impacts on ecosystem services build on the observed impacts on biodiversity (habitat, species,
genetic, functional) but focus exclusively on reflecting these changes in relation to their links
with socio-economic well-being.

e Quantitative data should be provided whenever available and references duly reported.

RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive

Response: In its non-native range in N America the following ecosystem services are impacted.

Provisioning: Biomass - N. japonica can obstruct shellfish harvesting methods, thus increasing
management costs, and reducing the production of harvestable shellfish (Fisher et al., 2011; WA
NWCB, 2013; Mach et al., 2014). For example, in Willapa Bay Washington, US, studies were
conducted to assess the effects of N. japonica on the commercial farming of Manila clams (Ruditapes
philippinarum) and Pacific oysters (Magallana gigas). The growth of young clams, total clam harvest,
clam quality and harvest efficiency, were greater where N. japonica was chemically controlled than
where it was not treated. The response of oysters to N. japonica control varied by site; there was no
effect at one site, while the other sites had a 15 % increase in shucked meat with N. japonica control.
The potential economic impact of a N. japonica infestation of a shellfish bed was estimated as
~$47,000 ha™* for Manila clams and $4000 ha* for oysters for each crop harvest cycle (Patten, 2014).
Tsai et al. (2010) also reported a 17 % reduction in the weight of dry meat per clam when N. japonica
was present (Shafer et al., 2014). In Washington, colonization of the upper intertidal by N. japonica, in
a region that was previously unoccupied by vegetation, and its perceived conflict with clam
aquaculture has been the primary driver for control in the state (Sund, 2015).

Regulation & Maintenance: Hydrological cycle and water flow regulation - WA NWCB (2013) report
that reduction to water flow and tideland drainage could result from dense mats of N. japonica, these
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can slow water flow by up to 40 % as compared to unvegetated mudflats, causing deposition of silt
and detritus (Tsai et al., 2010; Fisher et al., 2011). Preliminary data from Yaquina Bay, Oregon,
suggests that the presence of N. japonica may alter water column-benthic nutrient fluxes (Larned,
2003).

Cultural: Physical and experiential interactions with natural environment - Sediment build up can
prevent waterfront homeowners from using their docks and forcing expensive dredging to remove the
sediment (Reicher, 2010). Any sediment build up may also affect the amenity and recreational value of
infested areas by reducing recreational harvests of shellfish such as clams and cockles (WA NWCB,
2013).

Qu. 4.7. How important is the impact of the organism on provisioning, regulating, and
cultural services currently in the different biogeographic regions or marine sub-regions where
the species has established in the risk assessment area (include any past impact in your
response)?

e See guidance to Qu. 4.6.

| RESPONSE | N/A CONFIDENCE

Response: Nanozostera japonica is not known to be currently present in the risk assessment area.

Qu. 4.8. How important is the impact of the organism on provisioning, regulating, and
cultural services likely to be in the different biogeographic regions or marine sub-regions
where the species can establish in the risk assessment area in the future?

e See guidance to Qu. 4.6.

RESPONSE minimal CONFIDENCE low
minor medium
moderate high
major
massive

Response: As the species is not currently present in the RA area, this response is based on its impact in
its non-native range, but adjusted to take account of the presence in the RA area of the functionally
similar N. noltei, meaning that major shifts in habitat structure and the changes to water flow, nutrient
and carbon cycling mainly responsible for potential ecosystem services impacts are less likely to occur
to the same extent in Europe, unless N. japonica establishes in currently unvegetated shores (see Qu.
4.3). In this case, impacts on ecosystem services are expected to be of a similar magnitude as was
observed in N America (i.e., moderate) but less widespread and or a more localized nature.
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Provisioning: Biomass - N. japonica can obstruct shellfish harvest methods, thus increasing
management costs and reducing the production of harvestable shellfish (see Qu.4.6. for more detail).
Sediment build up could make shores less suitable for shellfish culture (WA NWCB, 2013).
Production of bivalve molluscs in the EU averages 500,000 tonnes annually (350,000 tonnes of
mussels, 100,000 tonnes of oysters and 50,000 tonnes of clams), France and Spain are the most
important countries in terms of production volume and value (DG SANTE, 2018). Thus, any impact
on commercial shellfish farming would be most significant in the Celtic Seas, Bay of Biscay and
Iberian Coast, and Western Mediterranean Sea sub-regions.

Regulation & Maintenance: Hydrological cycle and water flow regulation - WA NWCB (2013) report
that reduction to water flow and tideland drainage could result from dense mats of N. japonica, these
can slow water flow by up to 40 % as compared to unvegetated mudflats, causing deposition of silt
and detritus (Tsai et al., 2010; Fisher et al., 2011). Preliminary data from Yaquina Bay, Oregon,
suggests that the presence of N. japonica may alter water column-benthic nutrient fluxes (Larned,
2003).

Cultural: Physical and experiential interactions with natural environment - Sediment build up can
prevent waterfront homeowners from using their docks and forcing expensive dredging to remove the
sediment (Reicher, 2010). Any sediment build up may also affect the amenity and recreational value of
infested areas by reducing recreational harvests of shellfish such as clams and cockles (WA NWCB,
2013).

Economic impacts

Qu. 4.9. How great is the overall economic cost caused by the organism within its current area
of distribution (excluding the risk assessment area), including both costs of / loss due to
damage and the cost of current management.

o Where economic costs of / loss due to the organism have been quantified for a species anywhere
in the world these should be reported here. The assessment of the potential costs of / loss due to
damage shall describe those costs quantitatively and/or qualitatively depending on what
information is available. Cost of / loss due to damage within different economic sectors can be a
direct or indirect consequence of the earlier-noted impacts on ecosystem services. In such case,
please provide an indication of the interlinkage. As far as possible, it would be useful to separate
costs of / loss due to the organism from costs of current management.

RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive

Response: In N America it has been reported that Nanozostera japonica can obstruct shellfish
harvesting methods, thus increasing management costs, and reducing the production of harvestable
shellfish (Fisher et al., 2011; WA NWCB, 2013; Mach et al., 2014). For example, in Willapa Bay
Washington, US, studies were conducted to assess the effects of N. japonica on the commercial
farming of Manila clams (Ruditapes philippinarum) and Pacific oysters (Magallana gigas) (see Qu.

72



4.6. for more detail). The potential economic impact of a N. japonica infestation of a shellfish bed was
estimated as ~$47,000 ha* for Manila clams and $4000 ha™* for oysters for each crop harvest cycle
(Patten, 2014). Tsai et al. (2010) also reported a 17 % reduction in the weight of dry meat per clam
when N. japonica was present (Shafer et al., 2014).

WA NWCB (2013) reported that there are approximately 6,000 acres of suitable tideland for
commercial clam production in Willapa Bay, of which 2,800 acres were lying fallow in 2012 due to
infestations of N. japonica. This was estimated to represent an economic loss of around $29M.
Harvesting clams in N. japonica infested areas makes it more difficult to locate and access the clams
beneath the dense mats, and there is an additional cost (est. $0.05/Ib) to clean off the plant material and
silt from the clams harvested from these areas.

Simenstad (1994, in Mach et al., 2010) described an indirect negative impact of N. japonica on
economically and ecologically important fish species: surf smelt, Pacific herring, Pacific sand lance,
and chum salmon. This relationship was predicted as a result of reduced copepod biomass in N.
japonica beds as these fish are reliant on the copepods as a food source.

Sediment build-up can prevent waterfront homeowners from using their docks and forcing expensive
dredging to remove the sediment (Reicher, 2010).

Qu. 4.10. How great is the economic cost of / loss due to damage (excluding costs of
management) of the organism currently in the risk assessment area (include any past costs in
your response)?

e Where economic costs of / loss due to the organism have been quantified for a species anywhere
in the EU these should be reported here. Assessment of the potential costs of damage on human
health, safety, and the economy, including the cost of non-action. A full economic assessment at
EU scale might not be possible, but qualitative data or different case studies from across the EU
(or third countries if relevant) may provide useful information to inform decision making. In
absence of specific studies or other direct evidences this should be clearly stated by using the
standard answer “No information has been found on the issue”. This is necessary to avoid
confusion between “no information found” and “no impact found”. In this case, no score and
confidence should be given and the standardized “score” is N/A (not applicable). Cost of / loss
due to damage within different economic sectors can be a direct or indirect consequence of the
earlier-noted impacts on ecosystem services. In such case, please provide an indication of the
interlinkage.

| RESPONSE | N/A CONFIDENCE |

Response: Nanozostera japonica is not known to be currently present in the risk assessment area.

Qu. 4.11. How great is the economic cost of / loss due to damage (excluding costs of
management) of the organism likely to be in the future in the risk assessment area?

e See guidance to Qu. 4.10.
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RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive

Response: Economic impacts in the RA area are anticipated to occur primarily in association with
cultivated and/or harvested from the wild populations of shellfish. Qysters such as Magallana gigas
with a commercial harvest of 140,000 tonnes, were worth €640 million Euros in 2018, of which 85 %
were bottom cultured (STECF, 2021), and clams such as Ruditapes philippinarum, providing
approximately 40,000 tonnes, worth €180 million in 2018 (STECF, 2021). If as in N America, N.
japonica becomes established in commercial shellfish beds then this could result in some areas having
to be abandoned, a reduction in the harvest, or a rise in harvesting costs. Considering the high value of
the shellfish farming industry in Europe, moderate economic losses are a plausible scenario, although
this estimate comes with high uncertainty.

It should be noted that there is also some evidence of positive effects of seagrass beds on bivalves.
Growth of native clams R. decussatus was slower on bare sediment areas than in seagrass covered
patches (N. noltei) under experimentally induced thermal stress in the field (Roman et al., 2022). This
was not the case for the much more resilient introduced species R. philippinarum (Roman et al., 2022),
however it is evident that some seagrass coverage can buffer the negative effect of warming on bivalve
growth, particularly in species living close to their thermal tolerance limits, which could prove
beneficial under future climate conditions.

France and Spain are the most important countries in terms of production volume and value (DG
SANTE, 2018). Thus, any impact on commercial shellfish farming would be most significant in the
Celtic Seas, Bay of Biscay and Iberian Coast, and Western Mediterranean Sea sub-regions.

Qu. 4.12. How great are the economic costs / losses associated with managing this organism
currently in the risk assessment area (include any past costs in your response)?

o In absence of specific studies or other direct evidences this should be clearly stated by using the
standard answer “No information has been found on the issue”. This is necessary to avoid
confusion between “no information found” and “no impact found”. In this case, no score and
confidence should be given and the standardized “score” is N/A (not applicable).

| RESPONSE | N/A CONFIDENCE | |

Response: Nanozostera japonica is not known to be currently present in the risk assessment area.

Qu. 4.13. How great are the economic costs / losses associated with managing this organism
likely to be in the future in the risk assessment area?
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\ e See guidance to Qu. 4.12.

RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive

Response: As Nanozostera japonica has not yet arrived in the RA area, preventing its introduction and
facilitating early detection would be the initial strategy. Costs related to shipping (ballast/fouling) will
be borne by the shipping companies. Significant costs can be associated with the ratification of
relevant legislation, e.g. the Ballast Water Management Convention, in ensuring its compliance,
related to planning, monitoring, enforcement and capacity building. However, these costs are not
specific to N. japonica and will prevent/reduce the introduction of a wide range of species carried by
ballast water. Likewise, international imports of Pacific Oysters are already limited and highly
regulated, and the costs of legislation and monitoring are already accounted for.

Existing monitoring schemes for the implementation of the Marine Strategy Framework Directive
(MSFD) and the Water Framework Directive (WFD), are likely to be useful for early detection,
particularly if molecular methods are employed.

It is generally agreed that eradication of N. japonica is not feasible in areas where it has become well
established, although control may be possible in limited areas (Shafer et al., 2014). Mobilisation of
volunteers can prove effective for rapid response removals at the very early stages of invasion (Ramey
et al., 2011). Spread of N. japonica within the RA area by recreational boat users could be reduced by
rinsing mud and debris from boats, gear, and boots before moving to a new site (WA NWCB, 2013).
This may require some minor expenditure for public education.

Shellfish farming: Significant costs are anticipated if the shellfish aquaculture sector is heavily
impacted, but overall estimates will depend on the extent and intensity of infestation. Regardless of the
control method chosen, it is likely to be a labour-intensive and costly endeavour requiring constant
maintenance, because N. japonica populations are capable of rapid recovery following the cessation of
disturbance (Park et al., 2011; Shafer et al., 2014). Unfortunately, no information could be found on
the actual costs of control.

In Humboldt Bay, California, a number of different control tactics have been tested including
excavation, smothering, flame heat treatments, and heater cartridges (Schlosser et al., 2011). The most
effective technique tried to date was manual excavation of N. japonica beds from the intertidal (WA
NWCB, 2013). In Washington, application of the herbicide Imazamox has been used in shellfish beds
(Patten, 2015). This herbicide is approved for use within the EU (Lewis et al., 2016).

Short (2013) reported that in Asia, N. japonica and aquaculture coexist and there has been no need for
N. japonica eradication in estuarine waters. In South Korea, conflict over the use of the intertidal has
been minimized by employing off-bottom oyster aquaculture and the rotational harvesting of clam
species including Ruditapes philippinarum). Park et al. (2011) conclude that rotational harvesting of
Manila clams meets the needs of the aquaculture industry while allowing normal vegetative regrowth
of N. japonica.
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Dredging: Sediment build up in areas used by shipping, or recreational boating may require expensive
dredging to remove the sediment (Reicher, 2010).

Social and human health impacts

Qu. 4.14. How important is social, human health or other impact (not directly included in any
earlier categories) caused by the organism for the risk assessment area and for third
countries, if relevant (e.g. with similar eco-climatic conditions).

The description of the known impact and the assessment of potential future impact on human health,
safety and the economy, shall, if relevant, include information on

o illnesses, allergies or other affections to humans that may derive directly or indirectly from a
species;

e damages provoked directly or indirectly by a species with consequences for the safety of
people, property or infrastructure;

e direct or indirect disruption of, or other consequences for, an economic or social activity due
to the presence of a species.

Social and human health impacts can be a direct or indirect consequence of the earlier-noted
impacts on ecosystem services. In such case, please provide an indication of the interlinkage.

RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive

Response: Nanozostera japonica is not known to be currently present in the risk assessment area.
The following details refer to impacts reported in the non-native range in N America.

Cultural: Physical and experiential interactions with natural environment - Sediment build up may
affect the amenity and recreational value of infested areas by reducing recreational harvests of
shellfish such as clams and cockles (WA NWCB, 2013). Sediment build up can also prevent
waterfront homeowners from using their docks and forcing expensive dredging to remove the
sediment (Reicher, 2010).

Qu. 4.15. How important is social, human health or other impact (not directly included in any
earlier categories) caused by the organism in the future for the risk assessment area.

e In absence of specific studies or other direct evidences this should be clearly stated by using
the standard answer “No information has been found on the issue”. This is necessary to avoid
confusion between “no information found” and “no impact found”. In this case, no score and
confidence should be given and the standardized “score” is N/A (not applicable).
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RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive

Response: No information has been found on the issue. See Qu. 4.14 for potential impacts in the
future.

Other impacts

Qu. 4.16. How important is the organism in facilitating other damaging organisms (e.g.
diseases) as food source, a host, a symbiont or a vector etc.?

RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive

Response: In its native and non-native range, N. japonica has suffered from the wasting disease caused
by the endophytic protist Labyrinthula zosterae, which is considered responsible for the world’s
largest losses of the seagrass Zostera marina (Moore & Short, 2006; Bockelmann et al., 2013), and the
phytomyxid pathogen Plasmodiophora bicaudata (Sullivan et al., 2018). However, these diseases are
already present in European populations of Z. marina and N. noltei, so any additional impact from new
introductions alongside N. japonica is likely to be marginal (Garcias-Bonet et al., 2011; Sullivan et al.,
2018), see Qu. 2.4 for more detail.

Qu. 4.17. How important might other impacts not already covered by previous questions be
resulting from introduction of the organism?

RESPONSE | N/A CONFIDENCE

Response: No additional impacts could be identified.

Qu. 4.18. How important are the expected impacts of the organism despite any natural control
by other organisms, such as predators, parasites or pathogens that may already be present in
the risk assessment area?
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RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive

Response: Some natural control from grazing by migratory birds, and possibly herbivorous fish; and
pathogens such Labyrinthula zosterae, may reduce the overall level of impact to some extent.

Predators: Sato et al. (2020) reported that, on the Asadokoro tide flats in Japan, grazing pressure by
migrating birds such as whooper swans (Cygnus cygnus) and brent geese (Branta bernicla) had a
major effect on the biomass of N. japonica, with most of the plants in the shallows disappearing,
including the below ground parts.

In Boundary Bay, British Columbia, N. japonica comprised the largest single percentage of the diet for
wigeon, pintails, mallards, and brent geese (Baldwin & Lavvorn, 1994). A virtually identical group of
migratory birds feed on N. noltei in the Europe (Jacobs et al., 1981; Clausen et al., 2002; Gayet et al.,
2012). Thus, it is probable that grazing by waterfowl would also exert some control over N. japonica
introductions in the RA area.

Grazing by herbivorous fish may also act as a regulator of biomass (Sugimoto et al., 2017).
Pathogens: See Qu. 4.3 regarding impact of pathogens.

However, this natural control is unlikely to be sufficient to significantly reduce the overall level of
impact.

Qu. 4.19. Estimate the overall impact in the risk assessment area under current climate
conditions. In addition, details of overall impact in relevant biogeographical regions should be
provided.

Thorough assessment of the overall impact on biodiversity and ecosystem services, with impacts on
economy as well as social and human health as aggravating factors, in current conditions.

RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive

Response: The potential biodiversity and ecosystem services impacts of N. japonica will depend
largely on its interaction with the native N. noltei and the density/distribution it achieves in relation to
its sister species. It may act as a direct substitute, in which case biodiversity impacts will be limited to
competition with, hybridization with, or possible extinction of N. noltei, under this scenario ecosystem
services would be largely unaffected (see Qu. 4.3 and Qu. 4.8 for more detail).
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However, it may be a more aggressive coloniser than N. noltei, in which case it could establish on
currently unvegetated shores resulting in much greater ecosystem services impacts on habitat structure,
nutrient cycling, and sedimentation. There could also be wider biodiversity impacts through
competition with other macrophytes that occupy the intertidal such as Z. marina and Ruppia maritima
(see Qu. 4.3 and Qu. 4.8 for more detail).

Economic impacts are anticipated to occur primarily in association with cultivated and/or harvested
from the wild populations of shellfish. If as in N America, N. japonica becomes established in
commercial shellfish beds then this could result in some areas having to be abandoned, a reduction in
the harvest, or a rise in harvesting costs. Considering the high value of the shellfish farming industry
in Europe, moderate economic losses are a plausible scenario, although this estimate comes with high
uncertainty (See Qu. 4.11 for more detail). Significant costs are anticipated if the shellfish aquaculture
sector is heavily impacted, but overall estimates will depend on the extent and intensity of infestation
(see Qu. 4.13 for more detail).

France and Spain are the most important countries in terms of production volume and value (DG
SANTE, 2018). Thus, any impact on commercial shellfish farming would be most significant in the
Celtic Seas, Bay of Biscay and Iberian Coast, and Western Mediterranean Sea sub-regions.

Qu. 4.20. Estimate the overall impact in the risk assessment area in foreseeable climate change
conditions. In addition, details of overall impact in relevant biogeographical regions should be
provided.

Thorough assessment of the overall impact on biodiversity and ecosystem services, with impacts on
economy as well as social and human health as aggravating factors, under future conditions.
. See also guidance to Qu. 4.3.

RESPONSE | minimal CONFIDENCE | low
minor medium
moderate high
major
massive

Response: Climate change may facilitate expansion of N. japonica northward through both increased
fitness and the ability to out-compete Z. marina, but this would also apply to the native N. noltei as
they have similar temperature and desiccation tolerances. Massa et al. (2008) predict a retraction of N.
noltei’s range in the Mediterranean due to rising temperatures in the exposed intertidal zone, above its
sub-lethal limit of 38° C, again this is likely to apply equally to N. japonica.
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RISK SUMMARIES

RESPONSE

CONFIDENCE

COMMENT

Summarise
Introduction and
Entry*

very unlikely
unlikely
moderately likely
likely

very likely

low
medium
high

Nanozostera japonica has a low
likelihood to enter the RA area.
Of the two active introduction
pathways considered, shellfish
imports for cultivation may
transport sufficient viable
propagules but are highly
regulated in the RA area and very
limited in volume from areas
outside the EU. The possibility of
unreported/illegal bivalve
introductions, however, cannot be
dismissed, hence the medium
confidence of the assessment.
Ballast water may entrain floating
shoots, but the survival of
propagules under ballast tanks
conditions for the duration of an
inter-oceanic journey is unlikely.
No change in the overall
likelihood of introduction is
predicted under forseeable climate
change.

Summarise
Establishment*

very unlikely
unlikely
moderately likely
likely

very likely

low
medium
high

Abiotic conditions suitable for
establishment abound in Atlantic
Europe and the Black Sea and are
expected to limit establishment to
localised areas only in the
Mediterranean and the Baltic.
Predation by, and competition
with native species may moderate
establishment to some extent, but
are not expected to be prohibitive
factors. More importantly, the
potential for establishment will
depend on the number of
introduced propagules, their post-
transport condition and the
survival of the first seedlings,
parameters that are all
characterized by low to moderate
probability of success and high
uncertainty. Hence, the overall
likelihood of establishment is
considered to be moderate in the
RA area, unless seeds are
introduced on shellfish culture
grounds.

Under foreseeable climate
conditions a small increase in
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suitable habitat is expected, but no
significant change in the overall
likelihood of establishment.

Summarise
Spread*

very slowly
slowly
moderately
rapidly
very rapidly

low
medium
high

Nanozostera japonica has the
potential to spread for hundreds of
kms with drifting reproductive
shoots, especially over the
flowering and senescence period
of the species (summer and early
autumn). Bivalve transfers and
hitchhiking on vessels (leisure
craft as well as fishing vessels and
equipment) are the most likely
mechanisms of human-mediated
spread in the RA area; this is
expected to proceed at a moderate
rate at the regional scale but with
a high propagule pressure
potential. In the Mediterranean,
natural dispersal is expected to be
more limited and human-aided
spread will likely proceed at a
slower rate due to the smaller
number of potential nodes.
Climate change has the potential
to enhance spread by creating
higher volumes of wrack and
potentially bivalve transfers.

No change in the overall
likelihood of spread is predicted
under forseeable climate change.

Summarise
Impact*

minimal
minor
moderate
major
massive

low
medium
high

Biodiversity and ecosystem
services impacts will depend
largely on how successfully it
competes with, or hybridizes with
the native N. noltei. It could
establish on currently unvegetated
shores resulting in ecosystem
services impacts on habitat
structure, nutrient cycling, and
sedimentation. There could also
be wider biodiversity impacts
through competition with other
macrophytes.

Economic impacts are primarily
related to commercially cultivated
and/or harvested from the wild
shellfish. There may be losses of
shellfish beds, harvest reductions,
and/or increased harvesting costs.
No change in the overall impact is
predicted under foreseeable
climate change.
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Conclusion of the
risk assessment
(overall risk)

low
moderate
high

low
medium
high

Nanozostera japonica is a
seagrass species, invasive in N
America, where it has exhibited
ecosystem-wide impacts. In the
RA area, the likelihood of arrival
is low due to the small volume of
(regulated and legal) bivalve
imports from potential donor
areas and the low likelihood of
propagule survival with other
vectors. These factors are also
expected to reduce the potential
for establishment, which is
otherwise not widely limited by
abiotic conditions. Should the
species establish, the potential for
local expansion and regional
spread is significant, both by
natural dispersal and by
anthropogenic means. Expected
impacts are generally moderate,
since a functionally equivalent
species already exists in the RA
area, but possible hybridization
with native eelgrass species would
jeopardise current restoration
efforts. No change in the overall
likelihood of impact is predicted
under foreseeable climate change.
Due to the importance of seagrass
habitats for coastal ecosystems, N.
japonica is considered a moderate
risk species for the RA area, with
an overall medium confidence of
the assessment.

*in current climate conditions and in foreseeable future climate conditions
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Distribution Summary

Please answer as follows:
Yes if recorded, established or invasive

— if not recorded, established or invasive
? Unknown; data deficient

The columns refer to the answers to Questions A5 to A12 under Section A.
For data on marine species at the Member State level, delete Member States that have no marine borders.
In all other cases, provide answers for all columns.

Member States

Recorded Established Possible Possible Invasive
(currently) establishment | establishment (currently)
(under current | (under
climate) foreseeable
climate)
Belgium - - Yes Yes -
Bulgaria - - Yes Yes -
Croatia - - Yes Yes -
Cyprus - - No No -
Denmark - - Yes Yes -
Estonia - - No No -
Finland - - No No -
France - - Yes Yes -
Germany - - Yes Yes -
Greece - - Yes Yes -
Ireland - - Yes Yes -
Italy - - Yes Yes -
Latvia - - No No -
Lithuania - - No No -
Malta - - No No -
Netherlands - - Yes Yes -
Poland - - Yes? Yes? -
Portugal - - Yes Yes -
Romania - - Yes Yes -
Slovenia - - Yes Yes -
Spain - - Yes Yes -
Sweden - - Yes Yes -
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Marine regions and subregions of the risk assessment area

Recorded Established Possible Possible Invasive
(currently) establishment | establishment (currently)
(under current | (under
climate) foreseeable
climate)
Baltic Sea - - Yes (western) | Yes (western) -
Black Sea - - Yes Yes -
North-east Atlantic - - Yes Yes -
Ocean
Bay of Biscay - - Yes Yes -
and the
Iberian Coast
Celtic Sea - - Yes Yes -
Greater North - - Yes Yes -
Sea
Mediterranean Sea - - Yes Yes -
Adriatic Sea - - Yes Yes -
Aegean- - - Yes Yes -
Levantine Sea
lonian Sea - - Yes Yes -
and the
Central
Mediterranean
Sea
Western - - Yes Yes -
Mediterranean
Sea
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ANNEX | Scoring of Likelihoods of Events

(taken from UK Non-native Organism Risk Assessment Scheme User Manual, Version 3.3, 28.02.2005)

expected to occur

Score Description Frequency

Very unlikely This sort of event is theoretically possible, but is never 1in 10,000 years
known to have occurred and is not expected to occur

Unlikely This sort of event has occurred somewhere at least once 1in 1,000 years
in the last millenium

Moderately This sort of event has occurred somewhere at least once 1in 100 years

likely in the last century

Likely This sort of event has happened on several occasions 1in 10 years
elsewhere, or on at least once in the last decade

Very likely This sort of event happens continually and would be Once a year
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ANNEX Il Scoring of Magnitude of Impacts

(modified from UK Non-native Organism Risk Assessment Scheme User Manual, Version 3.3,

28.02.2005)

Score Biodiversity and Ecosystem Economic impact | Social and human

ecosystem impact Services impact | (Monetary loss health impact, and
and response other impacts
costs per year)

Question 4.1-5 Question 4.6-8 Question 4.9-13 Question 4.14-18

Minimal Local, short-term No services Up to 10,000 Euro | No social disruption.
population decline, | affected® Local, mild, short-term
no significant reversible effects to
ecosystem impact individuals.

Minor Local, short-term Local and 10,000-100,000 Significant concern
population loss, temporary, Euro expressed at local
Localized reversible | reversible level. Mild short-term
ecosystem impact effects to one or reversible effects to

few services identifiable groups,
localised.

Moderate | Local to regional Measureable, 100,000- Temporary changes to
long-term temporary, local | 1,000,000 Euro normal activities at
population and reversible local level. Minor
decline/loss, effects on one or irreversible effects
Measureable several services and/or larger numbers
reversible long- covered by reversible
term damage to effects, localised.
ecosystem, little
spread, no
extinction

Major Long-term Local and 1,000,000- Some permanent
irreversible irreversible or 10,000,000 Euro change of activity
ecosystem change, | widespread and locally, concern
spreading beyond reversible expressed over wider
local area, effects on one / area. Significant
population loss or several services irreversible effects
extinction of single locally or reversible
species effects over large area.

Massive Long-term Widespread and | Above 10,000,000 | Long-term social
irreversible irreversible Euro change, significant loss
ecosystem change, | effects onone/ of employment,
widespread, several services migration from
population loss or affected area.
extinction of Widespread, severe,
several species long-term, irreversible

health effects.

5 Not to be confused with “no impact”.
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ANNEX 111 Scoring of Confidence Levels
(modified from Bacher et al. 2017)

Each answer provided in the risk assessment must include an assessment of the level of confidence
attached to that answer, reflecting the possibility that information needed for the answer is not
available or is insufficient or available but conflicting.

The responses in the risk assessment should clearly support the choice of the confidence level.

Confidence
level

Description

Low

There is no direct observational evidence to support the assessment, e.g. only
inferred data have been used as supporting evidence and/or Impacts are
recorded at a spatial scale which is unlikely to be relevant to the assessment
area and/or Evidence is poor and difficult to interpret, e.g. because it is strongly
ambiguous and/or The information sources are considered to be of low quality
or contain information that is unreliable.

Medium

There is some direct observational evidence to support the assessment, but
some information is inferred and/or Impacts are recorded at a small spatial
scale, but rescaling of the data to relevant scales of the assessment area is
considered reliable, or to embrace little uncertainty and/or The interpretation of
the data is to some extent ambiguous or contradictory.

High

There is direct relevant observational evidence to support the assessment
(including causality) and Impacts are recorded at a comparable scale and/or
There are reliable/good quality data sources on impacts of the taxa and The
interpretation of data/information is straightforward and/or Data/information
are not controversial or contradictory.
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ANNEX IV CBD pathway categorisation scheme

Overview of CBD pathway categorisation scheme showing how the 44 pathways relate to the six
main pathway categories. All of the pathways can be broadly classified into 1) those that involve
intentional transport (blue), 2) those in which the taxa are unintentionally transported (green) and 3)
those where taxa moved between regions without direct transportation by humans and/or via
artificial corridors (orange and yellow). Note that the pathways in the category “Escape from

confinement” can be considered intentional for the introduction into the risk assessment area and
unintentional for the entry into the environment.

Intentional | | Unintentional | | Corridor & Dispersal
Release in Escape from Transport - Transport -
Nature confinement Contaminant Stowaway
4
Contaminant Angling / fishing icieonies =
— Biological control —  Agriculture ¢ - 5 waterways / Natural dispersal
nusery material equipment Basine ficeas
s ~ - \ r \ P
| Erosion control / | | Aquaculture / | | Contaminated | | y Tunnels & land
dune stablization mariculture bait Container / bulk bridges
\ \ ) \ ) \ )
s “ 4 ~ (———
Fishery in the _(Botanlul garden u Food | | .
wild / 200/ aquaria contaminant Container / Bulk
L J . ) \ ) VR
I N ~ ~ . N\ (s
__| Hunting in the || Pet / Aquarium / | Contaminant on | Hitchhikers in or
wild terrarium species animals on airplane
\ J \ J . J \ )
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| | / fauna | | o Parasites on | Machinery /
"improvement" Farmed animals SRiTTalS equjprent
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purposes P equipment
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ANNEX V Ecosystem services classification (CICES V5.1, simplified) and

examples

For the purposes of this risk assessment, please feel free to use what seems as the most appropriate
category / level / combination of impact (Section — Division — Group), reflecting information

available.
Section Division Group Examples (i.e. relevant CICES “classes”)
Provisioning | Biomass Cultivated terrestrial | Cultivated terrestrial plants (including fungi, algae) grown for

plants

nutritional purposes;

Fibres and other materials from cultivated plants, fungi, algae
and bacteria for direct use or processing (excluding genetic
materials);

Cultivated plants (including fungi, algae) grown as a source of
energy

Example: negative impacts of non-native organisms to crops,
orchards, timber etc.

Cultivated aquatic
plants

Plants cultivated by in- situ aquaculture grown for nutritional
purposes;

Fibres and other materials from in-situ aquaculture for direct
use or processing (excluding genetic materials);

Plants cultivated by in- situ aquaculture grown as an energy
source.

Example: negative impacts of non-native organisms to
aquatic plants cultivated for nutrition, gardening etc.
purposes.

Reared animals

Animals reared for nutritional purposes;

Fibres and other materials from reared animals for direct use
or processing (excluding genetic materials);

Animals reared to provide energy (including mechanical)

Example: negative impacts of non-native organisms to
livestock

Reared aquatic
animals

Animals reared by in-situ aquaculture for nutritional
purposes;

Fibres and other materials from animals grown by in-situ
aquaculture for direct use or processing (excluding genetic
materials);

Animals reared by in-situ aquaculture as an energy source

Example: negative impacts of non-native organisms to fish
farming

Wild plants
(terrestrial and
aquatic)

Wild plants (terrestrial and aquatic, including fungi, algae)
used for nutrition;

Fibres and other materials from wild plants for direct use or
processing (excluding genetic materials);

Wild plants (terrestrial and aquatic, including fungi, algae)
used as a source of energy

Example: reduction in the availability of wild plants (e.g. wild
berries, ornamentals) due to non-native organisms
(competition, spread of disease etc.)

Wild animals
(terrestrial and
aquatic)

Wild animals (terrestrial and aquatic) used for nutritional
purposes;

Fibres and other materials from wild animals for direct use or
processing (excluding genetic materials);

Wild animals (terrestrial and aquatic) used as a source of
energy
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Example: reduction in the availability of wild animals (e.g. fish
stocks, game) due to non-native organisms (competition,
predations, spread of disease etc.)

Genetic material
from all biota

Genetic material
from plants, algae or
fungi

Seeds, spores and other plant materials collected for
maintaining or establishing a population;

Higher and lower plants (whole organisms) used to breed
new strains or varieties;

Individual genes extracted from higher and lower plants for
the design and construction of new biological entities

Example: negative impacts of non-native organisms due to
interbreeding

Genetic material
from animals

Animal material collected for the purposes of maintaining or
establishing a population;

Wild animals (whole organisms) used to breed new strains
or varieties;

Individual genes extracted from organisms for the design and
construction of new biological entities

Example: negative impacts of non-native organisms due to
interbreeding

Water®

Surface water used
for nutrition,
materials or energy

Surface water for drinking;
Surface water used as a material (non-drinking purposes);
Freshwater surface water, coastal and marine water used as

an energy source

Example: loss of access to surface water due to spread of non-
native organisms

Ground water for
used for nutrition,
materials or energy

Ground (and subsurface) water for drinking;
Ground water (and subsurface) used as a material (non-

drinking purposes);
Ground water (and subsurface) used as an energy source

Example: reduced availability of ground water due to spread
of non-native organisms and associated increase of ground
water consumption by vegetation.

Regulation &
Maintenance

Transformation
of biochemical or
physical inputs to
ecosystems

Mediation of wastes
or toxic substances
of anthropogenic

Bio-remediation by micro-organisms, algae, plants, and
animals; Filtration/sequestration/storage/accumulation by
micro-organisms, algae, plants, and animals

origin by living

processes Example: changes caused by non-native organisms to
ecosystem functioning and ability to filtrate etc. waste or
toxics

Mediation of Smell reduction; noise attenuation; visual screening (e.g. by

nuisances of
anthropogenic origin

means of green infrastructure)

Example: changes caused by non-native organisms to
ecosystem structure, leading to reduced ability to mediate
nuisances.

Regulation of
physical,
chemical,
biological
conditions

Baseline flows and
extreme event
regulation

Control of erosion rates;

Buffering and attenuation of mass movement;

Hydrological cycle and water flow regulation (Including flood
control, and coastal protection);

Wind protection;

Fire protection

5 Note: in the CICES classification provisioning of water is considered as an abiotic service whereas the rest of

ecosystem services listed here are considered biotic.
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Example: changes caused by non-native organisms to
ecosystem functioning or structure leading to, for example,
destabilisation of soil, increased risk or intensity of wild fires
etc.

Lifecycle
maintenance, habitat
and gene pool
protection

Pollination (or 'gamete’ dispersal in a marine context);

Seed dispersal;

Maintaining nursery populations and habitats (Including gene
pool protection)

Example: changes caused by non-native organisms to the
abundance and/or distribution of wild pollinators; changes to
the availability / quality of nursery habitats for fisheries

Pest and disease
control

Pest control;
Disease control

Example: changes caused by non-native organisms to the
abundance and/or distribution of pests

Soil quality
regulation

Weathering processes and their effect on soil quality;
Decomposition and fixing processes and their effect on soil
quality

Example: changes caused by non-native organisms to
vegetation structure and/or soil fauna leading to reduced soil
quality

Water conditions

Regulation of the chemical condition of freshwaters by living
processes;

Regulation of the chemical condition of salt waters by living
processes

Example: changes caused by non-native organisms to buffer
strips along water courses that remove nutrients in runoff
and/or fish communities that regulate the resilience and
resistance of water bodies to eutrophication

Atmospheric
composition and

Regulation of chemical composition of atmosphere and
oceans;

conditions Regulation of temperature and humidity, including ventilation
and transpiration
Example: changes caused by non-native organisms to
ecosystems’ ability to sequester carbon and/or evaporative
cooling (e.g. by urban trees)
Cultural Direct, in-situ Physical and Characteristics of living systems that that enable activities
and outdoor experiential promoting health, recuperation or enjoyment through active

interactions with
living systems
that depend on
presence in the
environmental
setting

interactions with
natural environment

or immersive interactions;

Characteristics of living systems that enable activities
promoting health, recuperation or enjoyment through
passive or observational interactions

Example: changes caused by non-native organisms to the
qualities of ecosystems (structure, species composition etc.)
that make it attractive for recreation, wild life watching etc.

Intellectual and
representative
interactions with
natural environment

Characteristics of living systems that enable scientific
investigation or the creation of traditional ecological
knowledge;

Characteristics of living systems that enable education and
training;

Characteristics of living systems that are resonant in terms of
culture or heritage;

Characteristics of living systems that enable aesthetic
experiences
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Example: changes caused by non-native organisms to the
qualities of ecosystems (structure, species composition etc.)
that have cultural importance

Indirect, remote, | Spiritual, symbolic Elements of living systems that have symbolic meaning;

often indoor and other Elements of living systems that have sacred or religious
interactions with | interactions with meaning;
living systems natural environment | Elements of living systems used for entertainment or
that do not representation
require presence
in the Example: changes caused by non-native organisms to the
environmental qualities of ecosystems (structure, species composition etc.)
setting that have sacred or religious meaning

Other biotic Characteristics or features of living systems that have an

characteristics that existence value;
have a non-use value | Characteristics or features of living systems that have an
option or bequest value

Example: changes caused by non-native organisms to
ecosystems designated as wilderness areas, habitats of
endangered species etc.
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ANNEX VI EU Biogeographic Regions and MSFD Subregions

See https://www.eea.europa.eu/data-and-maps/figures/biogeographical-regions-in-europe-2 ,

http://ec.europa.eu/environment/nature/natura2000/biogeog regions/

and

https://www.eea.europa.eu/data-and-maps/data/msfd-regions-and-subregions-1/technical-

document/pdf

Biogeographical regions
in Europe, 2016
Alpine
I Anatolian
[ Arctic
Bl Atlantic
] Black Sea
Il Boreal
Bl Continental
[] Macaronesia
5 Mediterranean
B Pannonian
[ steppic
Outside data coverage
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https://www.eea.europa.eu/data-and-maps/figures/biogeographical-regions-in-europe-2
http://ec.europa.eu/environment/nature/natura2000/biogeog_regions/

ANNEX VII Delegated Regulation (EU) 2018/968 of 30 April 2018
see https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A32018R0968
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ANNEX V111 Species Distribution Model

Projection of environmental suitability for Nanozostera japonica
establishment in Europe

Bjorn Beckmann, Christine Wood, Marika Galanidi and Dan Chapman

Aim

To project the suitability for potential establishment of Nanozostera japonica in Europe, under
current and predicted future climatic conditions.

Data for modelling

Species occurrence data for Nanozostera japonica were obtained from the Global Biodiversity
Information Facility (GBIF) (13047 records), the Biodiversity Information Serving Our Nation database
(BISON) (126 records), the Integrated Digitized Biocollections (iDigBio) (23 records), iNaturalist (17
records), and additional records from the risk assessment team (113 records). We scrutinised
occurrence records and removed any dubious ones and records where the georeferencing was too
imprecise or outside of the coverage of the predictor layers. We excluded records where the average
depth of the grid cell at the model resolution was deeper than -100m (19 records in 10 grid cells).
The records were gridded at a 0.25 x 0.25 degree resolution for modelling, yielding 117 grid cells with
occurrences. In addition, we used occurrence data for the closely related species Nanozostera noltei
(including records registered under the spelling Z. noltii) from GBIF (5573 records) and iNaturalist
(155 records), filtered in all the same ways as the Nanozostera japonica records, yielding an
additional 314 grid cells with occurrences (Figure 1a). As a proxy for recording effort, the density of
Plantae records held by GBIF was also compiled on the same grid (Figure 1b).
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Figure 1. (a) Occurrence records obtained for Nanozostera japonica and used in the modelling,
showing native and invaded distributions. (b) The recording density of Plantae on GBIF, which was
used as a proxy for recording effort.

(a) Species distribution used in modelling
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(b) Estimated recording effort (log10-scaled)

Predictors describing the marine environment were selected from the ‘Bio-ORACLE2’ set of GIS rasters
providing geophysical, biotic and environmental data for surface and benthic marine realms
(Tyberghein et al., 2012, Assis et al. 2017), supplemented by variables calculated from MARSPEC
monthly sea surface temperature data (Sbrocco & Barber 2013). Both were originally at 5 arcminute
resolution (0.083 x 0.083 degrees of longitude/latitude) and aggregated to a 0.25 x 0.25 degree grid
for use in the model.

Based on the biology of Nanozostera japonica, the following variables were used in the modelling:

e Maximum long-term temperature (templtmax_ss)
o Minimum long-term temperature (templtmin_ss)
o Mean salinity (salinitymean_ss)
o Mean bathymetry (bathymean)
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o Sea distance to nearest river mouth with average discharge >10 m3/s (sea_dist_10cms)
All parameters (except depth) are measured at the sea surface.

To estimate the effect of climate change on the potential distribution of Nanozostera japonica,
equivalent modelled future conditions for the 2070s under the Representative Concentration
Pathways (RCP) 2.6 and 4.5 were also obtained. These represent low and medium emissions scenarios,
respectively. Projections for the 2070s were calculated as averages of projections for the 2040s and
2090s (which are the time periods available on Bio-ORACLE).

Species distribution model

A presence-background (presence-only) ensemble modelling strategy was employed using the
BIOMOD?2 R package version 3.4.6 (Thuiller et al., 2020, Thuiller et al., 2009). These models contrast
the environment at the species’ occurrence locations against a random sample of the global
background environmental conditions (often termed ‘pseudo-absences’) in order to characterise and
project suitability for occurrence. This approach has been developed for distributions that are in
equilibrium with the environment. Because invasive species’ distributions are not at equilibrium and
subject to dispersal constraints at a global scale, we took care to minimise the inclusion of locations
suitable for the species but where it has not been able to disperse to (Chapman et al. 2019).
Therefore, the background sampling region included:

. The area accessible by native Nanozostera japonica populations, in which the species is likely to
have had sufficient time to disperse to all locations. Based on presumed maximum dispersal
distances, the accessible region was defined as a 400km buffer around the native range
occurrences; AND

o A 100km buffer around the non-native occurrences, encompassing regions likely to have had
high propagule pressure for introduction by humans and/or dispersal of the species; AND

o Regions where we have an a priori expectation of high unsuitability for the species so that
absence is assumed irrespective of dispersal constraints (see Figure 2).

Environmental tolerance thresholds were determined based on the following information.

A) The upper critical temperature for the survival of shoots and seedlings in field and laboratory
experiments respectively is reported as 29°C (Abe et al., 2009; Morita et al., 2010), Murase et
al. (2007) however has reported that N. japonica vegetative shoots in natural conditions could
survive exposure up to 32—33°C for at least 12 days. The species has a lethal thermal threshold
at 35°C (Kaldy & Shafer, 2013). Since these thresholds are not exceeded in the RA area,
maximum temperature was not used for the definition of the unsuitable background.

B) As regards low temperature tolerances, its distribution is documented at minimum monthly
seawater temperatures slightly below 0 °C (Zhang et al., 2015).

C) Concerning salinity requirements and thresholds, N. japonica can withstand a wide range of
salinities, being able to grow in the range of 0-35 psu (Hou et al., 2020). N. japonica seed
germination in the invaded range is favoured by cold temperature stratification with brief
pulses of low salinity (<10 psu) (Kaldy et al., 2015) but has been reported to occur at salinities of
32.5-33.5 psu in Japan (Yokota et al., 2005). However, sustained periods of salinities under 10
psu were found to stress N. japonica in its invaded range (Shafer et al., 2011; Kaldy & Shafer,
2013). Considering that small scale salinity variations of inshore areas are not likely to be
reflected in the predictor data layer, which is modelled itself and not highly resolved, we opted
for salinity thresholds a few units above and below the values indicated in the literature.
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D) The bathymetry threshold for the unsuitable background was guided by the spatial
resolution of the model, which is too coarse (at approximately 20km grid square size) to
accurately capture the true depth distribution of the presence records. Setting a more accurate
but much higher depth limit would exclude a significant number of presence records and result
in the loss of information.

Consequently, the following rules were applied to define a region expected to be highly
unsuitable for Nanozostera japonica at the spatial scale of the model:

- Minimum long-term temperature (templtmin_ss) < -0.5°C
- Mean salinity (salinitymean_ss) < 10psu
- Mean salinity (salinitymean_ss) > 38psu

- Mean bathymetry (bathymean) < -100m

Altogether, 4% of occurrence grid cells were located in the unsuitable background region.

Within the unsuitable background region, 10 samples of 5000 randomly sampled grid cells were
obtained (i.e. ten times the number of occurrence grid cells). In the accessible background (comprising
the accessible areas around native and non-native occurrences as detailed above), the same number
of pseudo-absence samples were drawn as there were presence records (429), weighting the sampling
by a proxy for recording effort (Figure 1(b)).
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Figure 2. The background from which pseudo-absence samples were taken in the modelling of
Nanozostera japonica. Samples were taken from a 400km buffer around the native range and a
100km buffer around non-native occurrences (together forming the accessible background), and
from areas expected to be highly unsuitable for the species (the unsuitable background region).
Samples from the accessible background were weighted by a proxy for recording effort (Figure 1(b)).

E Accessible background;
O Unsuitable background

Each dataset (i.e. combination of the presences and the individual background samples) was randomly
split into 80% for model training and 20% for model evaluation. With each training dataset, five
statistical algorithms were fitted with the default BIOMOD2 settings and rescaled using logistic
regression, except where specified below:

o Generalised linear model (GLM)
o Generalised boosting model (GBM)

o Generalised additive model (GAM) with a maximum of four degrees of freedom per smoothing
spline

o Artificial neural network (ANN)
o Multivariate adaptive regression splines (MARS)
. Random forest (RF)

. Maxent

Since the total background sample was larger than the number of occurrences, prevalence fitting
weights were applied to give equal overall importance to the occurrences and the background.
Normalised variable importance was assessed and variable response functions were produced using
BIOMOD2’s default procedure.

Model predictive performance was assessed by the following three measures:

. AUC, the area under the receiver operating characteristic curve (Fielding & Bell 1997).
Predictions of presence-absence models can be compared with a subset of records set aside for
model evaluation (here 20%) by constructing a confusion matrix with the number of true
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positive, false positive, false negative and true negative cases. For models generating non-
dichotomous scores (as here) a threshold can be applied to transform the scores into a
dichotomous set of presence-absence predictions. Two measures that can be derived from the
confusion matrix are sensitivity (the proportion of observed presences that are predicted as
such, quantifying omission errors), and specificity (the proportion of observed absences that are
predicted as such, quantifying commission errors). A receiver operating characteristic (ROC)
curve can be constructed by using all possible thresholds to classify the scores into confusion
matrices, obtaining sensitivity and specificity for each matrix, and plotting sensitivity against the
corresponding proportion of false positives (equal to 1 - specificity). The use of all possible
thresholds avoids the need for a selection of a single threshold, which is often arbitrary, and
allows appreciation of the trade-off between sensitivity and specificity. The area under the ROC
curve (AUC) is often used as a single threshold-independent measure for model performance
(Manel et al. 2001). AUC is the probability that a randomly selected presence has a higher
model-predicted suitability than a randomly selected absence (Allouche et al. 2006).

. Cohen’s Kappa (Cohen 1960). This measure corrects the overall accuracy of model predictions
(ratio of the sum of true presences plus true absences to the total number of records) by the
accuracy expected to occur by chance. The Kappa statistic ranges from -1 to +1, where +1
indicates perfect agreement and values of zero or less indicate a performance no better than
random. Advantages of Kappa are its simplicity, the fact that both commission and omission
errors are accounted for in one parameter, and its relative tolerance to zero values in the
confusion matrix (Manel et al. 2001). However, Kappa has been criticised for being sensitive to
prevalence (the proportion of sites in which the species was recorded as present) and may
therefore be inappropriate for comparisons of model accuracy between species or regions
(McPherson et al. 2004, Allouche et al. 2006).

o TSS, the true skill statistic (Allouche et al. 2006). TSS is defined as sensitivity + specificity - 1, and
corrects for Kappa’s dependency on prevalence. TSS compares the number of correct forecasts,
minus those attributable to random guessing, to that of a hypothetical set of perfect forecasts.
Like Kappa, TSS takes into account both omission and commission errors, and success as a result
of random guessing, and ranges from -1 to +1, where +1 indicates perfect agreement and values
of zero or less indicate a performance no better than random (Allouche et al. 2006).

An ensemble model was created by first rejecting poorly performing algorithms with relatively
extreme low AUC values and then averaging the predictions of the remaining algorithms, weighted
by their AUC. To identify poorly performing algorithms, AUC values were converted into modified z-
scores based on their difference to the median and the median absolute deviation across all
algorithms (Iglewicz & Hoaglin, 1993). Algorithms with z < -2 were rejected. In this way, ensemble
projections were made for each dataset and then averaged to give an overall suitability, as well as its
standard deviation.

Projections were classified into suitable and unsuitable regions using a “lowest presence threshold”
(Pearson et al. 2007), setting the cut-off as the lowest value at which 98% of all presence records are
classified correctly under the current climate (here 0.74). In order to express the sensitivity of
classifications to the choice of this threshold, thresholds at which 95% and 99% of records are classified
correctly (here 0.81 and 0.65 respectively) were used in the calculation of error bars in Figures 9 and
10 below in addition to taking account of uncertainty in the projections themselves (cf. part (b) of Figs.
5,7,8). In other words, the upper error bars in Figs. 9 and 10 show proportions classified as suitable
with a threshold of 0.65 (at which 99% of presence records are classified correctly), and are based on
projected suitabilities plus the standard error in projections, while the lower error bars show
proportions classified as suitable with a threshold of 0.81 (at which 95% of presence records are
classified correctly), and are based on projected suitabilities minus the standard error in projections.
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We also produced limiting factor maps for Europe following Elith et al. (2010). For this, projections
were made separately with each individual variable fixed at a near-optimal value. These were chosen
as the median values at the occurrence grid cells. Then, the most strongly limiting factors were
identified as the one resulting in the highest increase in suitability in each grid cell.

Results

The ensemble model suggested that suitability for Nanozostera japonica was most strongly
determined by Mean bathymetry (bathymean), accounting for 67.6% of variation explained, followed
by Maximum long-term temperature (templtmax_ss) (18.1%), Minimum long-term temperature
(templtmin_ss) (7.8%), Sea distance to nearest river mouth with average discharge >10 m3/s
(sea_dist_10cms) (3.5%) and Mean salinity (salinitymean_ss) (3.1%) (Table 1, Figure 3).

Table 1. Summary of the cross-validation predictive performance (ROC, Kappa, TSS) and variable
importance of the fitted model algorithms and the ensemble (AUC-weighted average of the best
performing algorithms). Results are the average from models fitted to 10 different background samples
of the data.

Variable importance (%)
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Algorithm AUC Kappa TSS ensemble s 8 S 328538 S8 § 2 2
GLM 0.985 0.738 0.928 yes 71 23 5 0 1
GAM 0.983 0.751 0.929 yes 67 24 0 2 7
GBM 0.989 0.791 0.932 yes 74 16 10 0 0
ANN 0.984 0.757 0.928 yes 60 17 12 3 8
MARS 0.987 0.776 0.937 yes 69 16 13 1 1
RF 0.988 0.791 0.915 yes 65 12 7 12 4
Maxent 0.982 0.799 0.911 no 62 9 3 17 9
Ensemble 0.991 0.797 0.940 68 18 8 3 3
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Figure 3. Partial response plots from the fitted models. Thin coloured lines show responses from the
algorithms in the ensemble, while the thick black line is their ensemble. In each plot, other model

variables are held at their median value in the training data. Some of the divergence among

algorithms is because of their different treatment of interactions among variables.
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Figure 4. (a) Projected global suitability for Nanozostera japonica establishment in the current
climate. For visualisation, the projection has been aggregated to a 0.5 x 0.5 degree resolution, by
taking the maximum suitability of constituent higher resolution grid cells. Values > 0.74 are suitable
for the species, with 98% of global presence records above this threshold. Values below 0.74 indicate
lower relative suitability. (b) Uncertainty in the ensemble projections, expressed as the among-
algorithm standard deviation in predicted suitability, averaged across the 10 datasets.
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Figure 5. (a) Projected current suitability for Nanozostera japonica establishment in Europe and the
Mediterranean region. Values > 0.74 are suitable for the species, with 98% of global presence records
above this threshold. Values below 0.74 indicate lower relative suitability. (b) Uncertainty in the
ensemble projections, expressed as the among-algorithm standard deviation in predicted suitability,
averaged across the 10 datasets.
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Figure 6. The most strongly limiting factors for Nanozostera japonica establishment estimated by the
model in Europe and the Mediterranean region in current climatic conditions.
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Figure 7. (a) Projected suitability for Nanozostera japonica establishment in Europe and the
Mediterranean region in the 2070s under climate change scenario RCP2.6. Values > 0.74 are suitable
for the species, with 98% of global presence records above this threshold under current climate.
Values below 0.74 indicate lower relative suitability. (b) Uncertainty in the ensemble projections,
expressed as the among-algorithm standard deviation in predicted suitability, averaged across the 10
datasets.
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Figure 8. (a) Projected suitability for Nanozostera japonica establishment in Europe and the
Mediterranean region in the 2070s under climate change scenario RCP4.5. Values > 0.74 are suitable
for the species, with 98% of global presence records above this threshold under current climate.
Values below 0.74 indicate lower relative suitability. (b) Uncertainty in the ensemble projections,
expressed as the among-algorithm standard deviation in predicted suitability, averaged across the 10
datasets.
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Figure 9. Variation in projected suitability for Nanozostera japonica establishment among marine
subregions of Europe. The bar plots show the proportion of grid cells in each region classified as
suitable (with values > 0.74) in the current climate and projected climate for the 2070s under two
RCP emissions scenarios. Error bars indicate uncertainty due to both the choice of classification
threshold (cf. p.5/6) and uncertainty in the projections themselves (cf. part (b) of Figures 5, 7 and 8).
The location of each region is also shown. Macaronesia is excluded as it is not part of the study area.
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Table 2. Variation in projected suitability for Nanozostera japonica establishment among marine

subregions of Europe (numerical values of Figure 9 above). The numbers are the proportion of grid
cells in each region classified as suitable in the current climate and projected climate for the 2070s
under two RCP emissions scenarios.

current climate

2070s RCP2.6

2070s RCP4.5

central
lower estimate upper

central
lower estimate upper

central
lower estimate upper

Adriatic Sea

Aegean-Levantine
Sea

Baltic Sea

Bay of Biscay and
Iberian Coast

Black Sea

Celtic Seas

Greater North Sea
lonian and Central
Mediterranean Sea

Western
Mediterranean Sea

0.34 0.38 0.46
0.05 0.06 0.08
0.08 0.19 0.46
0.07 0.08 0.08
0.06 0.08 0.12
0.19 0.21 0.25
0.65 0.69 0.70
0.08 0.10 0.11
0.05 0.05 0.06

0.25 0.36 0.46
0.04 0.06 0.08
0.06 0.18 0.59
0.07 0.07 0.08
0.04 0.07 0.10
0.19 0.21 0.25
0.66 0.69 0.70
0.06 0.08 0.10
0.04 0.05 0.05

0.19 0.28 0.43
0.03 0.05 0.07
0.05 0.14 0.65
0.06 0.07 0.08
0.03 0.06 0.10
0.20 0.21 0.25
0.66 0.69 0.70
0.04 0.08 0.09
0.03 0.04 0.05
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Figure 10. Variation in projected suitability for Nanozostera japonica establishment among the
territorial coastal waters of European Union countries and the UK (from osm-boundaries.com). The
bar plots show the proportion of grid cells in each country classified as suitable (with values > 0.74) in
the current climate and projected climate for the 2070s under two RCP emissions scenarios. Error
bars indicate uncertainty due to both the choice of classification threshold (cf. p.5/6) and uncertainty
in the projections themselves (cf. part (b) of Figs. 5,7,8). The location of each region is also shown.
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Table 3. Variation in projected suitability for Nanozostera japonica establishment among territorial
waters of European Union countries and the UK (numerical values of Figure 10 above). The numbers

are the proportion of grid cells in each country classified as suitable in the current climate and

projected climate for the 2070s under two RCP emissions scenarios.

current climate

2070s RCP2.6

2070s RCP4.5

central central central

lower estimate upper | lower estimate upper | lower estimate upper
Belgium 1.00 1.00 1.00 | 1.00 1.00 1.00 | 1.00 1.00 1.00
Bulgaria 0.30 0.50 0.70 | 0.10 0.40 0.70 | 0.10 0.30 0.70
Croatia 0.55 0.59 0.59 | 0.52 0.55 0.59 | 0.41 0.54 0.57
Cyprus 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00
Denmark 0.86 0.93 1.00 | 0.85 0.93 1.00 | 0.84 0.93 1.00
Estonia 0.02 0.10 0.48 | 0.00 0.12 0.85 | 0.00 0.02 0.92
Finland 0.00 0.00 0.30 | 0.01 0.05 0.64 | 0.00 0.05 0.81
France 0.74 0.75 0.76 0.72 0.74 0.76 0.68 0.74 0.76
Germany 0.94 1.00 1.00 | 0.82 1.00 1.00 | 0.78 1.00 1.00
Greece 0.05 0.08 0.10 | 0.05 0.07 0.09 | 0.04 0.06 0.10
Ireland 0.90 0.90 0.93 | 0.90 0.90 0.93 | 0.90 0.90 0.93
Italy 0.20 0.21 0.26 | 0.14 0.20 0.25 | 0.11 0.16 0.24
Latvia 0.07 0.36 0.36 | 0.00 0.14 0.96 | 0.00 0.00 1.00
Lithuania 0.20 0.60 1.00 | 0.00 0.20 1.00 | 0.00 0.00 1.00
Malta 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00
Netherlands | 1.00 1.00 1.00 | 1.00 1.00 1.00 | 1.00 1.00 1.00
Poland 0.00 0.86 1.00 | 0.00 0.73 1.00 | 0.00 0.64 0.95
Portugal 0.46 0.49 0.51 | 0.46 0.49 0.51 | 0.46 0.49 0.51
Romania 0.27 0.55 1.00 | 0.09 0.45 1.00 | 0.09 0.27 0.82
Slovenia 1.00 1.00 1.00 | 1.00 1.00 1.00 | 1.00 1.00 1.00
Spain 0.26 0.29 0.33 | 0.24 0.27 0.29 | 0.23 0.26 0.29
Sweden 0.13 0.22 0.54 | 0.10 0.23 0.62 | 0.10 0.18 0.69
UK 0.75 0.80 0.83 | 0.79 0.82 0.85 | 0.80 0.83 0.85

Caveats to the modelling

To remove spatial recording biases, the selection of the background sample from the accessible
background was weighted by the density of Plantae records on the Global Biodiversity Information
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Facility (GBIF). While this is preferable to not accounting for recording bias at all, it may not provide
the perfect measure of recording bias.

There was substantial variation among modelling algorithms in the partial response plots (Figure 3). In
part this will reflect their different treatment of interactions among variables. Since partial plots are
made with other variables held at their median, there may be values of a particular variable at which
this does not provide a realistic combination of variables to predict from.

Other variables potentially affecting the distribution of the species, such as sediment type were not
included in the model.
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