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Foreword

As part of a European Maritime and Fisheries Fund Project conducted by Natural England
and The Marine Biological Association during 2018 and 2019, rapid assessment surveys
of marina/harbour sites, and related shores, were completed in the Solent. The outcomes
of that project were published in the Natural England Joint Publication JP042 and in the
Natural England guidance document ‘Protocol for Rapid Assessment Survey for Non-
Native Species on English Shores’.

Natural England wished to undertake similar work in Devon and Cornwall to seek to
establish if a similar relationship can be found between the prevalence of INNS found
within marinas and INNS found on intertidal areas nearby and more distant shores.

The data gathered will provide a baseline for monitoring the spread of INNS, providing
advice to developers, and for Marine Protected Area condition assessments and
conservation advice.

Natural England commissions a range of reports from external contractors to provide
evidence and advice to assist us in delivering our duties. The views in this report are those
of the authors and do not necessarily represent those of Natural England.
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Executive summary

Biological invasions by invasive non-native species (INNS) are generally accepted to be
one of the greatest threats to biodiversity world-wide. Devon and Cornwall, both rich in
Special Areas of Conservation (SAC) and Special Protection Areas (SPA), also have a
number of key entry points for INNS into the UK: international shipping visits the ports of
Plymouth and Falmouth; fishing vessels operate out of Plymouth, Brixham and Falmouth;
and there is a high volume of recreational boating in the region. All of these are potential
vectors of INNS, which pose a threat to the region’s native biodiversity and fishery
industries, especially shellfisheries, due to their potential to threaten native species,
habitats or whole ecosystems.

In 2018/9, rapid assessment surveys (RAS) of 14 ‘Clusters’ of three sites, one
marina/harbour site, one nearby shore and one more distant shore, were completed in the
Solent, as part of a European Maritime and Fisheries Fund Project conducted by Natural
England and The Marine Biological Association. That project developed a replicable
survey methodology to map INNS on shores within SACs and SPAs. Comparison of this
information with inventories of INNS in the associated marinas enabled assessment of the
risk of colonisation of natural shores by INNS from nearby marinas. Natural England
wished to undertake similar work in Devon and Cornwall involving three ‘Clusters’ of sites
to seek to establish if a similar relationship could be found between the prevalence of
INNS found within marinas and INNS found on intertidal areas nearby and more distant
shores.

Two of the new clusters, the Torbay MCZ, and the Fal & Helford SAC, supported the
overall findings of the Solent study, that nearby shores have more NNS than more distant
shores. This pattern supports the possibility that NNS are ‘leaking’ from marinas onto
nearby shores. As noted before this study was undertaken, the Salcombe to Kingsbridge
SSSI cluster does not have a discrete focal aggregation of recreational pontoons to fully
justify characterisation of ‘near’ and ‘far’ shores. Nevertheless, the shore nearer to the
diffuse Salcombe region of boating activity had more NNS than the site further
downstream, thus fitting the overall trend.

Twenty-seven NNS in total were recorded. Across the marinas, 13 to 18 NNS per site
were recorded. Where comparisons with earlier RAS were possible, there was a net
increase in NNS records; this upward trend suggests ongoing anthropogenic spread by
recreational vessels. Between six and 15 NNS per site were recorded at the six shores
surveyed, which are all in designated conservation areas on the south coast of Devon and
Cornwall.

Significant new records were made for the Purple Fan-worm (Bispira polyomma;
Salcombe to Kingsbridge SSSI) and Japanese sea-spider (Ammothea hilgendorfi; marina
in Torbay MC2Z2).

Natural England have a responsibility to report on the condition of protected features of
Marine Protected Areas (MPAs). The survey method refined during these surveys has
proved effective in providing evidence on the presence and abundance of NNS at such
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sites, contributing information to the MPA condition assessments. The UK Marine Strategy
Framework Part Two 2022 highlights the importance of the MPA monitoring programme in
the assessment of progress towards Good Environmental Status under Descriptor 2: Non-
indigenous species.

It is recommended that this method be adopted widely throughout the MPA network.

The surveys carried out in 2022, and reported here, provide a baseline for monitoring the
spread of INNS and, when combined with ad hoc data from previous surveys at the same
sites, clearly indicate the need for regular monitoring as changes in NNS presence and
abundance can occur rapidly. However, the small number of sites surveyed does not
provide an adequate overview of the region generally, so it is recommended that further
shore surveys be carried out in MPAs throughout the region.

It is recommended that Natural England staff and other relevant organisations be alerted
to new arrivals in the area i.e. the Purple fan-worm (Bispira polyomma) and the Japanese
sea spider (Ammothea hilgendorfi); and the potential threats from the Red-ripple bryozoan
(Watersipora subatra) and the Pom-pom weed (Caulacanthus okamurae) on rocky shores.

It is also recommended that harbourmasters and site managers responsible for the sites
surveyed, be reminded or made aware of biosecurity plans and biosecurity advice relevant
to their sector.
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1 Introduction

Non-native (alien, or non-indigenous) species, abbreviated here to NNS, are those which
have been spread, either intentionally or accidentally, beyond their natural geographical
range as a consequence of human activity. In contrast, species living within their natural
range are referred to as native species. The additional term ‘invasive’ is used to specify
non-native species that are known to adversely affect native biodiversity or harm human
wellbeing in terms of economic activity or health, thus ‘invasive non-native species’
(INNS).

Biological invasions by INNS are generally accepted to be one of the greatest threats to
biodiversity world-wide. The direct cost to Great Britain’s marine industries has been
estimated at approximately £40 million/yr (Williams and others, 2010). Devon and
Cornwall, both rich in Marine Protected Areas (MPAs), also have a number of key entry
points for INNS into the UK: international shipping (including naval vessels, cruise ships,
and cross-channel ferries) visits the ports of Plymouth and Falmouth; fishing vessels
operate out of Plymouth, Brixham, Falmouth and other ports; and there is a high volume of
recreational boating in the region. All of these are major vectors of INNS, which pose a
threat to the region’s native biodiversity and fishing industries, especially shellfisheries,
due to their potential to threaten native species, habitats or whole ecosystems.

During the summers of 2018 and 2019 rapid assessment surveys of 14 ‘Clusters’ of three
sites, one marina/harbour site, one nearby shore and one more distant shore, were
completed in the Solent, as part of a European Maritime and Fisheries Fund Project
conducted by Natural England and The Marine Biological Association. That project
developed a replicable survey methodology to map INNS within sites designated as
Special Areas of Conservation (SAC) and Special Protection Areas (SPA) in the Solent.
Comparison of this information with inventories of INNS in the associated marinas enabled
assessment of the risk of colonisation of natural shores by INNS from nearby marinas.
This approach and the insight gained will be applicable to the conservation of other MPA
sites, and to understanding threats to fisheries, including nursery areas, and to
aquaculture. The outcomes of the project were published in Natural England Joint
Publication JP042 and in a Natural England guidance document ‘Protocol for Rapid
Assessment Survey for Non-Native Species on English Shores’.

Natural England wished to undertake similar work in Devon and Cornwall to seek to
establish if a similar relationship could be found between the prevalence of INNS found
within marinas and INNS found on intertidal areas nearby and more distant shores.

The data gathered is a baseline for monitoring the spread of INNS, providing conservation
advice to developers, and for assessing site condition.
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2 Methods

The surveys were designed to elucidate as fully as possible the presence of marine NNS

in the chosen areas.
2.1 Site selection

Following discussions between the MBA and Natural England, it was agreed that three
‘Clusters’ of sites would be surveyed, see Figure 1.

Factors considered in their selection were:

Sites should be within an MPA such as an MCZ, SAC, SPA, or SSSI, as these are
areas for which Natural England are required to provide condition assessments.
Within each cluster, sites should be clearly identifiable as a marina, near shore, and
far shore if possible.

Areas where Natural England have knowledge gaps they are keen to fill.

Sites where the MBA has carried out previous surveys, thus providing historic data
for comparison.

Health & safety considerations and accessibility of shore sites: shores with greatest
ease of access were preferred.

Table 1. Clusters of sites selected to be surveyed in 2022

Salcombe to Kingsbridge SSSI:

Marina/Harbour Salcombe harbour onshore, and Kingsbridge estuary offshore
pontoons
Near shore Woodville Rocks

Far shore

South Sands

Comparative data

Survey Bishop Group (MBA) 2014 — marina only

Torbay MCZ:

Marina/Harbour
Near shore

Far shore
Comparative data

Marina in Torbay MCZ

Churston Cove

Saltern Cove

Survey Bishop Group (MBA) 2016 - marina, 2019 - shores

Fal and Helford SAC:

Site type Location

Marina/Harbour Marina in Fal estuary

Near shore NW of Penarrow Point

Far shore Penarrow Point - Trefusis Point

Comparative data | Survey Bishop Group (MBA) 2019 — marina only
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Natural England requested the inclusion of the Salcombe to Kingsbridge SSSI as it has
been identified by them as an area where there is currently insufficient data on the
presence of NNS to enable them to carry out condition assessments effectively. However,
the estuary does not have a clearly defined marina area, although there are sets of
pontoons in a number of locations, and also a large number of swinging moorings in the
estuary. It was agreed to survey onshore pontoons in Salcombe, at Whitestrand, the
lifeboat station, and Victoria Quay; and the offshore Salcombe harbour residents’ and
visitors’ pontoons in the Kingsbridge estuary, see Figure 2.

Devon & Cornwall sites
Marina/Harbours

Near Shores

Far Shores

Salcombe to P
Kingsbridge:SSS|

~

# -

Google Earth

Figure 1: Map of Devon & Cornwall, showing the 3 clusters of sites surveyed. Map
imagery: Google Earth. © 2023 TerraMetrics.
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© Offshore pontoons
@ Onshore pontoons
@ Woodville Rocks
@ South Sands
ST B

Google Earth

I e

Figure 2: Salcombe to Kingsbridge SSSI - sites surveyed. Map imagery: Google
Earth, © 2023 TerraMetrics.

® Marina
@ Churston Cove
@® Saltern Cove

Figure 3: Torbay MCZ - sites surveyed. Map imagery: Google Earth, © 2023
TerraMetrics.
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=

| Fal & Helford SAC

@ Marina
@ NW Penarrow Pt
® Penarrow — Trefusis Pt

Figure 4: Fal & Helford SAC - sites surveyed. Map imagery: Google Earth, © 2023
TerraMetrics.

2.2 Schedule

The shore protocol requires that surveys only be carried out during low water of Spring
tides, preferably on days with a low tide below 1.0 m. It was agreed to conduct the surveys
between 27" September and 15t October 2022.

2.3 Target species selection

The target list of NNS used in the Solent 2018/19 surveys was modified by the addition of
Bispira polyomma (Purple fan-worm), a sabellid worm recently discovered in the UK in
2021 (Bishop & Darbyshire, 2023); and Ectopleura crocea, a hydroid that had been
recently observed in the Solent, but very rarely found previously in the UK (J. Bishop
unpublished data, 2017). The red alga Pikea californica (Captain Pike’s golden gate weed)
was added as it is known to be a recent arrival in Cornwall. The NNS target list, and the
corresponding native target list, can be found at Appendix 2.

In this report all references to Didemnum vexillum (carpet sea squirt) should be interpreted
as including Didemnum vexillum, Didemnum pseudovexillum or potentially both (Turon
and others, 2020), as it was not possible to distinguish the two species within the
timescale of this project.
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2.4 Survey methodology

The marina/harbour surveys were carried out following the methods described in the
Natural England Joint Report JP042 (Taylor, Wood & Bishop, 2022).

The shore surveys were carried out mainly following the Natural England guidance
document ‘Protocol for Rapid Assessment Survey for Non-Native Species on English
Shores’ (Taylor, Wood & Bishop, 2021). However, following its use in the Solent in 2022,
some minor changes were made to the protocol in the recording of artificial substrates that
were tested during these surveys, and subsequently further changes have also been
recommended; these are detailed fully in the Natural England report ‘Mapping Invasive
Non-Native Species in the Solent: An Update - 2022’ (Bishop, Wood & Taylor, 2025).

The protocol recommends using a pair of surveyors for each of the three zones on each
shore. However, this was not possible on all surveys. See Appendix 6 for details of the
field team.

2.6 Health and safety

A generic risk assessment was carried out prior to the survey work. A dynamic risk
assessment was then carried out on site prior to commencing survey work to confirm
suitability of exit points from the shore and identify any site-specific risks.

Primary health and safety concerns related to operating across large areas of either rocky
habitat, on which it is easy to slip and fall, or fine sediment, in which it is easy for people to
get stuck. This was mitigated as far as possible by planning routes across the site prior to
commencing surveys and carrying a throw rope. Other key risks included becoming
trapped by incoming tides and exposure risks, typically associated with either of the two
aforementioned concerns.

All staff wore appropriate personal protective equipment (PPE) for survey work, including
buoyancy aids in marinas, and carried a mobile phone. Mobile phone signal in each area
had been checked using Vodafone coverage checker. All staff were provided with the tidal
information for the survey areas and notified of appropriate entry and exit points to the
shore and the meeting place after survey work was completed.

2.7 Access permissions

Access permissions from relevant marina, boatyard and landowners were obtained by the
Marine Biological Association and Natural England prior to commencing surveys.
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2.8 Data analysis

For analyses comparing the presence of NNS in ‘Marinas’ and on ‘Near’ and Far’ shores,
the species lists of both NNS and native species were restricted to those taxa for which
the marinas offered suitable habitat that was accessible for surveying at all states of the
tide. In effect, this meant those species that readily colonise floating pontoons. This ruled
out infaunal species, and algae characteristically found on shores. Appendix 2 indicates
which species were not included in the analyses. Only records of live organisms were
included.

Pairwise T-tests and correlations were undertaken in Excel. Multivariate analyses
(Resemblance matrices, MDS plots, and ANOSIM, SIMPER, CLUSTER and SIMPROF
routines) were conducted in Primer 6. A significance level (Alpha) of 0.05 was adopted.

The results from the Salcombe inshore pontoons, and the Kingsbridge offshore pontoons
were combined as the ‘Marina’ for all charts and analyses, unless otherwise stated.
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3 Results

All surveys were completed successfully in full.

The detailed NNS and native species occurrence data is provided at Appendices 4 and 5,
and as Supplementary Material A, attached with this report. The environmental
measurements of salinity, temperature and turbidity collected at each marina, and
environmental conditions noted for each shore site are reported in Appendix 3. All species
records have been entered into Marine Recorder and will thus be automatically uploaded
to the NBN Atlas. The survey metadata has been entered into MEDIN.

3.1 Basic survey data

Overall in 2022, 295 live species-occurrence records were noted (including both NNS and
native species), 27 different NNS were recorded during the surveys, 23 from marinas and
20 from shores.

The most frequent NNS on shores were: Austrominius modestus (Darwin’s barnacle),
Caulacanthus okamurae (Pom-pom weed) and Colpomenia peregina (Oyster thief),
recorded on 6 out of 6 shores; and Watersipora subatra (Red-ripple bryozoan) and
Magallana gigas (Pacific oyster), both found on 5 shores, see Figure 5.
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Figure 5: Ranked bar chart of numbers of shore sites occupied by each NNS.
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The most frequent NNS in marinas were: Aplidium cf. glabrum (colonial sea squirt),
Austrominius modestus (Darwin’s barnacle), Bugula neritina (Ruby bryozoan), Corella
eumyota (Orange-tipped sea squirt), Grateloupia turuturu (Devil's tongue weed), Tricellaria
inopinata (Tufty-buff bryozoan), Watersipora subatra (Red-ripple bryozoan) and Undaria
pinnatifida (Wakame) (all noted in all 3 marinas), see Figure 6. This figure also shows the
results from the most recent previous RAS (Marina in Fal estuary 2019, Marina in Torbay
MCZ 2016, and Salcombe 2014).

W Previous ®=2022

No of marina sites

S
e
e ]
]

G S S S S S S S S S S S S S S S S S S S S S S G55

O T T,

Figure 6: Ranked bar chart of number of marina sites occupied by each NNS in most
recent previous survey and in 2022.

The maximum number of NNS found at any of the 3 marina sites was 18, and the
maximum recorded at any of the 6 Near/Far shore sites was 15, see Figure 7. Note for the
Salcombe to Kingsbridge SSSI the numbers of NNS found on the onshore and offshore
pontoons are shown separately, and these have also been combined into an overall
number of NNS attributed to the ‘Marina’.

In this small set of surveys -

e 7 species were found in marinas but not on shores: Asterocarpa humilis (Compass
sea squirt), Botrylloides diegensis (San Diego sea squirt), Ciona robusta (a solitary
ascidian), Bugulina stolonifera (an erect bryozoan), Bispira polyomma (Purple fan-
worm), Ammothea hilgendorfi (Japanese sea-spider), and Asparagopsis armata
(Harpoon weed);

e 11 species were found in marinas, near, and far shores: Austrominius modestus,
Colpomenia peregrina, Watersipora subatra, Magallana gigas, Tricellaria inopinata,
Grateloupia turuturu, Styela clava (Leathery sea squirt), Sargassum muticum

Page 19 of 44 Monitoring marine Invasive Non-Native Species in Devon and Cornwall —
2022 NECR687



(Wireweed), Aplidium cf. glabrum, Corella eumyota, and Perophora japonica
(Creeping sea squirt);

e 5 species were found in marinas and near shores: Bugula neritina, Undaria
pinnatifida, Botrylloides violaceus (Orange cloak sea squirt), Bugulina fulva, and B.
simplex (erect bryozoans);

e There were no species present in marinas and far shores, that were not also
present on near shores;

e 4 species were present on shores but not in marinas: Caulacanthus okamurae,
Codium fragile fragile (Green sea fingers), Soliera chordalis (Solier’s red string
weed), and Crepidula fornicata (Slipper limpet);

e 2 species were more common on shores: Colpomenia peregrina, and Sargassum
muticum.

m Far shore @ Near shore E Marina =0nshore 1 Offshore
20 -
18 1
16 -
14 1
12 1

10

Number of NNS

Fal & Helford SAC Salcombe Kingsbridge SSSI Torbay MCZ

Figure 7: Bar chart of the numbers of NNS recorded in each cluster in 2022, by site
type.

Comparative data from previous surveys using the same protocol is available for some of
the sites. The two shore sites in the Torbay MCZ were surveyed in 2019, the marina in
2016. The marina in the Fal & Helford SAC was last surveyed in 2019. Both sets of
pontoons in the Salcombe to Kingsbridge SSSI were last surveyed in 2014, See Figure 8.

Notable changes include:

Salcombe to Kingsbridge SSSI:

e The arrival of Bispira polyomma and the encrusting bryozoan Watersipora subatra,
the latter being abundant at Woodville Rocks, see Species of interest.
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Torbay MCZ:

e The record of Ammothea hilgendorfi, see ‘Species of interest’.

e The reduction in NNS found at Churston Cove (Torbay MCZ Near shore) is partially
explained by the absence of the ephemeral filamentous red algae Bonnemaisonia
hamifera (Hook weed), and Neosiphonia japonica (Siphoned Japan weed).
Although there were also other changes, notably Undaria pinnatifida, abundant in
2019 was absent in 2022.

e At Saltern Cove (Torbay MCZ Far shore), four NNS recorded in 2019 were not
found again in 2022 (Corella eumyota, Tricellaria inopinata, Crepidula fornicata and
Undaria pinnatifida), all of which were recorded as Rare-occasional in 2019.
However, Watersipora subatra was recorded there for the first time in 2022.

EFar 2019 mFar 2022

B Near 2019 & Near 2022
20 - 5 Marina (prev) Marina 2022
18
16
14
12

10

Number of AS

Fal & Helford SAC Salcombe Kingsbridge SSSI Torbay MCZ

Figure 8: Bar chart of numbers of NNS (shown as ‘AS’ (Alien Species)) recorded in
each cluster, by site type, in 2022 and in most recent previous survey.

3.2 Data analysis

3.2.1 Trends in numbers of NNS

The mean number of NNS per site across the 3 clusters declined progressively from
Marina to Near shore to Far shore. However, based on comparisons between sites within
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the same cluster (Pairwise T-tests), the number of NNS recorded did not differ significantly
between site types, although the difference between Far shores and Near shores achieved
borderline significance (P = 0.057) (Table 2 and Figure 9).

Table 2. Mean numbers of NNS per site recorded for the three site types across 3
clusters, with significance levels (Pairwise t-tests) for differences between the site

types.

Mean number of Significance
NNS per site levels

Marina . Marina

Near shore . Near shore Near shore

Far shore . Far shore

B Far shore & Near shore = Marina

20 1

18 A

16 1

14 4

12 4

10 A

Number of NNS

+

Figure 9: Box plot of numbers of NNS recorded for the three site types across the 3
clusters.
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3.2.2 Species composition of NNS assemblages

A Bray-Curtis similarity matrix was calculated for all sites from the NNS abundance
estimates. An MDS plot representing this matrix showed the Marina sites as a discrete
grouping, with Near and Far shore sites more broadly distributed and largely intermingled.
Cluster analysis plus the SIMPROF routine indicated the presence of three statistically
significant groupings, comprising respectively the three marina sites, the Fal & Helford
SAC Near shore site on its own, and the remainder of the shore sites Figure 10.

DevCor 2022 NNS data

[Resemblance: S17 Bray Curtis similarity (+d)|

KS-M 2D stress: 0.04 || Cluster-site type
TR N FH-F

7 A FH-N

_—KE&N / \ FH-M

/” Ks-F W\ TB-M KS-F
4 [ \ \ m KS-N

/ KS-M
. FH-nvﬂ TB-F
i ® TB-N

/ Rl TB-M
/ Similarity
60

FH-N
(&)

Figure 10: Multidimensional scaling (MDS) plot of the 12 sites, derived from a Bray-
Curtis similarity matrix with the site types distinguished by colour and the clusters
distinguished by symbol.

F = Far shore, N = Near shore, M = Marina; FH = Fal & Helford SAC; KS = Salcombe
to Kingsbridge SSSI; TB = Torbay MCZ. The contours delimit the statistically
significant clusters identified by SIMPROF.
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DevCor 2022 NNS data
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Figure 11: Group-average dendrogram based on the same Bray-Curtis matrix as
Figure 10. Significant structure is indicated by solid black lines; samples connected
by red dotted lines are not significantly differentiated. Sample labels are as in Figure
10.

SIMPER analysis was used to examine the contribution of individual species to the overall
Bray-Curtis dissimilarities between the groupings identified by SIMPROF. Table 3 ranks
the species contributing to dissimilarity between the three marinas and the five shores
other than FH-N (henceforth ‘other shores’). Of the 12 species contributing to the first 80%
of dissimilarity, nine had greater abundance in marinas compared to ‘other shores’,
including seven of the top ten species, and contributed 59.19% of total dissimilarity. Two
species had greater abundance on ‘other shores’ compared to marinas, contributing
16.67% of total dissimilarity; these were the algae Caulacanthus okamurae and
Colpomenia peregrina, the former being unrecorded in the marinas in this study. Species
notably more abundant in marinas than on ‘other shores’ included: Bugula neritina,
Tricellaria inopinata, Asterocarpa humilis and Botrylloides diegensis, with the last two
being unrecorded on ‘other shores’.
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Table 3. SIMPER analysis of contributions by individual species to overall Bray-
Curtis dissimilarity between the marinas and the ‘other shores’. Species ranked by
contribution, only those contributing to the first 80% are shown.

Av. Abund = average abundance; Av. Diss. = average dissimilarity; Diss./SD =
average dissimilarity divided by its standard deviation; Contrib.% = species’ %
contribution to total dissimilarity; Cum.% = Cumulative % dissimilarity. The greyed-
out cells indicate the higher value for each species.

Species Av. Abund Av. Abund | Av. Diss. | Diss./SD | Contrib.%
Other shores Marinas

Bugula neritina 0.20 3.00 8.41 3.98 13.83 13.83
Tricellaria inopinata 0.60 2.67 6.39 212 10.52 24.36
Caulacanthus okamurae 2.20 0.00 6.35 3.06 10.45 34.81
Asterocarpa humilis 0.00 1.33 3.92 0.97 6.44 41.26
Botrylloides diegensis 0.00 1.33 3.91 1.32 6.44 47.70
Colpomenia peregrina 1.60 0.33 3.78 1.76 6.22 53.92
Undaria pinnatifida 0.20 1.33 3.34 1.90 5.50 59.42
Aplidium cf. glabrum 0.40 1.33 2.79 1.36 4.58 64.01
Watersipora subatra 2.00 2.00 2.75 1.16 4.53 68.53
Perophora japonica 0.40 1.00 2.61 1.08 4.29 72.82
Grateloupia turuturu 1.00 1.67 2.45 1.08 4.04 76.86
Botrylloides violaceus 0.00 0.67 2.16 0.67 3.55 80.41

Table 4 shows species contributions to the dissimilarity between FH-N (the Near shore in
the Falmouth & Helford SAC cluster) and the ‘other shores’. The top-ranked contributor to
the dissimilarity was Tricellaria inopinata, recorded as 3.0 (Abundant-superabundant) at
FH-N but averaging only 0.6 (below Rare-occasional) on the ‘other shores’. Unsurprisingly,
as a single site compared with five others, FH-N lacked some species recorded amongst
the five ‘other shores’, in fact lacking three species from the 10 contributing to the first 80%
of dissimilarity. Perhaps more notably, FH-N had three species not recorded amongst the
‘other shores’, Botrylloides violaceus, Bugulina fulva and B. simplex, all noted as Rare-
occasional at FH-N.
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Table 4. SIMPER analysis of contributions by individual species to overall Bray-
Curtis dissimilarity between FH-N and the ‘other shores’. Species ranked by
contribution, only those contributing to the first 80% shown. See legend to Table 3
for explanation of column headings.

Av. Abund Av. Abund | Av. Diss. | Diss./SD | Contrib.% | Cum.%
Other shores FH-N

Tricellaria inopinata 0.60 3.00 9.56 2.53 17.14 17.14
Watersipora subatra 2.00 0.00 7.47 2.22 13.39 30.53
Caulacanthus okamurae 2.20 1.00 4.34 1.41 7.77 38.30
Botrylloides violaceus 0.00 1.00 3.88 5.54 6.95 45.25
Bugulina fulva 0.00 1.00 3.88 5.54 6.95 52.21
Bugulina simplex 0.00 1.00 3.88 5.54 6.95 59.16
Grateloupia turuturu 1.00 0.00 3.62 1.37 6.49 65.65
Crepidula fornicata 0.20 1.00 3.26 1.71 5.83 71.49
Sargassum muticum 0.80 0.00 3.26 1.71 5.83 77.32
Colpomenia peregrina 1.60 1.00 217 1.08 3.88 81.20

3.2.3 Site occupancy by NNS and native species

The mean number of sites occupied by an NNS across the 3 clusters declined
progressively from Marina to Near shore to Far shore (Figure 12). Error! Reference
source not found. However, for NNS the differences between Near and Far shore and
between Near Shore and Marina were not significant; the only statistically significant
difference was between Far shore and Marina (Table 5). The same apparent decline in
mean number of sites occupied per species was seen in native species (Figure 12), but
the decline was much less marked, and none of the differences between site types
approached significance (Table 5).

Table 5. Mean number of sites occupied per species for NNS (27 species) and native
(34 species).

Mean sites occupied Significance
per species levels

Marina

NNS

Marina

Near shore 1.19 Near shore Near shore

Far shore 1.04

Far shore

NATIVE

Marina 1.62 Marina

Near shore 1.38

Near shore

Near shore
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Figure 12: Box plot for NNS and native species of mean number of sites occupied
per species in the three site types.

3.3 Species of interest

3.3.1 Bispira polyomma (Purple fan-worm)

The sabellid polychaete Bispira polyomma was discovered in the Netherlands in 2010 and
described as new to science, but regarded as a non-native introduction there. It has since
been recorded from the Belgian coast and from the Mediterranean (Lagoon of Venice) and
has probably been recorded from the northern coast of France from 2010 onwards, but
identified incorrectly as Bispira fabricii (see Bishop & Darbyshire, 2023).

B. polyomma was first reported in the UK in 2021 in two adjacent marinas in Plymouth
(Bishop & Darbyshire, 2023). It was subsequently found at three sites in the Solent in
September 2022 (Bishop, Wood & Taylor, 2025), all from pontoons in marina/harbours.
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During these surveys it was noted on the onshore pontoons at Salcombe. The number of
sites where B. polyomma has been found, and the wide geographical distribution suggests
that the species is not a very recent arrival in the UK but may have been overlooked for
some time. Despite the possession of a tentacle (radiolar) crown that is blue or purple in
bright light, the species can be surprisingly unobtrusive.

Figure 13: Bispira polyomma on mussel shell in a southwest marina. Visible length
of worm and tube is c. 45 mm. Image: © J Bishop, MBA.

3.3.2 Caulacanthus okamurae (Pom-pom weed)

This small red seaweed forms springy tangled clumps, attaching to hard substrates by
many scattered holdfast pads. It can form dense turfs that can alter the habitat, leading to
displacement of macro invertebrates such as barnacles. It was first recorded in the UK
between 2000 and 2005 along the south coast (Brodie and others, 2016). It is now a
common species on many rocky shores in the southwest.

In these surveys it was found in all three MPAs, on all six shores, and was Abundant-
superabundant on two of the shores (South Sands and Penarrow Point - Trefusis Point).
Thus, this species should be monitored closely for any observed impacts.
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Figure 14: Caulacanthus okamurae on shore in Fal & Helford SAC. Image: © C
Wood, MBA.

3.3.4 Watersipora subatra (Red-ripple bryozoan)

This red encrusting bryozoan is highly invasive and has been reported as a common
putative non-native in NW Europe, Australia, New Zealand and California. It is tolerant to
copper-based antifoulants.

It was first recorded in the UK in a Plymouth marina in 2008 (Ryland and others, 2009).
Since then it has spread widely, becoming increasingly prevalent on rocky shores in the
southwest and beyond, especially under overhangs and on vertical faces.

During these surveys it was particularly abundant at Woodville Rocks (Figure 15).
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Figure 15: Blackened colonies of Watersipora subatra heavily encrusting near-
vertical bedrock at Woodyville Rocks. Image: © C Wood, MBA.

3.3.5 Ammothea hilgendorfi (Japanese sea-spider)

This pycnogonid is native to the N Pacific. It was first recorded in the UK in Southampton
Water in 1978 (Bamber, 1985; 2012). It preys on hydroids and anemones. There has been
only one previous occurrence of this species in the southwest, in 2022 from Saltash,
Cornwall (D. Fenwick, pers. comm., 2022). During these surveys it was found in one
marina.

Figure 16: Ammothea hilgendorfi. Image: © J Bishop, MBA.
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3.4 Artificial substrates

Although the amount and nature of available hard substrate, required by many of the
species targeted, varied between shores, bedrock and natural boulders were common on
all shores. This is in sharp contrast to surveys in the Solent, where the majority of shores
consisted of mixed sand, gravel and pebbles.

Very few artificial fixed structures and little artificial waste was found on the Devon and
Cornwall shores, see Table 6, Figure 17, and Figure 18. Again these results are markedly
different from those from the Solent, where many shores have coastal defence structures
such as rip-rap or wooden groynes, pipelines or discharge pipes, or active or abandoned
industrial structures (see Table 7).

Insufficient artificial substrate was found and examined on the Devon and Cornwall shores
to draw any conclusions concerning its role in the spread of NNS, or species’ preferences
for artificial vs. natural substrates.

Table 6. Counts of a selection of substrates examined at shore sites

Woodville Saltern NW of Penarrow Pt

Penarrow Pt | - Trefusis Pt

Churston

Rocks Cove Cove

Boulders 18 12 29 15 50 27
turned

Tidepools 3 14 1 13 4 15
Kelp holdfasts 0 0 2 3 0 8
Artificial fixed 2 1 0 0 0 0
Other Artificial 2 1 1 0 1 0

Table 7. Comparison of average counts of selected substrates examined on Devon
& Cornwall (6 shores) and in the Solent (8 shores) in 2022.

Devon & Cornwall

average

Solent average

Boulders turned 25.2 11.5
Tidepools 8.3 3.5
Kelp holdfasts 2.2 0.1

Artificial fixed 0.5 9.3
Other Artificial 0.8 12.4

The NNS recorded on artificial substrates during these surveys in Devon and Cornwall
were: Austrominius modestus, Aplidium cf. glabrum, Bugula neritina, Caulacanthus
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okamurae, Colpomenia peregrina, Crepidula fornicata, Magallana gigas, and Watersipora
Subatra.

Figure 17: Mooring buoy at Woodyville Rocks, showing abundant Tricellaria
inopinata, also colonies of Watersipora subatra and Bugula neritina. Image: © C
Wood, MBA.

Figure 18: Concrete wall at South Sands. Image: © C Wood, MBA.
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4 Discussion

4.1 Summary of results

Two clusters, the Torbay MCZ, and the Fal & Helford SAC, support the overall findings of
the Solent 2018/19 study (Taylor, Wood & Bishop, 2022), that Near shores have more
NNS than Far shores. As noted before this study was undertaken, unlike the other two
clusters of sites, the Salcombe to Kingsbridge SSSI cluster does not have a discrete focal
aggregation of recreational pontoons to fully justify characterisation of ‘Near’ and ‘Far’
shores. Nevertheless, the shore nearer to the Salcombe aggregation of boating activity
had more NNS than the site further downstream, thus fitting the overall trend.

A proportion of the losses and gains of species recorded at a site during repeat surveys,
particularly of species recorded at low abundance, must be attributed to chance, and the
data undoubtedly incorporate noise from this source.

This may explain some of the changes across the marina sites. Where comparisons with
earlier RAS by the same core team were possible, there was a net increase in NNS
records, with 4 apparent losses and 11 apparent gains of species at sites (Figure 6).
However the general upward trend is likely due to spread by recreational vessels. The
Torbay MCZ marina is adjacent to a major fishing port, so fishing vessels may also be
acting as a vector there. The recent arrival of Ammothea hilgendorfi to the region, a
species predominantly recorded in the Solent (NBN Atlas, 2023) is highly indicative of
anthropogenic spread.

With regard to the shores, the four species noted as losses at Saltern Cove in October
2022 were all recorded as Rare-occasional in the previous survey (August 2019), and
some of these losses may indeed represent simple failure to encounter species that are
still present but rare. However the recorded pattern of Undaria pinnatifida occurrence on
the Torbay MCZ shores reflects a different source of error: seasonal variation. U.
pinnatifida was recorded as Abundant-superabundant at Curston Cove in June 2019,
Rare-occasional at Saltern Cove in August 2019, then as Absent on both shores in
October 2022. This very likely reflects the brief seasonal occurrence of the large
sporophytes of U. pinnatifida, with rapid growth in spring-early summer followed by
regression to inconspicuous stumps by late summer, followed by death.

While it is difficult to explain why particular NNS appear to colonise shores quite readily
while others continue to thrive predominantly in marinas and similar habitats, some
possible factors can be suggested. Many NNS have a pre-existing strong preference or
requirement for artificial (anthropogenic) substrates, which promotes their spread around
the world. Entirely natural shores will generally offer limited scope for such species,
although apparent adaptation may enable colonisation of natural substrates after a delay.
Floating pontoons offer an unusual sheltered habitat with shaded horizontal and vertical
surfaces at a constant shallow depth, sometimes with relatively poor water quality;
extreme adaptation to these surroundings may be inappropriate on most natural shores.
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Floating structures also offer spatial refuge from benthic predators, which may be more
important for some species than for others. Of the species in Table 3 mentioned as being
more abundant in marinas than on the ‘other shores’, Bugulina neritina and Asterocarpa
humilis are, in our experience, still seen very infrequently on natural shores in the UK.
Tricellaria inopinata and Botrylloides diegensis are relatively frequent on shores in the
Solent region, but colonisation of shores appears to be less advanced in SW England.

The composition of the NNS biota on the shore NW of Penarrow Point in the Fal & Helford
SAC, is clearly distinct from those of the other shore sites visited, which is associated with
a difference of substrate type: It is a low-relief, linear shore predominantly of mixed coarse
sediment with boulders and low exposures of bedrock, whereas the others are higher-
relief rocky shores including near-vertical and overhung rock surfaces, associated with
embayments in the case of the Salcombe to Kingsbridge SSI and Torbay MCZ clusters.

The small scale of the project, with only three clusters of sites (including the sub-optimal
Salcombe to Kingsbridge SSSI cluster) may have led to some inconclusive results, in part
due to low statistical power. A probable example is the difference in site occupancy by
NNS between Near shores and Marinas, which had P < 0.1, suggesting the probability of a
significant difference given more extensive data, as was observed in the far larger data set
from the Solent in 2018/9 (12 of 14 clusters analysed).

Very few artificial fixed structures and little artificial waste was found on the Devon and
Cornwall shores, in stark contrast to the shores studied in the Solent in 2018/9 and 2022.
This is probably because commercial developments and human population densities are
lower in the areas studied in Devon and Cornwall compared to the Solent.

In the Solent, artificial fixed structures and artificial waste provide hard substrate that
otherwise may be very limited, on predominately mixed sediment shores. In contrast, the
typically rocky shores of the southwest have much more natural hard substrate to which
NNS and native species can attach and grow.

4.2 Recommendations

4.2.1 Monitoring

Natural England have a responsibility to report on the condition of protected species and
features within Marine Protected Areas (MPA). The survey method developed for the
Solent surveys in 2018/19, then refined during these Devon and Cornwall surveys and the
subsequent Solent surveys (Taylor, Wood & Bishop, 2021; Bishop, Wood & Taylor, 2025),
has proved effective in providing evidence on the presence and abundance of NNS at
such sites, contributing vital information to the designated site condition assessments. It is
recommended that this method be adopted widely throughout the MPA network.
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The UK Marine Strategy Framework Part Two 2022, highlights the importance of the MPA
monitoring programme in the assessment of progress towards Good Environmental Status
under Descriptor 2: Non-indigenous species.

Consideration should be given to whether Bispira polyomma, a very recent arrival to the
UK that already appears to be spreading, and for which there is very little information
regarding potential impacts, should be added to the UK Marine NIS priority list, last
updated by CEFAS in 2020 (CEFAS, 2020).

The surveys carried out in 2022, and reported here, combined with ad hoc data from
previous surveys at the same sites by the same core team clearly indicate the need for
regular monitoring as changes in NNS presence and abundance can occur rapidly.
However, the small number of sites surveyed does not provide an adequate overview of
the region generally, so it is recommended that further shore surveys be carried out in
designated sites throughout the region.

Natural England staff and other relevant organisations should be alerted to:

e New arrivals in the area i.e. Bispira polyomma and Ammothea hilgendorfi.

e The potential threat from Watersipora subatra on rocky shores. In some locations it
is dominating space, especially on vertical/downward-facing surfaces including the
underside of boulders; this phenomenon has been observed across the south-west
region. This species is also spreading in the Solent. It is likely that W. subatra is
having an impact on native species on some shores, and this species should be
monitored.

e Similarly, Caulacanthus okamurae is becoming increasingly abundant on south-
west shores, possibly impacting other turf-forming algae; but also growing on
previously unoccupied space, thus altering the habitat. This species should also be
monitored closely for any observed impacts.

4.2.2 Biosecurity

It is recommended that harbourmasters and site managers responsible for the sites
surveyed be reminded or made aware of biosecurity plans and biosecurity advice relevant
to their sector, for example the Fal and Helford Recreational Boating Biosecurity Plan
(2022), the Salcombe & Kingsbridge Estuary Marine Biosecurity Plan 2017- 2020
(SDAONB, 2020), and the Rapid Life project resources (RAPID Life, 2020).

Site-specific lists of NNS, resulting from these surveys, and species identification guides
should be provided to operators; this knowledge of the actual species that they are likely to
encounter and the likely threats will help operators to understand the importance of
biosecurity planning and to tailor their plans to their own area.
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Appendix 1: Details of sites surveyed

Site code Latitude
SAL HAR [ Salcombe harbour onshore 50.238491 | -3.765844 | 29/09/2022
KNG HAR | Kingsbridge estuary offshore pontoons | 50.244909 | -3.759015 | 29/09/2022
WRK SHR | Woodville Rocks 50.232049 | -3.772174 | 29/09/2022
SOS SHR | South Sands 50.225666 | -3.783365 | 30/09/2022
BRX MAR | Marina in Torbay MCZ 50.399656 | -3.50817 28/09/2022
CHR SHR | Churston Cove 50.403144 | -3.522427 | 28/09/2022
SLT SHR | Saltern Cove 50.416086 | -3.554640 |01/10/2022
MYL MAR | Marina in Fal estuary 50.178194 | -5.052179 | 26/09/2022
PEN SHR | NW of Penarrow Point 50.175897 | -5.044861 |26/09/2022
TRF SHR | Penarrow Point - Trefusis Point 50.165840 | -5.048793 | 27/09/2022

Note: In site code SHR, MAR or HBR = Shore, Marina or Harbour
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Appendix 2(i): Non-native species target list

Informal aroup

Informal aroup

Umbraulva dangeardii

Ascidians Aplidium cf. glabrum B Annelid worms | Bispira polyomma B
Asterocarpa humilis B Ficopomatus enigmaticus | B

Botrylloides violaceus B Hydroides dianthus B

Botrylloides diegensis B Hydroides elegans B

Ciona robusta B Hydroides ezoensis B

Corella eumyota B Arthropods Ammothea hilgendorfi B

Didemnum vexillum B Amphibalanus amphitrite | B

Perophora japonica B Amphibalanus improvisus | B

Styela clava B Austrominius modestus B

Bryozoans Bugula neritina B Caprella mutica B
Bugulina fulva B Dyspanopeus sayi S

Bugulina simplex B Eriocheir sinensis S

Bugulina stolonifera B Hemigrapsus sanguineus | B

Schizoporella japonica B Hemigrapsus takanoi B

Tricellaria inopinata B Hesperibalanus fallax B

Watersipora subatra B Brown algae Colpomenia peregrina B

Sponges Celtodoryx ciocalyptoides | B Sargassum muticum B
Anemones Diadumene lineata B Undaria pinnatifida B
Molluscs Arcuatula senhousia B Red algae Asparagopsis armata S
Crepidula fornicata B Bonnemaisonia hamifera | S

Ensis leei S S, | Caulacanthus okamurae S

Magallana gigas B Botryocladia wrightii B

Mercenaria mercenaria S S, | Gracilaria vermiculophylla | S

Ocinebrellus inornatus S S Grateloupia turuturu B

Rapana venosa S S Melanothamnus harveyi B

Ruditapes philippinarum S S, | Pikea californica B

Urosalpinx cinerea S Solieriaceae S

Hydroids Ectopleura crocea B Green algae Codium fragile fragile B
B
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Appendix 2(ii): Native species target list

Informal

Species

Sites

Excl.

Informal group | Species

(7]
=
o
(7]
m
X
ol

Ascidians Ascidia conchilega B Molluscs Littorina littorea S S
Ascidia mentula B X Mytilus spp. B
Ascidiella aspersa B Ocenebra erinaceus S S
Ascidiella scabra B X Ostrea edulis B
Botryllus schlosseri B Annelid worms | Hydroides norvegica B
Ciona intestinalis B X Lanice conchilega S S
Clavelina lepadiformis B Sabella pavonina B
Dendrodoa grossularia B Sabellaria spp. S S
Diplosoma listerianum B Spirobranchus B
Molgula spp. B Spirorbinae B X
Morchellium argus B Arthropods Balanus crenatus B X

Bryozoans Bugulina flabellata B Carcinus maenas B
Bugulina turbinata B Pisidia longicornis B
Celleporella hyalina B Porcellana platycheles B
Conopeum reticulum B Semibalanus balanoides B X
Conopeum seurati B Verruca stroemia B
Crisularia plumosa B Brown algae Cystoseira spp. S S
Cryptosula pallasiana B Fucus serratus B X
Einhornia crustulenta B Fucus spiralis B X
Electra pilosa B X Fucus vesiculosus B X
Oshurkovia littoralis S S Fucus ceranoides B X
Schizoporella unicornis S S Himanthalia elongata S
Scrupocellaria scruposa B Laminaria digitata B

Sponges Hymeniacidon perlevis B Saccharina latissima B
Sycon ciliatum B Red algae Gracilaria spp. S S

Anemones Actinia equina S Halurus spp. S
Metridium senile B Green algae Ulva spp. B
Urticina felina S Plants Zostera spp. S S

Notes: Sites — Site types where species expected - S = Shore, M = Marina, B = Both
Excl. — Excluded from Marina/Near/Far analyses because: S = Unlikely to occur on pontoons in marinas, | = Infaunal species, X= Inconsistently recorded
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Appendix 3(i): Environmental survey data - Shores

Site Code Low tide Low tide Cloud Precip- Wind Sea state | Pressure Air temp. | Sea temp.
Time (BST) | Height (m) | cover % itation direction (°C) (°C)
WRK SHR | 29/09/2022 14:58 0..91 80 0 Light NW F)alm 1006 16 16..5
(rippled)
SOS SHR | 30/09/2022 15:29 1.14 100 Light rain Light w Moderate 1005 15 16.5
CHR SHR | 28/09/2022 14:30 0.79 70 0 Light ENE Qalm 1003 14 16.5
(rippled)
SLT SHR | 01/10/2022 16:07 1.40 40 0 Light SW Calm 1013 17 16.5
PEN SHR | 26/09/2022 12:48 0.71 80 0 Strong NW Slight 1009 15 16.3
TRF SHR | 27/09/2022 13:23 0.57 100 Light rain Light NW (r'c:)?)lI:d) 1005 14 16.3
i

Appendix 3(ii): Environmental survey data - Marinas

Site Code Survey Date | Pressure (Aoié)temp. 25;::2‘)' (°C) g;a temp. Salinity Surface gz‘linity Z::::;':: (Secchi
SAL HAR 29/09/2022 1006 16 16.8 16.8 35.5 35.4 4.2

KNG HAR 29/09/2022 1006 16 16.7 16.8 35.3 35.4 44

BRX MAR 28/09/2022 1003 14 16.2 16.4 35.4 354 4.0

MYL MAR 26/09/2022 1009 15 16.8 16.8 34.4 34.9 14
Notes:

Cloud cover, precipitation, wind strength and direction, and sea state from personal observation
Tidal times and heights from POLTIPS

Pressure and air temperature from www.timeanddate.com/weather/uk

Sea temperature (shores) from www.seatemperature.org/europe/united-kingdom

Sea temperature and salinity (marinas/harbours) personal observation using YSI 30 Salinometer
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Appendix 4:

NNS occurrences and abundances

Site code

TRF SHR

PEN SHR
MYL MAR
SOS SHR
WRK SHR
KNG HBR
SALHBR

SLT SHR

CHR SHR
BRX MAR

Aplidium

Asterocarpa humilis

Botrylloides diegensis

Botrylloides violaceus

Ciona robusta

Corella eumyota

Didemnum vexillum

Perophora japonica

Styela clava

Bugula neritina

Bugulina fulva

Bugulina simplex

Bugulina stolonifera

Schizoporella japonica

Tricellaria inopinata

Watersipora subatra

Celtodoryx ciocalyptoides

Diadumene lineata

Arcuatula senhousia

Crepidula fornicata

ZlZ|Z|Zm|2|Z|Z2|Z2|Z2|2|2]|2|2|2|2|2|=2]|2|2
D Z(Z2|Z2|2 |2 |2|2|2 2|22 | 222|122 |=2|2(=2
ZlZz| 2|22 | |22 |2|2|=|=2|2|Z2(F|Z2|M|M |2 |2
ZlZ2|Z2|Z2|2|F|Z2|Z2|Z2|2|2|=2|=2|Z2|F|Z2|2|2]|2|=2
DNZ|Z|Z2|= B |Z2|2|2|2|2 2|2 |Z2|B|Z2|2|2|2 |2
ZlZ|Z2|Z2|F|=|Z2|2|2|2|=|2|B|2|2|2|2|=2|> |2
Zl|Z|Z|Z|n |z |Z2|2|2|2|n|Z2|m|Z2|B | 2|22 (=
ZlZ|Z2|Z2F|2|Z2|2|2|2|2|2|2|2|2|2|2|2|2|2
Zl|Z|Z2|2|F |m|Z2|2Z2|2|2 | |22 |22 |2 (T

Crepidula fornicata

Dead

Magallana gigas

V| Z|Z2|Z2|Z2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|2|=2

=
=
=
=
=
=

Magallana gigas

Dead

Ocinebrellus inornatus

Rapana venosa

=
=
=
=

Urosalpinx cinerea

Z|Z|Z2=:|=2
=
=
=
Z|Z|Z2|=|=
=

=
=
=4
=

Bispira polyomma

Ficopomatus enigmaticus

Hydroides dianthus

Hydroides elegans

Hydroides ezoensis

Ammothea hilgendorfi

Amphibalanus amphitrite

Amphibalanus improvisus

Austrominius modestus

Hesperibalanus fallax

Caprella mutica

Dyspanopeus sayi

Eriocheir sinensis

Hemigrapsus sanguineus

Hemigrapsus takanoi

ZlZ|Z2|2|2|2|F|2|2|2|12|12|=2|=2]|=2
Z|1Z|Z2|Z2|2|2|FB|2|2|2|=2|2|=2|=2|=2
Z|Z|Z2|Z2|2|2|||Z2|2|:|2|2|=2|=2|=2

Asparagopsis armata

DlZ|Z|2|2|2|2|2|2|2|2|2|2|12=2]|=2

Bonnemaisonia hamifera

Botryocladia wrightii

Caulacanthus okamurae

Codium fragile fragile

Colpomenia peregrina

Z|l2|1=2|=2
Z2|l2|12|=2
Z2|2|12|=2
D222

Gracilaria vermiculop hylla

Grateloupia turuturu

Pikea californica

Sargassum muticum

Solieriaceae

Undaria pinnatifida

ZFIIZIM|ZM|Z|=|2|2|2|2|2|2|2|2|2|n]2|2|2|2(2]|2]|2
Z|Z|Z2|Z2|Z2|21B|Z2|2|Z2|2|2|2|2|2|Z2|2|2|nm|2|12|12|12 (12|22
Z|Z|F|Z|W|Z2|B|RB|=|Z2|2|2|2|2|2|2|2|21B22|2|2(2=2]|=2
D|Z|Z|IZ|R|Z|n|BN|Z2|2|Z2|2|2|2|2|2|2|2|2|2|2|2|2|2|=2
Z|Z|B|Z2|Z2|Z2F|Z|B|Z2|Z2|Z2|Z2|2|2|2|2|2|n]|2|2|2|2(2|=2]|2
Z|Z|B|Z|W|Z2|M|ZIn|Z2|2|2|Z2|2|2|2|2|2|n]|2|2|2|2(2]|2]|2

D 22|22
22|12
D222
m|Z|RW|Z2]|™
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Appendix 5: Actively recorded native species
occurrences and abundances

o [ @ 3 «< o« o« o« o
Site code E z % § z g g E E §
o b > o [ g d Lart T é
(= o s @ = < o @ o o
Ascidia conchilega N N N N
Ascidiella F R R N N
Ascidiella aspersa R F R R A
Ascidiella scabra R N N N N N
Botrylloides leachii R N N R
Botryllus schlosseri R R F R R R R R N R
Ciona intestinalis A R A F F
Clavelina lepadiformis R N R R
Dendrodoa grossularia N N N N N N
Diplosoma listerianum R F F F
Molgula N N R N N R R N N N
Morchellium argus N N N R F R A R R N
Bugulina flabellata N N N N N N N N N
Bugulina turbinata N N N N N N N N N
Celleporella hyalina R R R N N N
Conopeum N N N N N
Cradoscrupocellaria R R R R R N
Cryptosula pallasiana N N R N N N N N R R
Electra pilosa R R R R R N
Escharoides coccinea N N N N N R
Oshurkovia littoralis R R R R N N
Schizoporella unicornis N N R N R N
Scrupocellaria scruposa R N R N N N N
Hymeniacidon perlevis F ; F F R R N F F R
Sycon ciliatum R R R R R
Actinia equina R R A F R N
Metridium senile R R R R
Urticina felina N N N N N N
Littorina littorea R F R F F R
Mytilus F R F N R R R N N F
Ocenebra erinaceus N N R F R R
Ostrea edulis N R N N N N N N N N
Ostrea edulis Dead
Hydroides norvegica N N R N N N N N N N
Lanice conchilega N R N N N N
Sabella pavonina N R R N N R R N R R
Sabellaria N N N N A N
Spirobranchus F A F F A R R A A F
Spirorbinae R R R R R R
Carcinus maenas R F R R N R R N R R
Pisidia longicornis N R R N R N N N R R
Porcellana platycheles R N R R R F
Semibalanus balanoides N N N N N F
Verruca stroemia R R R N R N N N R N
Cystoseira R N R R N N
Fucus R R F N
Fucus serratus A A F A A A
Fucus vesiculosus R F R F F F
Halurus N N N N N N
Himanthalia elongata R N N F N R
Laminaria digitata A N N R R N N N R R
Saccharina latissima N N F R R R N N R
Ulva A F F A E F F F F F
Zostera N N N F N N
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Appendix 6: Field team

The core field team was: John Bishop and Christine Wood from the MBA; Ruth Crundwell
from Natural England acted as the third surveyor for the Salcombe to Kingsbridge SSSI
and Torbay MCZ clusters, but she was replaced by Esther Hughes from Natural England
for the Fal & Helford SAC cluster. Katherine Stephenson (Natural England) assisted Ruth
Crundwell at the Torbay MCZ marina and near shore site. Nigel Mortimer (Estuaries
Officer for the South Devon AONB) supported Ruth Crundwell at the Salcombe and
Kingsbridge SSSI sites, and Adele Morgan (Natural England) assisted Esther Hughes at
the marina and far shore site in the Fal & Helford SAC cluster.
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	1 Introduction 
	Non-native (alien, or non-indigenous) species, abbreviated here to NNS, are those which have been spread, either intentionally or accidentally, beyond their natural geographical range as a consequence of human activity. In contrast, species living within their natural range are referred to as native species. The additional term ‘invasive’ is used to specify non-native species that are known to adversely affect native biodiversity or harm human wellbeing in terms of economic activity or health, thus ‘invasiv
	Biological invasions by INNS are generally accepted to be one of the greatest threats to biodiversity world-wide. The direct cost to Great Britain’s marine industries has been estimated at approximately £40 million/yr (Williams and others, 2010). Devon and Cornwall, both rich in Marine Protected Areas (MPAs), also have a number of key entry points for INNS into the UK: international shipping (including naval vessels, cruise ships, and cross-channel ferries) visits the ports of Plymouth and Falmouth; fishing
	During the summers of 2018 and 2019 rapid assessment surveys of 14 ‘Clusters’ of three sites, one marina/harbour site, one nearby shore and one more distant shore, were completed in the Solent, as part of a European Maritime and Fisheries Fund Project conducted by Natural England and The Marine Biological Association. That project developed a replicable survey methodology to map INNS within sites designated as Special Areas of Conservation (SAC) and Special Protection Areas (SPA) in the Solent. Comparison o
	Natural England Joint 
	Natural England Joint 
	Publication JP042


	Natural England wished to undertake similar work in Devon and Cornwall to seek to establish if a similar relationship could be found between the prevalence of INNS found within marinas and INNS found on intertidal areas nearby and more distant shores. 
	The data gathered is a baseline for monitoring the spread of INNS, providing conservation advice to developers, and for assessing site condition. 
	2 Methods 
	The surveys were designed to elucidate as fully as possible the presence of marine NNS in the chosen areas. 
	2.1 Site selection 
	Following discussions between the MBA and Natural England, it was agreed that three ‘Clusters’ of sites would be surveyed, see .  
	Figure 1
	Figure 1


	Factors considered in their selection were: 
	•
	•
	•
	 Sites should be within an MPA such as an MCZ, SAC, SPA, or SSSI, as these are areas for which Natural England are required to provide condition assessments. 

	•
	•
	 Within each cluster, sites should be clearly identifiable as a marina, near shore, and far shore if possible. 

	•
	•
	 Areas where Natural England have knowledge gaps they are keen to fill. 

	•
	•
	 Sites where the MBA has carried out previous surveys, thus providing historic data for comparison. 

	•
	•
	 Health & safety considerations and accessibility of shore sites: shores with greatest ease of access were preferred.  


	Table 1. Clusters of sites selected to be surveyed in 2022  
	Salcombe to Kingsbridge SSSI: 
	Site type 
	Site type 
	Site type 
	Site type 
	Site type 

	Location 
	Location 



	Marina/Harbour 
	Marina/Harbour 
	Marina/Harbour 
	Marina/Harbour 

	Salcombe harbour onshore, and Kingsbridge estuary offshore pontoons 
	Salcombe harbour onshore, and Kingsbridge estuary offshore pontoons 


	Near shore 
	Near shore 
	Near shore 

	Woodville Rocks 
	Woodville Rocks 


	Far shore 
	Far shore 
	Far shore 

	South Sands 
	South Sands 


	Comparative data 
	Comparative data 
	Comparative data 

	Survey Bishop Group (MBA) 2014 – marina only 
	Survey Bishop Group (MBA) 2014 – marina only 




	 
	Torbay MCZ: 
	 
	Site type 
	Site type 
	Site type 
	Site type 
	Site type 

	Location 
	Location 



	Marina/Harbour 
	Marina/Harbour 
	Marina/Harbour 
	Marina/Harbour 

	Marina in Torbay MCZ 
	Marina in Torbay MCZ 


	Near shore 
	Near shore 
	Near shore 

	Churston Cove 
	Churston Cove 


	Far shore 
	Far shore 
	Far shore 

	Saltern Cove 
	Saltern Cove 


	Comparative data 
	Comparative data 
	Comparative data 

	Survey Bishop Group (MBA) 2016 - marina, 2019 - shores 
	Survey Bishop Group (MBA) 2016 - marina, 2019 - shores 




	 
	Fal and Helford SAC: 
	 
	Site type 
	Site type 
	Site type 
	Site type 
	Site type 

	Location 
	Location 



	Marina/Harbour 
	Marina/Harbour 
	Marina/Harbour 
	Marina/Harbour 

	Marina in Fal estuary 
	Marina in Fal estuary 


	Near shore 
	Near shore 
	Near shore 

	NW of Penarrow Point 
	NW of Penarrow Point 


	Far shore 
	Far shore 
	Far shore 

	Penarrow Point - Trefusis Point 
	Penarrow Point - Trefusis Point 


	Comparative data 
	Comparative data 
	Comparative data 

	Survey Bishop Group (MBA) 2019 – marina only 
	Survey Bishop Group (MBA) 2019 – marina only 




	Natural England requested the inclusion of the Salcombe to Kingsbridge SSSI as it has been identified by them as an area where there is currently insufficient data on the presence of NNS to enable them to carry out condition assessments effectively. However, the estuary does not have a clearly defined marina area, although there are sets of pontoons in a number of locations, and also a large number of swinging moorings in the estuary. It was agreed to survey onshore pontoons in Salcombe, at Whitestrand, the
	Figure 2
	Figure 2


	 
	Figure
	Figure 1: Map of Devon & Cornwall, showing the 3 clusters of sites surveyed. Map imagery: Google Earth. © 2023 TerraMetrics. 
	 
	Figure
	Figure 2: Salcombe to Kingsbridge SSSI - sites surveyed. Map imagery: Google Earth, © 2023 TerraMetrics. 
	 
	Figure
	Figure 3: Torbay MCZ - sites surveyed. Map imagery: Google Earth, © 2023 TerraMetrics. 
	 
	 
	Figure
	Figure 4: Fal & Helford SAC - sites surveyed. Map imagery: Google Earth, © 2023 TerraMetrics. 
	2.2 Schedule 
	The shore protocol requires that surveys only be carried out during low water of Spring tides, preferably on days with a low tide below 1.0 m. It was agreed to conduct the surveys between 27th September and 1st October 2022.  
	 
	2.3 Target species selection 
	The target list of NNS used in the Solent 2018/19 surveys was modified by the addition of Bispira polyomma (Purple fan-worm), a sabellid worm recently discovered in the UK in 2021 (Bishop & Darbyshire, 2023); and Ectopleura crocea, a hydroid that had been recently observed in the Solent, but very rarely found previously in the UK (J. Bishop unpublished data, 2017). The red alga Pikea californica (Captain Pike’s golden gate weed) was added as it is known to be a recent arrival in Cornwall. The NNS target lis
	In this report all references to Didemnum vexillum (carpet sea squirt) should be interpreted as including Didemnum vexillum, Didemnum pseudovexillum or potentially both (Turon and others, 2020), as it was not possible to distinguish the two species within the timescale of this project. 
	2.4 Survey methodology 
	The marina/harbour surveys were carried out following the methods described in the  (Taylor, Wood & Bishop, 2022). 
	Natural England Joint Report JP042
	Natural England Joint Report JP042


	The shore surveys were carried out mainly following the Natural England guidance document ‘Protocol for Rapid Assessment Survey for Non-Native Species on English Shores’ (Taylor, Wood & Bishop, 2021). However, following its use in the Solent in 2022, some minor changes were made to the protocol in the recording of artificial substrates that were tested during these surveys, and subsequently further changes have also been recommended; these are detailed fully in the Natural England report ‘Mapping Invasive N
	The protocol recommends using a pair of surveyors for each of the three zones on each shore. However, this was not possible on all surveys. See Appendix 6 for details of the field team. 
	 
	2.6 Health and safety 
	A generic risk assessment was carried out prior to the survey work. A dynamic risk assessment was then carried out on site prior to commencing survey work to confirm suitability of exit points from the shore and identify any site-specific risks. 
	Primary health and safety concerns related to operating across large areas of either rocky habitat, on which it is easy to slip and fall, or fine sediment, in which it is easy for people to get stuck. This was mitigated as far as possible by planning routes across the site prior to commencing surveys and carrying a throw rope. Other key risks included becoming trapped by incoming tides and exposure risks, typically associated with either of the two aforementioned concerns. 
	All staff wore appropriate personal protective equipment (PPE) for survey work, including buoyancy aids in marinas, and carried a mobile phone. Mobile phone signal in each area had been checked using Vodafone coverage checker. All staff were provided with the tidal information for the survey areas and notified of appropriate entry and exit points to the shore and the meeting place after survey work was completed. 
	2.7 Access permissions 
	Access permissions from relevant marina, boatyard and landowners were obtained by the Marine Biological Association and Natural England prior to commencing surveys. 
	 
	2.8 Data analysis 
	For analyses comparing the presence of NNS in ‘Marinas’ and on ‘Near’ and Far’ shores, the species lists of both NNS and native species were restricted to those taxa for which the marinas offered suitable habitat that was accessible for surveying at all states of the tide. In effect, this meant those species that readily colonise floating pontoons. This ruled out infaunal species, and algae characteristically found on shores. Appendix 2 indicates which species were not included in the analyses. Only records
	Pairwise T-tests and correlations were undertaken in Excel. Multivariate analyses (Resemblance matrices, MDS plots, and ANOSIM, SIMPER, CLUSTER and SIMPROF routines) were conducted in Primer 6. A significance level (Alpha) of 0.05 was adopted. 
	The results from the Salcombe inshore pontoons, and the Kingsbridge offshore pontoons were combined as the ‘Marina’ for all charts and analyses, unless otherwise stated. 
	 
	 
	  
	3 Results 
	All surveys were completed successfully in full.  
	The detailed NNS and native species occurrence data is provided at Appendices 4 and 5, and as Supplementary Material A, attached with this report. The environmental measurements of salinity, temperature and turbidity collected at each marina, and environmental conditions noted for each shore site are reported in Appendix 3. All species records have been entered into Marine Recorder and will thus be automatically uploaded to the NBN Atlas. The survey metadata has been entered into MEDIN. 
	 
	3.1 Basic survey data 
	Overall in 2022, 295 live species-occurrence records were noted (including both NNS and native species), 27 different NNS were recorded during the surveys, 23 from marinas and 20 from shores.  
	The most frequent NNS on shores were: Austrominius modestus (Darwin’s barnacle), Caulacanthus okamurae (Pom-pom weed) and Colpomenia peregina (Oyster thief), recorded on 6 out of 6 shores; and Watersipora subatra (Red-ripple bryozoan) and Magallana gigas (Pacific oyster), both found on 5 shores, see . 
	Figure 5
	Figure 5


	 
	 
	Figure
	Figure 5: Ranked bar chart of numbers of shore sites occupied by each NNS. 
	The most frequent NNS in marinas were: Aplidium cf. glabrum (colonial sea squirt), Austrominius modestus (Darwin’s barnacle), Bugula neritina (Ruby bryozoan), Corella eumyota (Orange-tipped sea squirt), Grateloupia turuturu (Devil’s tongue weed), Tricellaria inopinata (Tufty-buff bryozoan), Watersipora subatra (Red-ripple bryozoan) and Undaria pinnatifida (Wakame) (all noted in all 3 marinas), see Figure 6. This figure also shows the results from the most recent previous RAS (Marina in Fal estuary 2019, Mar
	 
	Figure
	Figure 6: Ranked bar chart of number of marina sites occupied by each NNS in most recent previous survey and in 2022. 
	The maximum number of NNS found at any of the 3 marina sites was 18, and the maximum recorded at any of the 6 Near/Far shore sites was 15, see . Note for the Salcombe to Kingsbridge SSSI the numbers of NNS found on the onshore and offshore pontoons are shown separately, and these have also been combined into an overall number of NNS attributed to the ‘Marina’. 
	Figure 7
	Figure 7


	In this small set of surveys - 
	•
	•
	•
	 7 species were found in marinas but not on shores: Asterocarpa humilis (Compass sea squirt), Botrylloides diegensis (San Diego sea squirt), Ciona robusta (a solitary ascidian), Bugulina stolonifera (an erect bryozoan), Bispira polyomma (Purple fan-worm), Ammothea hilgendorfi (Japanese sea-spider), and Asparagopsis armata (Harpoon weed); 

	•
	•
	 11 species were found in marinas, near, and far shores: Austrominius modestus, Colpomenia peregrina, Watersipora subatra, Magallana gigas, Tricellaria inopinata, Grateloupia turuturu, Styela clava (Leathery sea squirt), Sargassum muticum 

	(Wireweed), Aplidium cf. glabrum, Corella eumyota, and Perophora japonica (Creeping sea squirt); 
	(Wireweed), Aplidium cf. glabrum, Corella eumyota, and Perophora japonica (Creeping sea squirt); 

	•
	•
	 5 species were found in marinas and near shores: Bugula neritina, Undaria pinnatifida, Botrylloides violaceus (Orange cloak sea squirt), Bugulina fulva, and B. simplex (erect bryozoans); 

	•
	•
	 There were no species present in marinas and far shores, that were not also present on near shores; 

	•
	•
	 4 species were present on shores but not in marinas: Caulacanthus okamurae, Codium fragile fragile (Green sea fingers), Soliera chordalis (Solier’s red string weed), and Crepidula fornicata (Slipper limpet); 

	•
	•
	 2 species were more common on shores: Colpomenia peregrina, and Sargassum muticum. 


	 
	 
	 
	Figure
	Figure 7: Bar chart of the numbers of NNS recorded in each cluster in 2022, by site type. 
	Comparative data from previous surveys using the same protocol is available for some of the sites. The two shore sites in the Torbay MCZ were surveyed in 2019, the marina in 2016. The marina in the Fal & Helford SAC was last surveyed in 2019. Both sets of pontoons in the Salcombe to Kingsbridge SSSI were last surveyed in 2014, See .  
	Figure 8
	Figure 8


	Notable changes include: 
	Salcombe to Kingsbridge SSSI:  
	•
	•
	•
	 The arrival of Bispira polyomma and the encrusting bryozoan Watersipora subatra, the latter being abundant at Woodville Rocks, see Species of interest. 


	Torbay MCZ:  
	•
	•
	•
	 The record of Ammothea hilgendorfi, see ‘Species of interest’.  

	•
	•
	 The reduction in NNS found at Churston Cove (Torbay MCZ Near shore) is partially explained by the absence of the ephemeral filamentous red algae Bonnemaisonia hamifera (Hook weed), and Neosiphonia japonica (Siphoned Japan weed). Although there were also other changes, notably Undaria pinnatifida, abundant in 2019 was absent in 2022.   

	•
	•
	 At Saltern Cove (Torbay MCZ Far shore), four NNS recorded in 2019 were not found again in 2022 (Corella eumyota, Tricellaria inopinata, Crepidula fornicata and Undaria pinnatifida), all of which were recorded as Rare-occasional in 2019. However, Watersipora subatra was recorded there for the first time in 2022. 


	 
	 
	Figure
	Figure 8: Bar chart of numbers of NNS (shown as ‘AS’ (Alien Species)) recorded in each cluster, by site type, in 2022 and in most recent previous survey. 
	 
	3.2 Data analysis 
	3.2.1 Trends in numbers of NNS 
	The mean number of NNS per site across the 3 clusters declined progressively from Marina to Near shore to Far shore. However, based on comparisons between sites within 
	the same cluster (Pairwise T-tests), the number of NNS recorded did not differ significantly between site types, although the difference between Far shores and Near shores achieved borderline significance (P = 0.057) (
	Table 2
	Table 2

	 and Figure 9).  

	Table 2. Mean numbers of NNS per site recorded for the three site types across 3 clusters, with significance levels (Pairwise t-tests) for differences between the site types. 
	 
	 
	 
	 
	 
	 

	Mean number of NNS per site 
	Mean number of NNS per site 

	 
	 

	Significance levels 
	Significance levels 

	 
	 



	Marina 
	Marina 
	Marina 
	Marina 

	14.7 
	14.7 

	 
	 

	Marina 
	Marina 

	  
	  


	Near shore 
	Near shore 
	Near shore 

	10.7 
	10.7 

	Near shore 
	Near shore 

	P = 0.402 
	P = 0.402 

	Near shore 
	Near shore 


	Far shore 
	Far shore 
	Far shore 

	9.3 
	9.3 

	Far shore 
	Far shore 

	P = 0.270 
	P = 0.270 

	P = 0.057 
	P = 0.057 




	 
	+ 
	Number of NNS02468101214161820Far shoreNear shoreMarina 
	Figure 9: Box plot of numbers of NNS recorded for the three site types across the 3 clusters. 
	3.2.2 Species composition of NNS assemblages 
	A Bray-Curtis similarity matrix was calculated for all sites from the NNS abundance estimates. An MDS plot representing this matrix showed the Marina sites as a discrete grouping, with Near and Far shore sites more broadly distributed and largely intermingled. Cluster analysis plus the SIMPROF routine indicated the presence of three statistically significant groupings, comprising respectively the three marina sites, the Fal & Helford SAC Near shore site on its own, and the remainder of the shore sites . 
	Figure 10
	Figure 10


	 
	Figure
	Figure 10: Multidimensional scaling (MDS) plot of the 12 sites, derived from a Bray-Curtis similarity matrix with the site types distinguished by colour and the clusters distinguished by symbol.  
	F = Far shore, N = Near shore, M = Marina; FH = Fal & Helford SAC; KS = Salcombe to Kingsbridge SSSI; TB = Torbay MCZ. The contours delimit the statistically significant clusters identified by SIMPROF. 
	 
	Figure
	Figure 11: Group-average dendrogram based on the same Bray-Curtis matrix as 
	Figure 11: Group-average dendrogram based on the same Bray-Curtis matrix as 
	Figure 10
	Figure 10

	. Significant structure is indicated by solid black lines; samples connected by red dotted lines are not significantly differentiated. Sample labels are as in 
	Figure 10
	Figure 10

	. 

	SIMPER analysis was used to examine the contribution of individual species to the overall Bray-Curtis dissimilarities between the groupings identified by SIMPROF.  ranks the species contributing to dissimilarity between the three marinas and the five shores other than FH-N (henceforth ‘other shores’). Of the 12 species contributing to the first 80% of dissimilarity, nine had greater abundance in marinas compared to ‘other shores’, including seven of the top ten species, and contributed 59.19% of total dissi
	Table 3
	Table 3


	 
	 
	 
	 
	Table 3. SIMPER analysis of contributions by individual species to overall Bray-Curtis dissimilarity between the marinas and the ‘other shores’. Species ranked by contribution, only those contributing to the first 80% are shown.  
	Av. Abund = average abundance; Av. Diss. = average dissimilarity; Diss./SD = average dissimilarity divided by its standard deviation; Contrib.% = species’ % contribution to total dissimilarity; Cum.% = Cumulative % dissimilarity. The greyed-out cells indicate the higher value for each species. 
	Species 
	Species 
	Species 
	Species 
	Species 

	Av. Abund Other shores 
	Av. Abund Other shores 

	Av. Abund Marinas 
	Av. Abund Marinas 

	Av. Diss. 
	Av. Diss. 

	Diss./SD 
	Diss./SD 

	Contrib.% 
	Contrib.% 

	Cum.% 
	Cum.% 



	Bugula neritina 
	Bugula neritina 
	Bugula neritina 
	Bugula neritina 

	0.20 
	0.20 

	3.00 
	3.00 

	8.41 
	8.41 

	3.98 
	3.98 

	13.83 
	13.83 

	13.83 
	13.83 


	Tricellaria inopinata 
	Tricellaria inopinata 
	Tricellaria inopinata 

	0.60 
	0.60 

	2.67 
	2.67 

	6.39 
	6.39 

	2.12 
	2.12 

	10.52 
	10.52 

	24.36 
	24.36 


	Caulacanthus okamurae 
	Caulacanthus okamurae 
	Caulacanthus okamurae 

	2.20 
	2.20 

	0.00 
	0.00 

	6.35 
	6.35 

	3.06 
	3.06 

	10.45 
	10.45 

	34.81 
	34.81 


	Asterocarpa humilis 
	Asterocarpa humilis 
	Asterocarpa humilis 

	0.00 
	0.00 

	1.33 
	1.33 

	3.92 
	3.92 

	0.97 
	0.97 

	6.44 
	6.44 

	41.26 
	41.26 


	Botrylloides diegensis 
	Botrylloides diegensis 
	Botrylloides diegensis 

	0.00 
	0.00 

	1.33 
	1.33 

	3.91 
	3.91 

	1.32 
	1.32 

	6.44 
	6.44 

	47.70 
	47.70 


	Colpomenia peregrina 
	Colpomenia peregrina 
	Colpomenia peregrina 

	1.60 
	1.60 

	0.33 
	0.33 

	3.78 
	3.78 

	1.76 
	1.76 

	6.22 
	6.22 

	53.92 
	53.92 


	Undaria pinnatifida 
	Undaria pinnatifida 
	Undaria pinnatifida 

	0.20 
	0.20 

	1.33 
	1.33 

	3.34 
	3.34 

	1.90 
	1.90 

	5.50 
	5.50 

	59.42 
	59.42 


	Aplidium cf. glabrum 
	Aplidium cf. glabrum 
	Aplidium cf. glabrum 

	0.40 
	0.40 

	1.33 
	1.33 

	2.79 
	2.79 

	1.36 
	1.36 

	4.58 
	4.58 

	64.01 
	64.01 


	Watersipora subatra 
	Watersipora subatra 
	Watersipora subatra 

	2.00 
	2.00 

	2.00 
	2.00 

	2.75 
	2.75 

	1.16 
	1.16 

	4.53 
	4.53 

	68.53 
	68.53 


	Perophora japonica 
	Perophora japonica 
	Perophora japonica 

	0.40 
	0.40 

	1.00 
	1.00 

	2.61 
	2.61 

	1.08 
	1.08 

	4.29 
	4.29 

	72.82 
	72.82 


	Grateloupia turuturu 
	Grateloupia turuturu 
	Grateloupia turuturu 

	1.00 
	1.00 

	1.67 
	1.67 

	2.45 
	2.45 

	1.08 
	1.08 

	4.04 
	4.04 

	76.86 
	76.86 


	Botrylloides violaceus 
	Botrylloides violaceus 
	Botrylloides violaceus 

	0.00 
	0.00 

	0.67 
	0.67 

	2.16 
	2.16 

	0.67 
	0.67 

	3.55 
	3.55 

	80.41 
	80.41 




	 shows species contributions to the dissimilarity between FH-N (the Near shore in the Falmouth & Helford SAC cluster) and the ‘other shores’. The top-ranked contributor to the dissimilarity was Tricellaria inopinata, recorded as 3.0 (Abundant-superabundant) at FH-N but averaging only 0.6 (below Rare-occasional) on the ‘other shores’. Unsurprisingly, as a single site compared with five others, FH-N lacked some species recorded amongst the five ‘other shores’, in fact lacking three species from the 10 contrib
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	Table 4. SIMPER analysis of contributions by individual species to overall Bray-Curtis dissimilarity between FH-N and the ‘other shores’. Species ranked by contribution, only those contributing to the first 80% shown. See legend to 
	Table 4. SIMPER analysis of contributions by individual species to overall Bray-Curtis dissimilarity between FH-N and the ‘other shores’. Species ranked by contribution, only those contributing to the first 80% shown. See legend to 
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	  for explanation of column headings. 

	Species 
	Species 
	Species 
	Species 
	Species 

	Av. Abund Other shores 
	Av. Abund Other shores 

	Av. Abund   FH-N 
	Av. Abund   FH-N 

	Av. Diss. 
	Av. Diss. 

	Diss./SD 
	Diss./SD 

	Contrib.% 
	Contrib.% 

	Cum.% 
	Cum.% 



	Tricellaria inopinata 
	Tricellaria inopinata 
	Tricellaria inopinata 
	Tricellaria inopinata 

	0.60 
	0.60 

	 3.00 
	 3.00 

	9.56 
	9.56 

	2.53 
	2.53 

	17.14 
	17.14 

	17.14 
	17.14 


	Watersipora subatra 
	Watersipora subatra 
	Watersipora subatra 

	2.00 
	2.00 

	0.00 
	0.00 

	7.47 
	7.47 

	2.22 
	2.22 

	13.39 
	13.39 

	30.53 
	30.53 


	Caulacanthus okamurae 
	Caulacanthus okamurae 
	Caulacanthus okamurae 

	2.20 
	2.20 

	1.00 
	1.00 

	4.34 
	4.34 

	1.41 
	1.41 

	7.77 
	7.77 

	38.30 
	38.30 


	Botrylloides violaceus 
	Botrylloides violaceus 
	Botrylloides violaceus 

	0.00 
	0.00 

	1.00 
	1.00 

	3.88 
	3.88 

	5.54 
	5.54 

	6.95 
	6.95 

	45.25 
	45.25 


	Bugulina fulva 
	Bugulina fulva 
	Bugulina fulva 

	0.00 
	0.00 

	1.00 
	1.00 

	3.88 
	3.88 

	5.54 
	5.54 

	6.95 
	6.95 

	52.21 
	52.21 


	Bugulina simplex 
	Bugulina simplex 
	Bugulina simplex 

	0.00 
	0.00 

	1.00 
	1.00 

	3.88 
	3.88 

	5.54 
	5.54 

	6.95 
	6.95 

	59.16 
	59.16 


	Grateloupia turuturu 
	Grateloupia turuturu 
	Grateloupia turuturu 

	1.00 
	1.00 

	0.00 
	0.00 

	3.62 
	3.62 

	1.37 
	1.37 

	6.49 
	6.49 

	65.65 
	65.65 


	Crepidula fornicata 
	Crepidula fornicata 
	Crepidula fornicata 

	0.20 
	0.20 

	1.00 
	1.00 

	3.26 
	3.26 

	1.71 
	1.71 

	5.83 
	5.83 

	71.49 
	71.49 


	Sargassum muticum 
	Sargassum muticum 
	Sargassum muticum 

	0.80 
	0.80 

	0.00 
	0.00 

	3.26 
	3.26 

	1.71 
	1.71 

	5.83 
	5.83 

	77.32 
	77.32 


	Colpomenia peregrina 
	Colpomenia peregrina 
	Colpomenia peregrina 

	1.60 
	1.60 

	1.00 
	1.00 

	2.17 
	2.17 

	1.08 
	1.08 

	3.88 
	3.88 

	81.20 
	81.20 




	3.2.3 Site occupancy by NNS and native species 
	The mean number of sites occupied by an NNS across the 3 clusters declined progressively from Marina to Near shore to Far shore (). Error! Reference source not found. However, for NNS the differences between Near and Far shore and between Near Shore and Marina were not significant; the only statistically significant difference was between Far shore and Marina (). The same apparent decline in mean number of sites occupied per species was seen in native species (), but the decline was much less marked, and no
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	Table 5. Mean number of sites occupied per species for NNS (27 species) and native (34 species). 
	 
	 
	 
	 
	 
	 

	Mean sites occupied per species 
	Mean sites occupied per species 

	 
	 

	Significance levels 
	Significance levels 

	 
	 



	NNS 
	NNS 
	NNS 
	NNS 

	 
	 

	 
	 

	 
	 

	 
	 


	Marina 
	Marina 
	Marina 

	1.63 
	1.63 

	 
	 

	Marina 
	Marina 

	 
	 


	Near shore 
	Near shore 
	Near shore 

	1.19 
	1.19 

	Near shore 
	Near shore 

	P = 0.097 
	P = 0.097 

	Near shore 
	Near shore 


	Far shore 
	Far shore 
	Far shore 

	1.04 
	1.04 

	Far shore 
	Far shore 

	P = 0.043 
	P = 0.043 

	P = 0.327 
	P = 0.327 


	NATIVE 
	NATIVE 
	NATIVE 

	 
	 

	 
	 

	 
	 

	 
	 


	Marina 
	Marina 
	Marina 

	1.62 
	1.62 

	 
	 

	Marina 
	Marina 

	 
	 


	Near shore 
	Near shore 
	Near shore 

	1.38 
	1.38 

	Near shore 
	Near shore 

	P = 0.379 
	P = 0.379 

	Near shore 
	Near shore 


	Far shore 
	Far shore 
	Far shore 

	1.24 
	1.24 

	Far shore 
	Far shore 

	P = 0.239 
	P = 0.239 

	P = 0.406 
	P = 0.406 




	 
	 
	NNSNativeNumber of Sites occupied00.511.522.53Far shoreNear shoreMarina
	Figure 12: Box plot for NNS and native species of mean number of sites occupied per species in the three site types. 
	 
	3.3 Species of interest 
	3.3.1 Bispira polyomma (Purple fan-worm) 
	The sabellid polychaete Bispira polyomma was discovered in the Netherlands in 2010 and described as new to science, but regarded as a non-native introduction there. It has since been recorded from the Belgian coast and from the Mediterranean (Lagoon of Venice) and has probably been recorded from the northern coast of France from 2010 onwards, but identified incorrectly as Bispira fabricii (see Bishop & Darbyshire, 2023). 
	B. polyomma was first reported in the UK in 2021 in two adjacent marinas in Plymouth (Bishop & Darbyshire, 2023). It was subsequently found at three sites in the Solent in September 2022 (Bishop, Wood & Taylor, 2025), all from pontoons in marina/harbours.  
	During these surveys it was noted on the onshore pontoons at Salcombe. The number of sites where B. polyomma has been found, and the wide geographical distribution suggests that the species is not a very recent arrival in the UK but may have been overlooked for some time. Despite the possession of a tentacle (radiolar) crown that is blue or purple in bright light, the species can be surprisingly unobtrusive. 
	 
	 
	Figure
	Figure 13: Bispira polyomma on mussel shell in a southwest marina. Visible length of worm and tube is c. 45 mm. Image: © J Bishop, MBA. 
	3.3.2 Caulacanthus okamurae (Pom-pom weed) 
	This small red seaweed forms springy tangled clumps, attaching to hard substrates by many scattered holdfast pads. It can form dense turfs that can alter the habitat, leading to displacement of macro invertebrates such as barnacles. It was first recorded in the UK between 2000 and 2005 along the south coast (Brodie and others, 2016). It is now a common species on many rocky shores in the southwest.  
	In these surveys it was found in all three MPAs, on all six shores, and was Abundant-superabundant on two of the shores (South Sands and Penarrow Point - Trefusis Point). Thus, this species should be monitored closely for any observed impacts. 
	 
	Figure
	Figure 14: Caulacanthus okamurae on shore in Fal & Helford SAC. Image: © C Wood, MBA. 
	3.3.4 Watersipora subatra (Red-ripple bryozoan) 
	This red encrusting bryozoan is highly invasive and has been reported as a common putative non-native in NW Europe, Australia, New Zealand and California. It is tolerant to copper-based antifoulants. 
	It was first recorded in the UK in a Plymouth marina in 2008 (Ryland and others, 2009). Since then it has spread widely, becoming increasingly prevalent on rocky shores in the southwest and beyond, especially under overhangs and on vertical faces.  
	During these surveys it was particularly abundant at Woodville Rocks (). 
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	Figure
	Figure 15: Blackened colonies of Watersipora subatra heavily encrusting near-vertical bedrock at Woodville Rocks. Image: © C Wood, MBA. 
	3.3.5 Ammothea hilgendorfi (Japanese sea-spider) 
	This pycnogonid is native to the N Pacific. It was first recorded in the UK in Southampton Water in 1978 (Bamber, 1985; 2012). It preys on hydroids and anemones. There has been only one previous occurrence of this species in the southwest, in 2022 from Saltash, Cornwall (D. Fenwick, pers. comm., 2022). During these surveys it was found in one marina. 
	 
	Figure
	Figure 16: Ammothea hilgendorfi. Image: © J Bishop, MBA. 
	3.4 Artificial substrates 
	Although the amount and nature of available hard substrate, required by many of the species targeted, varied between shores, bedrock and natural boulders were common on all shores. This is in sharp contrast to surveys in the Solent, where the majority of shores consisted of mixed sand, gravel and pebbles.  
	Very few artificial fixed structures and little artificial waste was found on the Devon and Cornwall shores, see , , and . Again these results are markedly different from those from the Solent, where many shores have coastal defence structures such as rip-rap or wooden groynes, pipelines or discharge pipes, or active or abandoned industrial structures (see ).  
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	Insufficient artificial substrate was found and examined on the Devon and Cornwall shores to draw any conclusions concerning its role in the spread of NNS, or species’ preferences for artificial vs. natural substrates.  
	Table 6. Counts of a selection of substrates examined at shore sites 
	 
	 
	 
	 
	 

	Woodville Rocks 
	Woodville Rocks 

	South Sands 
	South Sands 

	Churston Cove 
	Churston Cove 

	Saltern Cove 
	Saltern Cove 

	NW of Penarrow Pt   
	NW of Penarrow Pt   

	Penarrow Pt - Trefusis Pt 
	Penarrow Pt - Trefusis Pt 



	Boulders turned 
	Boulders turned 
	Boulders turned 
	Boulders turned 

	18 
	18 

	12 
	12 

	29 
	29 

	15 
	15 

	50 
	50 

	27 
	27 


	Tidepools  
	Tidepools  
	Tidepools  

	3 
	3 

	14 
	14 

	1 
	1 

	13 
	13 

	4 
	4 

	15 
	15 


	Kelp holdfasts 
	Kelp holdfasts 
	Kelp holdfasts 

	0 
	0 

	0 
	0 

	2 
	2 

	3 
	3 

	0 
	0 

	8 
	8 


	Artificial fixed  
	Artificial fixed  
	Artificial fixed  

	2 
	2 

	1 
	1 

	0 
	0 

	0 
	0 

	0 
	0 

	0 
	0 


	Other Artificial 
	Other Artificial 
	Other Artificial 

	2 
	2 

	1 
	1 

	1 
	1 

	0 
	0 

	1 
	1 

	0 
	0 




	 
	Table 7. Comparison of average counts of selected substrates examined on Devon & Cornwall (6 shores) and in the Solent (8 shores) in 2022. 
	 
	 
	 
	 
	 

	Devon & Cornwall average 
	Devon & Cornwall average 

	Solent  average 
	Solent  average 



	Boulders turned 
	Boulders turned 
	Boulders turned 
	Boulders turned 

	25.2 
	25.2 

	11.5 
	11.5 


	Tidepools  
	Tidepools  
	Tidepools  

	8.3 
	8.3 

	3.5 
	3.5 


	Kelp holdfasts 
	Kelp holdfasts 
	Kelp holdfasts 

	2.2 
	2.2 

	0.1 
	0.1 


	Artificial fixed  
	Artificial fixed  
	Artificial fixed  

	0.5 
	0.5 

	9.3 
	9.3 


	Other Artificial 
	Other Artificial 
	Other Artificial 

	0.8 
	0.8 

	12.4 
	12.4 




	The NNS recorded on artificial substrates during these surveys in Devon and Cornwall were: Austrominius modestus, Aplidium cf. glabrum, Bugula neritina, Caulacanthus 
	okamurae, Colpomenia peregrina, Crepidula fornicata, Magallana gigas, and Watersipora subatra.  

	 
	Figure
	Figure 17: Mooring buoy at Woodville Rocks, showing abundant Tricellaria inopinata, also colonies of Watersipora subatra and Bugula neritina. Image: © C Wood, MBA. 
	 
	Figure
	Figure 18: Concrete wall at South Sands. Image: © C Wood, MBA. 
	 
	4 Discussion 
	4.1 Summary of results 
	Two clusters, the Torbay MCZ, and the Fal & Helford SAC, support the overall findings of the Solent 2018/19 study (Taylor, Wood & Bishop, 2022), that Near shores have more NNS than Far shores. As noted before this study was undertaken, unlike the other two clusters of sites, the Salcombe to Kingsbridge SSSI cluster does not have a discrete focal aggregation of recreational pontoons to fully justify characterisation of ‘Near’ and ‘Far’ shores. Nevertheless, the shore nearer to the Salcombe aggregation of boa
	A proportion of the losses and gains of species recorded at a site during repeat surveys, particularly of species recorded at low abundance, must be attributed to chance, and the data undoubtedly incorporate noise from this source.  
	This may explain some of the changes across the marina sites. Where comparisons with earlier RAS by the same core team were possible, there was a net increase in NNS records, with 4 apparent losses and 11 apparent gains of species at sites (). However the general upward trend is likely due to spread by recreational vessels. The Torbay MCZ marina is adjacent to a major fishing port, so fishing vessels may also be acting as a vector there. The recent arrival of Ammothea hilgendorfi to the region, a species pr
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	With regard to the shores, the four species noted as losses at Saltern Cove in October 2022 were all recorded as Rare-occasional in the previous survey (August 2019), and some of these losses may indeed represent simple failure to encounter species that are still present but rare. However the recorded pattern of Undaria pinnatifida occurrence on the Torbay MCZ shores reflects a different source of error: seasonal variation. U. pinnatifida was recorded as Abundant-superabundant at Curston Cove in June 2019, 
	While it is difficult to explain why particular NNS appear to colonise shores quite readily while others continue to thrive predominantly in marinas and similar habitats, some possible factors can be suggested. Many NNS have a pre-existing strong preference or requirement for artificial (anthropogenic) substrates, which promotes their spread around the world. Entirely natural shores will generally offer limited scope for such species, although apparent adaptation may enable colonisation of natural substrate
	Floating structures also offer spatial refuge from benthic predators, which may be more important for some species than for others. Of the species in 
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	 mentioned as being more abundant in marinas than on the ‘other shores’, Bugulina neritina and Asterocarpa humilis are, in our experience, still seen very infrequently on natural shores in the UK. Tricellaria inopinata and Botrylloides diegensis are relatively frequent on shores in the Solent region, but colonisation of shores appears to be less advanced in SW England.  

	The composition of the NNS biota on the shore NW of Penarrow Point in the Fal & Helford SAC, is clearly distinct from those of the other shore sites visited, which is associated with a difference of substrate type: It is a low-relief, linear shore predominantly of mixed coarse sediment with boulders and low exposures of bedrock, whereas the others are higher-relief rocky shores including near-vertical and overhung rock surfaces, associated with embayments in the case of the  Salcombe to Kingsbridge SSI and 
	The small scale of the project, with only three clusters of sites (including the sub-optimal Salcombe to Kingsbridge SSSI cluster) may have led to some inconclusive results, in part due to low statistical power. A probable example is the difference in site occupancy by NNS between Near shores and Marinas, which had P < 0.1, suggesting the probability of a significant difference given more extensive data, as was observed in the far larger data set from the Solent in 2018/9 (12 of 14 clusters analysed). 
	Very few artificial fixed structures and little artificial waste was found on the Devon and Cornwall shores, in stark contrast to the shores studied in the Solent in 2018/9 and 2022. This is probably because commercial developments and human population densities are lower in the areas studied in Devon and Cornwall compared to the Solent. 
	In the Solent, artificial fixed structures and artificial waste provide hard substrate that otherwise may be very limited, on predominately mixed sediment shores. In contrast, the typically rocky shores of the southwest have much more natural hard substrate to which NNS and native species can attach and grow. 
	 
	4.2 Recommendations 
	4.2.1 Monitoring 
	Natural England have a responsibility to report on the condition of protected species and features within Marine Protected Areas (MPA). The survey method developed for the Solent surveys in 2018/19, then refined during these Devon and Cornwall surveys and the subsequent Solent surveys (Taylor, Wood & Bishop, 2021; Bishop, Wood & Taylor, 2025), has proved effective in providing evidence on the presence and abundance of NNS at such sites, contributing vital information to the designated site condition assessm
	The UK Marine Strategy Framework Part Two 2022, highlights the importance of the MPA monitoring programme in the assessment of progress towards Good Environmental Status under Descriptor 2: Non-indigenous species.  
	Consideration should be given to whether Bispira polyomma, a very recent arrival to the UK that already appears to be spreading, and for which there is very little information regarding potential impacts, should be added to the UK Marine NIS priority list, last updated by CEFAS in 2020 (CEFAS, 2020).  
	The surveys carried out in 2022, and reported here, combined with ad hoc data from previous surveys at the same sites by the same core team clearly indicate the need for regular monitoring as changes in NNS presence and abundance can occur rapidly. However, the small number of sites surveyed does not provide an adequate overview of the region generally, so it is recommended that further shore surveys be carried out in designated sites throughout the region.  
	Natural England staff and other relevant organisations should be alerted to: 
	•
	•
	•
	 New arrivals in the area i.e. Bispira polyomma and Ammothea hilgendorfi. 


	  
	•
	•
	•
	 The potential threat from Watersipora subatra on rocky shores. In some locations it is dominating space, especially on vertical/downward-facing surfaces including the underside of boulders; this phenomenon has been observed across the south-west region. This species is also spreading in the Solent. It is likely that W. subatra is having an impact on native species on some shores, and this species should be monitored. 


	 
	•
	•
	•
	 Similarly, Caulacanthus okamurae is becoming increasingly abundant on south-west shores, possibly impacting other turf-forming algae; but also growing on previously unoccupied space, thus altering the habitat. This species should also be monitored closely for any observed impacts. 


	 
	4.2.2 Biosecurity 
	It is recommended that harbourmasters and site managers responsible for the sites surveyed be reminded or made aware of biosecurity plans and biosecurity advice relevant to their sector, for example the Fal and Helford Recreational Boating Biosecurity Plan (2022), the Salcombe & Kingsbridge Estuary Marine Biosecurity Plan 2017- 2020 (SDAONB, 2020), and the Rapid Life project resources (RAPID Life, 2020). 
	Site-specific lists of NNS, resulting from these surveys, and species identification guides should be provided to operators; this knowledge of the actual species that they are likely to encounter and the likely threats will help operators to understand the importance of biosecurity planning and to tailor their plans to their own area. 
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	Appendix 1: Details of sites surveyed 
	Site code 
	Site code 
	Site code 
	Site code 
	Site code 

	Site 
	Site 

	Latitude 
	Latitude 

	Longitude 
	Longitude 

	Survey date 
	Survey date 



	SAL HAR 
	SAL HAR 
	SAL HAR 
	SAL HAR 

	Salcombe harbour onshore 
	Salcombe harbour onshore 

	50.238491 
	50.238491 

	-3.765844 
	-3.765844 

	29/09/2022 
	29/09/2022 


	KNG HAR 
	KNG HAR 
	KNG HAR 

	Kingsbridge estuary offshore pontoons 
	Kingsbridge estuary offshore pontoons 

	50.244909 
	50.244909 

	-3.759015 
	-3.759015 

	29/09/2022 
	29/09/2022 


	WRK SHR 
	WRK SHR 
	WRK SHR 

	Woodville Rocks 
	Woodville Rocks 

	50.232049 
	50.232049 

	-3.772174 
	-3.772174 

	29/09/2022 
	29/09/2022 


	SOS SHR 
	SOS SHR 
	SOS SHR 

	South Sands 
	South Sands 

	50.225666 
	50.225666 

	-3.783365 
	-3.783365 

	30/09/2022 
	30/09/2022 


	BRX MAR 
	BRX MAR 
	BRX MAR 

	Marina in Torbay MCZ 
	Marina in Torbay MCZ 

	50.399656 
	50.399656 

	-3.50817 
	-3.50817 

	28/09/2022 
	28/09/2022 


	CHR SHR 
	CHR SHR 
	CHR SHR 

	Churston Cove 
	Churston Cove 

	50.403144 
	50.403144 

	-3.522427 
	-3.522427 

	28/09/2022 
	28/09/2022 


	SLT SHR 
	SLT SHR 
	SLT SHR 

	Saltern Cove 
	Saltern Cove 

	50.416086 
	50.416086 

	-3.554640 
	-3.554640 

	01/10/2022 
	01/10/2022 


	MYL MAR 
	MYL MAR 
	MYL MAR 

	Marina in Fal estuary 
	Marina in Fal estuary 

	50.178194 
	50.178194 

	-5.052179 
	-5.052179 

	26/09/2022 
	26/09/2022 


	PEN SHR 
	PEN SHR 
	PEN SHR 

	NW of Penarrow Point 
	NW of Penarrow Point 

	50.175897 
	50.175897 

	-5.044861 
	-5.044861 

	26/09/2022 
	26/09/2022 


	TRF SHR 
	TRF SHR 
	TRF SHR 

	Penarrow Point - Trefusis Point 
	Penarrow Point - Trefusis Point 

	50.165840 
	50.165840 

	-5.048793 
	-5.048793 

	27/09/2022 
	27/09/2022 




	Note: In site code SHR, MAR or HBR = Shore, Marina or Harbour 
	  
	Appendix 2(i): Non-native species target list 
	Informal group groggroup 
	Informal group groggroup 
	Informal group groggroup 
	Informal group groggroup 
	Informal group groggroup 

	Species 
	Species 

	Sites 
	Sites 

	Excl. 
	Excl. 

	 
	 

	Informal group 
	Informal group 

	Species 
	Species 

	Sites 
	Sites 

	Excl. 
	Excl. 



	Ascidians 
	Ascidians 
	Ascidians 
	Ascidians 

	Aplidium cf. glabrum 
	Aplidium cf. glabrum 

	B 
	B 

	 
	 

	 
	 

	Annelid worms 
	Annelid worms 

	Bispira polyomma 
	Bispira polyomma 

	B 
	B 

	 
	 


	 
	 
	 

	Asterocarpa humilis 
	Asterocarpa humilis 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Ficopomatus enigmaticus 
	Ficopomatus enigmaticus 

	B 
	B 

	 
	 


	 
	 
	 

	Botrylloides violaceus 
	Botrylloides violaceus 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Hydroides dianthus 
	Hydroides dianthus 

	B 
	B 

	 
	 


	 
	 
	 

	Botrylloides diegensis 
	Botrylloides diegensis 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Hydroides elegans 
	Hydroides elegans 

	B 
	B 

	 
	 


	 
	 
	 

	Ciona robusta 
	Ciona robusta 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Hydroides ezoensis 
	Hydroides ezoensis 

	B 
	B 

	 
	 


	 
	 
	 

	Corella eumyota 
	Corella eumyota 

	B 
	B 

	 
	 

	 
	 

	Arthropods 
	Arthropods 

	Ammothea hilgendorfi 
	Ammothea hilgendorfi 

	B 
	B 

	 
	 


	 
	 
	 

	Didemnum vexillum 
	Didemnum vexillum 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Amphibalanus amphitrite 
	Amphibalanus amphitrite 

	B 
	B 

	 
	 


	 
	 
	 

	Perophora japonica 
	Perophora japonica 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Amphibalanus improvisus 
	Amphibalanus improvisus 

	B 
	B 

	 
	 


	 
	 
	 

	Styela clava 
	Styela clava 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Austrominius modestus 
	Austrominius modestus 

	B 
	B 

	 
	 


	Bryozoans 
	Bryozoans 
	Bryozoans 

	Bugula neritina 
	Bugula neritina 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Caprella mutica 
	Caprella mutica 

	B 
	B 

	 
	 


	 
	 
	 

	Bugulina fulva 
	Bugulina fulva 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Dyspanopeus sayi 
	Dyspanopeus sayi 

	S 
	S 

	S 
	S 


	 
	 
	 

	Bugulina simplex 
	Bugulina simplex 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Eriocheir sinensis 
	Eriocheir sinensis 

	S 
	S 

	S 
	S 


	 
	 
	 

	Bugulina stolonifera 
	Bugulina stolonifera 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Hemigrapsus sanguineus 
	Hemigrapsus sanguineus 

	B 
	B 

	 
	 


	 
	 
	 

	Schizoporella japonica 
	Schizoporella japonica 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Hemigrapsus takanoi 
	Hemigrapsus takanoi 

	B 
	B 

	 
	 


	 
	 
	 

	Tricellaria inopinata 
	Tricellaria inopinata 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Hesperibalanus fallax 
	Hesperibalanus fallax 

	B 
	B 

	 
	 


	 
	 
	 

	Watersipora subatra 
	Watersipora subatra 

	B 
	B 

	 
	 

	 
	 

	Brown algae 
	Brown algae 

	Colpomenia peregrina 
	Colpomenia peregrina 

	B 
	B 

	 
	 


	Sponges 
	Sponges 
	Sponges 

	Celtodoryx ciocalyptoides 
	Celtodoryx ciocalyptoides 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Sargassum muticum 
	Sargassum muticum 

	B 
	B 

	 
	 


	Anemones 
	Anemones 
	Anemones 

	Diadumene lineata 
	Diadumene lineata 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Undaria pinnatifida 
	Undaria pinnatifida 

	B 
	B 

	 
	 


	Molluscs 
	Molluscs 
	Molluscs 

	Arcuatula senhousia 
	Arcuatula senhousia 

	B 
	B 

	 
	 

	 
	 

	Red algae 
	Red algae 

	Asparagopsis armata 
	Asparagopsis armata 

	S 
	S 

	S 
	S 


	 
	 
	 

	Crepidula fornicata 
	Crepidula fornicata 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Bonnemaisonia hamifera 
	Bonnemaisonia hamifera 

	S 
	S 

	X 
	X 


	 
	 
	 

	Ensis leei 
	Ensis leei 

	S 
	S 

	S, I 
	S, I 

	 
	 

	 
	 

	Caulacanthus okamurae 
	Caulacanthus okamurae 

	S 
	S 

	 
	 


	 
	 
	 

	Magallana gigas 
	Magallana gigas 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Botryocladia wrightii 
	Botryocladia wrightii 

	B 
	B 

	 
	 


	 
	 
	 

	Mercenaria mercenaria 
	Mercenaria mercenaria 

	S 
	S 

	S, I 
	S, I 

	 
	 

	 
	 

	Gracilaria vermiculophylla 
	Gracilaria vermiculophylla 

	S 
	S 

	S 
	S 


	 
	 
	 

	Ocinebrellus inornatus 
	Ocinebrellus inornatus 

	S 
	S 

	S 
	S 

	 
	 

	 
	 

	Grateloupia turuturu 
	Grateloupia turuturu 

	B 
	B 

	 
	 


	 
	 
	 

	Rapana venosa 
	Rapana venosa 

	S 
	S 

	S 
	S 

	 
	 

	 
	 

	Melanothamnus harveyi 
	Melanothamnus harveyi 

	B 
	B 

	X 
	X 


	 
	 
	 

	Ruditapes philippinarum 
	Ruditapes philippinarum 

	S 
	S 

	S, I 
	S, I 

	 
	 

	 
	 

	Pikea californica 
	Pikea californica 

	B 
	B 

	 
	 


	 
	 
	 

	Urosalpinx cinerea 
	Urosalpinx cinerea 

	S 
	S 

	 
	 

	 
	 

	 
	 

	Solieriaceae 
	Solieriaceae 

	S 
	S 

	X 
	X 


	Hydroids 
	Hydroids 
	Hydroids 

	Ectopleura crocea 
	Ectopleura crocea 

	B 
	B 

	 
	 

	 
	 

	Green algae 
	Green algae 

	Codium fragile fragile 
	Codium fragile fragile 

	B 
	B 

	 
	 


	 
	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	Umbraulva dangeardii 
	Umbraulva dangeardii 

	B 
	B 

	X 
	X 




	Appendix 2(ii): Native species target list  
	Informal group 
	Informal group 
	Informal group 
	Informal group 
	Informal group 

	Species 
	Species 

	Sites 
	Sites 

	Excl. 
	Excl. 

	 
	 

	Informal group 
	Informal group 

	Species 
	Species 

	Sites 
	Sites 

	Excl. 
	Excl. 



	Ascidians 
	Ascidians 
	Ascidians 
	Ascidians 

	Ascidia conchilega 
	Ascidia conchilega 

	B 
	B 

	 
	 

	 
	 

	Molluscs 
	Molluscs 

	Littorina littorea 
	Littorina littorea 

	S 
	S 

	S 
	S 


	 
	 
	 

	Ascidia mentula 
	Ascidia mentula 

	B 
	B 

	X 
	X 

	 
	 

	 
	 

	Mytilus spp. 
	Mytilus spp. 

	B 
	B 

	 
	 


	 
	 
	 

	Ascidiella aspersa 
	Ascidiella aspersa 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Ocenebra erinaceus 
	Ocenebra erinaceus 

	S 
	S 

	S 
	S 


	 
	 
	 

	Ascidiella scabra 
	Ascidiella scabra 

	B 
	B 

	X 
	X 

	 
	 

	 
	 

	Ostrea edulis 
	Ostrea edulis 

	B 
	B 

	 
	 


	 
	 
	 

	Botryllus schlosseri 
	Botryllus schlosseri 

	B 
	B 

	 
	 

	 
	 

	Annelid worms 
	Annelid worms 

	Hydroides norvegica 
	Hydroides norvegica 

	B 
	B 

	 
	 


	 
	 
	 

	Ciona intestinalis 
	Ciona intestinalis 

	B 
	B 

	X 
	X 

	 
	 

	 
	 

	Lanice conchilega 
	Lanice conchilega 

	S 
	S 

	S 
	S 


	 
	 
	 

	Clavelina lepadiformis 
	Clavelina lepadiformis 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Sabella pavonina 
	Sabella pavonina 

	B 
	B 

	 
	 


	 
	 
	 

	Dendrodoa grossularia 
	Dendrodoa grossularia 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Sabellaria spp. 
	Sabellaria spp. 

	S 
	S 

	S 
	S 


	 
	 
	 

	Diplosoma listerianum 
	Diplosoma listerianum 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Spirobranchus 
	Spirobranchus 

	B 
	B 

	 
	 


	 
	 
	 

	Molgula spp. 
	Molgula spp. 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Spirorbinae 
	Spirorbinae 

	B 
	B 

	X 
	X 


	 
	 
	 

	Morchellium argus 
	Morchellium argus 

	B 
	B 

	 
	 

	 
	 

	Arthropods 
	Arthropods 

	Balanus crenatus 
	Balanus crenatus 

	B 
	B 

	X 
	X 


	Bryozoans 
	Bryozoans 
	Bryozoans 

	Bugulina flabellata 
	Bugulina flabellata 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Carcinus maenas 
	Carcinus maenas 

	B 
	B 

	 
	 


	 
	 
	 

	Bugulina turbinata 
	Bugulina turbinata 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Pisidia longicornis 
	Pisidia longicornis 

	B 
	B 

	 
	 


	 
	 
	 

	Celleporella hyalina 
	Celleporella hyalina 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Porcellana platycheles 
	Porcellana platycheles 

	B 
	B 

	 
	 


	 
	 
	 

	Conopeum reticulum 
	Conopeum reticulum 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Semibalanus balanoides 
	Semibalanus balanoides 

	B 
	B 

	X 
	X 


	 
	 
	 

	Conopeum seurati 
	Conopeum seurati 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Verruca stroemia 
	Verruca stroemia 

	B 
	B 

	 
	 


	 
	 
	 

	Crisularia plumosa 
	Crisularia plumosa 

	B 
	B 

	 
	 

	 
	 

	Brown algae 
	Brown algae 

	Cystoseira spp. 
	Cystoseira spp. 

	S 
	S 

	S 
	S 


	 
	 
	 

	Cryptosula pallasiana 
	Cryptosula pallasiana 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Fucus serratus 
	Fucus serratus 

	B 
	B 

	X 
	X 


	 
	 
	 

	Einhornia crustulenta 
	Einhornia crustulenta 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Fucus spiralis 
	Fucus spiralis 

	B 
	B 

	X 
	X 


	 
	 
	 

	Electra pilosa 
	Electra pilosa 

	B 
	B 

	X 
	X 

	 
	 

	 
	 

	Fucus vesiculosus 
	Fucus vesiculosus 

	B 
	B 

	X 
	X 


	 
	 
	 

	Oshurkovia littoralis 
	Oshurkovia littoralis 

	S 
	S 

	S 
	S 

	 
	 

	 
	 

	Fucus ceranoides 
	Fucus ceranoides 

	B 
	B 

	X 
	X 


	 
	 
	 

	Schizoporella unicornis 
	Schizoporella unicornis 

	S 
	S 

	S 
	S 

	 
	 

	 
	 

	Himanthalia elongata 
	Himanthalia elongata 

	S 
	S 

	 
	 


	 
	 
	 

	Scrupocellaria scruposa 
	Scrupocellaria scruposa 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Laminaria digitata 
	Laminaria digitata 

	B 
	B 

	 
	 


	Sponges 
	Sponges 
	Sponges 

	Hymeniacidon perlevis 
	Hymeniacidon perlevis 

	B 
	B 

	 
	 

	 
	 

	 
	 

	Saccharina latissima 
	Saccharina latissima 

	B 
	B 

	 
	 


	 
	 
	 

	Sycon ciliatum 
	Sycon ciliatum 

	B 
	B 

	 
	 

	 
	 

	Red algae 
	Red algae 

	Gracilaria spp. 
	Gracilaria spp. 

	S 
	S 

	S 
	S 


	Anemones 
	Anemones 
	Anemones 

	Actinia equina 
	Actinia equina 

	S 
	S 

	 
	 

	 
	 

	 
	 

	Halurus spp. 
	Halurus spp. 

	S 
	S 

	 
	 


	 
	 
	 

	Metridium senile 
	Metridium senile 

	B 
	B 

	 
	 

	 
	 

	Green algae 
	Green algae 

	Ulva spp. 
	Ulva spp. 

	B 
	B 

	 
	 


	 
	 
	 

	Urticina felina 
	Urticina felina 

	S 
	S 

	 
	 

	 
	 

	Plants 
	Plants 

	Zostera spp. 
	Zostera spp. 

	S 
	S 

	S 
	S 




	Notes: Sites – Site types where species expected - S = Shore, M = Marina, B = Both 
	Excl. – Excluded from Marina/Near/Far analyses because: S = Unlikely to occur on pontoons in marinas, I = Infaunal species, X= Inconsistently recorded  
	Appendix 3(i):  Environmental survey data - Shores 
	Site Code 
	Site Code 
	Site Code 
	Site Code 
	Site Code 

	Survey Date 
	Survey Date 

	Low tide Time (BST) 
	Low tide Time (BST) 

	Low tide Height (m) 
	Low tide Height (m) 

	Cloud cover % 
	Cloud cover % 

	Precip-itation 
	Precip-itation 

	Wind 
	Wind 

	Wind direction 
	Wind direction 

	Sea state 
	Sea state 

	Pressure 
	Pressure 

	Air temp. (oC) 
	Air temp. (oC) 

	Sea temp. (oC) 
	Sea temp. (oC) 



	WRK SHR 
	WRK SHR 
	WRK SHR 
	WRK SHR 

	29/09/2022 
	29/09/2022 

	14:58 
	14:58 

	0..91 
	0..91 

	80 
	80 

	0 
	0 

	Light 
	Light 

	NW 
	NW 

	Calm (rippled) 
	Calm (rippled) 

	1006 
	1006 

	16 
	16 

	16..5 
	16..5 


	SOS SHR 
	SOS SHR 
	SOS SHR 

	30/09/2022 
	30/09/2022 

	15:29 
	15:29 

	1.14 
	1.14 

	100 
	100 

	Light rain 
	Light rain 

	Light 
	Light 

	W 
	W 

	Moderate 
	Moderate 

	1005 
	1005 

	15 
	15 

	16.5 
	16.5 


	CHR SHR 
	CHR SHR 
	CHR SHR 

	28/09/2022 
	28/09/2022 

	14:30 
	14:30 

	0.79 
	0.79 

	70 
	70 

	0 
	0 

	Light 
	Light 

	ENE 
	ENE 

	Calm (rippled) 
	Calm (rippled) 

	1003 
	1003 

	14 
	14 

	16.5 
	16.5 


	SLT SHR 
	SLT SHR 
	SLT SHR 

	01/10/2022 
	01/10/2022 

	16:07 
	16:07 

	1.40 
	1.40 

	40 
	40 

	0 
	0 

	Light 
	Light 

	SW 
	SW 

	Calm 
	Calm 

	1013 
	1013 

	17 
	17 

	16.5 
	16.5 


	PEN SHR 
	PEN SHR 
	PEN SHR 

	26/09/2022 
	26/09/2022 

	12:48 
	12:48 

	0.71 
	0.71 

	80 
	80 

	0 
	0 

	Strong 
	Strong 

	NW 
	NW 

	Slight 
	Slight 

	1009 
	1009 

	15 
	15 

	16.3 
	16.3 


	TRF SHR 
	TRF SHR 
	TRF SHR 

	27/09/2022 
	27/09/2022 

	13:23 
	13:23 

	0.57 
	0.57 

	100 
	100 

	Light rain 
	Light rain 

	Light 
	Light 

	NW 
	NW 

	Calm (rippled) 
	Calm (rippled) 

	1005 
	1005 

	14 
	14 

	16.3 
	16.3 




	 
	Appendix 3(ii):  Environmental survey data - Marinas 
	Site Code 
	Site Code 
	Site Code 
	Site Code 
	Site Code 

	Survey Date 
	Survey Date 

	Pressure 
	Pressure 

	Air temp. (oC) 
	Air temp. (oC) 

	Sea temp. (oC) Surface 
	Sea temp. (oC) Surface 

	Sea temp.   2m 
	Sea temp.   2m 

	Salinity Surface 
	Salinity Surface 

	Salinity     2m 
	Salinity     2m 

	Turbidity (Secchi depth) m 
	Turbidity (Secchi depth) m 



	SAL HAR  
	SAL HAR  
	SAL HAR  
	SAL HAR  

	29/09/2022 
	29/09/2022 

	1006 
	1006 

	16 
	16 

	16.8 
	16.8 

	16.8 
	16.8 

	35.5 
	35.5 

	35.4 
	35.4 

	4.2 
	4.2 


	KNG HAR 
	KNG HAR 
	KNG HAR 

	29/09/2022 
	29/09/2022 

	1006 
	1006 

	16 
	16 

	16.7 
	16.7 

	16.8 
	16.8 

	35.3 
	35.3 

	35.4 
	35.4 

	4.4 
	4.4 


	BRX MAR 
	BRX MAR 
	BRX MAR 

	28/09/2022 
	28/09/2022 

	1003 
	1003 

	14 
	14 

	16.2 
	16.2 

	16.4 
	16.4 

	35.4 
	35.4 

	35.4 
	35.4 

	4.0 
	4.0 


	MYL MAR 
	MYL MAR 
	MYL MAR 

	26/09/2022 
	26/09/2022 

	1009 
	1009 

	15 
	15 

	16.8 
	16.8 

	16.8 
	16.8 

	34.4 
	34.4 

	34.9 
	34.9 

	1.4 
	1.4 




	 
	Notes: 
	Cloud cover, precipitation, wind strength and direction, and sea state from personal observation 
	Tidal times and heights from POLTIPS 
	Pressure and air temperature from www.timeanddate.com/weather/uk  
	Sea temperature (shores) from www.seatemperature.org/europe/united-kingdom  
	Sea temperature and salinity (marinas/harbours) personal observation using YSI 30 Salinometer
	Appendix 4: NNS occurrences and abundances  
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	Appendix 5: Actively recorded native species occurrences and abundances 
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	Figure
	The core field team was: John Bishop and Christine Wood from the MBA; Ruth Crundwell from Natural England acted as the third surveyor for the Salcombe to Kingsbridge SSSI and Torbay MCZ clusters, but she was replaced by Esther Hughes from Natural England for the Fal & Helford SAC cluster. Katherine Stephenson (Natural England) assisted Ruth Crundwell at the Torbay MCZ marina and near shore site. Nigel Mortimer (Estuaries Officer for the South Devon AONB) supported Ruth Crundwell at the Salcombe and Kingsbri
	 



