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EU CHAPEAU
QUESTION

1. In how many EU member states has this species been recorded?
List them.

RESPONSE
It has been recorded in 2 member states: France (Verlaque et al. 2009) and Spain
(Altamirano et al. 2016, García-Gómez et al. 2018).
Other relevant neighbouring countries where the species has been recorded:
Gibraltar (British Overseas Territory) (García-Gómez et al. 2018, 2020)
Morocco (El Aamri et al. 2018)
It has established populations in 2 member states: France (Verlaque et al. 2009), and
Spain (Altamirano et al. 2016, Ocaña et al. 2016, García-Gómez et al. 2018, NavarroBarranco et al. 2019)

2. In how many EU member states has this species currently
established populations? List them.

Figure.1: Map showing Rugulopteryx okamurae populations established in Spain (Altamirano et al.
2019a).

Other relevant neighbouring countries where the species has established:
2
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Gibraltar (British Overseas Territory) (García-Gómez et al., 2018, 2020), Morocco
(El Aamri et al. 2018; García-Gómez et al. 2018, 2020).
Within the risk assessment area, this species has only showed invasive behaviour in
Spain (Altamirano et al. 2016, 2019a, b).
3. In how many EU member states has this species shown signs of
invasiveness? List them.

Other relevant neighbouring countries where the species has shown signs of
invasiveness:
Gibraltar (British Overseas Territory) (García-Gómez et al. 2018, 2020) and Morocco
(El Aamri et al. 2018, García-Gómez et al. 2018, 2020).
Rugulopteryx okamurae could proliferate within the ecological environment of the
Atlantic coast of Andalusia, the Mediterranean area and the Black Sea (Altamirano et
al. 2016, 2019a, b; Muñoz et al. 2019).

4. In which EU Biogeographic areas could this species establish?

This species could establish in the following marine regions: North-east Atlantic
Ocean (Bay of Biscay and the Iberian Coast); Mediterranean Sea (incl. Western and
Central Mediterranean Sea, Aegean-Levantine Sea, Adriatic Sea, Ionian Sea); Black
Sea area (the Sea of Marmara, Sea of Azov and Black Sea) (Muñoz et al. 2019).

5. In how many EU Member States could this species establish in the
future [given current climate] (including those where it is already
established)? List them.

In the future the organism could establish at least along the coasts of France, Spain,
Portugal, Italy, Greece, Croatia, Slovenia, Cyprus and Malta where the temperature is
suitable for its establishment as shown in south of Spain, where monthly mean
temperature almost never fall below 15ºC all along the year and the maintained
temperature peaks in summer may be a key factor for the blooming of the species
(García-Gómez et al. 2020, Muñoz et al. 2019).
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Figure 2: Environmental favourability model for Rugulopteryx okamurae in the Mediterranean and
Atlantic coasts, based on the native and introduced distribution. The areas that present favourable
conditions to accommodate the species are shown in warm colours (Altamirano et al. 2019a; Muñoz et
al. 2019).

The variables that were used to create this model are obtained from the platform BioORACLE (Assis et al. 2017), and these variables were water temperature, salinity,
nutrients, chlorophyll, speed of the ocean currents, phytoplankton, primary
production, iron, light and surface light. These variables were chosen based on their
predictive potential and are expected to characterize the environmental conditions that
favor the presence of R. okamurae in its native range. Moreover, it is intended to
identify other areas out of its native range that would favor the establishment of this
species if it is introduced (Muñoz et al. 2019).
6. In how many EU member states could this species become invasive
in the future [given current climate] (where it is not already
established)?

It could become invasive in all countries mentioned previously: France, Portugal,
Italy, Greece, Croatia, Slovenia, Cyprus, and Malta.
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Distribution Summary: Member States and other relevant neighbouring countries
Recorded
Belgium
Bulgaria
Croatia
Cyprus
Denmark
Estonia
Finland
France
Germany
Greece
Ireland
Italy
Latvia
Lithuania
Malta
Netherlands
Poland
Portugal
Romania
Slovakia
Slovenia
Spain
Sweden
United Kingdom
Gibraltar (British
Overseas Territory)

Established
(currently)

Possible establishment (under
current climate)

Yes
Yes

Yes

Yes

Yes
Yes
Yes

Yes

Yes

Yes

Yes
Yes

Yes

Yes

Yes

Possible establishment (under
foreseeable climate)
NA
NA
Yes
Yes
NA
NA
NA
Yes
NA
Yes
NA
Yes
NA
NA
Yes
NA
NA
NA
NA
NA
Yes
Yes
NA
NA
Yes

Invasive (currently)

Yes

Yes
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Distribution Summary: Marine regions and subregions of the risk assessment area
Recorded
Baltic Sea
Black Sea
North-east Atlantic
Ocean
Bay of Biscay
and the
Iberian Coast
Celtic Sea
Greater North
Sea
Mediterranean Sea
Adriatic Sea
AegeanLevantine Sea
Ionian Sea
and the
Central
Mediterranean
Sea
Western
Mediterranean
Sea

Established
(currently)

Possible establishment
current climate)

(under

Possible
establishment
foreseeable climate)

(under

Invasive (currently)

Yes

Yes

Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes
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SECTION A – Organism Information and Screening
Stage 1. Organism Information

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

RESPONSE
[chose one entry, delete all others]
Yes, it is clearly a single taxonomic entity. It has
been described in 2009 as Rugulopteryx okamurae
(E.Y. Dawson) I.K. Hwang, W.J. Lee & H.S. Kim
2009. Taxonomic reappraisal of Dilophus
okamurae (Dictyotales, Phaeophyta) from the
western Pacific Ocean. Phycologia 48 (1): 1-12.

COMMENT

Kingdom: Chromista; Phylum: Ochrophyta; Class:
Phaeophyceae; Subclass: Dictyotophycidae; Order:
Dictyotales;
Family:
Dictyotaceae,
Tribe:
Dictyoteae

It can be confused with other species of the genus Synonyms:
Dictyota
marginata,
Dictyota
Dictyota, such as Dictyota pinnatifida, D. okamurae, Dilophus marginatus and Dilophus
dichotoma, D. spiralis, D. cyanoloma or D. okamurae.
fasciola.

2. If not a single taxonomic entity, can it be
redefined? (if necessary, use the response box to
re-define the organism and carry on)

N/A

3. Does a relevant earlier risk assessment exist?
(give details of any previous risk assessment)

The mentioned risk assessment for Rugulopteryx
okamurae describes the species as an effective
invasive species, because since its detection in
Ceuta (Spain, Northern Africa) in 2016, its
expansion along the Andalusian coast has been
Yes. A rapid risk assessment for Rugulopteryx
exponential.
okamurae was produced by the University of
Málaga (Spain) commissioned by the Ministry of
The analysis is based on an evaluation that answers
Ecological Transition of Spain in October 2019
ten questions designed to determine the level of risk
(Altamirano et al. 2019a).
and assign the species a category (high, medium or
low risk) according to the scores obtained. Scores
are justified and argued with a comment or
reference to published scientific and technical
evidence. The values between 0-12 points are
7
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considered low risk, values between is considered
13-19 is medium risk and high risk values greater
than 19 with a maximum of 21 points. R. okamurae
obtained a punctuation of 17.

4. If there is an earlier risk assessment is it still
entirely valid, or only partly valid?

The previous mentioned risk assessment
(Altamirano et al. 2019a) can be considered valid,
although species distribution may have changed
locally.

5. Where is the organism native?

Rugulopteryx okamurae is a common native
organism of the warm and temperate North-western
Pacific Ocean, of Korea (Lee & Kang 1986), Japan
(Yoshida et al. 1990, China (Tseng 1984), Taiwan
(Huang 2000) and Philippines (Silva et al. 1987).
Figure 3: Native distribution of R. okamurae (Altamirano et al.
2019a; Muñoz et al. 2019).

6. What is the global distribution of the organism
(excluding the risk assessment area)?

North-western Pacific Ocean coasts (Korea, Japan,
China, Taiwan and Philippines where is native.
Although records are available in Mexico, as
Dilophus okamurai, and in the Gulf of California
(Dawson 1950, Norris 2010), in both works it is
stated that identifications require additional
information to be confirmed.
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Rugulopteryx okamurae is now established in the
Thau Lagoon of France near Montpellier (Verlaque
et al. 2009), and in the Atlantic and Mediterranean
coasts of southern Spain: Ceuta, Cádiz (Altamirano
et al. 2016), Málaga (CAGPYDS 2019), the
Chafarinas Islands (Altamirano, pers. obs), and
Gibraltar (Ocaña et al. 2016).
Drifted material of the species has also been found
in Huelva, Granada and Almería (Altamirano, pers.
obsv.).

7. What is the distribution of the organism in the
risk assessment area?

Latest records of the species show an exponential
expansion along the Andalusian coast: in 2017–
2018 R. okamurae has advanced from Tarifa to
Trafalgar-Caños de Meca (36°10055.900N,
6°02004.400W – southern Atlantic coast of
Andalusia). By July 2019, it had advanced from
Trafalgar to Cape Roche (36°17046.400N,
6°08033.100W– southern Atlantic coast of
Andalusia) and from Gibraltar to Marbella
(36°29058.000N,
4°55034.200W–
southern
Mediterranean coast of Andalusia) (Figure 4).

Figure 4. Distribution of R. okamurae in the Strait of Gibraltar and nearby areas.
Map A from El Aamri et al., (2018) and García-Gómez et al., (2018), both
describing results from summer 2017; Map B and C from García-Gómez et al.,
(2018): B describing results from 2017-2018 and C from 2018-July 2019.

The progress towards the Mediterranean coast has
been very fast reaching the nearby coast of Granada
and Almería (García-Gómez et al. 2020).

8. Is the organism known to be invasive (i.e. to
threaten organisms, habitats or ecosystems)
anywhere in the world?

Since its detection in 2015 in Ceuta, Spain Ecological impacts in Southern Spain:
(Altamirano et al. 2016), the species produces
- Habitat modification due to rapid
important ecological impacts, such as alterations of
colonization and monopolization of marine
the marine habitat (including protected areas in the
ecosystems, and accumulations of detached
Natura 2000 Network) and loss of biodiversity. No
biomass.
invasive behaviour has been reported anywhere
- Loss of marine biodiversity and alteration
else.
of the structure of the communities, causing
9
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-

-

-

the physical displacement of the rest of the
species due to the occupation of the
substrate and preventing the fixation of
larvae or propagules of other species.
Impact to habitats and species of
community interest in spaces of the Natura
2000 Network.
Affected communities: Kelp forests,
Carpodesmia/Treptacantha
spp
communities,
Posidonia
oceanica
meadows, eulittoral and infralittoral
communities
of
seaweeds,
maeërl
communities,
epiphytic
fauna
of
invertebrates.
Affected species: Laminaria ochroleuca,
Saccorhiza
polyschides,
Carpodesmia/Treptacantha species (eg C.
usneoides),
Lithophyllum
byssoides,
Gymnogongrus crenulatus, Sphaerechinus
granularis,
Leptogorgia sarmentosa,
Eunicella spp., Paramuricea clavata,
Charonia lampas, Astroides calycularis,
Corallium rubrum, Patella ferruginea.

Ecological impacts in Gibraltar and Morocco:
A preliminary distribution map of R.
okamurae in the Strait of Gibraltar has been
constructed by García-Gómez et al. (2018).
Within the limits indicated in this map, it
was the dominant seaweed in the
macrophytobenthos. As mentioned by
García-Gómez et al. (2018) the species
presented a high invasive character where it
was established in this area.
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Particularly concerning are its effects on the
El Estrecho Natural Park, which is
integrated into the Intercontinental Reserve
of the Biosphere of Andalusia (Spain) and
Morocco (El Aamri et al. 2018; GarcíaGómez et al. 2020).
The taxonomic family to which R. okamurae
belongs, presents a considerable diversity of
secondary metabolites with possible commercial
interest, with terpenes being one of the best
represented groups, but there is no evidence of
practical application (Yamase et al. 1999; De Paula
et al. 2011, Suzuki et al. 2002).

9. Describe any known socio-economic benefits of
the organism in the risk assessment area.

Terpenoids have been shown to have various
biological activities that make them very interesting
as a target for exploitation by the industry. On the
one hand, its compounds have been shown to
There are no socio-economic benefits of R. possess α- inhibitory activity glucosidase, enzyme
okamurae although the species could in the future that regulates processes of synthesis and quantity of
become interesting for the industry because of glycoproteins and glycolipids. These last two are
secondary metabolites.
involved in diseases such as diabetes, certain forms
of hyperlipoproteinemia and obesity. Therefore, it
has been proposed that glucosidase inhibitors may
be useful for the treatment of this type of diseases.
Other biological activities of R. okamurae
compounds are antifungal, antibiotic, antiinflammatory, insecticide and antiviral (De Paula et
al. 2011). High efficacy against cancers such as
leukemia has been demonstrated (Harada and
Kamei 1997). Finally, a very interesting use of
terpenes is their antifouling ability, so they are good
candidates to be included as a component in the
11
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paints used for coating the ships, taking into account
that they are also less toxic than other synthetic
compounds (Fusetani 2004).
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SECTION B – Detailed assessment
PROBABILITY OF ENTRY
Important instructions:
 Entry is the introduction of an organism into the risk assessment area. Not to be confused with spread, the movement of an organism within the risk
assessment area.
 For organisms which are already present in the risk assessment area, only complete the entry section for current active pathways of entry or if relevant
potential future pathways. The entry section need not be completed for organisms which have entered in the past and have no current pathways of
entry.
QUESTION

1.1. How many active pathways are relevant to the
potential entry of this organism?
(If there are no active pathways or potential future
pathways respond N/A and move to the Establishment
section)

1.2. List relevant pathways through which the organism
could enter. Where possible give detail about the specific
origins and end points of the pathways.
For each pathway answer questions 1.3 to 1.10 (copy and
paste additional rows at the end of this section as
necessary).
Pathway name:

RESPONSE
[chose one entry,
delete all others]

moderate number

-Maritime
transportation:
1.Ballast Waters
BW
2. Hull Fouling
HF

CONFIDENCE
[chose one
entry, delete all
others]

high

high

COMMENT

The known pathways are unintentional. There is no
evidence of intentional pathways. The species presents
a considerable diversity of secondary metabolites with
possible interest for the industry, but there is no
evidence of commercial use (see also question 9 in
section EU chapeau).

As indicated by Katsanevakis et al. (2013), more than
half of aliens in Europe were probably introduced via
shipping. Maritime traffic, through ballast water or
fouling communities (biofouling) of the ships, is the
main vector of introduction of alien species in the
marine environment (Ruiz et al. 2000).

-Marine
aquaculture
Maritime transportation: Ballast waters
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1.3. Is entry along this pathway intentional (e.g. the
organism is imported for trade) or accidental (the
organism is a contaminant of imported goods)?

accidental

high

Along with fouling (inlays in boat hulls), ballast waters
represents a principal pathway of entry for algae (Ruíz
et al. 1997; Ribera 2003; Katsanevakis et al. 2013).
Both pathways could explain the introduction of R.
okamurae in the Strait of Gibraltar from its native areas
in the Pacific, taking into account the intense maritime
traffic in this region.
Ballast waters has also been responsible for the
introduction of many exotic marine species (Ruiz et al.
1997; Gollasch et al. 2000), including macroalgae
(Carlton & Geller 1993; Smith et al. 1999; Gollasch et
al. 2002; David et al. 2007).

1.4. How likely is it that large numbers of the organism
will travel along this pathway from the point(s) of origin
over the course of one year?

very likely

high

Subnote: In your comment discuss how likely the
organism is to get onto the pathway in the first place.

1.5. How likely is the organism to survive during passage
along the pathway (excluding management practices that
would kill the organism)?
Subnote: In your comment consider whether the organism
could multiply along the pathway.

very likely

very high

Up to 15 different species were identified from ballast
water samples from 12 vessels that made routes through
the Mediterranean, with different origins, both from
within the Mediterranean and from other waters
(Flagella et al. 2007). The importance of this vector in
the transport of macroalgae propagules is not well
known yet, but it is known that conditions during
transport in ballast waters can induce the formation of
spores and propagules (Kolwalkar et al. 2007), and that
microscopic stages of macroalgae can withstand long
periods of darkness and subsequently develop when
conditions improve (Leukart & Lüning 1994; Worm et
al. 2001; Santelices et al. 2002; Carney & Edwards
2006).
Given the high capacity of R. okamurae to produce
vegetative propagules and asexual monospores and the
presence of two large commercial ports in the Strait of
Gibraltar (Algeciras and Tangier Med in Morocco), it is
suspected that ballast waters may be an important
vector of introduction of the species, especially in this
14
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region. In fact, Rosas-Guerrero et al. (2018) observed
that portions of adult thallus of the species had survival
rates between 80-100% after being grown in dark
conditions for three weeks, depending on the
temperature during cultivation, and that these thalli
even increased their biomass during this time.
Moreover, after the dark period the thallus maintained
the same survival rates when they passed to lighting
conditions, which simulated the release phase after
transport in ballast water.

1.6. How likely is the organism to survive existing
management practices during passage along the pathway?

moderately likely

medium

Conditions during transport in ballast waters can induce
the formation of spores and propagules (Kolwalkar et
al. 2007), and microscopic stages of macroalgae can
withstand long periods of darkness and subsequently
develop when conditions improve (Leukart & Lüning
1994; Worm et al. 2001; Santelices et al. 2002; Carney
& Edwards 2006). As R. okamurae produces vegetative
propagules and asexual monospores and two large
commercial ports are in the Strait of Gibraltar
(Algeciras and Tangier Med in Morocco), it is
suspected that ballast waters may be an important
vector of introduction of the species, especially in this
region.
However, if adequate systems for ballast water control
were implemented the probability of entry of the
species would be greatly reduced.
It is necessary to make effective the International
Convention for the control and management of ballast
water and sediments of ships, made in London on
February 13, 2004, that entered into force in Spain on
September 8, 2017 (BOE 282, of November 22, 2016).
This is especially important in regions such as the Strait
15
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of Gibraltar, which withstand heavy commercial
maritime traffic in the form of large merchants and
tourist cruises, which maintain their maneuverability
thanks to ballast waters.

1.7. How likely is the organism to enter the risk
assessment area undetected?

1.8. How likely is the organism to arrive during the
months of the year most appropriate for establishment?

very likely

very likely

very high

high

Through the ballast waters, spores and propagules can
be introduced (Kolwalkar et al. 2007) undetected and
microscopic stages can withstand long periods of
darkness (Leukart & Lüning 1994; Worm et al. 2001;
Santelices et al. 2002; Carney & Edwards 2006; RosasGuerrero et al. 2018). Furthermore, due the
morphological similarity with native Dictyota species,
R. okamurae may be producing cryptic invasion.
In a study about the reproductive phenology of R.
okamurae on the coast of Cádiz carried out between
January and August 2017, monospores and vegetative
propagules were observed in the thallus that were
collected all months of the study, although its
abundance increased from May and show a maximum
in August. In addition, during the months of April and
August some thallus also presented tetrasporangia, but
less abundant and frequent than the monosporangia
(Pulido 2017; Pulido & Altamirano 2017).
The bloom of this species in the Strait of Gibraltar could
have been associated with the temperature peak in July
2015 and was possibly linked to global warming
(García-Gómez et al., 2020). With no control on
introduction vectors, new inoculums may be arriving
along the whole year, increasing the probabilities of
success of the species.
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1.9. How likely is the organism to be able to transfer from
the pathway to a suitable habitat or host?

1.10. Estimate the overall likelihood of entry into the risk
assessment area based on this pathway?

very likely

very likely

very high

high

The Spanish marine habitats are suitable for the
establishment of R. okamurae, as evidenced by the
presence of the species fixed to the substrate on the coasts
of Malaga and Cádiz, and as revealed by the distribution
models in other areas of the Spanish coast, mainly in its
Mediterranean side. These models were developed for
the previous risk analysis and have shown that there are
other areas with potential to accommodate the species, in
addition to its native area. These include the
Mediterranean Sea as a whole, including the Spanish
coasts and the Balearic archipelago, and the Atlantic
coast of Andalusia, which have very high favourable
values. Additionally, as indicated previously in this Risk
Assessement, the following marine regions: North-east
Atlantic Ocean, Mediterranean Sea and the Black Sea
could present optimal conditions for the organism.
As indicated previously, this is probably the principal
pathway of entry. Katsanevakis et al. (2013) describes
that more than half of aliens in Europe were probably
introduced via shipping. Maritime traffic, through ballast
water or fouling communities (biofouling) of the ships, is
the main vector of introduction of alien species in the
marine environment (Ruiz et al. 2000).
If no management measures are taken, it is very likely
that propagules continue to arrive from the area of origin
through ballast waters (Rosas-Guerrero et al. 2018).

End of pathway assessment, repeat as necessary.
Pathway name:

Maritime
transportation:
Hull fouling
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1.3. Is entry along this pathway intentional (e.g. the
organism is imported for trade) or accidental (the
organism is a contaminant of imported goods)?

1.4. How likely is it that large numbers of the organism
will travel along this pathway from the point(s) of origin
over the course of one year?
Subnote: In your comment discuss how likely the
organism is to get onto the pathway in the first place.

1.5. How likely is the organism to survive during passage
along the pathway (excluding management practices that
would kill the organism)?
Subnote: In your comment consider whether the organism
could multiply along the pathway.

accidental

very likely

likely

high

high

medium

Along with ballast waters, fouling (inlays on boat hulls),
represents a principal pathway of entry for algae (Ruíz et
al. 1997; Ribera 2003; Katsanevakis et al. 2013). Both
vectors could explain the introduction of R. okamurae in
the Strait of Gibraltar from its native areas in the Pacific,
taking into account the intense maritime traffic in this
region.
Most macroalgae species are capable of adhering to ship
hulls (Schaffelke et al. 2006; Hewitt et al. 2007). Ribera
(2003) mentions 39 species of exotic macroalgae that
have been introduced in new regions in this way.
Recruitment can occur through macroscopic thallus, such
as juvenile sporophytes of the invading brown seaweed
Undaria pinnatifida (Hay 1990); but mainly, it is
microscopic stages of the life cycle that travel by fouling
(Lewis et al. 2004), as was the case of gametophytes of
U. pinnatifida (Wotton et al. 2004) and other species of
brown algae such as Phloiocaulon or Punctaria (Coutts
1999). Monospores or propagules of R. okamurae may
have arrived to introduced areas by hull fouling although
up to now no scientific evidence support this hypothesis.
Although there is no evidence that R. okamurae has
reached the shores of the western Mediterranean adhered
to ship hulls, it has been observed that the species is
capable of adhering to surfaces of very diverse nature and
composition, such as glass, iron, rubber or ceramic
(García-Gómez et al. 2018). However, the changing
conditions associated with this kind of transport,
especially those related to the temperature and salinity,
as well as the effect of friction caused by the crossing
speed and the swell, and the presence of antifouling
substances, make the transport by this vector less likely
(Hewitt et al. 2007).
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1.6. How likely is the organism to survive existing
management practices during passage along the pathway?
1.7. How likely is the organism to enter in the risk
assessment area undetected?

moderately likely

very likely

medium

very high

1.8. How likely is the organism to arrive during the
months of the year most appropriate for establishment?

very likely

high

The presence of antifouling substances makes the
transport by this vector less likely (Hewitt et al. 2007).
Due the morphological similarity with native Dictyota
species, R. okamurae may be producing cryptic
invasion.
In a study about the reproductive phenology of R.
okamurae on the coast of Cádiz carried out between
January and August 2017, monospores and vegetative
propagules were observed in the thallus that were
collected all months of the study, although its abundance
increased from May and show a maximum in August. In
addition, during the months of April and August some
thallus also presented tetrasporangia, but less abundant
and frequent than the monosporangia (Pulido 2017;
Pulido & Altamirano 2017).
Also, the bloom of this species in the Strait of Gibraltar
has been associated with the temperature peak in July
2015 and possibly linked to global warming (GarcíaGómez et al. 2020). With no control on introduction
vectors, new inoculums may be arriving along the whole
year, increasing the probabilities of success of the
organism.

1.9. How likely is the organism to be able to transfer from
the pathway to a suitable habitat or host?
very likely

high

The Spanish marine habitats are suitable for the
establishment of R. okamurae, as evidenced by the
presence of the species on the coasts of Malaga and
Cádiz, and as revealed by the distribution models (see fig
2) in other areas of the Spanish coast, mainly in its
Mediterranean side. These models were developed for
the previous risk analysis and have shown that there are
other areas with potential to accommodate the species.
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These include the Mediterranean Sea as a whole, which
have very high favourable values. Additionally, as
indicated previously in this Risk Assessement, the
following marine regions North-east Atlantic Ocean,
Mediterranean Sea and the Black Sea could present
optimal conditions for the organism.
Release of propagules from ship hulls to suitable habitat
may occur in harbour areas in the introduced region, as
well as along the coast.
1.10. Estimate the overall likelihood of entry into the risk
assessment area based on this pathway?
likely

End of pathway assessment, repeat as necessary.
Pathway name:

1.3. Is entry along this pathway intentional (e.g. the
organism is imported for trade) or accidental (the
organism is a contaminant of imported goods)?

1.4. How likely is it that large numbers of the organism
will travel along this pathway from the point(s) of origin
over the course of one year?
Subnote: In your comment discuss how likely the
organism is to get onto the pathway in the first place.

medium

As indicated by Katsanevakis et al. (2013), more than
half of aliens in Europe were probably introduced via
shipping. Maritime traffic, through ballast water or
fouling communities (biofouling) of the ships, is the
main vector of introduction of alien species in the marine
environment (Ruiz et al. 2000).

Marine
aquaculture

accidental

moderately likely

high

low

As in the case of some other non-native species, the
introduction of R. okamurae in Thau Lagoon is
associated with oyster imports (Crassostrea gigas)
carried out later than 1977, probably in 1994, from Korea
(Verlaque et al. 2009). It is an accidental entry.
In the Alboran Sea, although it is not considered an
important commercial activity, several companies are
engaged in oyster farming (Robles 2010), so the presence
of R. okamurae may be associated with this introduction
vector. However, due to the high capacity of the species
to produce vegetative propagules and asexual
monospores, few individuals may carry big amounts of
inoculum through this pathway.
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1.5. How likely is the organism to survive during passage
along the pathway (excluding management practices that
would kill the organism)?
Subnote: In your comment consider whether the organism
could multiply along the pathway.

1.6. How likely is the organism to survive existing
management practices during passage along the pathway?

1.7. How likely is the organism to enter in the risk
assessment area undetected?

1.8. How likely is the organism to arrive during the
months of the year most appropriate for establishment?

1.9. How likely is the organism to be able to transfer from
the pathway to a suitable habitat or host?

likely

unlikely

very likely

very likely

likely

medium

It is likely that microscopic stages of R. okamurae can
survive the passage through this pathway, especially
propagules and monospores.

medium

It will depend on the management treatment.
Taking into account the high propagation capacity of R.
okamurae, mainly due to asexual and vegetative
mechanisms, it is essential to avoid the dispersion of
thallus by vectors linked to human activities, since it is
not possible to stop dispersal by sea currents, especially
in some spaces or habitats of community interest.

high

high

high

Rugulopteryx okamurae can enter Europe via marine
aquaculture unintentionally without being detected, as
suggested by Verlaque (2009). Besides, due to
morphological similarity with native Dictyota species, R.
okamurae may be producing cryptic invasion.
Aquaculture is an activity that takes place along the year.
Due to suitable temperature most part of the year, as
demonstrated with its establishment in south of Spain,
the arrival could be successful at least in the
Mediterranean. While there is no control on introduction
vectors, new inoculums may be arriving along the whole
year, increasing the probabilities of success.
The Spanish marine habitats are suitable for the
establishment of R. okamurae, as evidenced by the
presence of the species on the coasts of Malaga and
Cádiz. These areas include the Mediterranean Sea
biogeographical region, which has favourable factors for
its establishment as shown by the model (Fig. 6).
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The presence of the species in France is associated to this
pathway (Verlaque et al. 2009).

1.10. Estimate the overall likelihood of entry into the risk
assessment area based on this pathway?

very likely

high

Due to the commercial success of oyster farming, the
Thau lagoon acts as a donor of oyster populations for its
cultivation in many parts of the Mediterranean and
Atlantic (Mineur et al. 2007; Verlaque et al. 2007). In the
Alboran Sea, although it is not considered an important
commercial activity, several companies are engaged in
oyster farming (Robles 2010), so the presence of R.
okamurae may be associated with this activity.

End of pathway assessment, repeat as necessary.
The species is already established in Southern Spain
coasts, spreading mainly to the Mediterranean Sea. New
introductions may be still happening through maritime
transport at the Strait of Gibraltar or at other ports in the
Mediterranean. Ballast water may be the main vector for
introduction of the species, as pieces of thalli can survive
long periods of darkness (Rosas-Guerrero et al. 2018).
1.11. Estimate the overall likelihood of entry into the risk
assessment area based on all pathways (comment on the
key issues that lead to this conclusion).

very likely

high

Marine aquaculture on the other hand could be a potential
entry pathway and the cause of unintentional or
accidental dispersal of invasive macroalgae such as R.
okamurae in the Mediterranean. In the Alboran Sea,
although it is not considered an important commercial
activity, several companies are engaged in oyster farming
(Robles 2010), so the presence of R. okamurae may be
associated with this activity.
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PROBABILITY OF ESTABLISHMENT
Important instructions:
 For organisms which are already well established in the risk assessment area, only complete questions 1.15 and 1.21 then move onto the spread
section. If uncertain, check with the Non-native Species Secretariat.
QUESTION

RESPONSE

CONFIDENCE COMMENT
Though the distribution of this species was originally
concentrated in the northwestern end of the Pacific, the
model detects climatically suitable areas for R.
okamurae in other sites of the Earth, like the northern
and western coast of Australia, Persian Gulf, Red Sea,
most of the American coast and the Mediterranean
Sea.

1.12. How likely is it that the organism will be able to
establish in the risk assessment area based on the
similarity between climatic conditions in Europe and the
organism’s current distribution?

very likely

very high

Figure 5: Environmental favourability model for R. okamurae on
a global scale, showing (in red) the areas that present the most
similar conditions to the native distribution area of this species
(Altamirano et al. 2019a; Muñoz et al. 2019).

1.13. How likely is it that the organism will be able to
establish in the risk assessment area based on the
similarity between other abiotic conditions in the risk
assessment area and the organism’s current distribution?

very likely

very high

Based on the global model that considers the known
distribution of this species (the native distribution plus
the areas where it was introduced), the obtained results
show the potential distribution of the species
according to the environmental conditions to which R.
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okamurae is exposed in all its distribution range.
Therefore, the map shows the ecologically suitable
places for this species.
Moreover, it identifies other areas out of its native
range where the establishment of this species would be
favoured if it is introduced as shown in fig. 2.
1.14. How likely is it that the organism will become
established in protected conditions (in which the
environment is artificially maintained, such as wildlife
parks, glasshouses, aquaculture facilities, terraria,
zoological gardens) in the risk assessment area?

very likely

medium

There is no evidence for this species to become
established in protected conditions but it is known to
be easily cultivated under controlled laboratory
conditions (Rosas-Guerrero et al. 2018).

Subnote: gardens are not considered protected conditions

1.15. How widespread are habitats or species necessary
for the survival, development and multiplication of the
organism in the risk assessment area?

widespread

1.16. If the organism requires another species for critical
stages in its life cycle, then how likely is the organism to
become associated with such species in the risk
assessment area?

NA

high

On the basis of the environmental characteristics of the
native areas of distribution, it can be concluded that
the Andalusian Atlantic coast, the Strait of Gibraltar
region and the entire Mediterranean coast are
environmentally very similar and therefore these areas
could host the species. The Black Sea and north Africa
are also shown as suitable. Furthermore, it has to be
considered that the host communities of R. okamurae
in
the
new
invaded
areas
(mainly
Carpodesmia/Treptacantha species communities and
photophilic ones), are well represented in the
Mediterranean Sea.
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In the Strait of Gibraltar, R. okamurae is responsible
of community homogenization, just a few species
remain in the ecosystem, mainly invasive macro-algae
like Asparagopsis armata, Asparagopsis taxiformis
and Caulerpa cylindracea. The host ecosystems in the
early stages of invasion are Fucaidean algae bottoms
with species of the genus Carpodesmia/Treptacantha
or Sargassum, kelp forests and photophilic bottoms
where coralline algae prevail. The invasive species
competes successfully with all these species and
homogenizes the community at the sea bottom.

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

very likely

high

It has been found that R. okamurae has driven a large
change in a short time in community composition one
year after the first recordings of the species in 2016,
reaching exponential growth of up to 65% average
cover, much to the detriment of the coverage of native
macrophytes as Mesophyllum sp. and coral threatened
species as Astroides calycularis, clearly reflecting the
impact within partially shaded areas (García-Gómez et
al., 2020) (Figure 6).
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1.18. How likely is it that establishment will occur despite
predators, parasites or pathogens already present in the
risk assessment area?

1.19. How likely is the organism to establish despite
existing management practices in the risk assessment
area?

1.20. How likely are management practices in the risk
assessment area to facilitate establishment?

It is not known if there is any species that could
prevent the establishment of R. okanurae if the
conditions are suitable.

NA

Effective control methods for R. okamurae that can be
applied in the current stage of invasion are not known.
The most important action and with more probability
of success is, without any doubt, to prevent the
introduction and spread of this species.
very likely

very high

moderately likely

medium

The survival and reproduction capacities of the species
once introduced into a new area, make difficult any
management practice, although eradication may be
effective at the early moments of the introduction (no
evidence yet).
Considering that no management practice has been
developed for this species yet, general practice should
avoid the release and spread of propagules into the
open sea. Management practices to avoid the
introduction and dispersal of the species are not likely
to facilitate its establishment.
If the algae are collected, it is important to prevent its
dispersion, having in mind the high propagation
capacity of R. okamurae. Moreover, if it is located in
the sea bottom and is taken above the photic zone, it
can survive and colonize new shallow areas (this
species can survive up to three weeks in the darkness).

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

very likely

very high

Rugulopteryx okamurae shows an extraordinary
competition and colonization ability, with a
disproportionate and unprecedented biomass
increment that is not comparable to previous invasions
in the Spanish coasts by any other macroalgae like
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Asparagopsis taxiformis (Altamirano et al. 2008;
Zanolla et al. 2018a, b, c), Lophocladia lallemandii
(Patzner 1998; Cabanelles et al. 2010; Deudero et al.
2010), Caulerpa taxifolia (Verlaque et al. 2015) or
Caulerpa cylindracea that was considered the most
severe invasive macroalgae in the Mediterranean in
history, until this moment (Klein & Verlaque 2008).
Part of the successful invasion performance of the
species is due to its high propagation capacity through
vegetative and asexual structures that can easily
escape from management strategies such as
eradications campaigns. Thalli can grow directly over
the hard substrata but also on other seaweeds as
epiphyte or even on animals such as sea urchins and
sea cucumbers. The consequence could be eradication
campaigns with low success rates when the population
is too big and not followed by monitoring.

1.22. How likely are the biological characteristics of the
organism to facilitate its establishment?

1.23. How likely is the capacity to spread of the organism
to facilitate its establishment?

very likely

likely

medium

medium

Reproduction takes place mainly by asexual and
vegetative mechanisms. R. okamurae is a marine
species that occurs from eulittoral basins to depths of
more than 30 m. The invasive potential of a single
thallus is substantial, taking into account that more
than 100 spores and 25 propagules have been counted
in 1 cm2 of thallus (Altamirano et al. pers. obs.) and
each one can generate a new clone individual,
regardless of whether the thallus is fixed to the
substrate or free in the water column. However, there
is still a big lack of knowledge on the biological
performance of the species in the introduction areas.
Taking into account the high propagation ability of R.
okamurae that was observed in the Strait of Gibraltar,
it is essential to avoid its dispersal by vectors linked to
human activities. However, secondary introductions
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must indeed be happening, mainly due to fisheries
activities (thalli entangled in the nests and released for
cleaning in the sea again) and sea currents. Although
floating material can sink to depths out of the photic
zone, due to its survival capacity to darkness (RosasGuerrero et al. 2018), these thalli can get again to the
photic area thanks to sea currents and establish in new
distant places, with high proliferation capacity due to
monospores and propagules. Up to now, however,
there is no scientific evidence on the attachment
capacity of these propagules to the new substrata,
although it is suspected to be high.

1.24. How likely is the adaptability of the organism to
facilitate its establishment?

very likely

medium

1.25. How likely is it that the organism could establish
despite low genetic diversity in the founder population?

very likely

very high

1.26. Based on the history of invasion by this organism
elsewhere in the world, how likely is to establish in the

very likely

very high

Ecological performance of the species at the new
invaded areas at the Strait of Gibraltar (perennial
status, wide bathymetric range from intertidal rockpools to depth below -30m, and host communities,
presence of allelopathic substances like terpenes)
leads to suggest a high adaptability of the species,
although ecological performance along the year is still
unknown.
Up to now the presence of the gametophyte of R.
okamurae in the invaded area has not been confirmed,
as only thalli with vegetative propagules, asexual
monospores or in scarce cases, tetraspores, have been
found (Altamirano et al. 2016, 2019a, b). This leads to
the conclusion that invasive populations are formed
and increased by clonal mechanisms with low or
absent genetic variability, although sexual
reproduction maybe occurring as well.
The species has not exhibited invasive performance
elsewhere in the world besides Southern Spain and
Northern coast of Morocco, up to now.
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risk assessment area? (If possible, specify the instances in
the comments box.)

As supported also by modelling (Muñoz et al. 2019)
the species could find favourable areas not only on the
Spanish coasts, but also on other European coasts,
mainly Mediterranean.

1.27. If the organism does not establish, then how likely is
it that transient populations will continue to occur?
Subnote: Red-eared Terrapin, a species which cannot reproduce in GB but is established because of continual
release, is an example of a transient species.

1.28. Estimate the overall likelihood of establishment
(mention any key issues in the comment box).

likely

very likely

medium

very high

As long as maritime vectors are not under control,
new inoculum of the species may continue to enter in
the risk assessment area.
The species is already established and widespread
within the risk assessment area in Southern Spain.
Considering that within three years since its
identification in 2016 the species has spread along the
whole southern Spain coast and part of the northern
coast of Morocco, and that new local populations are
being reported in the last months expanding its
distribution, it is expected that the species may
confirm the distribution model proposed.
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PROBABILITY OF SPREAD
Important notes:
 Spread is defined as the expansion of the geographical distribution of a pest within an area.
QUESTION

RESPONSE

CONFIDENCE COMMENT

2.1. How important is the expected spread of this
organism in the risk assessment area by natural means?
(Please list and comment on the mechanisms for natural
spread.)

massive

high

Short to medium dispersal through marine currents is
already happening, as it was observed in the movement
of the organism in the Straits of Gibraltar. The progress
towards the Mediterranean coast has been very fast and
it can be expected that it will soon reach the nearby coast
of Granada and Almería (García-Gómez et al. 2020).
Drifting material is observed in the water column which
can move tens of kilometres and cause the colonization
of new areas mediated by sea currents or local vectors.
Since the first draft of the RA (in February 2020) new
easterly records of R. okamurae have been observed in
Granada and Almería provinces, probably facilitated by
sea currents.

2.2. How important is the expected spread of this
organism in the risk assessment area by human
assistance? (Please list and comment on the mechanisms
for human-assisted spread.)

major

high

Ballast waters can be an important vector of
introduction, but also of dispersion to nearby areas,
especially in the Mediterranean Sea where big tourism
cruises move between harbours as it would be the case
with green algae forming massive proliferations (also
known as “blooms”) Ulva ohnoi and Ulva pertusa
(Zanolla et al. 2019). Probably more important for local
spread of the species are vectors related with fisheries
activities, responsible of secondary introductions. In
addition, other potential vectors responsible for the
dispersion of the species and secondary introductions
must be added. Fishermen in the areas affected by the
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species, report that they suffer decreases in their catches
and deterioration of their nets because thalli of the
species are trapped in them in massive quantities. These
nets in many cases are dragged and / or cleaned within
the sea, which favours the dispersion of the species,
especially taking into account the reproductive thalli
with the presence of monospores and vegetative
propagules. Similarly, other fishing gear may be
favouring the dispersal of the species unintentionally.
Other possible dispersion vectors of the species may be:
- anchors or boat anchoring systems, both fishing and
recreational;
- diving equipment
- marine litter;
- trawlers and uprights that collect the biomass from the
sea.
Marine aquaculture could be a potential entry pathway
and the cause of unintentional or accidental dispersal of
invasive macroalgae such as R. okamurae in the
Mediterranean and in general in the risk assessment area.
2.3. Within the risk assessment area, how difficult would
it be to contain the organism?

very difficult

high

Effective control methods for R. okamurae that can be
applied in the current state of the invasion are unknown.
Only prevention of new introductions is suggested as a
potential way to contain the species.
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2.4. Based on the answers to questions on the potential for
establishment and spread in the risk assessment area,
define the area endangered by the organism.

2.5. What proportion (%) of the area/habitat suitable for
establishment (i.e. those parts of the risk assessment area
were the species could establish), if any, has already been
colonised by the organism?

Mediterranean Sea
(incl. Western and
Central
Mediterranean Sea,
Aegean-Levantine
Sea, Adriatic Sea,
Ionian Sea), as well
as part of the
North-east Atlantic
Ocean and the
Black Sea.

high

0-10

medium

Figure 7: Environmental favourability model for Rugulopteryx
okamurae in the Mediterranean and western European coasts, based
on the native and introduced distribution. The areas with favourable
conditions to accommodate the species are shown in warm colours
(Altamirano et al. 2019a; Muñoz et al. 2019).

In Alboran Sea where the species is established, the
coverage ranged from 100% to 40% of the sea bottom
depending on substrata and depth, occupying areas of
hectares (Altamirano et al. 2019a). Considering the
predicted distribution of the species in the
Mediterranean, it is suspected that the species is at the
beginning of its expansion phase.
In the Strait of Gibraltar, R. okamurae covers most of the
illuminated rocky bottoms, with a range from zero to 40
m in depth. However, the species highest coverages
percentages (70-100%) are registered from 5 to 30 m
deep, were associated with well-lit horizontal surfaces.
More than 90% coverage is achieved between 10 and 20
m, where the exotic species displace the native biota.
Moreover, besides its overwhelming growth at the
subtidal levels, it was also observed in the shadowed
areas of intertidal pools (García-Gómez et al., 2018,
2020).
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2.6. What proportion (%) of the area/habitat suitable for
establishment, if any, do you expect to have been invaded
by the organism five years from now (including any
current presence)?

New records of R. okamurae are available in remote
areas from where it is known that the species is currently
established. The new records come from Adra, 150 km
to the east, and Punta Umbría, 110 km to the west of the
nearest places, from material collected by trawlers and
uprights, respectively. Both localities are within the
areas that the model recognizes of high favourability for
the species, with values greater than 0.9, and it would be
important to know if this presence of material deposited
on the beaches affects subsequent establishment of the
species on the coast.

33-67

low

2.7. What other timeframe (in years) would be appropriate
to estimate any significant further spread of the organism
in the risk assessment area? (Please comment on why this
timeframe is chosen.)

10

medium

Considering that since its identification in 2016 and first
record in Ceuta, the species has spread along Southern
coast of Spain in Alboran Sea in three - four years, and
taking into account its propagation capacity by
propagules and monospores together with secondary
vectors and natural sea currents, it is expected that R.
okamurae will further spread along its predicted suitable
areas on European coasts (Muñoz et al. 2019).

2.8. In this timeframe what proportion (%) of the
endangered area/habitat (including any currently occupied
areas/habitats) is likely to have been invaded by this
organism?

10-33

medium

The models have not provided an answer to this specific
question. However, 10-33% would be a reasonable
estimate in view of the models and taking into account
the knowledge about the biology of this species.

2.9. Estimate the overall potential for future spread for
this organism in the risk assessment area (using the
comment box to indicate any key issues).

rapidly

high

Marine aquatic ecosystems are difficult to manage to
prevent the dispersion of invasive species. Marine
currents along with human activities can cause a difficult
to predict dispersion. However, taking into consideration
that the species has spread along Southern coast of Spain
in Alboran Sea in three years, and on the other hand its
propagation capacity by propagules and monospores
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together with secondary vectors and natural sea currents,
it is expected that R. okamurae will further spread along
its predicted suitable areas on European coasts.
Furthermore, both Atlantic and Mediterranean European
coasts exhibit high favourability for the species in the
present climatic scenario (Muñoz et al. 2019).
García-Gómez et al. (2020) consider that coincidences
between maximum Sea Surface Temperature (SST) and
explosive peaks and colonizing capacity of the species
registered in section 2.7 must be considered to estimate
the overall potential for future spread of R. okamurae.
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PROBABILITY OF IMPACT
Important instructions:
 When assessing potential future impacts, climate change should not be taken into account. This is done in later questions at the end of the assessment.
 Where one type of impact may affect another (e.g. disease may also cause economic impact) the assessor should try to separate the effects (e.g. in this
case note the economic impact of disease in the response and comments of the disease question, but do not include them in the economic section).
 Note questions 2.10-2.14 relate to economic impact and 2.15-2.21 to environmental impact. Each set of questions starts with the impact elsewhere in
the world, then considers impacts in Europe separating known impacts to date (i.e. past and current impacts) from potential future impacts. Key words
are in bold for emphasis.
QUESTION

RESPONSE

CONFIDENCE

COMMENTS

2.10. How great is the economic loss caused by the
organism within its existing geographic range, including
the cost of any current management?

major

very high

The species produced no economic loss in its native
geographic range, nor in Thau Lagoon in France.
However, economic impact associated to fisheries
activities and beach management in Southern Spain, has
been estimated major in short time, rising to nearly one
million and three hundred thousand euros in nine months
(Altamirano et al. 2019a).

2.11. How great is the economic cost of the organism
currently in the risk assessment area excluding
management costs (include any past costs in your
response)?

major

very high

Rugulopteryx okamurae produces significant detrimental
economic impacts since its detection in Spanish waters
in 2016, with significant direct and indirect economic
losses. The costs are mainly related to the fishing sector
as well as to the management of massive accumulation
of biomass on the beaches. Losses in ecosystems services
has not been estimated.
As an indicator of the economic impact on the fishing
sector, it has been estimated the economic losses in
captures by fisheries associations from Huelva, Cádiz
and Málaga provinces. The economic loss in captures in
nine months was nearly nine hundred thousand euros,
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and this amount is underestimated due to lacks
information provided by fisheries associations
(Altamirano et al. 2019a). Thirteen different fish species
captures have been affected by R. okamurae with
decreases in captures ranging from 20 to 48%. Damage
to fishery gear and equipment (mainly nets) should be
considered as well (Altamirano et al. 2019a).

2.12. How great is the economic cost of the organism
likely to be in the future in the risk assessment area
excluding management costs?

massive

high

The expansion of the organism along the Mediterranean
Sea, will entail significant economic losses because of its
effects on numerous species, on which the fishing sector
depends. Losses in the tourism sector as well as the loss
in ecosystems services are also important.
The total economic cost of impacts on fisheries and local
administration for beaches managements rises to nearly
one million and three hundred thousand euros in nine
months. If these values are put in time and geographic
context in the predicted expansion of the species in the
Mediterranean Sea, a bigger economic impact can be
expected, besides the economic losses in ecosystem
services.

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

major

high

An economic impact in Southern Spain due to R.
okamurae is derived from the removal of drifted material
on the beaches. In a nine months period, a total of 11
thousand tons of drifted material have been removed
from beaches in affected localities with expenses rising
to nearly four hundred thousand euros (Altamirano et al.
2019a). Management of this biomass means a big
problem for local administrations, and a big public
impact.
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The beaches are covered by this seaweed until it can be
removed, with major consequences for the tourism
sector.
Furthermore, cleaning of the fishing nets produces
important economic impacts in terms of salaries and
affected goods.
Currently the regional administration in Andalusia is
allocating economic and human resources in monitoring
the species but none is done for preventing, containing or
controlling the species.
The total economic cost of impacts on fisheries and local
administration for beaches management rises to nearly
one million and three hundred thousand euros in nine
months.
2.14. How great are the economic costs associated with
managing this organism likely to be in the future in the
risk assessment area?

major

high

As the established area of the species is currently big and
predicted to increase, it can be suggested that costs in
managing the species may increase exponentially
together with its expansion.

2.15. How important is environmental harm caused by the
organism within its existing geographic range excluding
the risk assessment area?

minimal

high

In its native geographic range, the species behaves as an
accompanying species of kelp forest for example, with
no invasive performance (Sano et al. 2001).

2.16. How important is the impact of the organism on
biodiversity (e.g. decline in native species, changes in
native species communities, hybridisation) currently in
the risk assessment area (include any past impact in your
response)?

major

high

In Spain, R. okamurae has shown a very fast spread,
colonizing most of the hard seabed substrates in those
areas where the species is present. The expansion of R.
okamurae is causing a significant environmental impact
on native benthic communities, immediately reflected in
a loss of biodiversity in the short term, in a change in the
structure and composition of species communities in the
long-term (Altamirano et al. 2017, 2019a; Ocaña et al.
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2016; García-Gómez et al. 2018; CAGPYDS 2018,
2019).
In Morocco the situation is similar as described by El
Aamri et al. (2018) and Sempere-Valverde et al. (2021).
Present coverage of the species has not been estimated,
but the value will be over hundreds of hectares including
marine protected areas.
Rugulopteryx okamurae exhibits an extraordinary
competitive and colonization capacity with an ,
unprecedented increase in biomass that exceeds previous
invasions in the Spanish coast by other macroalgae such
as Asparagopsis taxiformis, Lophocladia lallemandii
Caulerpa taxifolia or more recently Caulerpa
cylindracea.
In relation to the affected habitat, this species is affecting
important habitats of high ecological value included in
the Natura 2000 Network, such as the ZEC Natural Park
of the Strait (ES0000337), the Natural Park Cabo de
Gata, the ZEC Seabed of the Bay from Estepona
(ES6170036), the ZEC El Saladillo-Punta de Baños
(ES6170037), and the ZEC from Calahonda
(ES6170030) on the Andalusian coast and the ZEC from
Monte Hacho (ES0000197), unique species in Europe
where marine biodiversity shows the transition zone
between Atlantic and Mediterranean waters, and where
several protected and endemic species such as Posidonia
oceanica,
Astroides
calycularis,
Leptogorgia
sarmentosa, Treptacantha ballesterosii, Cladocora
caespitosa, Corallium rubrum etc. inhabit.
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The observations carried out over the last three years
(Altamirano et al. 2017, 2019; Ocaña et al. 2016;
Morocco: El Aamri et al. 2018; García-Gómez et al.
2018; CAGPYDS 2018, 2019) show a colonization of
most hard substrates, with a wide bathymetric range in
which R. okamurae develops showing large variation of
the coverage with the depth. Between the surface and
20m depth there is complete coverage of the hard
substrates by R. okamurae, reaching out 90-100%. It
produces a full domination of the substrata, being the
only single species of macroalgae happening, with few
spots of another invasive species, Asparagopsis armata.
Towards deeper levels the coverage decreases but
remains at high levels, around 30-40%. In depths around
50m, the presence of the species has also been observed,
but less abundant.
Due to the high proliferation of this species, the benthic
ecosystem is being deeply transformed affecting all
marine communities. In the area of the ZEC of the Strait
of Gibraltar, impacts on kelp forests have been detected,
significantly affecting the most representative species of
these formations such as Laminaria ochroleuca and
Saccorhiza polyschides. These kelp forests have
disappeared from the zone due to R. okamurae. Forests
of Treptacantha usneoides and other species of the genus
have also been affected, included in the List of
Threatened and Endangered Species of the Protocol on
Specially Protected Areas and Biological Diversity in the
Mediterranean (BOE April 23, 2014); these fucales
forest have also disappeared in many places at the Strait
of Gibraltar with the losses in important ecosystem
services, like refuge and breed habitat for fishes and
invertebrates, among others. Development of R.
okamurae beds are so fast that the above mentioned
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native species cannot compete and new recruits seem not
to be able to grow under the invader canopy. Only
previous invasive species like Asparagopsis armata or
Caulerpa cylindracea are able to coexist with few thalli
with R. okamurae. Other species included in the Protocol
mentioned above, such as Lithophyllum byssoides or
Gymnogongrus crenulatus, are also being affected by the
presence of R. okamurae. In Malaga coast, in the El
Saladillo-Punta de Baños ZEC, Posidonia oceanica
meadows, endemic species of the Mediterranean, and
also included in the Paris Protocol have also been
affected (CAGPYDS, 2019). Rugulopteryx okamurae
widely compete with this plant.
Regarding wildlife, numerous invertebrates, especially
those of sessile life, are being affected by the
development of R. okamurae, such as tubes of tubular
polychaetes, soft surfaces of holothuria, shellfish
crustaceans, sponges, Sphaerechinus granularis urchin
(García-Gómez et al. 2018). The coralligene
communities have also been affected by the development
of R. okamurae (Ocaña et al. 2016, García-Gómez et al.
2018; CAGPYDS 2018). Various types of gorgonians
such as Leptogorgia sarmentosa, Eunicella spp and
Paramuricea clavata are being particularly affected, to
which the algae adheres and covers them almost
completely. Furthermore, endangered species such as the
Charonia lampas horn, the star coral Astroides
calycularis, the red coral Corallium rubrum, or even
intertidal species such as the Patella ferruginea are also
affected (García-Gómez et al., 2018; El Aamri et al.,
2018). Invertebrate fauna associated to R. okamurae
differs significantly from that of the native Dictyota
dichotoma, with unpredictable consequences (NavarroBarranco et al. 2019).
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Additionally, the accumulation and decomposition of the
large biomass generated by this species both in the
intertidal region and on the beaches as well as on the
seabed could be causing indirect impacts on coastal
ecosystems.
2.17. How important is the impact of the organism on
biodiversity likely to be in the future in the risk
assessment area?

major

medium

Given the major impact on ecosystems and marine
species, which is occurring in the area where it has been
detected in Spain, it is foreseeable that the future impact
in the area of possible colonization, such as the
Mediterranean and Black Sea, will be of the same level.

2.18. How important is alteration of ecosystem function
(e.g. habitat change, nutrient cycling, trophic
interactions), including losses to ecosystem services,
caused by the organism currently in the risk assessment
area (include any past impact in your response)?

major

medium

The significant deterioration of different marine
communities in invaded areas reflects the important
alteration of ecosystems’ functions, so far not studied,
given the recent invasion of the species R. okamurae. A
large amount of material has been observed both
deposited in the bottom, occupying platforms with little
slope, or occupying clearings of sand, whose thickness
has reached 45-50 cm in height.
Important ecosystem services like refuge and breed
zones for commercial fisheries like spider crabs and sole
fish, have been affected, as economic impact data shows.
Recreational and social services linked to touristic
activities in a touristic hot spot in Europe have also been
affected, like in worldwide well-known beaches of
Marbella and Tarifa (Altamirano et al. 2019b; GarcíaGómez et al. 2020).
The alteration of ecosystem services has caused social
alarm and loss of income as reported in local press:

41

EU NON-NATIVE SPECIES RISK ANALYSIS – RISK ASSESSMENT TEMPLATE V1.0 (27-04-15) completed with the RA 2020 template
https://www.diariodealmeria.es/agriculturadealmeria/tar
danza-Gobierno-facilita-propagacioninvasora_0_1504049881.html (Diario de Almería 2020)
https://www.preferente.com/noticias-deturismo/sargazo-espanol-un-alga-asiatica-invade-lasplayas-andaluzas-292213.html (preferente.com 2019).
2.19. How important is alteration of ecosystem function
(e.g. habitat change, nutrient cycling, trophic
interactions), including losses to ecosystem services,
caused by the organism likely to be in the risk assessment
area in the future?

major

medium

Taking into account the effects of R. okamurae on the
biocenosis invaded so far, an important alteration of the
ecological function of the ecosystems is foreseen, also
considering its explosive colonization in most of the hard
seabed substrates where the species is present until now
in Spain. Considering this in the context of predicted
favourable areas in the Mediterranean, an important
alteration of ecosystems function in the future is
expected.

2.20. How important is decline in conservation status (e.g.
sites of nature conservation value, WFD classification)
caused by the organism currently in the risk assessment
area?

major

medium

The decline in conservation status caused by the
organism currently in the risk assessment area is major
because of the damage to species and habitats in several
protected areas of the Natura 2000 Network. This
however has not been fully evaluated yet. Altamirano et
al. 2019a,b and García-Gómez et al. 2020 mentioned
some examples of localities where this species affected
sites of nature conservation value.This invasion is
affecting habitats in the Natura 2000 Network, such as
ZEC Natural Park of the Strait (ES0000337), ZEC
Seabed of the Bay from Estepona (ES6170036), ZEC El
Saladillo-Punta de Baños (ES6170037), and ZEC from
Calahonda (ES6170030) on the Andalusian coast and
ZECMonte Hacho (ES0000197) for the Spanish African
coast.
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2.21. How important is decline in conservation status (e.g.
sites of nature conservation value, WFD classification)
caused by the organism likely to be in the future in the
risk assessment area?

major

medium

An important decline in the conservation status of
protected areas and of special ecological value is
expected where this seaweed settles.
In the long term, a change in the structure and
composition of species is expected, as observed with
other macroalgae invasions in the Mediterranean. The
sites of nature conservation value are generally more
sensitive to biological invasions.
As the models show, the organism is likely to establish
and invade other habitats of great value in the risk
assessment area. The species is already present in places
where one year ago the model predicted it would be, and
which are protected marine areas, such as Cabo de Gata
(https://www.diariodealmeria.es/agriculturadealmeria/ta
rdanza-Gobierno-facilita-propagacioninvasora_0_1504049881.html
(Diario de Almería
2020)).

2.22. How important is it that genetic traits of the
organism could be carried to other species, modifying
their genetic nature and making their economic,
environmental or social effects more serious?

unknown

low

No information on this has been found.

2.23. How important is social, human health or other
harm (not directly included in economic and
environmental categories) caused by the organism within
its existing geographic range?

minimal

medium

There is no evidence on risks to human health, and / or
animal or plant health due to parasites or pathogens of R.
okamurae. However, a study of the impact of the
substances released into the environment by
decomposing biomass is recommended.
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The effect of the released substances that may be
produced as a result of the decomposition of the biomass
of R. okamurae, must be studied in both the water
column, and the air in gaseous form, and that could
produce some kind of sanitary impact to both the native
flora and fauna and the people.
2.24. How important is the impact of the organism as
food, a host, a symbiont or a vector for other damaging
organisms (e.g. diseases)?

unknown

low

No information on this has been found.

2.25. How important might other impacts not already
covered by previous questions be resulting from
introduction of the organism? (specify in the comment
box)

unknown

low

No other effects are known.

2.26. 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?

major

high

Considering that there are no known predatory
organisms, parasites or pathogens that may affect the
species in the invaded area, the impact of R. okamurae
are of major importance.

2.27. Indicate any parts of the risk assessment area where
economic, environmental and social impacts are
particularly likely to occur (provide as much detail as
possible).

[insert text +
attach map if
possible]

medium

Given the invasive potential of the species and its
environmental characteristics detected in the invaded
area, it is expected that both the Mediterranean Sea, the
Atlantic coasts and the Black Sea will be affected.

It may produce impact on marine infrastructures, like
waste water pipes or energy plants pipes.
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Figure 8: Economic, environmental and social impacts are
particularly likely to occur in the areas that present favourable
conditions to accommodate the species (shown in warm colors)
(Altamirano et al. 2019a; Muñoz et al. 2019).

Specially fishing and touristic areas may suffer important
impacts, similar to that already happened in Southern
Spain.

RISK SUMMARIES
Summarise Entry

RESPONSE
very likely

CONFIDENCE
high

COMMENT
Regarding the distribution areas of R. okamurae in the
European territory, since 2002 there is evidence of its
presence in France, in the Thau lagoon, on the French
Mediterranean coast near Montpellier (Verlaque et al.
2009), while in Spain the species was identified for the
first time in Ceuta in 2015 (Altamirano et al. 2016).
The entry pathways are priori unintentional, potentially
associated with ballast waters, hull fouling and marine
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aquaculture, without ruling out others. It is unknown if
there are intentional pathways of entry.
The seaweed has shown survival rates between 80-100%
after being grown in dark conditions for three weeks,
depending on the temperature during cultivation. During
this period thalli even increased their biomass (RosasGuerrero et al., 2018). This enhances the entry of
organisms with ballast water, which is supposed to be the
main pathway of entry.
In addition to the entire coast of the Iberian Peninsula,
including the Portuguese, Spanish and French Atlantic
coasts and the Balearic archipelago, there are other areas
with the potential to accommodate the species,
highlighting the whole of southern Europe, which has
very high probability to be colonized.
Summarise Establishment

very likely

very high

The species is already established in the risk assessment
area. Species distribution models highlight the high and
widespread favourability for the species in the
Mediterranean Sea, but also in other areas of Europe,
such as the Black Sea and the Atlantic coasts.
Taking into account the high propagation capacity of R.
okamurae, observed in the populations introduced in the
Strait of Gibraltar, and the extraordinary competitive and
colonization capacity with an increase in excessive
biomass, it is very likely that the species will establish
once entered in an area that presents favorable
conditions.

Summarise Spread

rapidly

high

The potential pathways responsible for the spread of the
species and secondary introductions are the following:
- Marine currents
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- Fishing gear and equipment;
- Recreational boats
- Diving equipment
- Funding systems
- Marine litter
Possibly the most important pathway at the moment in
the spread of R. okamurae is linked to fishing activities.
Gear accidentally collects fixed and / or suspended algae
material, sometimes in large quantities. Taking into
account the high propagation capacity of R. okamurae,
mainly due to asexual and vegetative mechanisms, it is
essential to avoid thallus´ spread by human activities,
since it is not possible to stop spread by marine currents.
Rugulopteryx okamurae has shown a very rapid spread
extending from the area of the Strait of Gibraltar to the
Atlantic and Mediterranean coasts of Cadiz and Malaga,
as well as to the Chafarinas Islands, Huelva and Almeria,
in just over 3 years. The species exhibits an extraordinary
competitive and colonization capacity with an excessive
increase in biomass and subsequent impacts on marine
species and ecosystems and their functions.

Summarise Impact

major

high

The accumulation and decomposition of the excessive
biomass generated by this species, both in the intertidal
and beaches, as in the seabed, could be causing major
impacts on marine ecosystems, as well as large economic
losses.
Environmental impact:
R. okamurae shows large variation of the coverage with
the depth. Between the surface and 20m depth there is a
practically complete covering of the hard substrates by R.
okamurae covering 90-100%. It produces a full
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domination of the substrata, being the only species of
macroalgae, with few spots of another invasive species,
Asparagopsis armata. More deeply, the level of covering
decreases but remains at high levels.
The benthic ecosystem is being deeply transformed
affecting all marine communities with a very important
loss of biodiversity as the first and most obvious
consequence, and a change in the structure and
composition of species in the long term (Altamirano et
al. 2017, 2019a; Ocaña et al. 2016; El Aamri et al. 2018;
García-Gómez et al. 2018; CAGPYDS 2018, 2019).
Numerous invertebrates are affected by the development
of R. okamurae: i.e. tubes of tubular polychaetes, soft
surfaces of holothuria, crustaceans, sponges,
Sphaerechinus granularis sea urchin (García-Gómez et
al. 2018). The coralligene communities have also been
affected by the development of R. okamurae (Ocaña et
al. 2016, García-Gómez et al., 2018; CAGPYDS, 2018).
Various types of gorgonians such as Leptogorgia
sarmentosa, Eunicella spp and Paramuricea clavata are
being particularly affected, in which the algae adheres
and covers them almost completely. Furthermore,
endangered species (Charonia lampas horn, the star coral
Astroides calycularis, the red coral Corallium rubrum, or
even intertidal species such as the Patella ferruginea are
also affected (García-Gómez et al., 2018; El Aamri et al.,
2018).
R. okamurae affects very relevant spaces of great
ecological value, included in the Natura 2000 Network,
such as the ZEC Natural Park of the Strait (ES0000337),
the Natural Park Cabo de Gata, the ZEC Seabed of the
Bay from Estepona (ES6170036), the ZEC El Saladillo48
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Punta de Baños (ES6170037), and the ZEC from
Calahonda (ES6170030) on the Andalusian coast and the
ZEC from Monte Hacho (ES0000197) in the Spanish
African coasts.
Economic impact:
Economic impact of the species is highly associated to
losses in fisheries and beach management. Total amount
estimated for nine months is higher than one million
euros.
Tourism sector also has experienced great losses the last
summers.
Social impact:
Recreational and social services linked to touristic
activities have also been affected. The large amounts of
biomass accumulated on the beach create social alarm.
Conclusion of the risk assessment

high

high

Rugulopteryx okamurae exhibits an extraordinary
competitive and colonization capacity with an excessive
increase in biomass not even comparable with respect to
previous invasions in the Spanish coast by other
macroalgae such as: Asparagopsis taxiformis
(Altamirano et al. 2008; Zanolla et al. 2018a, b, c),
Lophocladia lallemandii (Patzner 1998; Cabanelles et al.
2010; Deudero et al. 2010), the so-called "killer algae"
Caulerpa taxifolia (Verlaque et al. 2015), or the most
recent Caulerpa cylindracea considered in its moment as
the most serious in the history of invasive macroalgae
species in the Mediterranean (Klein & Verlaque 2008).
There are no previous control experiences that can serve
as a reference.
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Prevention and control of pathways of entry and spread,
especially those related to human activities, are necessary
to avoid more impact in the affected area and in new
areas where the species could be introduced and
establish.
Among the possible actions associated with the control
of the species, the inclusion in the European list is
considered very positive to help identify the pathways of
introduction and dispersion of human activities (ballast
water, marine crops, ship hulls, as well as fishing-related
activities), prevent new introductions in order to prevent
the spread of the species, especially in some space or
habitat of community interest.

ADDITIONAL QUESTIONS - CLIMATE CHANGE
3.1. What aspects of climate change, if any, are most
likely to affect the risk assessment for this organism?

[Temperature
rise]

medium

Changes in seawater temperature could affect its
vegetative and reproductive performance. Probable the
species could reproduce and spread faster during
temperature peaks (García-Gómez et al. 2020)
Coincidences between maximum Sea Surface
Temperature (SST) and explosive peaks and colonizing
capacity of the species (registered in section 2.7) should
be considered to estimate the overall potential for future
spread of R. okamurae.

3.2. What is the likely timeframe for such changes?

10 years

medium

The explosive growth and colonizing capacity of R.
okamurae in a very short time coincided in the Strait of
Gibraltar and nearby areas with the maximum Sea
Surface Temperature (SST) of the period between 2000–
2017, 23.9 °C in July 2015 (García-Gómez et al. 2020).
In this regard, it is expected that global warming may
facilitate a shift to dominance by R. okamurae,
accelerating the scarcity of species in the global biota.
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3.3. What aspects of the risk assessment are most
likely to change as a result of climate change?

[EU CHAPPEAU
]

low

Under foreseeable climate, the species could establish
further to the north part of the risk assessment area but
there is no model or evidence to affirm that.

medium

It would be necessary to identify other vectors and assess
their importance, such as transport in ship hulls or marine
cultures of various kinds, in order to act on them. It is
also necessary to be able to know the sources of origin of
the inoculums that are introduced in the Mediterranean,
so that, together with the knowledge of the vectors, to be
able to identify the main transport routes of R. okamurae,
and to be able to develop management plans focused on
an efficient prevention. In this sense, molecular tools and
genetic analysis can be of great help, as already shown.

ADDITIONAL QUESTIONS - RESEARCH
4.1. If there is any research that would significantly
strengthen confidence in the risk assessment, please
summarise this here.

[molecular tools
and genetic
analysis]

It is also necessary to study the life cycle of the species
in the new introduced areas, in order to understand its
propagation systems and identify its weaknesses in
biology. It is also interesting to study the ecological
performance of the species in order to understand its
competitive capacity with native communities.
Assessing its genetic variability is important to predict its
fate in the invaded area and resistance to changes in the
environment.
It becomes necessary to develop management strategies
for the species and test eradication and content protocols.

51

EU NON-NATIVE SPECIES RISK ANALYSIS – RISK ASSESSMENT TEMPLATE V1.0 (27-04-15) completed with the RA 2020 template
REFERENCES:
Altamirano, M., Muñoz, A.R., De La Rosa, J., Barrajón-Mínguez, A., Barrajón-Domenech, A., Moreno-Robledo, C., Arroyo, M.C. 2008. The exotic invasive
species Asparagopsis taxiformis (Delile) Trevisan (Bonnemiasoniales, Rhodophyta) on Andalusian coasts (Southern Spain): new records, invaded communities
and reproductive stages. Acta Botanica Malacitana 33: 1-11.
Altamirano, M., De La Rosa, J., Martínez, F.J. 2016. Arribazones de la especie exótica Rugulopteryx okamurae (E.Y. Dawson) I.K. Hwang, W.J. Lee and H.S.
Kim (Dictyotales, Orchrophyta) en el Estrecho de Gibraltar: primera cita para el Atlántico y España. ALGAS 52: 20.
Altamirano, M.J., De La Rosa, J., Martínez, F.J.G., Muñoz, A.R.G. 2017. Prolifera en el Estrecho un alga nunca citada en nuestro litoral de origen asiático.
Quercus 374: 32-33.
Altamirano, M., Muñoz, A.R., De la Rosa, J., Carmona, R., Zanolla, M. 2019a. Análisis de riesgos de la macroalga exótica Rugulopteryx okamurae. Ministerio
para la Transición Ecológica y Reto Demográfico. 69 pp.
Altamirano, M., de La Rosa, J., Carmona, R., Zanolla, M., Muñoz, A.R. 2019b. Macroalgas invasoras en las costas andaluzas. ALGAS 55e: 10-16.
Assis, J., Tyberghein, L., Bosh, S., Verbruggen, H., Serrão, E.A., De Clerck, O. 2017. Bio-ORACLE v2.0: Extending marine data layers for bioclimatic
modelling. Global Ecology and Biogeography 27: 277-284.
Cabanellas-Reboredo, M., Blanco, A., Deudero, S., Tejada, S. 2010. Effects of the Análisis de riesgos de la macroalga exótica Rugulopteryx okamurae 50
invasive macroalga Lophocladia lallemandii on the diet and trophism of Pinna nobilis (Mollusca: Bivalvia) and its guests Pontonia pinnophylax and
Nepinnotheres pinnotheres (Crustacea: Decapoda). Scientia Marina 74: 101-110.
CAGPYDS (Consejería de Medio Ambiente y Ordenación del Territorio). 2018. Informe: Presencia del alga invasora Rugulopteryx okamurae en el Parque
Natural del Estrecho. Junta de Andalucía. Sevilla. 15 pp.
CAGPYDS (Consejería de Agricultura, Ganadería, Pesca y Desarrollo Sostenible). 2019. Informe: Actualización de los datos sobre la presencia de
Rugulopteryx okamurae en el P.N. del Estrecho y otras zonas del litoral andaluz. Junta de Andalucía. Sevilla. 18 pp.
Carlton, J.T., Geller, R. 1993. Ecological roulette: the global transport of nonindigenous marine organisms. Science 78–82.
Carney, L.T., Edwards, M.S. 2006. Cryptic process in the sea: a review of delayed development in the microscopic life stages of marine macroalgae. Algae 21:
161–168.

52

EU NON-NATIVE SPECIES RISK ANALYSIS – RISK ASSESSMENT TEMPLATE V1.0 (27-04-15) completed with the RA 2020 template
Choi, C.G., Oh, S.J., Kang, I.J. 2010. A Study on the Community Structure of Subtidal Marine Algae in Kijang, Korea Chang. J. Fac. Agr. Kyushu Univ. 55:
39-45.
Coutts, A.D.M. 1999. Hull fouling as a modern vector for marine biological invasions: investigation of merchant vessels visiting northern Tasmania.
Unpublished Masters Thesis, Australian Maritime College, Launceston, Tasmania, Australia. pp. 283.
David, M., Gollasch, S., Cabrini, M., Perkovic, M., Bosˇnjak, D., Virgilio, D. 2007. Results from the first ballast water sampling study in the Mediterranean
Sea – the Port of Koper study. Marine Pollution Bulletin 54: 53–65.
De Paula, J.C.D., Vallim, M.A., Teixeira, V.L. 2011. What are and where are the bioactive terpenoids metabolites from Dictyotaceae Phaeophyceae). Revista
Brasileira de Farmacognosia 21: 216-228.
Dawson, E.Y. 1950. Notes on some Pacific Mexican Dictyotaceae. Bulletin of the Torrey Botanical Club 77: 83-93.
Diario
de
Almería
2020.
La
tardanza
del
Gobierno
facilita
la
propagación
de
la
alga
https://www.diariodealmeria.es/agriculturadealmeria/tardanza-Gobierno-facilita-propagacion-invasora_0_1504049881.html

invasora.

Online

at

Deudero, S., Blanco, A., Box, A., Mateu-Vicens, G., Cabanellas-Reboredo, M., Sureda, A. 2010. Interaction between the invasive macroalga Lophocladia
lallemandii and the bryozoan Reteporella grimaldii. Biol. Invasions 12: 41–52.
El Aamri, F., Idhalla, M., Tamsouri, M.N. 2018. Occurrence of the invasive brown seaweed Rugulopteryx okamurae (E.Y. Dawson) I.K. Hwang, W.J. Lee &
H.S. Kim (Dictyotales, Phaeophyta) in Morocco (Mediterranean Sea). MedFAR. 1: 92-96.
Flagella, M.M., Verlaque, M., Soria, A., Buia, M.C. 2007. Macroalgal survival in ballast water tanks. Marine Pollution Bulletin 54: 1395-1401.
Fusetani, N. 2004. Biofouling and antifouling. Natural Product Reports 21: 94-104.
García-Gómez, J.C., Sempere-Valverde, J., González, A.R., Martínez-Chacón, M., Olaya-Ponzone, L., Sánchez-moyano, E., Ostalé-Valriberas, E., Megina, C.,
2020. From exotic to invasive in record time: The extreme impact of Rugulopteryx okamurae (Dictyotales, Ochrophyta) in the strait of Gibraltar. Sci. Total
Environ. 704, 135408. https://doi.org/10.1016/j.scitotenv.2019.135408
García-Gómez, J.C., Sempere-Valverde, J., Ostalé-Valriberas, E., Martínez, M., Olaya-Ponzone, L., González, A.R., Espinosa, F., Sánchez-Moyano, E.,
Megina, C., Parada, J.A. 2018. Rugulopteryx okamurae (E.Y. Dawson) I.K. Hwang, W.J. Lee & H.S. Kim (Dictyotales,Ochrophyta), alga exótica “explosiva”
en El Estrecho de Gibraltar. Observaciones preliminares de su distribución e impacto. Almoraima. Revista de Estudios Campogibraltareños 49: 103-119.

53

EU NON-NATIVE SPECIES RISK ANALYSIS – RISK ASSESSMENT TEMPLATE V1.0 (27-04-15) completed with the RA 2020 template
Gollasch, S., Lenz, J., Dammer, M., Andres, H.G. 2000. Survival of tropical ballast water organism during a cruise from the Indian Ocean to the North Sea.
Journal of Plankton Research 22: 923–937.
Gollasch, S., Mac Donald, E., Belson, S., Botnen, H., Christensen, J.T., Hamer, P.J., Houvenaghel, G., Jelmert, A., Lucas, I., Masson, D., Mccollin, T., Olenin,
S., Persson, A., Wallentinus, I., Wetseyn, L.P.M.J., Wittling, T. 2002. Life in ballast tanks. In: LeppaÅNkoski, E., Gollasch, S., Olenin, S. (Eds.), Invasive
Aquatic Species of Europe, Distribution, Impact and Management. Kluwer Academic Publishers, Dordrecht, NDL, pp. 217–231.
Harada, H., Kamei, Y. 1997. Selective cytotoxicity of marine algae extracts to several human leukemic cell lines. Cytotechnology 25: 213.
Hewitt, C.L., Campbell, M.L., Schaffelke; B. 2007. Introductions of seaweeds: accidental transfer pathways and mechanisms. Botanica Marina 50: 326-337.
Huang S.F. 2000. Seaweeds of northeastern Taiwan. National Taiwan Museum, Taipei. 233 pp.
Katsanevakis S, Zenetos A, Belchior C, Cardoso AC (2013) Invading European Seas: Assessing pathways of introduction of marine aliens. Ocean and Coastal
Management, 76, 64–74.
Klein, J., Verlaque, M. 2008. The Caulerpa racemosa invasion: A critical review. Marine Pollution Bulletin 56: 205-225.
Kolwalkar, J.P., Sawant, S.S., Dhargalkar, V.K. 2007. Fate of Enteromorpha flexuosa (Wulfen) J. Agardh and its spores in darkness: implications for ballast
water management. Aquatic Botany 86: 86–88.
Lee I.K., Kang J.A. 1986. A check list of marine algae in Korea. Korean Journal of Phycology 1: 311–325.
Lewis, P.N., Riddle, M., Hewitt, C.L. 2004. Management of exogenous threats to Antarctica and the sub-Antarctic Islands: balancing risks from TBT and
nonindigenous marine organisms. Mar. Poll. Bull. 49: 999–1005.
Leukart, P., Lüning, K. 1994. Minimum spectral light requirements and maximum light levels for long-term germling growth of several red algae from different
water depths and a green alga. European Journal of Phycology 29: 103–112.
Mineur, F., Belsher, T., Johnson, M.P., Maggs, C.A., Verlaque, M. 2007. Experimental assessment of oyster transfers as a vector for macroalgal introductions.
Biological Conservation 137: 237-247.
Muñoz, A.R., Martín-Taboada, A., De La Rosa, J., Carmona, R., Zanolla, M., Altamirano, M. 2019. La modelación de la distribución de especies como
herramienta en la gestión de invasiones biológicas en el medio marino: el caso de Rugulopteryx okamurae (Dictyotaceae, Ochrophyta) en el Mediterráneo.
ALGAS 55e: 37-40.
54

EU NON-NATIVE SPECIES RISK ANALYSIS – RISK ASSESSMENT TEMPLATE V1.0 (27-04-15) completed with the RA 2020 template

Navarro-Barranco, C., Muñoz-Gómez, B., Saiz, D., Ros, M., Guerra-García, J.M., Altamirano, M., Ostalé-Valriberas, E., Moreira, J. 2019. Can invasive habitat
formig species play the same role as native ones? The case of the exotic marine macroalga Rugulopteryx okamurae in the Strait of Gibraltar. Biol. Invasions
21:3319-3334.
Ocaña, O., Afonso-Carrillo, J., Ballesteros E. 2016. Massive proliferation of a dictyotalean species (Phaeophyceae, Ochrophyta) through the Strait of Gibraltar.
Rev. Acad. Canar. Cienc. 28: 165-170.
Patzner, R.A. 1998. The invasion of Lophocladia (Rhodomelaceae, Lophotalieae) at the northern coast of Ibiza (western Mediterranean Sea). Bol. Soc. Hist.
Nat. Balears 41: 75-80.
preferente.com 2019. Sargazo español: un alga asiática invade las playas andaluzas. Online at https://www.preferente.com/noticias-de-turismo/sargazo-espanolun-alga-asiatica-invade-las-playas-andaluzas-292213.html
Pulido, C. 2017. Rugulopteryx okamurae (Dictyotales, Ochrophyta): Morfología, anatomía y estrategias reproductoras de una nueva especie exótica de
macroalga en el Estrecho de Gibraltar. Trabajo Fin de Máster. Universidad de Málaga. 34 pp.
Pulido, C., Altamirano, M. 2017. Rugulopteryx okamurae (Dictyotales, Ochrophyta): una possible invasion críptica en el Estrecho de Gibraltar. II Congreso de
Biodiversidad y Conservación de la Naturaleza. Almería.
Ribera, M.A. 2003. Pathways of biological invasions of marine plants. In: Invasive species. Vectors and management strategies. Ed. G.M. Ruiz & J.T. Carlton.
Island Press, Washington, DC. pp. 183-286.
Robles, R. 2010. Conservación y desarrollo sostenible del mar de Alborán/Conservation et développement durable de la mer d'Alboran. IUCN.
Rosas-Guerrero, J., Meco, Y.E., Altamirano, M. 2018. Could Rugulopteryx okamurae (Dictyotales, Ochrophyta) have been introduced by ballast waters? Algas
54: 52.
Ruiz, G.M., Carlton, T.J., Grosholz, E.D., Hines, H.A. 1997. Global invasions of marine and estuarine habitats by non-indigenous species: mechanisms, extent
and consequences. American Zoologist 37: 621–632.
Ruiz, G.M., Fofonoff, P.W., Carlton, J.T., Wonham, M.J., Hines, A.H., 2000. Invasion of coastal marine communities in North America: apparent patterns,
processes, and biases. Annu. Rev. Ecol. Syst. 31, 481e531.

55

EU NON-NATIVE SPECIES RISK ANALYSIS – RISK ASSESSMENT TEMPLATE V1.0 (27-04-15) completed with the RA 2020 template
Sano, M., Omori, M., Taniguchi, K., Seki, T. 2001. Age distribution of the sea urchin Strongylocentrotus nudus (A. Agassiz) in relation to algal zonation in a
rocky coastal area on Oshika Peninsula, northern Japan. Fisheries Science 67: 628-639.
Santelices, B., Aedo, D., Hoffman, A. 2002. Banks of microscopic forms and survival to darkness of propagules and microscopic stages of macroalgae. Revista
Chilena de Historia Natural 75: 547–555.
Schaffelke, B., J.E. Smith, C.L. Hewitt. 2006. Introduced macroalgae – a growing concern. J. Applied Phycol. 18: 529-541.
Sempere-Valverde J., Ostalé-Valriberas E, Manuel, Gonzalez Aranda R., Bazairi H., Espinosa F. 2021 Impacts of the non-indigenous seaweed Rugulopteryx
okamurae on a Mediterranean coralligenous community (Strait of Gibraltar): The role of long-term monitoring. Ecological indicators 121: 107135
Silva, P.C., Meñez, E.G., Moe, R.L. 1987. Catalogue of the benthic marine algae of the Philippines. Smithsonian Contributions to Marine Sciences 27: 1–179.
Smith, D.L., Wonham, M.J., Mc Cann, L., Ruiz, G.M., Hines, H.A., Carlton, J.T. 1999. Invasion pressure to a ballast-flooded estuary and an assessment of
inoculant survival. Biol. Invasions 1: 67–87.
Suzuki, M., Yamada, H., Kurata, K. 2002. Dictyterpenoids A and B, Two Novel Diterpenoids with Feeding-Deterrent Activity from the Brown Alga Dilophus
okamurae. Journal of Natural Products 65: 121-125.
Tseng, C.K. 1984. Common seaweeds of China. Science Press, Beijing. 318 pp
Verlaque, M., Boudouresque, C.F., Mineur, F. 2007. Oyster transfers as a vector for marine species introductions: a realistic approach based on the macrophytes.
In CIESM Workshop Monographs, Monaco. Vol. 32, pp. 39-48.
Verlaque, M., Steen, F., De Clerck, O. 2009. Rugulopteryx (Dictyotales, Phaeophyceae), a genus recently introduced to the Mediterranean. Phycologia. 48:
536-542.
Verlaque, M., Ruitton, S., Mineur, F., Boudouresque, C.-F. 2015. CIESM Atlas of exotic species of the Mediterranean. Macrophytes. pp. [1]-362. Monaco:
CIESM Publishers.
Worm, B., Lotze, H.K., Sommer, U. 2001. Algal propagule banks modify competition, consumer and resource control on Baltic rocky shores. Oecologia 128:
281–293.
Wotton, D.M., O’Brien, C., Stuart, M.D., Fergus, D.J. 2004. Erradication success down under: heat treatment of a sunken trawler to kill the invasive seaweed
Undaria pinnatifida. Mar. Poll. Bull. 49: 844–849.
56

EU NON-NATIVE SPECIES RISK ANALYSIS – RISK ASSESSMENT TEMPLATE V1.0 (27-04-15) completed with the RA 2020 template

Yamase, H., Umemoto, K., Ooi, T., & Kusumi, T. 1999. Structures and absolute stereochemistry of five new secospatanes and a spatane isolated from the
brown alga Dilophus okamurai DAWSON. Chemical and Pharmaceutical Bulletin 47: 813-818.
Yoshida T., Nakajima Y., Nakata Y. 1990. Check-list of marine algae of Japan (revised in 1990). Japanese Journal of Phycology 38: 269–320.
Zanolla, M., Altamirano, M., Carmona, R., De La Rosa, J., Souza‐Egipsy, V., Sherwood, A., Andreakis, N. 2018a. Assessing global range expansion in a
cryptic species complex: insights from the red seaweed genus Asparagopsis (Florideophyceae). Journal of Phycology 54: 12-24.
Zanolla, M., Altamirano, M., De La Rosa, J., Niell, F.X., Carmona, R. 2018b. Size structure and dynamics of an invasive population of lineage 2 of Asparagopsis
taxiformis (Florideophyceae) in the Alboran Sea. Phyc. Research 66: 45-51.
Zanolla, M., Carmona, R., De La Rosa, J., Altamirano, M. 2018c. Structure and temporal dynamics of a seaweed assemblage dominated by the invasive lineage
2 of Asparagopsis taxiformis (Bonnemaisoniaceae, Rhodophyta) in the Alboran Sea. Mediterranean Marine Science 19: 147-155.
Zanolla, M., Carmona, R., Kawai, H., Stengel, D.B., Altamirano, M. 2019. Role of thermal photosynthetic plasticity in the dispersal and settlement of two
global green tide formers: Ulva pertusa and U. ohnoi. Marine Biology 166: 123. https://doi.org/10.1007/s00227-019-3578-1.

57

