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About Natural Resources Wales

Nat ur al Resources Walesd purpose is to pursu
resources. This means looking after air, land, water, wildlife, plants and soil to
i mpr ove Wding, s provedé d better future for everyone.

Evidence at Natural Resources Wales

Natural Resources Wales is an evidence based organisation. We seek to ensure that
our strategy, decisions, operations and advice to Welsh Government and others are
underpinned by sound and quality-assured evidence. We recognise that it is critically
important to have a good understanding of our changing environment.

We will realise this vision by:

Maintaining and developing the technical specialist skills of our staff;

Securing our data and information;

Having a well resourced proactive programme of evidence work;

Continuing to review and add to our evidence to ensure it is fit for the challenges
facing us; and

Communicating our evidence in an open and transparent way.

This Evidence Report series serves as a record of work carried out or commissioned
by Natural Resources Wales. It also helps us to share and promote use of our
evidence by others and develop future collaborations. However, the views and
recommendations presented in this report are not necessarily those of NRW and
should, therefore, not be attributed to NRW.
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Crynodeb Gweithredol

Mae Rhywogaethau Estron Goresgynnol morol yn fygythiad sylweddol i
fioamrywiaeth fyd-eang a gallant gael effeithiau cymdeithasol-economaidd andwyol
ar weithgareddau fel pysgota, morgludiant a dyframaethu. Er mwyn mynd i'r afael &
bylchau yn y wybodaeth, comisiynodd CNC Gymdeithas Fiolegol Forol y DU i gynnal
asesiad tystiolaeth ar gyfer 16 o Rywogaethau Estron Goresgynnol sydd naill ai'n
bresennol neu'n debygol o gyrraedd, ac a all beri risg ganolig i uchel i ecosystemau
morol. Asesodd y prosiect y risg i 41 o nodweddion cynefinoedd Ardaloedd Morol
Gwarchodedig Cymru sydd o bwys arbennig o ran cadwraeth a gweithrediadau
pysgodfeydd a dyframaethu, ac i rywogaethau targed.

lasesuef f ei t hi audr Rhywogaethau Estron Goresgyl
sefydledig o raddio effeithiau. Gwerthuswyd yr effeithiau posibl ar nodweddion

Ardaloedd Morol Gwarchodedig gan ddefnyddio methodoleg Dosbarthiad Effaith

Amgylcheddol Tacsonau Estron (EICAT). Mae'r dull hwn yn asesu effeithiau ar sail

deuddeg llwybr effaith ar rywogaethau a chynefinoedd (e.e. cystadleuaeth,

ysglyfaethu ac effeithiau strwythurol ar ecosystem). Cyfunwyd y sgorau effaith i

ddarparu sgor effaith gyffredinol ar gyfer pob Rhywogaeth Estron Goresgynnol

ynghyd & nodwedd gynefinoedd Ardal Forol Warchodedig. | asesu effeithiau ar

ddyframaeth a physgodfeydd, mabwysiadwyd methodoleg dosbarthiad effaith
gymdeithasol-economaidd tacsonau estron (SEICAT). Nodwedd greiddiol y dull hwn

yw ei fod yn defnyddio newidiadau yng ngweithgareddau pobl yn fesur cyffredin o
effaith. Mae'r ddaudn neilltuo effeithiau i
Cymedrol, Man neu Fach lawn. Os nad oedd digon o dystiolaeth i asesu effaith,

cofnodwyd hynfe |  6dDait faf. y gi ol 6

Cynhaliwyd adolygiad wedi'i dargedu o lenyddiaeth i gasglu tystiolaeth i asesu'r

effeithiau ar nodweddion Ardaloedd Morol Gwarchodedig, pysgodfeydd a

dyframaeth. Ategwyd yr adolygiad o dystiolaeth gan waith mewnol blaenorol ac

asesiadau risg Strategaeth Rhywogaethau Estron Goresgynnol Prydain Fawr

(GBNNSS). Canfu tim y prosiect arbenigwyr perthnasol ar gyfer pob Rhywogaeth

Estron Goresgynnol a chysylltwyd ©6r arbenig
ffeithiau derfynol a thaenlenni Excel i sicrhau ansawdd yr allbynnau ac i ddarparu

tystiolaeth ychwanegol.

Mae allbynnau'r prosiect yn cynnwys yr adroddiad hwn ynghyd & dau lyfr gwaith
Excel cryno sy'n cyflwyno sgorau asesiadau risg a hyder EICAT a SEICAT. Cyflwynir
y dystiolaeth ategol ar gyfer pob Rhywogaeth Estron Goresgynnol a aseswyd yn
atodiadau'r adroddiad hwn.

Dengys y canlyniadau fod nodweddion Ardal Forol Warchodedig yn debygol o ddod i

gysylltiad ag amrywiaeth o Rywogaethau Estron Goresgynnol, gyda phob

rhywogaeth a aseswydi 6 w c hael mewn amryw o gynefinoed ¢
nodweddi on syén dod i gysylltiad © nhwoén amr
effeithiau ar nodweddion Ardaloedd Morol Gwarchodedig, gweithrediadau

pysgodfeydd a dyframaeth, a rhywogaethau targed yn amrywio. Ystyriwyd mai 06
rhywogaethau sy'n gallu newid cynefinoedd a biofaeddu sydd fwyaf tebygol o arwain

at risgiau uwch. Gallai gastropodau ysglyfaethus beri effeithiau sylweddol ar
rywogaethau dwygragennog. Roedd cynefinoedd
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a thyfu molysgiaid ar swbstrad, mewn perygl mawr oherwydd Rhywogaethau Estron
Goresgynnol. Nid ystyriwyd bod dod i gysylltiad & mwyafrif y Rhywogaethau Estron
Goresgynnol yn debyg o arwain at effeithiau uniongyrchol ar iechyd a diogelwch, er y
nodwyd bod risgiau o ran codi offer oherwydd pwysau ychwanegol yn sgil biofaeddu,
a thoriadau gan gregyn neu anafiadau gan grafangau cramenogion, yn effeithiau
posibl.

Erys agweddau ansicr allweddol,ac maent wedi Ou crynhéri . Mae
gan ffactorau sy'n achosi straen mewn systemau cymhleth yn heriol, ac mae'r

adroddiad hwn yn amlinellué cafeatauabec y f yngi adau yngl Rn © chr el
adbu gweithredu
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Executive Summary

Marine Invasive Non-Native Species (INNS) are a significant threat to global
biodiversity and can have detrimental socio-economic impacts on activities such as
fishing, shipping and aquaculture. To address information gaps NRW commissioned
the Marine Biological Association of the UK to conduct an evidence assessment for
16 INNS species that are either present or likely to arrive and may cause medium to
high risk to marine ecosystems. The project assessed the risk to 41 Welsh Marine
Protected Area habitat features that are of particular importance to conservation and
fishery and aquaculture operations and target species.

To assess the impacts from INNS two established methods of ranking impacts were
adopted. Potential impacts on MPA features were evaluated using the Environmental
Impact Classification of Alien Taxa (EICAT) methodology. This approach assesses
impacts based on twelve impact pathways on species and habitats (e.g. competition,
predation and structural impacts on ecosystem). The impact scores were combined
to provide an overall impact score for each INNS X MPA habitat feature. To assess
impacts on aquaculture and fisheries, the socio-economic impact classification of
alien taxa (SEICAT) method was adopted. The core characteristic of this approach is
that it uses changes in people's activities as a common measure for impact. Both
assign impacts to the categories: Massive; Major; Moderate, Minor or Minimal
concern. If there was not enough evidence to assess impact this was recorded as
ODatdeficientd.

A targeted literature review was undertaken to collate evidence to assess the impacts
on MPA features, fisheries and aquaculture. The evidence review was supported by
previous in-house work and GBNNSS Risk Assessments. Relevant experts for each
INNS were identified by the project team and contacted to request a review of the
final factsheet and Excel spreadsheets to quality assure the outputs and provide
additional evidence.

The project outputs consist of this report and two summary Excel workbooks that
present the EICAT and SEICAT risk assessment scores and confidence. The
supporting evidence for each assessed INNS are presented in the annexes of this
report.

The results show that MPA features are likely to be exposed to a range of INNS with
all assessed species occurring in a range of habitats, although the number of
features exposed varied for each INNS. Impacts on MPA features and fishery and
aguaculture operations and target species varied. Species capable of altering
habitats and biofouling were considered most likely to lead to higher risks. Predatory
gastropods could lead to significant impacts on bivalve species. Biogenic habitats
comprised of molluscs and on-substrate cultivation of molluscs were at high risk from
INNS. Contact with most INNS was not considered likely to lead to direct health and
safety impacts, although lifting risks from added biofouling weight and cuts from
shells or injuries from clawed crustaceans were identified as potential impacts.

Key uncertainties remain and are summarised. Assessing the risk from stressors in
complex systems is challenging and this report outlines caveats and limitations in
creating and applying risk assessments.
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1 Introduction
1.1. Background

Marine Invasive Non-Native Species (INNS) are a significant threat to global
biodiversity and can have detrimental socio-economic impacts on activities such as
fishing, shipping and aquaculture. Biosecurity measures can prevent the spread of
INNS and limit the likelihood of a species entering an area in the first place; such
measures are particularly important for marine ecosystems, where eradication and
control techniques have been shown to be less effective. A previous study (Macleod
et al. 2016) assessed the environmental (with a particular focus on MPA

features) and socioeconomic impacts of 8 key marine INNS.

Natural Resources Wales are currently working with stakeholders to develop a cost-
effective biosecurity pl an frearofCors&vatbe n L1 yn
This will address the main pathways of introduction and spread of invasive non-

native species and minimise the risks to protected features and marine wild fisheries.

The project is funded by the European Maritime and Fisheries Fund and is a pilot for
developingcost-e f f ect i ve biosecurity pNManePRmotected f or We
Areas.

Unfortunately, existing impact data for the majority of marine INNS can be scarce
and/or impacts have not been quantitatively or experimentally studied over
sufficiently long temporal and broad spatial scales (Ojaveer et al., 2015). This
presents a challenge when prioritising the conservation aims and objectives for a
biosecurity plan.

To address information gaps NRW commissioned the Marine Biological Association
of the UK to conduct an evidence assessment for 16 INNS either present and
presenting high to medium risk to marine ecosystems or considered likely to arrive
and cause impacts in the near future. This report details the evidence gathering and
risk assessment methodology used to identify the potential impacts of INNS on
Welsh MPA features, fisheries and aquaculture. This piece of work does not replicate
previous work by Macleod et al. (2016) as it considers additional INNS with no
overlap in species between the two reports.

1.2. Aims

The purpose of this contract is to assess potential impacts of 16 INNS (see methods
section for species) on Welsh MPA features, commercial fisheries and aquaculture to
address knowledge gaps for biosecurity planning.

1.3. Project Outputs

The project outputs consist of this report and two summary Excel workbooks that
present the assessment matrices that identify the impact/risk level associated with

the INNS with confidence scores on MPA features and socio-economic impacts with
a focus on aquaculture and fisheries.

www.naturalresourceswales.gov.uk Page 14



1.4. Report Structure

This report consists of this introductory section and methods, results, discussion and
conclusion sections. Detailed technical information for each INNS is presented in the
accompanying annexes of this report (Annex 4-19). The information in the annexes
underpins the matrix assessments for both the EICAT and SEICAT assessments
(provided in separate Excel workbooks).

2 Methods

2.1. Non-native species evaluated by this project

Under the EU Marine Strategy Framework Directive (MSFD) a UK Monitoring and
Surveillance list for marine INNS has been developed by Stebbing et al. (2015) to
focus efforts on priority species and identify those that do or could have high
environmental impact.

The MSFD list has been adopted by NRW and the associated information has been
usedtodevel op a APriority Monitor iwhighisamo® Sur ve.l
specific to the INNS present and absent in Welsh waters. A scaled down list of INNS

(Table 1) has been taken from the list for this project. Although the assessment

process for compiling these lists has identified the INNS that may have a high impact,

there remains a lack of knowledge about their specific impacts on habitats, native

species and economic activities.
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Table 1. List of INNS taken from the Priority Monitoring and Surveillance List for Wales?
assessed by this project. More technical detail for each species is presented in the annexes
accompanying this report.

Ir_ig\liel of Scientific name* W‘

High risk Asterocarpa humilis Compass sea squirt 4
species for | Crepidula fornicata American slipper limpet 5
monitoring | Didemnum vexillum Carpet sea squirt 6
Eriocheir sinensis Chinese mitten crab 7
Watersipora subatra Red ripple bryozoan 8
Medium risk | Bonnemaisonia hamifera Bonnemai sonb6s |9
species for | Caprella mutica Japanese skeleton shrimp 10
monitoring | Crassostrea gigas (Magallana Pacific oyster 11
gigas)
Gracilaria vermiculophylla A red seaweed (no common | 12
(Agarophyton vermiculophyllum) name)
Diadumene lineata Orange-striped anemone 13
Ensis leei American jackknife clam 14
Species for | Rapana venosa Asian rapa whelk 15
surveillance | Urosalpinx cinerea American oyster drill 16
Homarus americanus American lobster 17
Mnemiopsis leidyi American comb jelly 18
Ocenebra inornata (Ocinebrellus | Asian/Japanese oyster drill 19
inornatus)
*Updated scientific names are shown in brackets, these are used throughout the report

2.2. MPA features evaluated by this project

Welsh Marine Protected Areas (MPAS) have been designated to protect a range of
features including mobile species and habitats. This project focusses on MPA
seabed habitat features. The full list of assessed features is presented in Annex 1. In
summary the project assessed the risk to 41 MPA habitats that are of particular
importance to conservation defined under various legislative instruments (see Table
2 below). The MPA features were aligned to biotope and sub-biotope features using
the JNCC Correlation Matrix that is available on-line? and shows relationships
between EUNIS (2004 and 2007 versions), the Marine Habitat Classification for
Britain and Ireland (v15.03) and habitats listed for protection.

Assessing the impacts of INNS for every species that occurs within an MPA feature
would be extremely challenging, not least because the composition of species is
likely to vary between the same MPA feature in different locations. Many species,
particularly those that are rare, small and without commercial or conservation value
are poorly studied with little information available on ecology and life history. To
address this, for each MPA feature characterising species were identified that were
important to provide physical structure, key functions or that characterised the
feature, such that their loss would result in the loss of the MPA feature. For MPA

1 https://gov.wales/sites/default/files/publications/2018-02/invasive-aquatic-species-
priority-marine-species.pdf
2 https://mhc.jncc.gov.uk/resources/
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features that are broadscale habitats the characteristic species within underlying
biotopes were considered.

For MPA features that are defined by the presence of species, such as oyster and
mussel beds and fragile anthozoan communities identifying key species is
straightforward. For broadscale habitats this is more challenging as a range of
different species may be present and work to identify typical species to support
management is ongoing. The loss of a characteristic species was considered by this
project to represent more of an impact to the feature than a similar decline or loss of
a typical species and this is taken into consideration in the assessment methodology
and impact categories (see Section 4.7 and Annex 2).

Table 2. Summary of MPA Features for which the risk of INNS establishment and impact was
assessed by this project. (For full list see Annex 1).

Number of

features

Source/relevant legislative instrument

EUNIS® Level 3 (substratum and energy level) and identified
as MPA features under ENG Guidance?*

OSPAR O6Threatened arrd decl i 4
Habitats of Principal Importance, identified under section 7
of the Environment (Wales) Act 2016°

Joint NERC/OSPAR features 2

2.3. Assessing the likelihood of MPA feature exposure

The starting point for risk assessments was to identify whether the MPA feature (for
EICAT based assessments) was likely to be exposed to the INNS. The likelihood of
presence in MPA features for each INNS was assessed using a five point scale (see
Table 3). We did not assess whether the species had been recorded in that MPA
feature in Wales or the likelihood of establishment, but these considerations did
inform the assessment of suitability and increased confidence in the assessment.

A number of MPA features, particularly broad-scale habitat features, may occur
across a wide range of conditions (such as a range of salinities) with a variety of
characteristic species present reflecting differences in habitat. Where possible the
likelihood of exposure was assessed for constituent biotopes within a feature to
support application of the assessments at a site specific level. The impact
assessments, however, consider only the worst-case level of impact for the MPA
feature.

3 https://eunis.eea.europa.eu/about

4 Natural England and JNCC (2010)

5 https://www.ospar.org/work-areas/bdc/species-habitats/list-of-threatened-declining-species-habitats
6 Environment (Wales) Act 2016 replaces section 42 of the Natural Environment and Rural
Communities Act (2006)
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Table 3. Assessment categories used to characterise presence of INNS within MPA features.

Presence Category Definition |

Suitable The MPA feature (or some constituent habitats) is
documented either in peer-reviewed literature or reports as
suitable, or proxy evidence from similar habitats around the
world indicates the habitat is suitable.

Potential Based on proxy evidence or similar habitat types the habitat
is judged likely to be suitable, but the evidence base or
density indicates that the habitat is in some way sub-
optimal or there are uncertainties around the evidence.
Unlikely There is considerable uncertainty around suitability and
there are some indications based on evidence or proxy
information that the MPA feature is unlikely to be suitable
for the species. If established this is considered likely to be
at low densities.

Not suitable There are strong indications, based on evidence or proxy
information that the MPA feature is not suitable for this
species.

No evidence No evidence was found to assess feature suitability and

proxy information was not available or suitable.

2.4. Fisheries and aquaculture activities assessed by this project

The risk assessment considers direct impacts on fisheries and aquaculture via
interactions which affect deployment and operation of gear and installations and
impacts on target or cultivated species. It does not consider indirect impacts or
ancillary activities (for example, impacts on gaining access or impacts on bait).

Key fishery and aquaculture operations (Table 4) were identified from studies on
fishing techniques known to occur, or to have recently been pursued, in Wales (Hall
et al., 2008; ABPmer, 2016).

Target species (Table 5) were identified from UK Sea Fisheries Statistics (MMO,
2018). In 2018 Welsh vessels caught 1 % of the UK landings and 3 % of the value.
The main target species were based on landing information for Welsh Ports (2014-
2018) and cross-checked against ICES sub-rectangle catches reported for main
target species. The final list of fisheries and aquaculture types was agreed with NRW
staff. While other fish species are reared in land-based fish farms in Wales, including
lump fish, these were disregarded as they are outside of the scope of this project.
The project did evaluate both commercial hand-gathering and social/recreational
gathering in the SEICAT assessments as these activities may overlap.
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Table 4. Main fishery and aquaculture activities likely to occur in Wales. INNS assessments
are based on the broader activity categories not sub-activities.

Activity category Sub-activities within category

Fisheries

Towed (demersal)

Beam trawl (shrimp)

Beam trawl (whitefish) (mixed demersal fish, epifauna)

Multi-rig trawls (mixed demersal fish, epifauna)

Light otter trawl (mixed demersal fish, epifauna)

Dredges (towed)

Scallops (King)

Scallops (Queen)

Mussels, clams, oysters

Static - pots/traps

Pots/creels (crustacea/ gastropods, whelks, peeler crab
traps)

Static - fixed nets

Gill nets (mixed fish, crustacea)

Trammels (mixed fish, crustacea)

Entangling (mixed fish, crustacea)

Passive - nets

Drift nets (demersal) (mixed fish, crustacea)

Lines

Longlines (demersal) (mixed fish)

Seine nets and other

Beach seines/ring nets (mixed fish)

Commercial hand-
gathering

Commercial diving; Commercial hand gathering in the
intertidal: winkles, mussels, cockles, lugworm (bait),
Ensis, peeler-crab (bait), ragworm (bait)

Aquaculture

Finfish

Cages: Atlantic salmon, sea trout, sea bass, sea bream

Shellfish - off bottom

Trestles (oysters)

Rope cultivation: mussels

Shellfish - on bottom

Ground lays: mussels, Pacific oysters, Native oysters,
clams
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Table 5. Summary of commercially targeted or cultivated species for which the risk of INNS
establishment and impact was assessed by this project. Unless otherwise indicated the
information is from the MMO landings report (MMO, 2018).

Demersal species Pelagic species Shellfish

Bass (Dicentrarchus Herring?® (Clupea Brown crab® (Cancer pagurus);

labrax)® harengus) Spider crabs (Maja squinado)®

Cod (Gadus morhua) Salmon? (Salmo salar) Lobsters (H203marus
gammarus)*

Hake (Merluccius Nephrops (Nephrops

merluccius) norvegicus)

Megrim (Lepidorhombus Scallops? (Pecten maximus,

whiffiagonis) Aequipecten opercularis)

Monkfish (Lophius

) ; Whelks (Buccinum undatum)?3
piscatorius)

Skates and Rays Cockle (Cerastoderma edule)?
Witch (Glyptocephalus Mussel (Mytilus edulis)?
cynoglossus)

Haddock! (Melanogrammus Common prawn (Palaemon
aeglefinus) serratus)®®

Plaice! (Pleuronectes

platessa) Native oyster (Ostrea edulis)
Sole! (Solea solea)

Whiting! (Merlangius

merlangus) Pacific oyster (Magallana
Sea trout? (Salmo trutta gigas)

trutta)
!Caught in ICES area but not landed (MMO, 2018);? information from Seafish’;® information
from Pantin et al. (2015).

2.5. Assigning target species to functional groups

To allow the assessments to be applicable if target species changed in the future and
to simplify reporting, target species were assigned to functional groups (Table 6 and
Table 7), based on feeding group, reproduction and larval types. The feeding groups
for fish were based on diet following the Greenstreet et al. (1997) classification.

The pelagic planktivore guild includes not only pelagic fish, but also all fish for which
plankton taxa constitute >80% of their diet by weight over their whole life. Demersal
benthivores are fish that feed almost exclusively on benthic invertebrates, so the
guild includes plaice, but not whiting (Merlangius merlangus) or cod, which consume
benthos but also have a high proportion of fish in their diet. Piscivores are those
species for which other fish constitute more than approximately one-fifth of the diet
by weight. No piscivore species feed exclusively on fish, however, so the distinction
between pelagic and demersal piscivores does not simply relate to the typical
position in the water column. The key distinction is between species that are
fundamentally piscivorous planktivores (pelagic piscivores, e.g. mackerels and tuna),
and those that are piscivorous benthivores (demersal piscivores, e.g. cod and
haddock, Melanogrammus aeglefinus).

7 https://lwww.seafish.org/article/introduction-to-the-wales-seafood-industry
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Table 6. Summary of functional group information for adult feeding groups, reproduction and
larval information for fish species. This information supported assessments of likely impacts

of the assessed INNS.

Species

Feeding group

Reproduction

Larval
information

Bass (Dicentrarchus
labrax)

Demersal piscivore

Pelagic eggs?®

Pelagic larvae®

Cod (Gadus morhua)

Demersal piscivore

Pelagic eggs?

Pelagic larvae?®

Hake (Merluccius
merluccius)

Demersal piscivore

Pelagic eggs?

Pelagic larvae?

Megrim (Lepidorhombus
whiffiagonis)

Demersal piscivore

Pelagic eggs?®

Monkfish (Lophius
piscatorius)

Demersal piscivore

Pelagic eggs (in
gelatinous ribbon)?

Pelagic larvae?

Skates and Rays Deme_rsal Benthlzc egg

benthivore cases
Witch (Glyptocephalus Deme_rsal Pelagic eggs? Pelagic larvae?®
cynoglossus) benthivore

Haddock(Melanogrammus
aeglefinus)

Demersal piscivore

Pelagic eggs?

Plaice (Pleuronectes

Demersal

Pelagic larvae,

H 2
platessa) benthivore Pelagic eggs igmﬁg’ al at
Demersal . Pelagic larvae
1 2 ’
Sole” (Solea solea) benthivore Pelagic eggs demersal at 7mm?

Whiting! (Merlangius
merlangus)

Demersal piscivore

Pelagic eggs?

Pelagic larvae?

Herring® (Clupea
harengus)

Pelagic planktivores

Demersal eggs
preference for
gravel?

Pelagic larval and
post-larval stages
2

Salmon (Salmo salar)

Pelagic piscivore

Not relevant
(spawns in rivers)

Sea trout (Salmo trutta
trutta)

Demersal piscivore

Not relevant
(spawns in rivers)

Sources 'Greenstreet et al. (1997); ?Information from Ellis et al. 2012; *FishBase
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Table 7. Summary of feeding groups, reproduction and larval information for commercially
targeted invertebrate species. This information supported assessments of likely impacts of
the assessed INNS.

Species Feeding group Reproduction Larval
type

Brown crab (Cancer Omnivore-crustaceans, including 1Adult females | *Pelagic
pagurus) the dog whelk Nucella lapillus, the | carry eggs larvae
winkle Littorina littorea, razor shells
Ensis spp., the mussel Mytilus
edulis, the cockle Cerastoderma
edule and the oyster Ostrea edulis.
Lobsters (Homarus !Omnivore- crabs, molluscs, !Adult females | *Pelagic
gammarus) urchins, starfish and polychaete carry eggs larvae
worms, but may also include some
fish, algae and zooplankton.
Nephrops norvegicus !Predator/scavenger-crustaceans IAdult females | Pelagic
but also molluscs and to a lesser carry eggs larvae
extent polychaetes and
echinoderms.

Scallops (Pecten 1Suspension feeder 1Spawner !Pelagic

maximus, Aequipecten larvae

opercularis)

Whelks (Buccinum !Predator/scavenger !Benthic

undatum) juveniles

Cockle (Cerastoderma | *Suspension feeder 1Spawner Pelagic

edule) (intertidal) larvae

Mussel (Mytilus edulis) | 'Suspension feeder 1Spawner Pelagic
larvae

Spider crabs (Maja Omnivore, scavenger; algae 1Adult females | 'Pelagic

squinado) carry eggs larvae

Common prawn 2Omnivore, algae and small !Adult females | Pelagic

(Palaemon serratus) invertebrates carry eggs larvae

Sources : ! BIOTIC; 2 Haig et al. (2014)

2.6. Risk assessment overview

The risk assessment method adopted by the project categorises an MPA feature or
socio-economic activityas 0 at r i s k 0 to @nvINNS iif & cowddbé exposed to
an INNS (habitat is suitable for INNS, see Section 4.3) and is sensitive to (impacted
by) the pressures produced by these species (such as predation or habitat change).
The level of risk is dependent on both the level of exposure (refer back to Section 4.3
above for assessment methodology) and the level of sensitivity (the magnitude of
impact). Figure 1 below outlines the risk assessment process for the EICAT
methodology (see Section 4.7), but the concept is also applicable to the SEICAT
assessments. The pressures produced by INNS for the purposes of this project were
defined as O0i mpact p a tftheMPAgeaturd isnetdkelpteloet i on 4.
exposed to the INNS in the future because it is considered unsuitable and there was
no evidence for occurrence elsewhere in the native or invaded range, then the impact
was not assessed.
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Are MPA habitat Are MPA habitat
features suitable features likely to
for INNS? be impacted?

=/

|

1 |
EINE v ] j

Minimal
Not assessed \
Concern

Assess Impact category
according to EICAT
Major, Massive, Moderate,
Minor or Minimal Concern

Figure 1. Risk assessment methodology overview. The level of exposure based on habitat

suitability and the likely level of impact were considered when developing EICAT
assessments.

2.7. Risk assessment methodology: EICAT assessments

The impact assessment criteria (impact pathways) and impact categories were
adopted from the Environmental Impact Classification of Alien Taxa (EICAT) project
(IUCN 2019), as these are well established, peer-reviewed and supported
internationally by experts. The EICAT methodology identifies twelve impact
mechanisms (impact pathways) by which alien taxa may cause deleterious impacts in
areas to which they have been introduced (Table 8 below). These are based on
previous work and aligned with those identified in the International Union for
Conservation of Nature (IUCN) Global Invasive Species Database (GISD). For each
pathway, there are five guidance criteria against which INNS are evaluated, to assign
the level of impact caused under that mechanism. The project adopted these impact
mechanisms to assess the level of current or potential impact these may have on
MPA habitat features and fisheries and aquaculture target species. Fuller guidance
to assess impacts is presented in Annex 2.

The EICAT risk assessments consider the likely impact on characteristic species,
those that are key structural or functional species/assemblages and/or those that
characterize the biotope groups that define the MPA features or associated sub-
features. Changes to characterizing species may result in loss or reclassification of
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the feature. Where biotopes that might be lost were of particular conservation interest
e.g. Ostrea edulis beds within the mixed sediment broad-scale habitat this was
flagged. The scores from the risk assessments are presented in the summary Excel
workbook that accompanies this report and the evidence and scores are provided in
Annex 4-22 of this report.

Table 8. Impact mechanisms identified by the EICAT project and adopted by the current
project to assess impacts on MPA habitat features and target species for fisheries and
aquaculture.

Impact Definition for impact on MPA habitat feature

mechanisms

1. Competition | The alien taxon competes with native taxa for resources (e.qg.
food, water, space), leading to deleterious impact on native
taxa.
2. Predation The alien taxon predates on native taxa, leading to deleterious
impact on native taxa.
3. Hybridisation | The alien taxon hybridises with native taxa, leading to
deleterious impact on native taxa.
4. Transmission | The alien taxon transmits diseases to native taxa, leading to

of disease deleterious impact on native taxa.

5. Parasitism The alien taxon parasitises native taxa, leading to deleterious
impact on native taxa.

6. Poisoning/ The alien taxon is toxic, or allergenic by ingestion, inhalation or

toxicity contact to wildlife, or allelopathic to plants, leading to
deleterious impact on native taxa.

7. Bio-fouling The accumulation of individuals of the alien taxon on the

surface of a native taxon (i.e. bio-fouling), leads to deleterious
impact on native taxa.

8. Grazing/ Grazing, herbivory or browsing by the alien taxon leads to

herbivory/ deleterious impact on native taxa.

browsing

9. Chemical The alien taxon causes changes to the chemical characteristics

impact on of the native environment (e.g. pH, nutrient and/or water

ecosystem cycling), leading to deleterious impact on native taxa.

10. Physical The alien taxon causes changes to the physical characteristics

impact on of the native environment (e.g. disturbance or light regimes),

ecosystem leading to deleterious impact on native taxa.

11. Structural The alien taxon causes changes to the structural biotope

impact on characteristics of the native environment (e.g. changes in

ecosystem architecture or complexity), leading to deleterious impact on
native taxa.

12. Indirect The alien taxon interacts with other native or alien taxa

impacts through | (through any mechanism, including pollination, seed dispersal,
interactions with | habitat modification, apparent competition, meso-predator
other species release), facilitating indirect deleterious impact on native taxa.
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2.8. EICAT Impact categories for MPA features: species and habitats

The EICAT impact categories adopted by this project are described in Table 9. In
order to capture habitat feature impacts, the project team added qualifiers for habitat
level impacts to the EICAT descriptors, these are shown in italics in Table 9 (below).

For each INNS x MPA feature combination an overall impact (risk assessment) score
was developed, based on the combined worst-case impact assessment (for any
impact mechanism).

MPA features which were not considered suitable, or for which there was no
evidence to assess suitability, were ONot as
of exposure (MPA feature is not at risk) or underlying uncertainty in impact.

The EICAT assessment impact scores for each pathway and the overall combined
impact score are provided in the EICAT Excel workbook that accompanies this
report. The supporting evidence and summary scores are provided in the species
factsheets in this report (Annexes 4-19).

Table 9. Impact categories and definitions adopted from the EICAT risk assessment
methodology. Habitat impact qualifiers were added (in italics).

Impact Definition for impact on MPA habitat feature

category

Massive Irreversible local, or global extinction of a native taxon
(i.e. change in community structure) and/or irreversible
change to habitat character, e.g. loss of biogenic habitat
or substratum type change, e.g. sediment to biogenic
habitat structured by INNS.

Major Native taxon local extinction (i.e. change in community

structure), and/or change to habitat character, e.g. loss of
biogenic habitat or substratum type change, e.g. sediment
to biogenic habitat structured by INNS which is reversible.

Moderate Native taxon population decline and/or alteration to key
habitat features but habitat is still recognisable.
Minor Performance of individuals reduced, but no decrease in

population size and/or some alteration to habitat but not
to degree that would impact key characterising species or
habitat categorisation, structure or functioning.

Minimal Negligible impacts, and no reduction in performance of
Concern nati ve t ax a sayligiblenimpactsion halaitat.s
Data deficient No evidence to assess.
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2.9. Assessing socio-economic impacts on aquaculture and fisheries (SEICAT)

The socio-economic impact classification of alien taxa (SEICAT) approach to
assessing the socio-economic impacts of non-native species on human welfare was
proposed by Bacher et al. (2018). This approach assesses the impact on human
capabilities. INNS can impact peopled spportunities through changes in
environmental factors, economic settings or social context. For the current project
assessments of socio-economic impact focused on aquaculture and commercial
fishing operations which largely map to the category of material assets (see Table
10). Some other impacts on human capabilities associated with these activities were
assessed under Health and Safety. Recreational and commercial hand-gathering are
partially overlapping activities. Recreational gathering was assessed under Social,
spiritual and cultural relationships. Impacts were noted where evidence was found,
for example the sharp shells of Magallana gigas may impact on access to fishing
grounds and impact collection of bait and other target species. The impact categories
are defined in Table 11.

Table 10. Relevant constituents of human well-being and examples of subcategories based
on those reported in Bacher et al. (2018).

Constituents of human Examples
well-being
Safety (combined with Personal safety e.g. safe handling of by-catch,
health for the SEICAT impacts on safe access or safe operations.
assessment)
Material and immaterial Adequate livelihoods - Direct and indirect impacts
assets on target species resulting in economic loss.
Access to goods -
Indirect effects on accessibility of target species or
habitats of target species.
Impacts on infrastructure and operations.
Impacts on farmed species.
Health (combined with Impacts on health.
safety for the SEICAT
assessment)
Social, spiritual and cultural | Recreational fishing and hand gathering.
relations
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Massive

Table 11. SEICAT |

mpact categories

Local disappearance of an activity from all or part of the area invaded
by the alien taxon. Change is likely to be permanent and irreversible
for at least a decade after removal of the alien taxon, due to
fundamental structural changes of socio-economic community or
environmental conditions (firegi me shif

Major

Local disappearance of an activity from all or part of the area invaded
by the alien taxon. Collapse of the specific social activity, switch to
other activities, or abandonment of activity without replacement, or
emigration from region. Change is likely to be reversible within a
decade after removal or control of the alien taxon.fi L o ¢ a |

di sappearanceo does not enmmnced sar
activities from the entire region assessed, but refers to the typical
spatial scale over which social communities in the region are
characterised (e.g. a human settlement).

Moderate

Negative effects on well-being leading to changes in activity size,
fewer people participating in an activity, but the activity is still carried
out. Reductions in activity size can be due to various reasons, e.g.
moving the activity to regions without the alien taxon or to other parts
of the area less invaded by the alien taxon; partial abandonment of an
activity without replacement by other activities; or switch to other
activities while staying in the same area invaded by the alien taxon.
Also, spatial displacement, abandonment or switch of activities does
not increase human well-being compared to levels before the alien
taxon invaded the region (no increase in opportunities due to the alien
taxon).

Minor

Negative effecto n  p e o p hbeirgybsuctvthdt the alien taxon
makes it difficult for people to participate in their normal activities.
Individual people in an activity suffer in at least one constituent of well-
being (i.e. health; safety; assets; and social and cultural relations).
Reductions of well- being can be detected through, e.g. income loss,
health problems, higher effort or expenses to participate in activities,
increased difficulty in accessing goods, disruption of social activities,
induction of fear, but no change in activity size is reported, i.e. the
number of people participating in that activity remains the same.

Minimal
Concern

No deleterious impacts reported despite availability of relevant studies
with regard to its impact on human well-being.

2.10. Confidence assessment

Confidence in MPA exposure and the EICAT and SEICAT impact categories was
assessed using the categories shown below in Table 12. It should be noted that the
confidence refers to the confidence in the impact assessment, i.e. the impact score,
not the impact pathway itself. For example, Rapana venosa is definitely a predator,
however when assessing predation we are not assessing the certainty that predation
will arise, but rather the level of confidence in the impact.
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Table 12. Confidence levels assigned to establishment and impact assessments.

Confidence | Definition of confidence level
Categor

High There is a good understanding of the habitat suitability (for
establishment assessments) or impact mechanism. The
assessment is based on known impacts in similar habitats and/or
similar characterising species, as evidenced by peer-reviewed or
other high-quality evidence. There is consensus among sources
and little variability in evidence of establishment or impact.
Medium Whilst there is an understanding of the habitat requirements (for
exposure assessments) or impact mechanism, there are some
uncertainties over the level of establishment or impact and this
may be based on limited evidence and/or proxy information such
as species traits or impacts on habitats and characterising
species that are relatively dissimilar. There is a majority
agreement between experts; but conflicting evidence/opposing
views exist or there is some variation in reports on the level of
establishment or impact.

Low There is limited or no understanding of the habitat suitability (for
establishment assessments) or impact mechanism. Experts may
disagree or there is little or no evidence to support the
assessment. There may be a wide variation in the evidence for
establishment and level of impact.

2.11. Overall risk and confidence scoring methodology for EICAT

The final impactandc onf i dence scores for O6Habitatdé anc
impact pathways were used in combination to come to an overall impact (risk) score.

The overall risk from an INNS for each MPA feature is based on the highest (worst-

case) impact score from any impact pathway. The confidence associated with that

impact is the confidence in the risk assessment. For exampl e: I f O6Mode
highest impact and it has an associated confidence score of 6 dw6then the final

confidence score was 6 L o Wliere there were two or more impacts of the same level

then the highest confidence score was used.
confidence and 6Moderated with high confiden
that was used.

2.12. Evidence review methodology

The evidence review to develop the EICAT and SEICAT assessments was
undertaken in three stages:

Stage 1: Collate available data from previous in-house projects undertaken by the
team and GBNNSS Risk Assessments8.

8 Available on-line at: http://www.nonnativespecies.org/index.cfm?pageid=143
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Stage 2: Conduct a literature review to identify MPA features, fisheries and
aguaculture services that could be impacted by each INNS. To determine which MPA
features, fisheries and aquaculture may be impacted by the INNS, the project team
conducted an initial high-level screening for overlap, based on evidence for INNS
distribution, environmental tolerances and habitat preferences (subsequently updated
throughout the literature review). This initial screening exercise identified evidence
gaps for the more detailed targeted review and for follow up and expert consultation
where necessary. A wide range of literature was sourced, including peer-reviewed
evidence and reports using Google and Google Scholar. Access to material was
supported by the holdings of the National Marine Biological Library which includes
subscriptions to a wide range of journals.

For each INNS, the evidence on species ecology, suitability of MPA features as
habitat and relevant impacts was collated in a draft factsheet. The final factsheets
provide the evidence that was used to develop the EICAT and SEICAT scores and
are presented as Annexes 4-19 in this report.

Stage 3: Expert consultation methodology. For each INNS, relevant experts were
identified by the project team and contacted. Experts were asked to review the
relevant species factsheet (presented as Annexes 4-19 in this report) and the
accompanying EICAT and SEICAT Excel spreadsheets. Experts were invited to
provide comments in any form, including comments that could be retained in the
species factsheet in the form of personal communications. To support experts the
EICAT methodology and the EUNIS correlation matrix that matches the EUNIS and
JNCC habitat classification was provided. The project team offered to support
experts by phone if required to discuss the methodology or any other aspects. The
expert opinion was used to confirm the information within these documents and to
add any additional information found to be missing, or alternatively to point out any
inaccuracies. Finally, if unable to review the factsheet, experts were invited to
suggest suitable individuals that might be able to do this. Unfortunately for some
species despite efforts we were unable to find a suitable expert to review the
factsheet.

www.naturalresourceswales.gov.uk Page 29



3 Results

3.1. Result outputs

The outputs of the assessment process consist of this report with the evidence and
summary scores provided in the species factsheets (Annexes 4-19) and two
summary Excel workbooks that provide the EICAT and SEICAT assessment matrices
that categorise the impact associated with each INNS. The assessments in the Excel
matrices are accompanied by confidence scores.

3.2. Review of MPA feature exposure

The suitability of each MPA feature was assessed for each INNS to evaluate the
likelihood that the feature would be exposed to the INNS. In some instances, MPA
features, particularly those that are broadscale habitats, represent a wide range of
biotopes. Where possible the suitability of constituent biotopes for INNS was
assessed within MPA features to identify which were most likely to be exposed. This
provides more information for managers and stakeholders to apply risk assessments
for specific sites. Any information used to develop the assessment was recorded in
the species factsheets (see Annexes 4-19).

Figure 2 (below) shows the number of MPA features/sub-features within each
suitability category for each INNS. The number of constituent biotopes or other sub-
features was not consistent between INNS, as the exposure assessments were
based on specific speciesdevidence. For example all of the A1.1 High energy littoral
rock broadscale habitat was considered unlikely to be suitable for Caprella mutica
(Annex 10), whereas the Pacific oyster M. gigas (Annex 11) was considered to be
found in some constituent biotopes but not those that were characterised by
macroalgae.

Figure 2 shows clearly that the number of MPA features and constituent biotopes
suitable for each species varies, and that some species appear to be found in a wider
range of habitats than others. For most species the number of habitats that were
considered to be suitable was a relatively small proportion of the assessed features
and a greater number were considered to be only potentially suitable or unlikely to be
suitable. The distribution between these categories indicates the underlying
uncertainty around occurrence in MPA features, with greater uncertainty attached to
assessments of potential and unlikely. Overall, the number of MPA features that
could not be assessed for each species is generally quite low.

Species for which a large number of MPA features were assessed as unsuitable are
those that are restricted to intertidal or subtidal environments such as R. venosa
(Annex 15) and Homarus americanus (subtidal), or were restricted by other factors
such as sediment type (Ensis leei Annex 14), or a combination of factors such as
light availability (depth) and substratum type for invasive macroalgae
(Bonnemaisonia hamifera, Agarophyton vermiculophyllum: Annex 9 and Annex 12,
respectively).

Epifaunal species such as Crepidula fornicata (Annex 5), Caprella mutica (Annex
10), Didemnum vexillum (Annex 6), Diadumene lineata (Annex 13) and Watersipora
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subatra (Annex 8) are considered likely to be able to colonise a wide range of
habitats. Confidence tended to be low for impacts resulting from the latter four
species due to a lack of records of occurrence in natural habitats as these tend to
currently be biofoulers of artificial structures in the invaded ranges.

No MPA seabed features were considered suitable for Mnemiopsis leidyi (Annex 18)

as the ctenophore has an exclusively pelagic life habit. There is much uncertainty

regarding the degree to which this species was responsible for observed changes in

fish populations in the Black Sea and whether it was a causal factor. While impacts

may ramify to benthic invertebrate species if larvae are predated on, there is no data

to support an assessment. Larval supply dynamics can be highly site specific and

influenced by a range of factors, such that any assessments would be subject to a

high degree of uncertainty. This evidence gap is discussed in Annex 18 and the

score for each MPA feature was O0data deficie

Asterocarpa humilis |
Crepidula fornicata I |
Didemnum vexillum I |
Eriocheir sinensis I |
Watersipora subatra I |
Bonnemaisonia hamifera I |
Caprella mutica L
Magallana gigas I |
Agarophyton vermiculophyllum |
Diadumene lineata I .
Ensis leei 1IN |

Rapana venosa il |
Urosalpinx cinerea I |
Homarus americanus I |
Mnemiopsis leidyi I
Ocinebrellus inornatus I ||
0 5 10 15 20 25 30 35 40 45 50 55 60 65

m Suitable m Potential Unlikely = Not suitable  No evidence

Figure 2. Number of MPA features (sub-features) identified for each exposure category for
each INNS. Note the detailed assessments and confidence levels are presented in the
EICAT summary table that accompanies this report. Features were assessed where possible
to constituent biotopes and the number of assessments do not sum to 41 for each species.
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3.3. Review of impacts on characterising species (EICAT)

The EICAT methodology adapted for this project assesses the impacts of INNS on
species that characterise MPA features through nine impact pathways. The range of
impact scores for each relevant impact pathway are shown in Tables 13 and 14
below. Impacts associated with INNS on characterising species within MPA features
ranged from minimal to major. No species was associated with massive impacts on
characterising species.

Competition, predation and biofouling were the main pathways by which INNS impact
characterising species of MPA features. Hybridisation and transmission of disease
were only associated with the American lobster, H. gammarus. (Annex 17). No
impacts were associated with parasitism, poisoning or toxicity.

Competition for space and structural changes would impact some characterising
species, particularly those that are present in high densities and form biogenic
habitats. These impacts were assessed through biofouling and the habitat impact
pathways (see Section 5.4) in order to avoid double counting impacts.
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Table 13. Summary of impacts on MPA features through the species impact pathways:
competition, predation, hybridisation, transmission of disease and parasitism.

Scientific name

Competition

Predation

Hybridisation

Transmission

of disease

Parasitism

A. humilis Minimal Not Not Not Not
applicable applicable applicable applicable

C. fornicata Minor- Not Not Not Not
Minimal applicable applicable applicable applicable

D. vexillum Minimal- Not Not Not Not
Major applicable applicable applicable applicable

E. sinensis Minimal- Minimal- Not Not Not
Moderate Major applicable applicable applicable

W. subatra Moderate Data Not Not Not
deficient applicable applicable applicable

B. hamifera Minimal- Not Not Not Not
Moderate applicable applicable applicable applicable

C. mutica Minor Not Not Not Not
applicable applicable applicable applicable

M. gigas Minimal- Not Not Not Not
Moderate applicable applicable applicable applicable

A. Minimal- Not Not Not Not
vermiculophyllum Moderate applicable applicable applicable applicable

D. lineata Minimal Data Not Not Not
deficient applicable applicable applicable

E. leei Minimal- Not Not Not Not
Moderate applicable applicable applicable applicable

R. venosa Minimal Minor-Major | Not Not Not
applicable applicable applicable

U. cinerea Minimal Minimal- Not Not Not
Moderate applicable applicable applicable

H. americanus Minimal Minimal Minimal Minimal- Not
Moderate applicable

M. leidyi Not Not Not Not Not
applicable applicable applicable applicable applicable

O. inornatus Minimal Minimal- Not Not Not
Moderate applicable applicable applicable
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Table 14. Summary of impacts on MPA features through the species impact pathways:

poisoning/toxicity, biofouling, grazing/herbivory/ browsing and indirect impacts.

Scientific name

Poisoning/

toxicity

Bio-fouling

Grazing/
herbivory/

browsing

Indirect
impacts -
interactions
with other

species

A. humilis Not applicable Minimal Not applicable Data deficient

C. fornicata Not applicable Minor- Massive Not applicable Data deficient

D. vexillum Not applicable Minimal-Major Not applicable Minimal-
Moderate

E. sinensis Not applicable Not applicable Minimal-Major Data deficient-
Moderate

W. subatra Not applicable Minor Not applicable Moderate

B. hamifera Not applicable Not applicable Not applicable Data deficient

C. mutica Not applicable Minimal Not applicable Major

M. gigas Not applicable Not applicable Not applicable Not applicable

A. Not applicable Minimal- Not applicable Minimal

vermiculophyllum Moderate

D. lineata Not applicable Minimal Not applicable Minimal

E. leei Not applicable Not applicable Not applicable Data deficient

R. venosa Not applicable Not applicable Not applicable Data deficient-
Moderate

U. cinerea Not applicable Not applicable Not applicable Not applicable

H. americanus Not applicable Not applicable Not applicable Data deficient

M. leidyi Not applicable Minimal Not applicable Major

O. inornatus Not applicable Not applicable Not applicable Not applicable
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3.4. Review of habitat impacts on MPA features (EICAT)

The EICAT methodology assesses impacts of INNS on habitats/ecosystem through
three impact pathways: chemical, physical and structural (Table 15). In order to avoid
double counting impacts, some physical impacts that could also have been assessed
as structural were clearly separated and assessed as physical. The summary scores
for the EICAT assessments are presented in the Excel workbook that accompanies
this report and the supporting evidence and summary scores are outlined in the
annexes to report (Annex 4-19).

There was little evidence to assess chemical impacts for most species. All organisms
will modify the chemistry of their immediate environment through nutrient cycling
associated with ingestion, respiration and excretion. Indirectly the burrowing activities
(bioturbation) of some infaunal species will also alter sediment oxygenation and
chemistry. Because chemical impacts would be expected to be density dependent
and additive, only organisms present in large abundances such as filter-feeding
bivalves, M. gigas (Annex 11) and the gastropod C. fornicata (Annex 5) were
considered capable of influencing local conditions.

Physical impacts such as sediment modifications, changes in hydrodynamics, and
changes in light regime by smothering surfaces are more readily observable than
chemical impacts. These impacts are associated with abundant or dense epifauna,
typically dense beds of molluscs, mats of algae and colonial organisms such as the
tunicate D. vexillum (Annex 6). Infaunal organisms such as E. leei (Annex 14) may
alter sediment characteristics through burrowing activities. Filter-feeding molluscs
deposit faeces and pseudofaeces and these can alter the physical properties of
sediments and their chemistry (although physical impacts are more frequently
reported).

Smaller and/or mobile species, such as H. americanus (Annex 17), predatory
gastropods (R. venosa, Urosalpinx cinerea and Ocinebrellus inornatus, Annexes 15,
16 and 19) were not considered to lead to direct physical impacts. However the
removal of reef-forming species through predation would alter the habitat structure of
MPA features. Similarly the presence of INNS that form epifaunal reefs or mats was a
key impact associated with a number of species (Table 15).
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Table 15. Summary of impacts on MPA features through the ecosystem impact pathways,
showing range of assessed impacts.

Chemical impact

Scientific name

Physical impact

Structural impact

on ecosystem

on ecosystem

on ecosystem

A. humilis Not applicable Data deficient Minimal

C. fornicata Minor Minimal-Massive Major-Massive

D. vexillum Not applicable Minimal-Major Minimal-Major

E. sinensis - Data deficient-Major | Data deficient-Major

W. subatra - Data deficient Minimal

B. hamifera Data deficient Data deficient Data deficient

C. mutica - - -

M. gigas Minimal-Moderate Minimal-Moderate Minor-Massive

A. vermiculophyllum | Data deficient Minimal-Moderate Data deficient-
Minimal

D. lineata Minimal Data deficient Minimal

E. leei Minor Minor-Major Data deficient

R. venosa Minimal Minimal Major

U. cinerea - - Minimal-Moderate

H. americanus - - Minimal

M. leidyi - - -

O. inornatus - - Minimal-Moderate

3.5.  Summary of MPA impact scores

The assessment scores for each INNS are displayed below in Figure 3 and Table 16.
From these it can be seen that the highest risk INNS that could lead to massive
impacts on some MPA features were the reef-forming molluscs M. gigas (Annex 11)
and C. fornicata (Annex 5). The impacts of these species on intertidal and subtidal
habitats respectively are well documented. Other INNS that occur at high densities
such as E. leei (Annex 14) may also have significant impacts on habitats, although

these are less studied.

Predators may have major to moderate impacts on MPA features where the prey
species characterise the MPA feature. Through impacts on biogenic reefs of
bivalves, the predatory gastropods, Rapa whelk (R. venosa Annex 15), U. cinerea
(Annex 16) and O. inornatus (Annex 19) were considered to have Major or Moderate
impacts on a number of MPA features. Uncertainties around the long-term impacts
on features were identified (see Section 6) for these species, as although impacts
from initial introduction on the existing habitat may be minimal, over time these could
become more severe through predation on juveniles. The resultant changes in
recruitment could reduce long-term maintenance of the habitat. Where predated
species are long-lived, such impacts may not be readily discernible in the short-term.
Such habitats would become increasingly vulnerable to other pressures as the
potential to recover through replacement of lost individuals is reduced.

Species with minimal impacts on MPA features were the American lobster (H.
gammarus), Diadumene lineata (Annex 13), C. mutica and Asterocarpa humilis
(Annex 4). To date D. lineata, C. mutica and A. humilis (Annex 4) are species mainly
found fouling artificial structures such as sea walls and pilings rather than natural
habitats, resulting in little evidence for impacts on MPA features.
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Asterocarpa humilis
Crepidula fornicata IIININGNGNGNGNGNGNGNGNGEEEEEN
Didemnum vexillum NG
Eriocheir sinensisiilililillig
Watersipora subatra
Bonnemaisonia hamifera
Caprella mutica
Magallana gigas I
Agarophyton vdermiculophyllum
Diadumene lineata
Ensis leei B
Rapana venosa NGl
Urosalpinx cinera
Homarus americanus
Mnemiopsis leidyi
Ocinebrellus inornatus

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42

W Massive ® Major Moderate Minor Minimal concern = Not assessed

Figure 3. Chart showing the risk assessment (overall scores) for MPA features by each
INNS.
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Table 16. Summary of overall EICAT scores for each INNS showing the number of MPA
features for each ranked assessment score: Massive, Major, Moderate, Minor and Minimal
Concern or Not assessed.

Scientific Massive Major Moderate Minor Minimal Not
name concern assessed

C. fornicata 0

M. gigas 9 3 3 9
D. vexillum 0 3 6 11 2
E. sinensis 0 11 5 3 12
R. venosa 0 6 15 0 13
E. leei 0 4 6 0 30
S\l:])\:I?JEICUIO- 0 0 14 6 11 10
W. subatra 0 0 13 3 23 2
U. cinerea 0 0 13 4 8 16
O. inornatus 0 0 10 8 16 7
H. americanus 0 0 3 0 28 10
B. hamifera 0 0 1 0 26 14
D. lineata 0 0 0 0 38 3
C. mutica 0 0 0 0 36 5
A. humilis 0 0 0 0 17 24
M. leidyi: Not included as al | habitat |1 mpacts have been ¢

3.6. MPA Vulnerability

An assessment of MPA vulnerability was undertaken to identify if some MPA features
were more at risk than others. Figure 4 (below) shows that the impact pattern varies
across MPA features with some more at risk than others. The assessment is
relatively basic and does not consider the impact categories weighted by the number
of INNS that could result in each impact category. Instead MPA features were ranked
by the EICAT impact categories (see Table 17 below). More than half of the
assessed MPA features were at massive risk from at least one INNS (Figure 4 and
Table 17). Impacted MPA features occurred across a range of habitats including
littoral and sublittoral, rock and sediments. Carbonate reefs were considered to be at
low risk although this may reflect evidence gaps as there was little information on
habitat parameters to support assessments.

The assessment shows that beds of the blue mussel were likely to be at risk of
massive impacts from 2 INNS and major impacts from 3 other species. Other
biogenic habitats (Ostrea edulis beds, Sabellaria alveolata reefs, Modiolus modiolus
beds and Musculus discors beds) littoral and sublittoral mixed sediments including
sheltered muddy gravels and littoral muds and sands, were also at risk of massive to
moderate impacts based on the EICAT scoring. These risks are driven largely by the
suitability of these habitats for the habitat altering species, M. gigas and C. fornicata.
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Littoral coarse sediments were least at risk, reflecting the mobility of the substratum
and height on the shore (based on JINCC/EUNIS biotope descriptions). This habitat is
characterised by the presence of few species, reflecting the general harshness of this
environment for marine and coastal species.

Coastal saltmarshes and saline reedbedsm
High energy littoral rock mmm
Moderate energy littoral rock mmm
Low energy littoral rock mmm
Atlantic and Mediterranean high energy infralittoral roc /s
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Figure 4. Chart summarising MPA feature risk assessments from INNS.
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Table 17. Scores for each MPA ranked by severity of impact and showing the number of
INNS species that were considered to exert each ranked assessment score: Massive, Major,
Moderate, Minor and Minimal Concern or Not assessed.

Blue mussel beds 4 | 0 5 2
Intertidal Mytilus edulis beds on mixed and sandy 3 |1 4 4
sediments

Littoral biogenic reefs 4 |1 5 5
Sheltered muddy gravels Ol 5 |2 6 1
Littoral mixed sediments 0O 3 | 2 5 4
Littoral mud 0Ol 3 2 4 5
Littoral sand and muddy sand ol 2 3 4 5
Sabellaria alveolata reefs 0O 0 |3 7 4
Ostrea edulis beds 5 |1 5 1
Sublittoral biogenic reefs 4 | 0 4 4
Modiolus modiolus beds 2 |1 5 4
Musculus discors beds 1 1 5 6
Sublittoral mixed sediments 4 3 6 1
Sublittoral macrophyte-dominated sediment * 3 |2 4 5
Maerl beds 2 |3 4 5
Tide-swept channels 1 2 7 4
Sublittoral sand 0 |4 6 4
Estuarine rocky habitat 0 |2 8 4
Sublittoral mud 0| 5 2 5 3
Mud habitats in deep water Ol 4 2 4 5
Intertidal underboulder/boulder communities 0O 4 1 7 3
Subtidal mixed muddy sediments o/l 3 3 7 2
Moderate energy littoral rock 0Ol 3 1 3 8
Sublittoral coarse sediment 0| 2 2 6 5
Low energy littoral rock ol 2 |1 7 5
High energy littoral rock o/l 1 1 5 8
Zostera beds 0 2 0 4 6
Seagrass beds 0 2 0 4 6
Littoral sediments dominated by aquatic 0 1 O 4 8
angiosperms

Atlantic and Mediterranean low energy infralittoral 0 2 |2 8 2
rock
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Atlantic and Mediterranean moderate energy 0 J 2 |1 4 7
circalittoral rock

Peat and clay exposures 0 J 5 |0 6 4
Coastal saltmarshes and saline reedbeds 0 J 1|0 4 10
Atlantic and Mediterranean low energy circalittoral 0 J 0 |3 6 6
rock

Atlantic and Mediterranean high energy circalittoral 0 J 0 |2 5 8
rock

Atlantic and Mediterranean moderate energy 0 J 0 |1 9 5
infralittoral rock

Atlantic and Mediterranean high energy infralittoral 0 J 0 |1 8 6
rock

Fragile sponge and anthozoan communities on 0 J 0 |1 6 8
subtidal rocky habitats

Sea-pen and burrowing megafauna communities O/ 0| 2 2 5 7
Carbonate reefs 0O/ 0 0 1 2 13
Littoral coarse sediment 0O/ 0 0 O 7 9

3.7. SEICAT Assessment Results: Health and Safety

Overall few species were considered to lead to health and safety impacts and INNS
are not anticipated to cause massive or major impacts on activities through effects on
health and safety. Two bivalves, E. leei (Annex 14) and M. gigas (11) have sharp
edges and have been reported as causing injuries to gatherers and recreational
users (assessed as Minor and Moderate risk, respectively). The crustaceans, H.
americanus (17) and Eriocheir sinensis (Annex 7) both have pincers and could cause
injuries if handled, risk from both of these was assessed as Minor. Biofouling INNS
can increase the weight of gear increasing the risk of lifting and handling injuries.
This has been reported as a concern for R. venosa egg capsules.

3.8. SEICAT assessments: Material Assets (Infrastructure and Operations)

The majority of the assessed INNS were not considered to cause direct risks to
fisheries and aquaculture operations (see Table 18 and Figure 5). Fishing activities
were considered at lower risk than aquaculture operations, with no commercial hand
gathering, mobile or static gear operations considered to be at massive or major risk
from INNS as most species were not considered to prevent gear being deployed.

INNS that might interfere with operations were those considered likely to clog or
damage gears deployed on the bottom. D. vexillum (Annex 6) was considered likely
to be captured by mobile gears, interfering with hauling and sorting and aggregations
of washed out E. leei shells (Annex 14) might clog lighter towed gears. Drifting
accumulations of the algae A. vermiculophyllum (Annex 12) have been recorded as
fouling gear, including boat propellers and this species was therefore considered to
potentially impact all operations.

The sharp shells of M. gigas (Annex 11) could interfere with beach seining operations
and access to fishing grounds by damaging nets. This species is restricted to the
shallow subtidal and reefs were not considered likely to affect other fishing
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operations using mobile gears that are typically deployed in deeper waters from
boats.

The crab E. sinensis (Annex 7) could interfere with deployment of static gear through
damaging or consuming catch.

Aquaculture operations were considered to be at higher risk from INNS with potential
massive or major risks from biofoulers. These could alter the suitability of sediments
for shellfish culture on sediments (on bottom) or could disrupt operations by growing
on cultivated species and infrastructure. Examples include D. vexillum (Annex 6), C.
fornicata (Annex 5) and M. gigas (Annex 11) which is itself a cultivated species that
can have adverse effects on cultivated individuals. (Predation risks are assessed
below for targeted and cultivated species and are another significant risk pathway.

Table 18 . Heat map showing assessed level of impact (risk) of each INNS for 11 types of
fishing/aquaculture activity. Key to impact ranks: MC=Minimal Concern; Mr= Minor;
Md=Moderate; Mj=Major; Ms=Massive; DD = Data Deficient.
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A. humilis

C. fornicata

D. vexillum

E. sinensis Mr |[MC|Md |Md | Mr [Mr [Mr | Md | MC | MC B\
W. subatra MC |MC | MC |MC | MC | MC | MC | MC | Md | Md | Md
B. hamifera MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC
C. mutica MC | MC | MC | MC | MC | MC | MC MCW
M. gigas MC | MC | MC | MC | MC | MC | Mr | Md | MC | Md

A. vermiculophyllum {Md | Md | Md |Md | Md | Md | Md [ Md | Md | Md | Md
D. lineata MC | MC | MC | MC | MC | MC | MC | MC | MC | DD | DD
E. leei Mr | MC | MC | MC | MC | MC | MC | MC | MC | Mr | DD
R. venosa MC [MC [Mr [ Mr | MC | MC | MC | MC | MC [ Md
U. cinerea MC | MC | MC | MC | MC | MC | MC | MC | MC | Md | Md
H. americanus MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC
M. leidyi MC | MC | MC | MC | MC | MC | MC | DD | MC | MC | MC
O. inornatus MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | Md
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2) Dredges (towed)
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4) Static - fixed nets
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Figure 5. Chart showing risk assessment categories for each assessed operation type.

3.9. SEICAT Aquaculture and Fisheries targeted species

In general INNS were not considered to directly impact most fish stocks and most
impactassess me nt s we r €o ndvH sea Tabigl19 below and Figure 6). Fish
species that have pelagic eggs, pelagic larvae and/or largely feed on fish were
considered unlikely to be directly impacted by INNS inhabiting benthic habitats.

Species of concern were the ctenophore M. leidyi (Annex 18), which may compete
with or predate on fish eggs and larvae. The impact assessments for this species
were highly uncertain (see Section 6.2 below). Epifaunal mat or reef-forming species
such as C. fornicata (Annex 5) and M. gigas (Annex 11) can alter habitat for species
that lay eggs or egg cases on the bottom and may interfere with feeding for fish that
predate on the benthos. E. sinenis (Annex 7) was considered to impact sea trout and
salmon through egg predation and habitat modification in the freshwater habitats
these use for breeding.
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Table 19. Summary of INNS impact assessments on fisheries target species. Key to impact
ranks: MC=Minimal Concern; Mr= Minor; Md=Moderate; Mj=Major; Ms=Massive; DD = Data
Deficient.
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A. humilis MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC
C. fornicata | MC | MC | MC | MC |MC |Md | MC | MC |Md | Md | MC | MC | MC | MC
D. vexillum MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC
E. sinensis Md | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC
W. subatra MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC
B. hamifera | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC
C. mutica MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC

M. gigas MC | MC | MC |MC |[MC |Mn [ MC | MC [ Mn | Mn | MC | MC | MC | MC
A. MC | MC |[MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC
vermiculo-

phyllum

D. lineata DD DD |DD |DD | DD |MC |DD | DD | DD | DD | DD | DD | MC | DD
E. leei MC |MC |[MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC

R. venosa MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC
U. cinerea MC |MC |MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC

H. MC | MC |MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC
americanus
M. leidyi | Mn | MC | MC

O. inornatus | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC | MC

Table 20 summarises INNS impact assessments for target invertebrate species.
Commercially targeted crustaceans were generally considered to be un-impacted by
INNS, although H. americanus was of concern due to the risk of disease
transmission to other decapod crustaceans. Assessing risk is subject to inherent
uncertainty regarding prevalence, spread and mortality rate from diseases and
confidence is low in the assessment (see Annex 14).

Consumption of pelagic larvae by M. leidyi (Annex 18) was considered to be a risk for
all species with a potentially significant major impact through predation or competition
with larvae. However, there is little evidence to assess impact and confidence in the
assessment was low.

The species assessed as most at risk were shellfish. These were assessed as being
at risk from habitat modification and competition from epifaunal INNS and/or
predation. The biofouling INNS C. fornicata (Annex 5) and D. vexillum (Annex 6) and
M. gigas (Annex 11) were all considered likely to impact molluscs through habitat
changes or biofouling.
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The blue mussel, Mytilus edulis was considered to be at risk from a number of
species including the aforementioned epifauna as well as predatory gastropods, R.
venosa, O. inornatus and U. cinerea (Annex 15, 19 and 16 respectively). These
species were considered to have lower impacts on cockles based on their infaunal
habitat and on scallops due to their ability to escape predators.

Overall, M. edulis and cultivated oysters were considered the most at risk species
from INNS with risk from predation, biofouling and competition (C. mutica, Annex 10).

Table 20. Summary of INNS impacts on invertebrate species targeted by fisheries. Key to
impact ranks: MC=Minimal Concern; Mr= Minor; Md=Moderate; Mj=Major; Ms=Massive; DD
= Data Deficient.
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A. humilis
C. fornicata
D. vexillum
E. sinensis Md {[MC [MC |MC |[MC |MC |MC |Md | Mr Mj
W. subatra MC |[MC |[MC |[MC |[MC |MC ([MC |MC |Md | Md
B.hamifera MC |[MC |[MC |[MC |[MC |MC |MC |MC |MC |MC
C. mutica MC |[MC |[MC |MC |[MC |MC |MC
M. gigas MC |[MC [MC |MC |MC |MC |MC
A. MC |[MC |[MC |[MC [MC |MC |[MC |MC |MC |MC
vermiculophyllum
D. lineata DD |DD |DD |DD |DD |DD |MC |DD
E. leei MC {[MC [MC |MC |MC |MC |MC |Md
R. venosa MC |[MC [MC |MC |MC | Md MC | Md
U. cinerea MC |[MC |[MC |[MC |[MC |MC ([MC |MC |Md | Md
H. americanus Md ([Md (Md Md |[Md |MC |MC |[MC |MC |MC
M. leidyi Mr MC
O. inornatus MC {[MC [MC |MC |MC |MC |MC |MC
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Figure 6. Chart showing risk assessment categories for each assessed targeted or cultivated
species.

3.10. SEICAT assessment: Social, spiritual and cultural relations

Table 21 (below) provides the summary assessments for impacts on recreational
gathering and collecting. Potential risks to this activity (Moderate impact) results from
M. gigas (Annex 11) and E. leei as these could impact activities through
accumulation of living reefs or accumulation of shell debris respectively where these
co-occur with activities. The shells of both species can inflict cuts but impacts from M.
gigas were assessed as a greater risk as the shells are more robust and have
sharper edges. Although not assessed, both species could also result in impacts on
general recreational users.

Cockle harvesting in the lower subtidal or subtidally could be affected by competition
and habitat modification by E. leei, while E. sinensis (Annex 7) was considered likely
to have a moderate impact on the collection of soft-shelled crabs for bait through
crab-tiling as it could outcompete these species.

The invasive red algae (B. hamifera and A. vermiculophyllum: Annex 9 and 12) could

alter the composition of intertidal algal communities and out-compete species
collected to make laver bread or make these more difficult to find. There was little
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evidence to support these assessments and the impact was considered to be
generally low (Minimal Concern).

Softer bodied biofouling species (C. mutica, D. vexillum, Annex 10 and Annex 6) and
large predators (R. venosa, H. americanus) were generally not present in the
intertidal. Smaller predatory gastropods (O. ornatus, Annex 19 and U. cinerea, Annex
16) that occur in intertidal habitats were not considered to predate significantly on
cockles and thus reduce stocks.

Table 21. Summary table of impacts on recreational gathering, including bait collection, crab
tiling, cockles and laver bread.

Scientific name @ Bait collection, laver bread, cockles.

vermiculophyllum

A. humilis No evidence, interaction considered unlikely.

C. fornicata Moderate impact. Intertidal bait and seaweed collection is
unlikely to be affected, some impacts on cockle harvesting may
occur through competition and replacement.

D. vexillum No evidence, interaction considered unlikely.

E. sinensis Moderate - Crab tiling likely to be impacted - also potential
predator of bivalves and worms.

W. subatra No evidence, interaction considered unlikely.

B. hamifera Minimal Concern: It may be more difficult to find and collect the
algae (laver) required for the making of laver bread if B.
hamifera becomes too abundant.

C. mutica No evidence, interaction considered unlikely.

M. gigas Moderate: M. gigas has sharp edges and may impede hand
collecting or gathering and access.

A Minimal Concern: It may be more difficult to find and collect the

algae (laver) required for the making of laver bread if A.
vermiculophyllum becomes too abundant.

D. lineata No evidence, interaction considered unlikely.

E. leei Moderate. Based on impacts on cockles, potential impacts
from cuts and accumulation of shell debris.

R. venosa Minimal Concern. No evidence, interaction considered unlikely.

U. cinerea

Minimal Concern. No evidence, interaction considered unlikely.

H. americanus

No evidence.

M. leidyi

No evidence, interaction considered unlikely.

O. inornatus

Minimal Concern. No evidence, interaction considered unlikely.
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4 Discussion

All the assessed species were considered likely to occur in some of the assessed
MPA features although the range of suitable habitats and likely exposure differed
between species. Where there was information to support assessments of suitability,
or evidence that high densities/abundances may occur this was recorded in the
factsheets. The relatively greater number of exposure assessments in the potential
and unlikely categories compared with suitable and not suitable reflects underlying
uncertainty in assessing habitat suitability for INNS.

The chosen EICAT and SEICAT methodologies provide a systematic approach for
the collation of existing evidence and balance uncertainty and gaps in that evidence,
in order to provide a basis for decision making. Nevertheless, the evidence base
itself is incomplete, both in relation to the assessed MPA features, and target and
cultivated species, and understanding of the effects of INNS. Hence, a degree of
expert judgement was often required by the project team to make assessments.
Where there was particular uncertainty this was flagged to expert reviewers with a
request for clarification if possible.

The main sources of uncertainty and gaps in knowledge were:

1 Lack of detailed ecological evidence for INNS interactions and effects on
species, and lifecycle and population dynamics;

1 Lack of evidence and understanding on the response of species, communities
and habitats to INNS;

1 Lack of detailed evidence compared to the EICAT and SEICAT benchmarks
and level of effects of INNS; and

1 Lack of understanding of the biology, life history and population dynamics of
species, the wider indirect links between species, and how those influence the
indirect effects of INNS.

Within the project we did not assess in-combination impacts from INNS. INNS may
lead to additive, synergistic or antagonistic impacts on other INNS and MPA features.
For example, evidence indicates that R. venosa as an invasive species may compete
with U. cinerea (Annex 16) in its native range (Mann and Harding, 2003). These
types of assessment were outside the scope of this project. However, from the
available project evidence in the EICAT assessment matrix, it would be possible to
assess which MPA features might be at greater risk due to potential exposure to
multiple INNS.

4.1. Evidence Gaps: Exposure, EICAT and SEICAT impacts

Evidence gaps were a key issue for assessing both the likely exposure of MPA
features to INNS and to ascertain impacts on the features and socio-economic
factors.

Where possible, information on native species ranges was used as a proxy to identify
suitable habitats. However, uncertainties remain as to whether these are directly
analogous with UK habitats. Aligning native habitat information and other evidence
from invaded ranges with the UK and EUNIS biotope classifications is not
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straightforward. For constituent biotopes within a feature that were not suitable for an
INNS the risk assessmentwas 0 Not assessed?d.

In some instances assessments were based on species that were not yet present in
the UK (e.g. R. venosa) or where the speciesbnative range was not well known and
there were few proxy records to assess suitable habitats.

The quality of evidence available to assess exposure varies between species and
between MPA features for a single species. For most species it was possible to
identify at least some MPA features that were considered suitable based on clear
evidence (sometimes numerous examples of directly relevant habitats from the UK).
Conversely, it was also usually possible to identify MPA features that were unsuitable
based on one or more factors. However, for most assessed species there were a
number of features where exposure was challenging to assess. Our approach was to
capture uncertainty through a five point exposure scale (Suitable- No evidence). This
exposure scale had the flexibility to discriminate clearly between MPA features.

The confidence assessments made throughout the sensitivity assessment process

were designed to demonstrate the source of the uncertainty in the evidence and the

degree of expert judgement and interpretation required to make an assessment. For
exampl 8p qHmbgity evidence may still not be d
assessment, and excellent evidence may disagree.

An additional uncertainty, is that where the assessment is based on a few single
speciesérecords it is not clear whether the species has established a sustainable
population or whether individuals are present as temporary vagrants traversing
unsuitable habitat (for mobile species) or displaced from suitable habitats.

Speciesdranges may also change over time, for example biofouling species that are
currently restricted to artificial structures, typically in marinas and harbours or other
artificial structures, such as A. humilis (Annex 4) and Watersipora subatra (Annex 8)
may spread over time to natural habitats. In some cases, in invaded ranges, the
number of colonised habitat types is increasing over time and current distribution
restrictions may alter as species acclimate to prevailing conditions, or climate change
increases habitat favourability.

Descriptions of INNS in natural habitats and their impacts typically include some

information on habitat types (typically sediment/substratum information), this was

rarely sufficient to confidently assess the habitat described to a biotope and in some

instances even relating evidence to broad-scale habit types was challenging. For

example, a study might describe aspeciesasoccupyi ng Oomuddyod sedi me
this statement it is not clear whether the described habitat is pure mud, sandy mud,

muddy sand or mixed sediment. Typically, from this description it would be assumed

that all these habitat types would be O6poten
differences between these habitats.

The project team found that evidence for wave exposure and current tolerances was

a specific evidence gap that led to uncertainty in assessing likely exposure. The lack
of information for these habitat characteristics is likely to reflect inherent variability in
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wave and current conditions and the lack of easily applied measurements without
specialised instruments and/or lack of widely accepted and applied scales.

Intertidal habitats are more accessible for researchers than subtidal and are better
studied. Thus sampling and monitoring bias, rather than patterns in habitat suitability,
may underlie some assessments. For example, intertidal colonisation by M. gigas
Annex 10 is well studied, but it is unclear whether the lack of information for subtidal
reefs of M. gigas reflects the absence of reefs or of observations. For subtidal
habitats there are considerable variations in the available evidence. There was little
information available to describe the MPA feature carbonate reefs and species that
might be associated with these. This particular evidence gap could be addressed in
the future.

There is a lack of basic biological knowledge about many common and ecologically
important benthic invertebrates (Tyler et al., 2011). Commercial, charismatic and
experimental model species have been better studied (e.g. oysters, mussels, shrimp,
crabs, corals), and yet little is known about otherwise common species (e.g. many
polychaetes, cnidarians, sponges, echinoderms), where an understanding of their
biology is often inferred from a relatively small number of the species in the group.
Information on population dynamics and life history characteristicsd vital for
assessing impactsd are lacking.

Finally, it should be noted that the exposure assessments are generic assessments
of suitability and cannot predict if a specific site will be colonised or not. Habitats that
are apparently suitable may fail to support populations. Multiple environmental
variables and other factors will influence whether INNS reach a site and become
established. Studies on native invertebrate species have found that many apparently
suitable habitats are not occupied, which is attributed to larval supply and settlement
failures and juvenile mortality (Armonies and Reise, 2003).

The assessments of impacts on MPA features were subject to similar uncertainties.
Assessments focussed on characteristic species of MPA features, rather than typical
species. This focussed the assessments on species that were considered key
structural, key functional or key to defining the biotope s(e.g. seapens define seapen
biotopes). This approach is pragmatic as it is not possible to assess all species likely
to be present and typical species . Thavenot
EICAT assessments are therefore largely based on characterising species and may
not address impacts on typical species found within the habitats which could be
substantial. For example, the loss of the European lobster from reef habitats and
replacement by American lobster, changes the character of the lobster population
present but this impact would be down weighted by the EICAT assessment
methodology. Application of the assessments should consider site-specific
conservation objectives and potential impacts on typical species.

To support SEICAT assessments evidence was collated on recorded impacts on
aguaculture and fishing operations and target or cultivated species. In some
instances there was clear evidence of impacts. As with the EICAT assessments more
evidence was available for readily observable impacts from biofouling and predation.
Information was readily available for biofouling of aquaculture gear from species such
as C. mutica (Annex 10) and for bivalve predation by predatory gastropods such as
R. venosa (Annex 15), U. cinera (Annex 16) and O. inornatus (Annex 19). The
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occurrence of these clear impact pathways are readily predictable although the scale
and the resulting impact on aquaculture is less uncertain as these again will be site
and operation specific.

Assessments for fish stocks and for fishing operations was more scant. For indirect
impacts such as predation on larvae (M. leidyi, Annex 18) and impacts on fouling of
spawning grounds by species such as D. vexillum (Annex 6) are subject to far
greater uncertainty around habitat exposure and the likely level of impact. The
importance of different types of benthic habitat to fish spawning, juvenile nursery
grounds and recruitment to adult population are uncertain. Without this information
assessing the likely impact for fish stocks was challenging and the majority of
assessments have low confidence. For target species that are closely associated
with benthic habitats such as scallops, evidence for impacts was largely based on
changes in habitat or predation. This provided an evidence base against which to
assess likely impacts. However, even where there are a number of studies the
resultant impacts can be unclear. For H. americanus (Annex 17), the impacts on
stocks are unknown, there could be disease, competition and hybridisation impacts
although ultimately stocks may be able to co-exist. Previous reports have found that
expert opinion is divided on whether H. americanus establishment will result in total
losses of Homarid lobsters or replacement of one species by another without a
change to the total stock (SWAM, 2016). This example highlights the inherent
uncertainty in predicting impacts in complex systems with multiple factors operating
over time and in different areas (e.g. interaction with habitat, larval supply,
recruitment and individual stock behaviours and ecology).

4.2. Species specific Evidence gaps

Asterocarpa humilis (Annex 4): The literature mentions that it could negatively
impact sessile, suspension feeding organisms through competition for space and
food resources. This could potentially have big implications on commercially valuable
species like mussels. However, data gaps exist around these issues and studies are
needed to understand the mechanisms and any impacts.

Crepidula fornicata (Annex 5): Impacts on rock habitats were a clear evidence gap.

Didemnum vexillum (Annex 6): Scientists suggest that this species could have far
reaching implications on native communities. However, there is a lack of
understanding regarding its impacts by altering benthic community structure and
decreasing benthic foraging ability of larger, mobile predators. Further studies are
needed to understand any implications this may have on fisheries species. This
species is not widely established in the UK on natural habitats and there are key
uncertainties in the extent and magnitude of colonisation.

Eriocheir sinensis (Annex 7). A key evidence gap was impacts on seagrass beds
through grazing which could be a key potential threat. The Chinese mitten crab is
known to feed on fish eggs the impact which this predation may have on species
laying eggs in river systems (particularly salmonids) is not fully understood, but may
be significant.
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Watersipora subatra (Annex 8): Little evidence was found to support assessments
of physical impacts on habitats. Its ability to overgrow and occupy space increases
sediment trapping and is likely to have implications with regards to water flow through
the turf community. No studies relating to these issues were found.

Bonnemaisonia hamifera (Annex 9): Key uncertainties relate to habitat level
impacts. It is speculated that mats induce sediment anoxia and other environmental
modi ficati ons whiailiella tp lhbaseal.r, stlevideace das O
found to assess potential smothering impacts from mats. Furthermore, experiments
have found that it may alter biological assemblages through changing grazer
behaviour. There are possibilities that this may ramify to higher tropic levels.
However, there is a lack of evidence from the field to further understand how these
interactions may work.

Caprella mutica (Annex 10): There is much in the literature regarding the propensity
for this species to foul aquaculture structures in large numbers but there are key
uncertainties regarding establishment in natural habitats and likely resultant impacts.
Some studies have found that it competes with mussels for food to the detriment of
the mussels. However, feeding studies on this species are limited and are largely
from the laboratory. There is a lack of field data to fully examine any impacts this
species may have with regards to competition for food with shellfish in the
aguaculture industries. There are also limited studies to suggest it has the ability to
reduce recruitment. The mechanisms for this are not understood and more studies
are needed.

Magallana gigas (Annex 11): Key uncertainties relate to the extent and magnitude
of subtidal colonisation with most studies restricted to intertidal habitats and impacts.

Agarophyton vermiculophyllum (Annex 12): Much of the literature contains
conflicting information with regards to its benefits of providing habitat, versus its
negative impacts through means of altering trophic dynamics and nutrient cycling.
There is evidence to suggest it may negatively impact seagrasses, although there
are data gaps with regards to its long-term effects on these habitats. Since seagrass
beds remain nationally scarce in the UK and their recovery from impacts can be slow
it remains crucially important to have a better understanding on any impacts A.
vermiculophyllum may have on UK populations.

Diadumene lineata (Annex 13): There is an evidence gap with regards to any
effects this species may have on commercially valuable species. D. lineata is known
to feed upon larvae of oysters. It can also form large clonal aggregations and is often
found in areas close to valuable shellfish populations. Its impact on these fisheries
has not been studied and is poorly understood.

Ensis leei: Impacts on native Ensis species and effects on infaunal communities are
unclear and require further investigation. Assessing indirect interactions such as
changes in trophic links and their effects are challenging to assess, yet it is apparent
that this species may be of concern due to competition with native bivalves. Mass
die-offs and the accumulation of shell debris occur but the long-term implications of
this for subtidal and intertidal habitats and the human activities that take place,
particularly fishing are unclear.
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Rapana venosa (Annex 15): This species is not yet established in the UK. Predation
impacts on commercial species are relatively well known although the magnitude of
these over longer timescales is uncertain. A key challenge for assessing impacts was
the degree to which predation on bivalves found within MPA features would alter the
status and classification of features, this represents more of a conceptual difficulty in
assessing risk to natural habitat features.

Urosalpinx cinerea (Annex 16) and Ocinebrellus inornatus (Annex 19): Temporal
aspects of impacts were challenging to assess for these species and were
highlighted as a concern. Over time the distribution or abundance of an INNS may
change, requiring updating of risk assessments. Particular challenges were identified
in the long-term aspect of predation by U. cinerea and O. inornatus on biogenic
bivalve reefs. When introduced to an area many adult bivalves may have already
reached size refugia from predation. However, if recruitment of juveniles is severely
restricted then in the long-term reefs will reach senescence and not be replaced. In
the speciesbnative range, predators may have restricted populations of other smaller
predators, and this predation release in introduced ranges may mean that impacts
between native and colonised habitats are different.

Homarus americanus: There are key uncertainties around the impacts on the native
lobster Homarus gammarus, the level of hybridization that is likely to occur between
the two species, and what implications this may have on native species, ecosystems
and lobster fisheries.

Mnemiopsis leidyi: There are key uncertainties around this specieséimpacts on fish
stocks and benthic species with pelagic eggs and/or larval stages. The key drivers for
impacts (predation versus competition are unresolved) and where changes in fish
stocks have been observed this was coupled with overfishing and eutrophication
pressures. Within the time constraints it was not possible to review the extensive
literature, also key uncertainties seem not to have been resolved by scientists
between invaded regions. Impacts on benthic habitats through competition and
predation on larvae were not assessed for MPA features due to the high level of
uncertainty. Based on information for fish stocks and some crustaceans, impacts on
target and cultivated species were assessed as Minor. Confidence is low.

4.3. Risk Assessment Application

A number of general limitations regarding the impact assessments should be
considered in their application:
1 The impact assessments are generic and NOT site-specific. They are based
on the I|ikely effects of an | NN/ pressure
biotope based on general characteristics of these features.
1 The impact assessments are general assessments that indicate the likely
effects of a given INNS (likely to arise from one or more impact pathways) on
MPA features or aquaculture and fisheries operations as represented in
Wales.
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1 The assessments have attempted where possible to take account of spatial or
temporal scales, e.g. seasonal variation in R. venosa egg laying, scale of
biogenic reefs in relation to M. gigas reefs.

1 The significance of impacts arising from pressures also needs to take account
of the scale of the features.

1 There are limitations in the scientific evidence on the biology and ecology of
MPA features and their responses to INNS on which the impact assessments
have been based.

1 The EICAT impact assessment methodology takes account of the level of
impact and the likely recovery to differentiate between the two most severe
impact ranks (massive and major). Eradication of INNS is difficult and recovery
will generally only occur where management measures are implemented.
There is the potential, therefore for all major impacts to become massive.

1 As a general rule, where the impact is ranked as higher, the need for
management measures is greater.

T A rank of 06 MiConoern daes notiiean ithat ad impact is possible
from a partxfealtar edl N&bi nation, only tha
judged to be likely based on the available evidence.
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5 Conclusions

To address information gaps NRW commissioned the Marine Biological Association
of the UK to conduct an evidence assessment for 16 INNS species, either present
and presenting high to medium risk to marine ecosystems, or considered likely to
arrive and cause impacts in the near future. The project assessed the risk to 41
Welsh Marine Protected Area habitat features and characteristic species that are of
particular importance to conservation. The project also assessed the risk to fishery
and aquaculture operations in Wales and the associated targeted or cultivated
species.

To assess impacts from INNS two established methods of ranking impacts were
adopted. MPA feature impacts were assessed using the Environmental Impact
Classification of Alien Taxa (EICAT) methodology. This approach assesses impacts
based on a number of impact pathways on species and habitats (e.g. competition,
structural impacts on ecosystem). To assess impacts on aquaculture and fisheries
the Socio-economic impact classification of alien taxa (SEICAT) method was adopted
The core characteristic of this approach is that it uses changes in people's activities
as a common measure for impact

For each assessed species a factsheet (Annexes 4-19) was created to record the
evidence and basis for the assessments. Evidence on the effects of each INNS on
MPA features, fisheries and aquaculture was reviewed. A range of experts were
approached to review the factsheets and the Excel workbooks produced by this
project. Overall there were few changes to EICAT and SEICAT scores suggested by
the experts but the review was extremely valuable to provide additional quality
assurance to the factsheets and to identify additional evidence or expert opinion.

Each assessment was accompanied by an assessment of the quality of the
evidence, its applicability to the assessment and the degree of concordance
(agreement) between the items of evidence to create an assessment of the overall
confidence in the impact score.

Species capable of altering habitats and biofouling were considered most likely to
lead to the greatest impacts on MPA features and aquaculture operations: the Pacific
oyster (M. gigas) and the slipper limpet (C. fornicata) were assessed as likely to
cause severe impacts to a range of intertidal and shallow subtidal MPA features and
to damage aquaculture operations through impacts on substrates used for cultivation
and by biofouling individuals. These species are both present in Wales and likely to
expand further. Other species likely to have major effects on MPA features are the
tunicate D. vexillum which is currently found mostly on artificial structures but has the
potential to colonise natural habitats.

Predatory gastropods such as the Rapa whelk, R. venosa (Annex 15) could lead to
significant impacts on bivalve species and the biogenic habitats these create and to
impact these where they are cultivated species for aquaculture. R. venosa is
currently not established in Wales but presents a potential threat. The oyster drills U.
cinerea and O. inornatus could also pose a threat in the long-term to MPA features
characterised by bivalves through effects on recruitment. Aquaculture operations
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could also be affected where oysters and mussels are predated upon by these
species.

More than half of the assessed MPA features were at massive risk from at least one
INNS. Reflecting the range of INNS distributions, impacted MPA features occurred
across a range of habitats including littoral and sublittoral rock and sediments. A
simple ranking assessment showed that beds of blue mussel were the feature most
likely to be severely impacted by multiple INNS. They were considered to be at risk of
massive impacts from two INNS (C. fornicata and M. gigas) and major impacts from
three other species (D. vexillum, E. sinensis and R. venosa).

The higher levels of impact risks from INNS to MPA features were driven largely by
the suitability of the habitat for M. gigas and C. fornicata and the likelihood and
severity of habitat changes resulting from these species. MPA features at risk from
these species include biogenic habitats (Ostrea edulis beds, Sabellaria alveolata
reefs, Modiolus modiolus beds and Musculus discors beds) and littoral and shallow
sublittoral sediments and rock features.

Little evidence was found for impacts on fish stocks and fishing operations. In
general INNS are unlikely to prevent the operation of mobile gears although these
are concerns that gears could be clogged by species that are present in large
quantities such as aggregations of M. leidyi or large colonies of D. vexillum. The
razorfish E. leei could also disrupt mobile gears where large numbers of empty shells
are caught. These species could impose sorting costs. Biofoulers that grow on target
species such as C. fornicata could impose cleaning costs for catch such as scallops.

Indirect effects through competition and changes in supply and habitat suitability and
food supply are challenging to access. There is little information of key nursery
grounds for many fish species and interaction between INNS and juveniles has rarely
been assessed. Biofouling species and predators are most likely to affect habitat
suitability and food supply but there are few studies to support this and assessments
for impacts on fish stocks are low.

Aquaculture operations were considered to be at higher risk from INNS with potential
massive or major risks from biofoulers. The species assessed as most at risk were
shellfish. These were assessed as being at risk from habitat modification and
competition from epifaunal INNS and/or predation. The biofouling INNS C. fornicata
(Annex 5) and D. vexillum (Annex 6) and M. gigas (Annex 11) were all considered
likely to impact molluscs through habitat changes or biofouling.

The blue mussel, Mytilus edulis was considered to be at risk from a number of
species including the aforementioned epifauna as well as predatory gastropods, R.
venosa, O. inornatus and U. cinerea. Overall, M. edulis and cultivated oysters were
considered the most at risk species from INNS with risk from predation, biofouling
and competition.

Contact with most INNS was not considered likely to lead to direct health and safety
impacts, although lifting risks from added biofouling weight and cuts from shells or
injuries from clawed crustaceans were identified as potential impacts. Although not
specifically considered, consumption of INNS can also lead to health risks. Uptake of
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toxic dinoflagellates by M. gigas could result in severe health risks to humans but
these risks are dependent on exposure to toxins and are not specific to M. gigas and
were not assessed.

Throughout the report we have emphasised that the impact assessments are
associated with a number of uncertainties and limitations. The results, while useful,
should be interpreted with caution, particularly with regard to inherent uncertainties
around sensitivity of habitats and species and the exposure to INNS which are
influenced by numerous variables. The lack of evidence for impacts on fisheries in
particular was identified as a key limitation of the study that strongly affects the
results of the risk assessment. Limitations in the methodology and the application of
sensitivity assessments were outlined. There was limited evidence to assess the
effects of INNS on most MPA features and the assessed activities, particularly on fish
stocks.

In summary, this project has increased our understanding of the pressures that may
arise from INNS on MPA seabed habitats and species and has developed a humber
of impact assessments for aquaculture and fisheries operations to support
management although these should be used cautiously due to the identified evidence
gaps, uncertainties and limitations identified.

We recommend that future work should be undertaken to address evidence gaps and
that assessments should be focussed at the local MPA site level and habitat level to
further refine understanding of impacts for local sites and socio-economic activities.
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Annex 1 MPA habitat features

Table 1.1. Welsh MPA Broad-scale Habitat features (EUNIS Level 3) as identified within

Ecological Network Guidance.
Broadscale habitats EUNIS Code

High energy littoral rock Al.1l
Moderate energy littoral rock Al.2
Low energy littoral rock Al.3
Littoral coarse sediment A2.1
Littoral sand and muddy sand A2.2
Littoral mud A2.3
Littoral mixed sediments A2.4
Coastal saltmarshes and saline reedbeds A2.5
Littoral sediments dominated by aquatic angiosperms A2.6
Littoral biogenic reefs A2.7
Atlantic and Mediterranean high energy infralittoral rock A3.1
Atlantic and Mediterranean moderate energy infralittoral rock A3.2
Atlantic and Mediterranean low energy infralittoral rock A3.3
Atlantic and Mediterranean high energy circalittoral rock A4.1
Atlantic and Mediterranean moderate energy circalittoral rock A4.2
Atlantic and Mediterranean low energy circalittoral rock A4.3
Sublittoral coarse sediment A5.1
Sublittoral sand Ab5.2
Sublittoral mud A5.3
Sublittoral mixed sediments A5.4
Sublittoral macrophyte-dominated sediment A5.5
Sublittoral biogenic reefs A5.6
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Table 1.2. Welsh MPA Habitat features as identified within Ecological Network Guidance
from the OSPAR Threatened and Declining List and Habitats of Principal Importance
(Section 42 NERC, 2006).

Feature name OSPAR or Habitat of
Principal Importance

Blue mussel beds NERC (all)

Carbonate reefs NERC (Wales only)

Estuarine rocky habitat NERC (all)

Fragile sponge and anthozoan communities on NERC (all)

subtidal rocky habitats

Intertidal Mytilus edulis beds on mixed and sandy OSPAR

sediments

Intertidal underboulder/boulder communities NERC (all)

Maerl beds OSPAR / NERC (all)

Modiolus modiolus beds OSPAR / NERC (all)

Mud habitats in deep water NERC (all)

Musculus discors beds NERC (W)

Ostrea edulis beds OSPAR

Peat and clay exposures NERC (E, W & NI)

Sabellaria alveolata reefs NERC (all)

Seagrass beds NERC (all)

Sea-pen and burrowing megafauna communities OSPAR

Sheltered muddy gravels NERC (all)

Subtidal mixed muddy sediments NERC (W)

Tide-swept channels NERC (all)

Zostera beds OSPAR

www.naturalresourceswales.gov.uk Page 61



Annex 2 Environment impact categories based on EICAT

Massive

Major

Moderate

Minor

Minimal Concern

Categories

Causes local
extinction of
characterising
species (i.e., taxa
vanish from
communities at sites
where they occurred
before the alien
arrived), OR
characteristic habitat
features would be
reclassified, i.e. the
habitat feature (or
sub-features) is lost.,
which is irreversible;
even if the alien
taxon is no longer
present the native
taxon cannot
recolonize the area.

Causes local or
subpopulation
extinction of at least
one characterising
species (i.e., taxa
vanish from
communities at sites
where they occurred
before the alien
arrived); which is
reversible if the alien
taxon is no longer
present OR
characteristic habitat
features would be
reclassified, i.e. the
habitat feature (or sub-
features) is lost. A
number of species may
be lost from the wider
biological assemblage.

Causes population
declines in at least one
characterising species,
but no local population
extinctions.
Modification of
characteristic features
of habitats would be
noticeable but would
not result in
reclassification of
habitat features (or
sub-features) but
characterising species
may be impacted and
characterising species
would decline. There
may be wider impacts
on the typical biological
assemblage and some
taxa may be lost.

Causes reductions in
individual performance
(e.g., growth,
reproduction, defence,
immune-competence)
of characteristic
species but no declines
in local native
population sizes.
Although there may be
some minor
modification of
characteristic features
of habitats these do not
result in reclassification
or loss of suitability of
characterising species
such that these would
be lost. Other typical
species within the
biological assemblage
may decline or be lost.

Negligible level of
impacts; no reduction
in performance (e.qg.,
growth, reproduction,
defence, immune-
competence) of
individuals of native
taxa and no changes to
key characteristic
features of habitat OR
the impact
mechanisms is not
applicable.
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(1)

Competition

Competition resulting
in replacement or
local extinction of
one or several
characterising
species resulting in
reclassification and
loss of the habitat
feature (or loss of
sub-features);
changes are
irreversible.

Competition resulting in
local population
extinction of at least
one characterising
species resulting in
loss of the habitat (or
loss of sub-features)
but changes are
reversible when the
alien taxon is no longer
present.

Competition resulting in
a decline of population
size of at least one
characterising species,
but no local population
extinction. Other
species within the
biological assemblage
may be more severely
impacted or lost.

Competition affects
performance of native
characterising species
without decline of their
populations. Other
typical species within
the biological
assemblage may
decline or be lost.

Negligible level of
competition with native
taxa; reduction of
native characterising
species is not
detectable or there is
no competition. There
may be some declines
in other species within
the typical biological
assemblage.

(2) Predation

Predation results in
local extinction of
one or several
characterising
species resulting in
reclassification and
loss of the habitat
feature (or loss of
sub-features);
changes are
irreversible.

Predation results in
local population
extinction of at least
one characterising
species resulting in
loss of the habitat
feature (or loss of sub-
features); but changes
are reversible when the
alien taxon is no longer
present.

Predation results in a
decline of population
size of at least one
characterising species,
but no local population
extinction. Other
species within the
biological assemblage
may be more severely
impacted or lost.

The alien taxon preys
on native
characterising species,
without leading to a
decline in their
populations. Other
typical species within
the biological
assemblage may
decline or be lost.

Not applicable;
predation on native
taxa is classified at
least as MN. Reduction
of native characterising
species is not
detectable or there is
no competition. There
may be some declines
in other species within
the typical biological
assemblage. If the
species is not a
predator then the
assessment
applicabl ebd
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3) Hybridisation Hybridisation between | Hybridisation between | Hybridisation between | No hybridisation

Hybridisation | between the alien the alien taxon and the alien taxon and the alien taxon and between the alien
taxon and native native taxa leading to native non- native taxa is observed | taxon and native
characterising taxa the loss of at least one | characterising taxa is in the wild, but rare; no | characterising species
leading to the loss of | pure native population | regularly observed in decline of pure local observed in the wild
at least one pure (genomic extinction), the wild; there may be | native populations (prezygotic barriers),
native population resulting in loss of the a local decline of leading to habitat hybridisation with a
(genomic extinction) | habitat (or loss of sub- | populations of at least | feature or sub-feature native taxon is possible
resulting in features); but changes | one characterising classification. Other in captivity. There may
reclassification and are reversible when the | native taxon, but pure species within the be some declines in
loss of the habitat alien taxon is no longer | native taxa persist. Non | biological assemblage | other species within
feature (or loss of present. characterising species | may be hybridised. the typical biological
sub-features); within the biological assemblage. If there is
changes are assemblage may be no evidence for
irreversible, pure more severely hybridisation then the
native taxa cannot impacted or lost. assessment
be recovered even if applicabl ed
the alien and hybrids
are no longer
present.

4) Transmission of Transmission of Transmission of Transmission of The alien taxon is a

Transmission
of disease or
parasites

disease or parasites
to native taxa
resulting in local
extinction of one or
several
characterising
species resulting in
reclassification and
loss of the habitat
feature (or loss of
sub-features).
Changes are
irreversible.

disease or parasites to
native taxa resulting in
local extinction of at
least one at least one
characterising species
resulting in loss of the
habitat (or loss of sub-
features); but changes
are reversible when the
alien taxon is no longer
present.

disease or parasites to
native taxa resulting in
a decline of at least
one characterising
species but no local
extinction. Disease
may be more severely
affecting other species
typical within the
biological assemblage,
including loss of some
populations and it has
been found in native
and alien co-occurring

disease or parasites to
native taxa affects
performance of one or
more characterising
species without leading
to a decline of their
populations; alien taxon
is a host of a disease
which has also been
detected in native taxa.
Other typical species
within the biological
assemblage may
decline or be lost.

host or vector of a
disease or parasites
transmissible to native
taxa but disease not
detected in native taxa;
reduction in
performance of native
individuals is not
detectable.
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individuals (same time
and space.

(5)
Parasitism
This impact
mechanisms
is restricted
to species
that are
parasites

Parasitism by the
alien taxa will directly
result in local
extinction of one or
several
characterising
species resulting in
reclassification and
loss of the habitat
feature (or loss of
sub-features).
Changes are
irreversible.

Parasitism by the alien
taxa will directly result
in local population
extinction of at least
one characterising
species resulting in
loss of the habitat
feature (or loss of sub-
features); but changes
are reversible when the
alien taxon is no longer
present.

Parasitism by the alien
taxa will directly result
in a decline of
population size of at
least one
characterising species,
but no local population
extinction. Other
species within the
biological assemblage
may be more severely
impacted or lost.

Parasitism by the alien
taxa will directly affect
performance of
characterising species
without decline of their
populations. Other
typical species within
the biological
assemblage may
decline or be lost.

Negligible level of
parasitism or disease
incidence (pathogens)
on native taxa,
reduction in
performance of native
individuals is not
detectable. If the
species is not a
parasite then the
assessment should be
6Not applic
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(6)

The alien taxon is

The alien taxon is

The alien taxon is

The alien taxon is

The alien taxon is

Poisoning/ toxic/allergenic by toxic/allergenic by toxic/allergenic by toxic/allergenic by toxic/allergenic/
toxicity ingestion, inhalation, | ingestion, inhalation, or | ingestion, inhalation, or | ingestion, inhalation, or | allelopathic, but the
or contact to wildlife | contact to wildlife or contact to wildlife or contact to wildlife or level is very low,
or allelopathic to allelopathic to plants, allelopathic to plants, allelopathic to plants, reduction of
plants, resulting in resulting in local resulting in a decline of | affecting performance performance of native
local extinction of at | population extinction of | population size of at of characterising individuals is not
least one or several at least one least one species, without detectable. If there is
characterising characterising species | characterising species, | decline of their no evidence for
species resulting in resulting in loss of the | but no local population | populations. Other poisoning/toxicity then
reclassification and habitat (or loss of sub- | extinction. Other typical species within the assessme
loss of the habitat features), but changes | species within the the biological applicabl ed
feature (or loss of are reversible when the | biological assemblage | assemblage may
sub-features); alien taxon is removed. | may be more severely | decline or be lost.
changes are impacted or lost.
irreversible.
(7) Bio- Bio-fouling or other Bio-fouling or other Bio-fouling or other Bio-fouling or other Negligible level of
fouling or direct physical direct physical direct physical direct physical biofouling or direct
other direct disturbance resulting | disturbance resulting in | disturbance resulting in | disturbance affects physical disturbance
physical in local extinction of | local population a decline of population | performance of on native taxa;

disturbance

at least one or
several
characterising
species resulting in
reclassification and
loss of the habitat
feature (or loss of
sub-features);
changes are
irreversible.

extinction of at least
one characterising
species resulting in
loss of the habitat (or
loss of sub-features),
but changes are
reversible when the
alien taxon is no longer
present.

size of at least one
characterising species,
but no local population
extinction. Other
species within the
biological assemblage
may be more severely
impacted or lost.

characterising species
without decline of their
populations. Other
typical species within
the biological
assemblage may
decline or be lost.

reduction in
performance of native
individuals is not
detectable. If there is
no evidence for
biofouling, i.e. mobile
species, those that
attach to substratum
only etc, then the
assessment
applicabl ebd
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(8) Grazing/

Herbivory/grazing/

Herbivory/grazing/

Herbivory/grazing/

Herbivory/grazing/

Negligible level of

herbivory/ browsing resulting in | browsing resulting in browsing resulting in a | browsing affects herbivory/grazing/
browsing local extinction of at | local population decline of population performance of browsing on native
least one or several extinction of at least size of at least one individuals of taxa, reduction in
characterising one characterising characterising species, | characterising species | performance of
species resulting in species resulting in but no local population | without decline of their | characterising species
reclassification and reclassification and extinction. Other populations. Other is not detectable.
loss of the habitat loss of the habitat (or species within the typical species within There may be some
feature (or loss of loss of sub-features), biological assemblage | the biological declines in other
sub-features); but changes are may be more severely | assemblage may species within the
changes are reversible when the impacted or lost. decline or be lost. typical biological
irreversible. alien taxon is no longer assemblage. If the
present. species is not a grazer
then the assessment
should be o
applicabl ebd
(9) Chemical | Changes in chemical | Changes in chemical Changes in chemical Changes in chemical Small changes in
impact on ecosystem ecosystem ecosystem ecosystem chemical ecosystem
ecosystems | characteristics (e.g., | characteristics (e.g., characteristics (e.g., characteristics (e.g., characteristics
changes in nutrient changes in nutrient changes in nutrient changes in nutrient detectable (e.g.,
cycling, pH) resulting | cycling, pH) resulting in | cycling, pH) resulting in | cycling, pH) affecting changes in nutrient
in local extinction of | local population a decline of population | performance of cycling, pH), but no
at least one or extinction of at least size of at least one characterising species | reduction in
several one characterising characterising species, | without decline of their | characterising species.
characterising species resulting in but no local population | populations. Other There may be some
species resulting in loss of the habitat (or extinction. Other typical species within declines in other
reclassification and loss of sub-features), species within the the biological species within the
loss of the habitat but changes are biological assemblage | assemblage may typical biological
feature (or loss of reversible when the may be more severely | decline or be lost. assemblage.
sub-features); alien taxon is no longer | impacted or lost.
changes are present.
irreversible.
10) Physical | Changes in physical | Changes in physical Changes in physical Changes in physical Small changes in
impact on ecosystem ecosystem ecosystem ecosystem physical ecosystem
ecosystems. | characteristics (e.g., | characteristics (e.g., characteristics (e.g., characteristics (e.g., characteristics
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Note: changes in changes in changes in changes in detectable (e.g.,

changes in temperature, light temperature, light temperature, light temperature, light changes in

biogenic regime or wave regime or wave regime or wave regime or wave temperature, light

habitat or exposure) resulting exposure) resulting in exposure) resulting in a | exposure) affecting regime or wave

substratum in loss of habitat loss of the habitat (or decline of population performance of native exposure), but no

are assessed | feature (or sub- loss of sub-features), size of at least one individuals without reduction in

through features); changes but changes are native taxon, but no decline of their performance of

structural are irreversible. reversible when the local population populations. Other characterising species

impact) alien taxon is no longer | extinction. typical species within detectable. There may

present. the biological be some declines in
assemblage may other species within
decline or be lost. the typical biological
assemblage.

(12) Changes in Changes in structural Changes in structural Changes in structural Small changes in

Structural structural ecosystem | ecosystem ecosystem ecosystem structural ecosystem

impact on characteristics (e.g., | characteristics (e.g., characteristics (e.g., characteristics (e.g., characteristics

ecosystems | changes in biogenic | changes in biogenic changes in biogenic changes in biogenic detectable (e.g.,

habitat, architecture
or complexity)
resulting in habitat
reclassification and
concomitant loss of
characterising
species and typical
biological
assemblage,
changes are
irreversible.

habitat, architecture or
complexity) resulting in
habitat reclassification
and concomitant loss of
characterising species
and typical biological
assemblage, but
changes are reversible
when the alien taxon is
no longer present

habitat, architecture or
complexity) which are
not severe enough to
result in habitat feature
(or sub-feature
reclassification) but
which do result in a
decline of population
size of at least one
characterising species
or typical biological
assemblage, but no
local population
extinction.

habitat, architecture or
complexity) with no
change in habitat
classification but some
alteration to
microhabitats that may
affect performance of
native individuals
without decline of
characterising species.
The typical biological
assemblage may be
more severely affected
by habitat changes and
some species may
decline or be lost.

changes in architecture
or complexity), but no
reduction in
performance of native
characterising species
and the habitat (or sub-
features) remain
recognisable. There
may be some declines
in other species within
the typical biological
assemblage.

(12) Indirect
impacts

Interaction of an
alien taxon with

Interaction of an alien
taxon with other taxa

Interaction of an alien
taxon with other taxa

Interaction of an alien
taxon with other taxa

Interaction of an alien
taxon with
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through
interaction
with other
species

other taxa leading to
indirect impacts
(e.g., gamete
dispersal, habitat
modification,
apparent
competition, filter-
feeding on
propagules) causing
local extinction of
one or several native
taxa, leading to
irreversible changes
that would not have
occurred in the
absence of the alien
taxon.

leading to indirect (e.g.,
gamete dispersal,
habitat modification,
apparent competition,
filter-feeding on
propagules) causing
local population
extinction of at least
one native taxon;
changes are reversible
but would not have
occurred in the
absence of the alien
taxon.

leading to indirect
impacts (e.g., gamete
dispersal, habitat
modification, apparent
competition, filter-
feeding on propagules)
causing a decline of
population size of at
least one native taxon,
but no local population
extinction; impacts
would not have
occurred in the
absence of the alien
taxon.

leading to indirect
impacts (e.g., gamete
dispersal, habitat
modification, apparent
competition, filter-
feeding on propagules)
affecting performance
of characterising
species without decline
of their populations;
impacts would not have
occurred in the
absence of the alien
taxon. Other species
within the biological
assemblage may
decline or be lost.

characterising species
leading to indirect (e.g.,
gamete dispersal,
habitat modification,
apparent competition,
filter-feeding on
propagules) but
reduction in
performance of native
individuals is not
detectable. There may
be some declines in
other species within
the typical biological
assemblage.
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Annex 3 Socio-economic impact categories based on SEICAT

Massive

Major

Moderate

Minor

Minimal Concern

Social and
economic
impact on
activities
through,
health, safety,
assets and
social and
relations

Local disappearance
of an activity from all
or part of the area
invaded by the alien
taxon. Change is
likely to be
permanent and
irreversible for at
least a decade after
removal of the alien
taxon, due to
fundamental
structural changes of
socio-economic
community or
environmental
conditions
shifto).

Local disappearance
of an activity from all

or part of the area
invaded by the alien
taxon. Collapse of the
specific social activity,
switch to other
activities, or
abandonment of
activity without
replacement, or
emigration from

region. Change is
likely to be reversible
within a decade after
removal or control of
the alien t
di sappear arn
not necessarily imply
the disappearance of
activities from the
entire region
assessed, but refers
to the typical spatial
scale over which
social communities in
the region are
characterised (e.g. a
human settlement).

Negative effects on well-
being leading to changes
in activity size, fewer
people participating in an
activity, but the activity is
still carried out.
Reductions in activity
size can be due to
various reasons, e.g.
moving the activity to
regions without the alien
taxon or to other parts of
the area less invaded by
the alien taxon; partial
abandonment of an
activity without
replacement by other
activities; or switch to
other activities while
staying in the same area
invaded by the alien
taxon. Also, spatial
displacement,
abandonment or switch
of activities does not
increase human well-
being compared to levels
before the alien taxon
invaded the region (no
increase in opportunities
due to the alien taxon).

Negative effect on
peopl e-being, sueh |
that the alien taxon makes
it difficult for people to
participate in their normal
activities. Individual people
in an activity suffer in at
least one constituent of
well-being (i.e. health,
safety; assets; and social
and cultural relations).
Reductions of well- being
can be detected through
e.g. income loss, health
problems, higher effort or
expenses to participate in
activities, increased
difficulty in accessing
goods, disruption of social
activities, induction of fear,
but no change in activity
size is reported, i.e. the
number of people
participating in that activity
remains the same.

No deleterious impacts
reported with regard to
its impact on human
well-being.
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Annex 4 Compass sea squirt: Asterocarpa humilis

Common name(s): Compass sea squirt.

Synonyms: Asterocarpa cerea; Cnemidocarpa asymmetra; Cnemidocarpa
auklandica; Cnemidocarpa cerea; Cnemidocarpa gregaria; Cnemidocarpa robinsoni;
Dendrodoa gregaria; Pandocia gregaria; Styela asymmetra; Styela cerea; Styela
humilis; Tethyum asymmetron (Shenkar et al., 2019).

Domain: Phylum: Chordata, Class: Ascidiacea, Order: Stolidobranchia, Family:
Styelidae, Genus/species: Asterocarpa humilis (Shenkar et al., 2019).

Description: A solitary sea squirt up to 4 cm in length. Orange-red in colour (Wood
et al., 2017). When the siphons are open four cream-white prominent lines are
visible, interspersed with thinner lines resembling a compass face, hence its common
name. The four prominent lines are still visible in partly closed siphons. This solitary
(or unitary) ascidian can form clumps by growing attached to one another (Bishop,
2017; Wood et al., 2017). The tunic may be encrusted with sponges, hydroids and
algae (Page et al., 2016).

(© John Bishop, MBA).

Figure 4.1. Compass sea squirt: Asterocarpa humilis
Asterocarpa humilis: Habitat

Native range: In its presumed native range of New Zealand (Bishop et al., 2013)

Asterocarpa humilis occurs subtidally under boulders, on wharf piles and fouling

bivalves (Page et al., 2016) and was listed by Morton & Miller (1973) as one of the

Obig fivebd species of sessile animal on pile
sublittoral fringe in the Dunedin area of South Island.

Substratum type: In its introduced range, A. humilis is mainly found in marinas and
harbours, although it has also been found on aquaculture installations (Clarke &
Castilla, 2000). The species has the apparent potential to colonize natural low-
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intertidal and subtidal habitats in its introduced range (Bishop, 2017; Wood et al.,
2017) and occurs occasionally on the shore in the Plymouth, UK, area (J. Sewell, C
Wood & J Bishop, unpubl. observations).

Salinity: It is found in fully marine to low estuarine areas (Bishop et al., 2013;
Shenkar et al., 2019; Wood et al., 2017).

Depth: Low-intertidal (Bishop, 2017) i 26 m (Millar, 1982). In its native ranges of
New Zealand it is found < 18 m (Page et al., 2016).

Wave exposure: Seemingly favours sheltered sites, e.g. harbours and marinas, in its
introduced ranges (Bishop, 2017).

Asterocarpa humilis: Establishment in Wales as of 2020

A. humilis has been documented in Holyhead Marina, north Wales, in 2011 and 2014
(Bishop et al., 2013), and was also found at two marinas in Milford Haven (SW
Wales), but no other Welsh Marinas, surveyed in 2014 (Wood et al, 2015).

For more up-to-date information on distribution please visit the National Biodiversity
Network https://nbnatlas.org/ or contact the Natural Resources Wales Marine and
Coastal Ecosystems team at
Marine.Coastal.Ecosystems.Team@-cyfoethnaturiolcymru.gov.uk.

Asterocarpa humilis: Impact pathways based on species traits, biology and
ecology

Competition: A. humilis attaches to bivalves (Page et al., 2016) and associated

substrates and is a possible competitor for food and space resources (Bishop, 2017).

A survey in France found it on artificial structures in an oyster farm and nearby on

natural habitat occurring with oysters (Ostrea edulis), scallops (Pecten maximus) and

slipper limpets (Crepidula fornicata) (Bishop et al., 2013). A. humilis could negatively

affect other shallow-water suspension feeding sessile organisms. It may compete for

resources and could impact on native species abundance (Bishop, 2017). Little is

known at present about any impacts, like local species extinctions, that it may cause

(Bishop, 2017). This pathway has been assessedas 6 Mi ni mal concernd wi t
confidence.

Predation: Tunicates are suspension feeders using a mucus net to capture
particul ate matter (Petersen, 2007). This pa
applicabl ed.

Hybridisation: A. humilis is a hermaphrodite that may be capable of self-
fertilizations; it retains its eggs and broods its young in the atrial cavity (Bishop et al.,
2013). There is no evidence of hybridization with other species, and no species that
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appears particularly closely related to A. humilis occurs regularly in UK waters. This
pat hway has been assessed as ONot applicabl e

Transmission of disease: A. humilis is not known to transmit diseases. This
pat hway has been assessed as ONot applicabl e

Parasitism: A. humilis is not known to be parasitic. This pathway has been assessed
as ONot applicabl ebd.

Poisoning/toxicity: A. humilis is not known to be toxic. This pathway has been

assessed as ONot applicabl ed.

Bio-fouling: A. humilis is a bio-fouler. It can form clumps following aggregated

settlement of larvae. This gives it the potential to significantly foul oyster and mussel

gear, possibly compete for food and potentially smother farmed bivalves (Bishop,

2017). This pathway has been assessedas 6 Mi ni mal concerndé with mi
confidence.

Grazing/herbivory/browsing: Ascidians are suspension feeders (see previous
section). This pathway has been assessedas ¢ Not appl i cabl ed.

Indirect impacts through interactions with other species: No indirect interactions
with other species have been reported. This
deficiento.

Asterocarpa humilis: Impact pathways 1 Habitats

Chemical impact on ecosystem: No chemical impacts have been reported. This
pat hway has been assessed as ONot applicabl e

Physical impact on ecosystem: No physical impacts have been reported. This
pat hway has been assessed as O6Data deficient

Structural impact on ecosystem: 6 Mi ni mal concer nd Avhumihs hi gh
can form clumps, single ascidians attaching to each other, following aggregated

larval settlement (Bishop, 2017). This behaviour could modify habitat structure

altering habitat occupancy and species abundance. However, no impacts have been

reported or are anticipated (Bishop, 2017).

Asterocarpa humilis: Interactions with MPA Features
MPA features that provide suitable habitat

Mainly found on artificial structures to date (Bishop, 2017), although it has started to
be recorded in natural habitats (Wood et al., 2017). Until more data is available from
further surveys none of the MPA habitats have been assessed as suitable habitat.
MPA features considered potentially suitable for Asterocarpa humilis
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The MPA features below provide potentially suitable habitat for A. humilis based on
suitable attachment substrate.

T

=

=4 =4 4 -4 4 -4 -4 -5 5 -5 -4 -4 -2 -5 2

T
T

Al1.3 Low energy littoral rock (medium confidence);

A3.3 Atlantic and Mediterranean low energy infralittoral rock (medium
confidence);

A4.3 Atlantic and Mediterranean low energy circalittoral rock (low confidence);
Intertidal underboulder/boulder communities (medium confidence);

Estuarine rocky habitat (low confidence);

A5.4 Sublittoral mixed sediments (low confidence);

Subtidal mixed muddy sediments (low confidence);

Sheltered muddy gravels:

A2.42, A5.43, A5.44 (low confidence);

A2.7 Littoral biogenic reefs (low confidence);

Sabellaria alveolata reefs (low confidence);

A5.6 Sublittoral biogenic reefs (low confidence);

Blue mussel beds (low confidence);

Intertidal Mytilus edulis beds on mixed and sandy sediments (low confidence);
Maerl beds (low confidence);

Modiolus modiolus beds (low confidence);

Fragile sponge and anthozoan communities on subtidal rocky habitats (except
A4.133 Scottish Sea lochs & A4.211 mostly found in Scotland & Ireland)
(medium confidence);

A5.5 Sublittoral macrophyte-dominated sediment:

o Ab.52 where bivalves occur (medium confidence);

Ostrea edulis beds (low confidence); and

Peat and clay exposures (low confidence).

MPA features considered unlikely to be suitable for Asterocarpa humilis

The MPA features below are unlikely to provide suitable habitat for A. humilis based
on their exposed (energy) nature. They have all been scored with low confidence.

=4 4 4 4 4 4 45 4

Al.1 High energy littoral rock;

Al.2 Moderate energy littoral rock;

A3.1 Atlantic and Mediterranean high energy infralittoral rock;

A3.2 Atlantic and Mediterranean moderate energy infralittoral rock;
A4.1 Atlantic and Mediterranean high energy circalittoral rock;
A4.2 Atlantic and Mediterranean moderate energy circalittoral rock;
Tide-swept channels; and

Musculus discors beds.
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The MPA features below are unlikely to provide suitable habitat based on a lack of
data to suggest otherwise. They have all been scored with medium confidence.

1 Ab5.5 Sublittoral macrophyte-dominated sediment:
o A5.51, A5.53, A5.54 (medium confidence);
1 AZ2.6 Littoral sediments dominated by aquatic angiosperms;
Seagrass beds; and
1 Zostera beds.

=

MPA features unsuitable for Asterocarpa humilis

M AZ2.5 Coastal saltmarshes and saline reedbeds are unsuitable due to their

position high up the shore (high confidence).

The MPA features below are unsuitable based on a lack of attachment substrate

and/or the mobile nature of the substrate:

A2.1 Littoral coarse sediment (medium confidence);
A2.2 Littoral sand and muddy sand (low confidence);
A2.3 Littoral mud (low confidence);

A2.4 Littoral mixed sediments (low confidence);

A5.1 Sublittoral coarse sediment (medium confidence);
A5.2 Sublittoral sand (low confidence);

A5.3 Sublittoral mud (low confidence);

Sheltered muddy gravels:

o0 A2.41 (low confidence);

1 Mud habitats in deep water (low confidence); and

1 Sea-pen and burrowing megafauna communities (low confidence).

=4 =4 4 4 4 4 -4 9

No evidence for Asterocarpa humilis in these MPA habitats
1 Ab5.7 Carbonate reefs.

Summary of key impacts on MPA features

Asterocarpa humilis is only found on artificial structures in its UK introduced range
(Bishop, 2017) apart from occasional records on the shore in the Plymouth area (J.
Sewell, C. Wood & J. Bishop, unpublished observations). It may have negative
impacts on other shallow water, sessile filter-feeders in regards to habitat occupancy
and abundance, although it is not understood if this could lead to any native species
extinctions (Bishop, 2017). Since it is mainly found on artificial structures to date this

it is unlikely to cause any significant impacts on any of the MPA features.

Asterocarpa humilis Socio-Economic Impacts
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Human health and safety: No impacts are known.

Aguaculture operations: A. humilis has possibly spread to the UK through the
importation of commercial bivalves such as oysters. It is also thought to be capable
of translocation via attachment on boat hulls (Bishop et al., 2013; Pinochet et al.,
2017). There is the risk that vessels working between aquaculture sites could enable
the spread of this species between sites. It is possible that clumps of A. humilis,
which form when they attach together, could clog pipes and marine infrastructure
including aquaculture gear (Bishop, 2017). The potential abundance and clump
formation means it has the ability to become a significant fouler within this industry. In
Chile a dozen have been recorded along aquaculture bivalve longlines (Pinochet,
2017). Aquaculture gear could become clogged and cumbersome (Bishop, 2017) if
significantly fouled. There is little evidence to suggest that this will be the case so
these possiblei mpacts have been assessed as OMini ma
confidence.

Cultivated species- Mussels and Oysters: A. humilis is a possible competitor for

food and space with sessile filter-feeders (Bishop, 2017) possibly impacting

shellfisheries. There is little evidence to suggest that this will be the case so these
possible impacts have been assessed as O6Mini

Fisheries operations: See aquaculture operations above. Currently there is no
evidence to assess impacts but it is considered unlikely to affect operations or target
fish or shellfish species.
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Annex 5 Slipper limpet : Crepidula fornicata

Common name(s): American slipper limpet; Slipper limpet; Atlantic slippersnail

Synonyms: Crepidula densata; Crepidula virginica; Crypta nautarum; Patella
fornicata (Gofas, 2004).

Domain: Phyla: Mollusca, Class: Gastropoda, Order: Littorinimorpha , Family:
Calyptraeidae , Genus/species: Crepidula fornicata (Gofas, 2004).

Description: The shell is oval and flattened with the spire being much reduced. It is
smooth and mottled in colours of cream, yellow pink and red. Growth lines are
irregular. The shells large aperture has a shelf that extends to half of the length.
Shells can be up to 5 cm length in males and 10 cm in females (Rayment, 2008).
Crepidula fornicata are often found growing on top of each other forming stacks with
the largest on the bottom with each individual getting progressively smaller towards
the top of the chain (GISD, 2019; Rayment, 2008).

o S 5
-

(A & B by © J Bishop, MBA; C by Lori Schroder/www.jaxshells.org)
Figure 5.1 Slipper limpet. Crepidula fornicata

Crepidula fornicata: Habitat

Native range: C. fornicata (L.), which was unintentionally introduced to Europe in the
1870s with oysters imported for farming purposes from the Atlantic coast of North
America (Blanchard 1997). Walne (1956) described its native geographical area as
ranging from Escuminac point (47°N) on the Canadian coastline to the Caribbean
islands.

Substratum type: C. fornicata typically inhabit shallow, sheltered bays, lagoons,
estuaries and sheltered sides of islands. The species is found on a variety of
substrates including rock, gravel, sand, mud and artificial substrates (GISD, 2019,
Hinz et al., 2011). However, they are more abundant on muddy or mixed muddy
habitats (Blanchard, 1997). Their larvae need a hard substrate on which to settle and
metamorphose which is usually sand or gravel. Once established their numbers
quickly grow and their shell stacks become traps for sediment and suspended matter.
This coupled with their production of biodeposits (pseudofaeces) turn the substratum
increasingly muddy and anoxic. Their large numbers of shells can also alter the
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biotope by forming a hard substrate. It is on mud or mixed muddy habitats where C.
fornicata are more often found (De Mountaudouin, 1999; GISD, 2019), typically
attached to shells and stones around the low water mark and the shallow sublittoral
(Rayment, 2008). They are found attached to M. edulis (mussels) and Ostrea edulis
(oysters) shells among others (Rayment, 2008) and often mentioned in the literature
inhabiting typical oyster habitat (Blanchard, 2009). Additionally, they are able to
tolerate high turbidity and low water quality (Blanchard, 2009).

Salinity: Variable 20- 40 ppt is tolerated with 30 ppt being the optimum (Blanchard,
2009).

Depth: Wave action may displace some individuals and stacks higher up the shore
from lower shore populations but intertidal habitats above mid-shore are generally a
stressful environment for C. fornicata (Bohn, 2014). Areas of tidal flats with extended
and regular periods of emersion are not favourable (Thieltges et al., 2003). Where
the sediment is suitable C. fornicata is typically found in the sublittoral fringe and
lower shore (Blanchard, 2009) where it may be abundant (Bohn et al., 2015;
Thieltges et al., 2003). Maximum recorded subtidal depth is 100 m in the Atlantic
(Blanchard, 2009).

Wave exposure: C. fornicata typically reaches highest abundances in sheltered to
very sheltered conditions (Blanchard, 2009). However, Hinz et al. (2011) recorded
this species in rough ground with high current velocities off the Isle of Wight. It may
be that the oscillatory water movements associated with wave action are less
tolerated than current velocities which are unidirectional but no evidence was found
to address this. Although attached individuals may be able to survive in wave
exposed habits due to the low profile of the shell, wave action may limit the size of
stacks that can be formed and thus reduce reproductive success, although no
evidence was found to assess this

Crepidula fornicata: Establishment in Wales in 2020

C. fornicata spread rapidly within Welsh coastal waters since it was first recorded in
the Milford Haven Waterway (MHW) in 1953 (Cole, 1953). Although it is widely
established in South and South West Wales, there has been little indication of a
northwards range extension of the species through natural processes (e.g. larval
dispersal); it seems to remain absent from areas north of the Milford Haven
Waterway (Bohn, 2014).

For more up-to-date information on distribution please visit the National Biodiversity
Network https://nbnatlas.org/ or contact the Natural Resources Wales Marine and
Coastal Ecosystems team at
Marine.Coastal.Ecosystems.Team@-cyfoethnaturiolcymru.gov.uk.

Crepidula fornicata: Impact pathways based on species traits, biology and
ecology
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Competition Established populations of C. fornicata, with high densities of several
thousand individuals per m? (De Montaudouin et al. 1999a) could compete with other
filter feeders, for food and space (Blanchard, 2009). C. fornicata was introduced into
the Bay of Brest, France in the 1970s and quickly spread throughout the basin
(Thieltges et al., 2006b;Thouzeau, 1989;Thouzeau et al., 2000). Dramatic changes to
the trophic structure were reported: phytoplankton composition changed which over
time changed the food web structure of the basin (Chauvaud et al., 2000).

Thieltges (2005), experimented with artificial C. fornicata stacks on M. edulis shells
and found the mortality rates of M. edulis to be the same as real C. fornicata stacks
(see biofouling below). These results imply that competition for food is not important
(Thieltges, 2005). Riera et al., (2002) found that both M. edulis and C. fornicata feed
upon similar food sources suggesting potential food competition if supply was limited.
However, there is no evidence for trophic competition between the two species
(Thieltges et al., 2006b).

Site specific factors, particularly food supply will alter the level of impact from dense
beds. The impact from this pathway was assessed as minor for all MPA features
characterized by filter feeders with low confidence. For MPA features where
establishment was likely to be at low densities and/or the feature was not
characterized by dense filter feeders the impact was assessed as minimal concern
with low confidence.

Note: competition for space is assessed through the structural impact pathway
below.

Predation: C. fornicata is a filter-feeder feeding on pelagic algae, detritus and
bacterial material (GI SD, 2019) and this pathway is O0Not

Hybridisation: There is no evidence in the literature to suggest that C. fornicata
hybridizes with other species (Laverty et al., 2015). As such this pathway is

A

considered ONot applicabl eb.

Transmission of disease: In Rhode Island, USA, C. fornicata was found not to be
host of any trematode larvae which is unusual since it is commonly assumed that
marine gastropods are all trematode hosts (Pechenik, et al., 2012). Thieltges et al.,
(2008) found that the presence of C. fornicata can reduce trematode parasite load on
nearby M. edulis by up to 77% (Thieltges et al., 2006b; Thieltges et al., 2008). No
evidence was found that this species transmits disease (Laverty et al., 2015) only
that it acts as a sink for larval trematodes (Thieltges et al., 2008). This pathway is
considered ONot applicabl ebd.

Parasitism: It has been found to be a host for the shell boring polychaete Polydora
ciliata in the Wadden Sea (eastern North Sea) (Thieltges et al., 2006a). However,
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there is no evidence in the literature to suggest that C. fornicata is a parasite itself
and this pathway is considered ONot applicahb

Poisoning/toxicity: C. fornicata is not toxic or poisonous (Rayment, 2008) so this
pat hway is ONot applicabl ebd.

Bio-fouling: This invasive species is often found attached to bivalve shells such as
mussels M. edulis (mussels) and oysters O. edulis (Rayment, 2008; Thieltges et al.,
2003). Thieltges (2005) experimentally tested in the field the effects of C. fornicata as
an epibiont on the mussel M. edulis. Mussels were shown to have a 28-30 %
mortality rate when fouled with C. fornicata and those that did survive had a reduced
shell growth. When compared with unfouled mussels, fouled mussels had a 3-5 times
lower growth rate. Field experiments found that C. fornicata stacks that were fouling
M. edulis shells caused changes in small scale hydrodynamics through increased
drag forces (Thieltges, 2005). This enhanced drag caused considerable more energy
expenditure for the mussel in the form of byssus thread production to prevent
dislodgement and may impact overall fitness of the mussel (Thieltges, 2005).

This impact pathway refers to the growth of C. fornicata on characterising species,
competition for space and structural changes to the habitat resulting from the
replacement of hard or mobile substratum by dense beds of C. fornicata are
assessed through the structural change pathway (below). For biogenic features both
biofouling and structural change are inseparable and the assessments are the same
for both these impacts.

Grazing/ herbivory/ browsing: C. fornicata is largely a suspension feeder but may
graze biofilms (Martin et al., 2006) as it does not consume macrophytes this pathway
is not applicable and no impacts have been recorded (Laverty et al., 2015).

Indirect impacts through interactions with other species: Indirect impacts from
C. fornicata are challenging to disentangle from the direct effects of smothering
resulting from the build-up of faeces and pseudofaeces and reduction in
hydrodynamic energy.

Dense beds of filter feeders have the potential to alter food web pathways including
microbial activity, resulting in altered nutrient and matter cycling with associated
indirect impacts on species and changes to pelagic and benthic production (see
chemical impacts below). C. fornicata has lower filtration rates than some other
invasive bivalves such as zebra mussels and in the Bay of Brest where dense
populations have established, its impact on primary production in the water column
appears moderate with no changes in chlorophyll biomass (Martin et al., 2006).

Selective feeding by C. fornicata probably has a major influence on microorganisms
at the wateri sediment interface and may change species composition and dynamics
in overlying water and in the sediments and favours bacteria. Increased bacterial
abundances coupled with enhanced biodeposition affect the microbial food web.
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Associated carbon and nitrogen cycling processes coupled with the excretion and
respiration of C. fornicata enhance nitrogen-regeneration and carbon-release at the
wateri sediment. Ammonium regeneration by dense populations of C. fornicata may
regulate primary production and secondary productivity in enclosed bays and might
increase eutrophication and support phytoplanktonic blooms lead to shifts in
phytoplankton-community composition (Martin et al., 2006 and references therein).

As impacts will be density dependent and site specific they are challenging to assess
and this has not been attempted for MPA features. Direct changes to MPA habitat
features through biodeposition are more readily assessed and are likely to outweigh
the indirect effects.

Crepidula fornicata: Impact pathways 1 Habitats

Chemical impact on ecosystem:

Dense beds of filter feeders can alter food webs and nutrient cycling within the
ecosystem. Martin et al., (2006) has suggested that C. fornicata has the ability to
elevate water nitrate levels through their high level of filter feeding that is implicated
in a reduction of primary productivity and an increased frequency of algal blooms
(dinoflagellate).

It has also been suggested that this species can influence geochemical cycling
(carbon, nitrogen and silicon) when occurring as dense beds. It is possible that their
rapid deposition of pseudofaeces, which contains carbon, could give them the ability
to fix large amounts of carbon, since the sediments they produce do not get re-
suspended. Over time this process could provide a significant carbon sink through
natural sequestration (Martin et al., 2006).

Assessing the impact of these changes for MPA seabed features is challenging as

impacts will be density dependent and site specific with factors such as tidal flushing

mediating changes. In general, macrophyte dominated biotopes may benefit from

enhanced nutrient cycling and increased water column nitrate levels. For all MPA
features the impactisassessed as OMi nor 6. Al though dense p
food web dynamics and nutrient cycling impacts ramify to the water column rather

than seabed habitats (Martin et al., 2006). Increased bacterial activity and stimulation

of microbial food webs may enhance benthic production. Confidence in the

assessment is low due to uncertainties and lack of evidence for benthic habitats.

Physical impact on ecosystem: Field experiments monitoring the effects of C.
fornicata biofouling M. edulis shells found there were small scale changes in
hydrodynamics due to the stacks formed by many C. fornicata individuals. The stacks
extend up into the water column resulting in enhanced drag forces. This causes
added energy expenditure on the mussel by producing extra byssus threads to
prevent being dislodged (Thieltges, 2005). Ehrhold et al., (1998) also found that this
stacking behaviour caused changes in benthic sediments and near-bottom currents.
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Mussel dominated MPA features are assessed as minor concern based on additional

energetic expenditure without reducing population size. There is no evidence that

hydrodynamic impacts alone affect other MPA features and this impact pathway is
assessed as OMini mal concernbo. l ncreased sed
the structural change pathway below. Confidence for all assessments is low.

Dense beds of filter feeders capture large amounts of suspended particles and can
reduce water turbidity resulting in increased light penetration. This may be beneficial
for adjacent macrophyte dominated biotopes. Smothering by C. fornicata will reduce
light availability to the smothered habitats. Impacts on light availability are assessed
for maerl beds (impact assessed as massive with high confidence, see below) but
not MPA features characterised by erect macroalgae.

Structural impact on ecosystem: This invasive species has smothered the seabed
substrate in shallow bays along the Channel-Atlantic coast of France with its sheer
numbers. It can create beds of several thousand individuals per m? (De
Montaudouin et al., 1999a), creating a separate biotope with its own characteristic
community (Thouzeau et al., 2000).

Dense beds of C. fornicata filter large quantities of suspended particles and produce
faeces and pseudofaeces which are deposited and trapped within the beds, altering
habitat structure (Blanchard, 2009; FitzGerald, 2007; De Mountaudouin, 1999a;
GISD, 2019) and creating anoxic, muddy sediments. Sediment type is a key factor
influencing benthic assemblages and changes in sediment may therefore lead to the
replacement and loss of biotopes within MPA broadscale habitat features.

The effect of C. fornicata on benthic communities differs according to the habitat they
colonize. In muddy sediment, with or without the slipper limpet, the community is
strongly dominated by deposit-feeders, but species richness and abundance are
higher when C. fornicata is present. In coarser sediment, suspension-feeders may be
abundant, but only in the absence of C. fornicata (De Montaudouin, 1999b).
Sediment changes may also impact species through sediment preferences. When in
the presence of an established C. fornicata community mysids have been reported to
decrease in abundance (Vallet et al., 2001). The abundance levels are linked to the
formerly soft substrate becoming a hard shell substrate (Vallet et al., 2001).

Where C. fornicata is likely to smother and significantly alter the character of the MPA
feature the I mpact was typically assessed as
Confidence is high where evidence has identified such impacts in the same or very

similar features (see impacts on key MPA features below). Where the habitats are

likely to be less suitable and dense populations were unlikely to establish but some
colonisation and changes were |ikely then th
confidence was moderated according to the evidence base and establishment.

Impacts on rock habitats were a clear evidence gap, as C. fornicata was unlikely to

achieve high densities in these habitats: t h
low confidence.
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Crepidula fornicata: Interactions with MPA Features

MPA features that provide suitable habitat for Crepidula fornicata

Based on presence of C. fornicata in A4.2511 in the JNCC biological comparative
tables and surveys reported by Hinz et al. (2011) that recorded presence of C.
fornicata in rough ground (including gravel) subject to high current velocities.
Confidence is medium based on uncertainties around substratum, wave exposure
and density.

A4.1 Atlantic and Mediterranean high energy circalittoral rock.

A4.2 Atlantic and Mediterranean moderate energy circalittoral rock

A4.3 Atlantic and Mediterranean low energy circalittoral rock

Tide-swept channels (A4.25) based on presence in A4.2511 in the INCC
biological comparative tables

= =4 4 =

Biogenic habitats

There is a particular association with mussels which provide suitable surfaces for
attachment (Bohn et al., 2015, Thieltges et al., 2003) see also section below. MPA
features considered suitable are:

1 A2.7 Littoral biogenic reefs (note not A2.71 Littoral Sabellaria reefs):

1 A2.72 Littoral mussel beds on sediment, have been assessed as providing
suitable habitat for C. fornicata because of the association with M. edulis
(GISD, 2019; Rayment, 2008; Bohn et al., 2015; Thieltges et al., 2003) (High
confidence);

1 Intertidal Mytilus edulis beds on mixed and sandy sediments (High
confidence);

1 Blue mussel beds (with the exception of the strandline biotope (A2.212);

1 Maerl beds provide suitable habitats, C. fornicata have been found to smother
maerl beds in France (Thouzeau et al., 2000) (High confidence):

1 Maerl beds;

1 AbL.5 Sublittoral macrophyte-dominated sediment Level 4 biotope A5.51 (Maerl
beds);

1 Ostrea edulis beds (Thieltges, et al., 2003 and references therein);

1 Sublittoral biogenic reefs (note no evidence for A5.63 Circalittoral coral reefs):

0 Ab5.61 Sublittoral polychaete worm reefs on sediment based on observed
occurrence (Pearce et al., 2007), (High confidence);

0 Ab5.62 Sublittoral mussel beds on sediment (High confidence).

Sediments:

Intertidal sediments with limited tidal emersion and subtidal sediments that are
characteristic of habitats sheltered from wave and tidal currents are generally
considered suitable for C. fornicata where suitable attachment surfaces such as
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stones and shells occur. The following MPA features are considered suitable
(confidence is high, unless otherwise indicated):

1 AZ2.4 Littoral mixed sediments (based on observations of C. fornicata in south
west Wales on this sediment type, generally in the lower intertidal (Bohn et al.,
2015) (High confidence);

1 AbL.1 Sublittoral coarse sediment: Hinz et al. (2011) recorded C. fornicata in
rough ground (gravels and sands) with high current velocities off the Isle of
Wight (H).

1 A5.2 Sublittoral Sand:

o Ab.21is alagoon feature and oyster ponds and lagoons have provided
suitable habitat (Blanchard, 1997), (Low confidence);

1 Ab5.4 Sublittoral mixed sediment: Biotopes A5.41, A5.42, A5.43 within the
broadscale habitat, were considered suitable. Some of the constituent
biotopes are given a high confidence, as C. fornicata either characterises the
biotope or have been recorded in the habitat e.g. oyster beds. (Medium
confidence);

o Ab.431 and A5.432 C. fornicata is a characteristic species of these
biotopes (Connor, 2014);

o0 Ab.435 Based on habitat preference (oyster beds) (Rayment, 2008;
(Blanchard, 2009);

0 Ab.44 Based on habitat preference (GISD, 2019);

1 AbL.3 Sublittoral mud (see below for A5.32, A5.33, A5.34, A5.36 and A5.37):
o AbL.31is alagoon feature and oyster ponds and lagoons have provided

suitable habitat (Blanchard, 1997) (Low confidence);

1 AbL.35 Circalittoral sandy mud suitable, some biotopes contain scallops for
attachment or are characterised by shell debris (Medium confidence);

1 Sheltered muddy gravels: based on substratum and shelter (High)

1 Mud habitats in deep water:

o AS5.35 Circalittoral sandy mud suitable, some biotopes contain scallops for
attachment or are characterised by shell debris (note A5.36 and A5.37 are
considered unlikely to be suitable based on substratum and depth, see
below). (Medium confidence).

MPA features considered potentially suitable for Crepidula fornicata

A wide range of substratum types where wave exposure and/or tidal currents are low
may be suitable for C. fornicata. Circalittoral habitats may be more suitable than the
algal dominated biotopes of the infralittoral. Potentially suitable biotopes include the
following rock, biogenic and sediment habitats:

Rock habitats:
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1 AS3.3 Atlantic and Mediterranean low energy infralittoral rock, A3.36 based on
presence of M. edulis and mixed substrata in some constituent sub-biotopes.
(Medium confidence).

Biogenic habitats:

{1 Sabellaria alveolata reefs

0 Ab.612 Sabellaria alveolata on variable salinity sublittoral mixed sediment
(not A2.71 Littoral Sabellaria reefs, see below), (High confidence);

1 A2.2 Littoral sand and muddy sand; A2.24 is considered likely to be suitable,
but not A2.1, A2.2 and A2.3;

1 Modiolus modiolus beds (based on association of C. fornicata with M. edulis,
confidence is low as no evidence was found); and

1 Musculus discors beds (based on association of C. fornicata with M. edulis,
confidence is low as no evidence was found).

Sediment habitats

1 Ab5.4 Subtidal mixed muddy sediment, the biotopes A5.44 and A5.45 are
considered potentially suitable but not the A5.42 sub-biotopes (see below).
(Medium confidence);

1 AbL.2 Sublittoral sand;

o Ab.23 Infralittoral fine sand and A5.25 Circalittoral fine sand. Based on
suitable habitat where sheltered and attachment surfaces are present.
(Low confidence);

0 Ab5.24 Infralittoral muddy sand and A5.26 Circalittoral muddy sand; based
on substratum (Low confidence);

1 A2.3 Littoral mud may provide suitable habitat where this occurs in sheltered
conditions and low on the shore and there are suitable attachment surfaces
such as shell debris (based on habitat preferences described by Blanchard,
2009; GISD, 2019; Thieltges et al., 2003). (High confidence);

0 A2.31 Polychaete/bivalve-dominated mid estuarine mud shores;

0 A2.32 Polychaete/oligochaete-dominated upper estuarine mud shores;

1 Ab5.3 Sublittoral mud:

0 A5.32; A5.33 A5.34, potentially suitable where substratum contains
attachment surfaces such as living molluscs or shell debris. (Low
confidence).

MPA features considered unlikely to be suitable for Crepidula fornicata

C. fornicata is present in higher densities in sites that are on the intertidal/subtidal
fringe or fully subtidal, that are sheltered with lower levels of wave exposure and tidal
currents (Blanchard, 1997, Thieltges et al., 2003). Emersion, sediment mobility,
predation and wave action may all contribute to unsuitability (Thieltges et al., 2003,
Bohn et al., 2015). The following habitats were considered unlikely to be suitable for
C. fornicata:
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A2.71 Littoral Sabellaria reefs, based on exposure to waves and/or tidal currents and
free draining of biogenic reef (Low confidence).

Intertidal boulder communities (based on presence of macroalgae and observations
by Bohn et al. (2015) that C. fornicata avoided boulder areas. (Confidence is low due
to uncertainties around relevance of description to the MPA feature).

Limited establishment of C. fornicata has been observed in seagrass beds in
Arcachon bay (France) (De Montaudotiin et al., 2001). The mechanism underlying
the exclusion was not studied but if establishment is linked to sediment and the
sweeping action of fronds, then other MPA features that include macrophyte
dominated habitats are considered unsuitable:

A2.6 Seagrass/Zostera habitats including littoral sediments dominated by aquatic
angiosperms (Medium confidence due to the lack of further evidence);
Sublittoral seagrass beds (Medium confidence due to the lack of further evidence);

1 AbL.5 Sublittoral macrophyte-dominated sediment (Low confidence):
0 Ab.53 Sublittoral macrophyte-dominated sediment;
o0 Ab.54 Angiosperm communities in reduced salinity;
o Ab.52 Kelp and seaweed communities on sublittoral sediment (also a
constituent of the Subtidal mixed muddy sediments MPA feature); and
1 A3.3 Atlantic and Mediterranean low energy infralittoral rock:
0 A3.31, A3.32 and A3.34 based on the presence of macroalgae (Medium
confidence).

Over time C. fornicata create a muddy sediment by trapping finer particles and
deposition of faeces and pseudofaeces (biodeposits). However, fine sediments may
not provide suitable habitat for establishment where there is a lack of suitable
attachment surfaces. The following sediment habitats were considered unlikely to be
suitable (note overlap between broadscale habitats and other MPA features):

1 A5.2 Sublittoral sand:
0 Ab.22 and A5.25 due to mobility of substratum. (Medium confidence);
0 Ab.27 Deep circalittoral sand: due to depth, (Medium confidence);

1 A5.3 Sublittoral mud:

o AA5.36 Circalittoral fine mud and A5.37 Deep circalittoral mud are
considered unlikely to be suitable based on substratum and depth
(Blanchard, 2009) (Medium confidence);

1 Mud habitats in deep water:

0 Ab5.36 Circalittoral fine mud and A5.37 Deep circalittoral mud are
considered unlikely to be suitable based on substratum and depth
(Blanchard, 2009) (Medium confidence); and

1 Sea-pen and burrowing megafauna communities. The constituent A5.36
biotopes are considered unlikely to be suitable based on substratum and
depth (Blanchard, 2009) (Medium confidence).
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MPA features considered unsuitable for Crepidula fornicata

Intertidal habitats that are restricted to higher shore heights (above mid-shore) and/or
are coupled with high levels of wave action or tidal currents are stressful
environments for C. fornicata (Bohn, 2014). Macroalgae may also limit establishment
while wave exposure may reduce the size of stacks that can be formed.

Vegetated habitats:

1 A2.5 Coastal saltmarshes and saline reedbeds, due to shore height
(Blanchard 2009). (High confidence).

Rock habitats:

1 A2.1 Littoral coarse sediments are likely to be too mobile and exposed to
wave action to support C. fornicata (High confidence);

1 AL.1 High energy littoral rock; unsuitable due to height on exposure (Bohn,
2014, Blanchard, 2009), (High confidence).

1 ALl.2 Moderate energy littoral rock (based on exposure and macroalgae,
(Medium confidence).

1 Peat and clay exposures (A1.127 and A1.223) (Low confidence).

1 A3.1 Atlantic and Mediterranean high energy infralittoral rock (based on
wave and tidal energy and presence of macroalgae). (Medium confidence).

1 A3.2 Atlantic and Mediterranean moderate energy infralittoral rock (based
on wave and tidal energy and presence of macroalgae). (Medium
confidence).

1 Estuarine rocky habitat (based on shore height and/or wave and tidal
energy and presence of macroalgae) (Medium confidence).

1 AS3.3 Atlantic and Mediterranean low energy infralittoral rock (based on
macroalgae):

1 Tide-swept channels:
o0 Al1.15; A3.22; based on wave exposure (Blanchard, 2009) and

macroalgae (Medium confidence).

Sediment habitats:

1 AL1.3 Low energy littoral rock, (based on macroalgae), (Medium
confidence); and

1 AZ2.2 Littoral sand and muddy sand, biotopes A2.21 Strandline; A2.22 due
to mobility of substratum and A2.23 due to fine mobile sand, Note A2.24
considered potentially suitable see above). Confidence is medium based
on Thieltges et al., (2003).
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MPA features for which there is no evidence

1 AbL.6 Sublittoral biogenic reefs: Level 4 biotope; A5.63 Lophelia.
1 Fragile sponge and anthozoan communities on subtidal rocky habitats; and
1 AbL.7 Carbonate reefs.

Summary of impacts on key MPA features.

Maerl| beds: C. fornicata have smothered maerl beds in France (Hall-Spencer et al.,
2003, Thouzeau et al., 2000) as the beds cover the maerl thalli which then become
clogged with silt (faeces and pseudofaeces). Consequently the maerl thalli die which
has a dramatic impact on the associated maerl community. Densities of 400
individuals per m? were found on maerl beds in the Bay of Saint-Brieuc (Thouzeau,
1989) while more recently Hamon and Blanchard (1994) found a 4 km? area of maerl
bed had been smothered.

C. fornicata are present in maerl beds in Milford Haven and have dramatically
increased since 2005 and likely to increase further. The increased silty fraction of the
seabed sediment around the maerl beds in Milford Haven is thought to be caused by
C. fornicata (European Community Directive, 2018) through increased sedimentation
rates and silt trapping and reduced patrticle re-suspension (Barnes et al., 1973; De
Mountaudouin, 1999; GISD, 2019). Since maerl beds are extremely sensitive to
siltation the presence of C. fornicata is both a high pressure and a threat (JNCC
2019). The physical impact has been assessed as massive due to the slow recovery
rates of maerl, (Perry and Tyler-Walters, 2018).

Sabellaria spinulosa reefs: C. fornicata have been found associated with S.
spinulosa reefs at Hastings Shingle Bank, SE coast of UK, with up to 66 individuals
found per grab sample taken (Pearce et al., 2007) and in lower numbers in the East
coast REC area with no more than 4 per grab sample (Pearce et al., 2011a and b).
While the relationship between these two species has not been investigated to date it
is possible that potential impacts on S. spinosa reefs could occur through changes in
substrate suitability or other interactions (Gibb et al., 2014).

Mussel and Oyster beds: Mussel and Oyster beds provide suitable habitat for C.
fornicata which is an epibiont of shells and have been found successfully living in
both mussel and oyster beds throughout Europe (GISD, 2019; Thieltges, 2005). See
aquaculture: target species, below for more information.

Crepidula fornicata: Socio-Economic Impacts:
Health and safety: No impacts are known (Laverty et al., 2015).

Aguaculture Operations: C. fornicata could alter the substratum in areas of on-
bottom cultivation reducing suitability and requiring clearance or management. In
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