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Foreword

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 (NE) and The Marine Biological Association (MBA). The
outcomes of the 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 an update to this project by revisiting four of the
clusters originally surveyed, with the intention that they would be used as sentinel sites for
ongoing monitoring of presence and spread of INNS in the Solent.

Natural England commission 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

In 2018/19, non-native species (NNS) were surveyed by timed searches at 14 clusters of
sites in the Solent region, each cluster consisting of a marina, a designated (SAC or SPA)
shore near to the marina and another designated shore further way. This report concerns
re-surveys of four of these 14 clusters in 2022, to: monitor for changes in species’
distribution and abundance; review the persistence of documented differences in the
prevalence of NNS between the ‘Near’ and ‘Far’ shores; assess if the clusters were
suitable for ongoing sentinel monitoring; and continue to refine the shore rapid
assessment protocol developed during the earlier surveys.

These re-surveys, after an interval of 3-4 years, documented the apparent colonisation of
new shores by a suite of NNS, San Diego sea squirt, Pacific oyster, Red-ripple bryozoan
and Green sea fingers, plus a marked increase in abundance on shores by another, Tufty-
buff bryozoan. Two species, Purple fan-worm and Pink-hearted hydroid, were found that
were not recorded in the previous surveys, the former already now present in three out of
four marinas surveyed. The two newly recorded species do not yet have regional risk
assessments, but both can dominate space and appear to have the potential to be species
of concern.

The previous patterns of NNS diversity between the sites within a cluster and of site
occupancy across clusters both following the relationship Marina > Near shore > Far shore
largely persisted, although not always with statistical significance.

The Near shore > Far shore pattern of NNS prevalence is of importance as an apparent
indication of leakage of propagules from marinas onto shores, with dilution by distance.
This picture was strongly challenged by one outlier observation centring on the Far shore
of the Chichester cluster, a long sand/gravel beach with groynes, where a remarkable
increase (+12) in the number of NNS was recorded, with a lesser increase at the
corresponding Near shore site. Whatever the mechanism of this apparent influx, it clearly
does not fit the pattern of progressive colonisation of shores spreading stepwise from
marinas.

Statistical analysis indicated a pervasive pattern of modification of the NNS assemblage
between the 2018/19 and 2022 surveys, quite strongly correlated with increasing species
count and total abundance; the analysis also strongly suggested at least one other, as yet
undefined, factor shared by a maijority of the sites. Further investigation of factors
underlying these trends could shed important light on subtle changes occurring within the
NNS biota over medium timescales.

The rapid assessment protocol developed for shore surveys of NNS includes recording of
the natural and artificial (anthropogenic) substrates occupied by each species and of the
number of each type of substrate encountered during the survey. Observations continued
to indicate the importance of human-generated hard surfaces (infrastructure, debris) to the
prevalence of NNS on Solent shores. The amount and nature of available hard substrate,
required by many of the species targeted, varied considerably between shores. There
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appeared to be little overall difference between NNS and native species regarding their
settlement on artificial vs. natural substrates, although some species indicated a strong
preference for one or the other.

The clusters of sites that were selected for this study were readily accessible and gave
good geographical coverage of the Solent region. They covered a range of shore
landscapes, profiles, littoral aspects, wave exposures and a variety of dominant natural
substrates. This study indicates that some of the clusters chosen demonstrated a relatively
stable picture i.e. the Lymington Estuary and Southampton Water clusters. In contrast, the
Chichester Harbour cluster showed drastic change. Thus overall, the choice of sentinel
sites appears to be capable of encompassing both detection of change and documentation
of relative stasis.

One aim of the 2022 surveys was to thoroughly test and evaluate the revised shore
protocol described in the NE Guidance document ‘Protocol for Rapid Assessment Survey
for Non-Native Species on English Shores’. Following its use in these surveys and
subsequent discussions with the NE project manager as to the main reasons for gathering
the artificial substrate data, it was decided that the main focus should be on differentiating
substrates according to whether permission was granted for their original installation, for
example under a planning application or licence; or if it has resulted from illegal dumping
e.g. builder’s waste, for which someone could be liable for the costs of removal, or arrived
accidently e.g. as floating debris. This would allow for a clearer decision making process
regarding any planned clean-up of the waste. It is recommended that the substrate
recording element of the protocol be modified to better reflect this main purpose.

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, and refined during these surveys, 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.

This study clearly indicates the need for regular monitoring as changes in NNS presence
and abundance can occur rapidly, as was observed at Sandy Point. Regular monitoring
may also assist in developing a better understanding of the factors leading to such sudden
changes. It is thus recommended that the ‘sentinel sites’ identified in this report are re-
surveyed at no more than 3-yearly intervals.
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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
alien 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). The Solent, much of
which is designated as a Special Area of Conservation (SAC) and Special Protection Area
(SPA), is noted as a key entry point for marine INNS into the UK due to its high volumes of
international shipping and recreational boating, both major vectors of INNS. These INNS
pose a threat to the Solent’s native biodiversity and fishery industries, especially
shellfisheries, due to their potential to threaten native species, habitats or whole
ecosystems. The Solent used to have one of the largest self-sustaining stocks of native
oyster (Ostrea edulis) in Europe but this has markedly declined, and the increasing
dominance of the non-native Slipper limpet (Crepidula fornicata) is one of the reasons for
its displacement. The non-native Carpet sea squirt (Didemnum vexillum) is also present,
and has the potential to spread outside marinas/harbours having a smothering effect,
covering habitats in thick sheet-like growths and interfering with fishery and aquaculture
operations.

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 (NE) and The Marine Biological Association (MBA). That
project developed a replicable survey methodology to map marine INNS within designated
SAC and SPA sites in the Solent. Comparison of this information with inventories of INNS
in Solent marinas enables 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 SAC and SPA 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 JP0O42 and in a Natural England guidance document
‘Protocol for Rapid Assessment Survey for Non-Native Species on English Shores’.

Natural England wished to undertake an update to this project by revisiting four of the
clusters originally surveyed, with the intention that they would be used as sentinel sites for
ongoing monitoring of presence and spread of INNS in the Solent.

This project had the following aims:
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Make recommendations as to which 4 of the 14 clusters of sites surveyed in
2018/19 should be chosen for sentinel monitoring;

Plan and undertake rapid assessment surveys of a target list of NNS and native
species in the selected clusters, replicating the methodology developed as part of
the 2018/19 surveys;

Analyse the resulting data and information from these and the previous surveys;
Review possible changes in species’ prevalence in terms of distribution and
abundance;

Review the maintenance (or not) of the ‘Near shore’ vs. ‘Far shore’ differences
initially documented in 2018/19;

Consider potential effects of season, tidal amplitude, and weather on the results;
Thoroughly test the revised shore protocol described in the Natural England
Guidance document ‘Protocol for Rapid Assessment Survey for Non-Native Species
on English Shores’.
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1 Methods

The surveys carried out in 2022 were designed to repeat a limited number of the sites
previously surveyed in 2018/19 under the European Maritime and Fisheries Fund Grant
ENG_2578. Those surveys were designed to elucidate as fully as possible the extent of
spread of NNS on to SAC and SPA sites over a broad area of the Solent region. The
findings from those surveys were published in the Natural England Joint Publication JP042
(Taylor, Wood & Bishop, 2022).

1.1 Site selection

Four of the fourteen sets of sites (= 'Clusters’) surveyed in 2018/19 were chosen to be
repeated, selected for their potential suitability as sentinel sites for ongoing monitoring of
presence and spread of INNS in the Solent.

Factors considered in their selection were:
Two of the original clusters, Bembridge/Foreland and Ryde/Seaview, were excluded
during the original surveys as they were found to be unsuitable for full data
comparison, see NE Joint Report JP042 for more detail.
Distribution of clusters should be representative of the whole of the Solent area. Thus,
a cluster was included from each of the Isle of Wight, and the western, central and

eastern zones of the Solent.

The original data was examined to ensure that chosen sites had the capacity to show

increases and decreases in NNS presence.

Clusters showing a clear marina>near>far pattern of NNS occurrence (the overall
pattern revealed by the original surveys) were preferred, to monitor the persistence of

that pattern.

Other considerations — within the Beaulieu cluster, the marina has had considerable
work done since the original surveys, including reconfiguration of the pontoons,
disturbance that could have significantly altered the distribution and abundance of
species present. This cluster was thus excluded.
Health & safety considerations and accessibility of shore sites were taken into account,
and shores with the greatest ease of access were preferred.

Table 1. Sites selected to be resurveyed in 2022 and to act as sentinel sites.

SR (TR Marina Near shore Far shore

Lymington Estuary g;ﬂg?ym Lymington Tanners Lane Park Shore

Medina II\E/Iarma in Medina Cowes Town Beach | Gurnard Bay
stuary

Harbour pontoons in

Southampton Water | e Estuary

Hook Spit

Chilling Shore

Marina in Chichester
Harbour

Chichester Harbour

Black Point

Sandy Point
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Figure 1: Map of the Solent area, showing the 4 clusters of sites surveyed © Natural
England 2025 © Google Earth; Image Landsat/Copernicus Data SIO, NOAA, US Navy, NGA,
GEBCO. This map is published under the Non-Commercial Government Licence v2.0 for
public sector information. If reproducing this map for non-commercial use please use the
copyright acknowledgement provided. This map is not to be used commercially.

Schedule

Due to delays in securing the funding for this work, and availability of the core team, it was
not possible to schedule the 2022 surveys until later in the year (September) than the
original 2018/19 surveys (May - July). This resulted in a logistical issue in ensuring there
was suitable daylight during Spring low tides to carry out the shore surveys. Whether there
would be sufficient daylight to carry out each survey was determined using the Civil
Twilight start and end times. Civil Twilight is described as providing enough light to work
by outdoors. The only dates with suitable tides and daylight were in the period 9 - 15
September 2022. It was also necessary to wear head torches for some of the shore
surveys to aid in species detection in shaded areas, and for reasons of health and safety.

1.2 Target species selection

The target list of NNS used in the 2018/19 surveys was modified by the addition of Bispira
polyomma (Purple fan-worm), a sabellid worm recently discovered in the UK (Bishop &
Darbyshire, 2023); and Ectopleura crocea (Pink-hearted hydroid), that had been recently
recorded in the River ltchen (J. Bishop unpublished data, 2017). No changes were made
to the corresponding target list of native species.

Please note, in this report all references to Didemnum vexillum (Carpet sea squirt) should
be interpreted as referring to either Didemnum vexillum or Didemnum pseudovexillum or
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both (Turon and others, 2020), as it was not possible to distinguish the two species within
the timescale of this project.

1.3 Surveys

The marina/harbour surveys were carried out following the same protocol described in NE
Joint Report JP042.

The shore surveys were carried out following the NE guidance document ‘Protocol for
Rapid Assessment Survey for Non-Native Species on English Shores’ (Taylor, Wood &
Bishop, 2021). This protocol was developed following the modifications suggested in NE
Joint Report JP042 to the protocol used during the 2018/19 surveys. The most significant
changes related to the recording of substrates. Also, the protocol recommends using a
pair of surveyors for each of the three shore zones, but it was agreed to only use a single
surveyor for each shore zone in the present surveys, as surveys had to be carried out
during unsocial hours (either very early in the morning, or in the evening).

Wherever possible the team members surveyed the same zone of a marina/harbour or
shore as they had in 2018/19. The only site where this was not possible was at Tanner’s
Lane, where due to poor light conditions and large areas of soft mud, it was decided that it
was not safe to re-survey the 2018/19 middle zone, so a different zone, still between the
two outer zones and within the limits of the overall shore area covered previously, was
selected.

1.4 Field team

The core field team was identical to that used in most of the 2018/19 surveys: Jessica
Taylor from Natural England, and John Bishop and Christine Wood from the MBA.

1.5 Health and safety

The same health and safety procedures were followed as in 2018/19 with risk
assessments being carried out for all sites. Additional risks were identified resulting from
the low light levels during some of the shore surveys. These were mitigated by the
provision of head torches, and renewed vigilance regarding retaining sight of other team
members.

1.6 Access permissions

Access permissions from relevant landowners and harbour masters were obtained by
Natural England and the MBA prior to commencing surveys.

1.7 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
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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 for instance, infaunal species such as Ruditapes philippinarum (Manila clam) and
Mercenaria mercenaria (Hard-shell clam), and algae e.g. Melanothamnus harveyi
(Harvey’s siphon weed) characteristically found on soft shores. Only records of live
organisms were included.

For numerical analyses, abundances were scored as 0, 1, 2 and 3 for Not recorded, Rare-
occasional, Common-frequent and Abundant-superabundant respectively. MDS
ordinations plus CLUSTER, SIMPROF, ANOSIM and SIMPER analyses were undertaken
in PRIMER v.6, while Paired Sample T-tests and Correlations were performed in Excel.
The probability level (Alpha) for statistical significance was 0.05.
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2 Results

All surveys were completed successfully.

The detailed NNS occurrence data is provided at Appendices 5 and 6. The environmental
measurements of salinity, temperature and turbidity collected at each marina, and
environmental conditions noted for each shore site, are reported in Appendix 4. All species
records were entered into Marine Recorder and will thus be automatically uploaded to the
NBN Atlas. The survey metadata was entered into MEDIN.

2.1 Basic survey data

Overall in 2022, 386 species-occurrence records were noted (including both NNS and
native species), compared to 435 from the same 4 clusters in 2018/19.

In 2022, 31 different NNS were recorded during the surveys, 28 from marinas and 22 from
shores. In 2018/19, 28 different NNS were recorded from the same four clusters, 26 from
marinas and 24 from shores.

The most frequent NNS on shores in 2022 were: Austrominius modestus (Darwin’s
barnacle) and Tricellaria inopinata (Tufty-buff bryozoan), recorded on 8 out of 8 shores;
Styela clava (Leathery sea squirt) and Botrylloides diegensis (San Diego sea squirt), both
found on 7 shores; and Sargassum muticum (Wireweed), Crepidula fornicata (Slipper
limpet), Ammothea hilgendorfi (Japanese sea spider), and Watersipora subatra (Red-
ripple bryozoan), all present on 6 shores, see Figure 2. See Section 2.4 Species of
concern for more detailed species information.
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Figure 2: Ranked bar chart of numbers of shore sites occupied by each NNS in 2018/19 and
2022. © Natural England 2025.This figure is published under the Open Government Licence
v3.0 for public sector information. If reproducing this figure for whatever reason please use
the copyright acknowledgement provided.

The most frequent NNS in marinas were: Aplidium cf. glabrum (a colonial sea squirt),
Austrominius modestus (Darwin’s barnacle), Botrylloides diegensis (San Diego sea squirt),
Bugula neritina (Ruby bryozoan), Didemnum vexillum (Carpet sea squirt), Grateloupia
turuturu (Devil's tongue weed), Styela clava (Leathery sea squirt), Tricellaria inopinata
(Tufty-buff bryozoan), and Watersipora subatra (Red-ripple bryozoan) (all noted in all 4
marinas), see Figure 3.
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Figure 3: Ranked bar chart of number of marina sites occupied by each NNS in 2018/19 and
2022. © Natural England 2025.This figure is published under the Open Government Licence

v3.0 for public sector information. If reproducing this figure for whatever reason please use

the copyright acknowledgement provided.

Two new NNS, Bispira polyomma (Purple fan-worm) and Ectopleura crocea (Pink-hearted

hydroid), were recorded in 2022 that had not been recorded during 2018/19 at any of the
42 survey sites. An additional 4 NNS, Asterocarpa humilis (Compass sea squirt),

Perophora japonica (Creeping sea squirt), Codium fragile fragile (Green sea fingers) and

Caulacanthus okamurae (Pom-pom weed) were recorded in 2022 that had not been noted

from any of the 4 clusters in 2018/19.

The maximum number of NNS found at any of the 4 marina sites was 20, the same as for

those sites in 2018/19, and the maximum recorded at any of the 8 Near/Far shore sites

was 15 (13 in 2018/19), see Figure 4 and

Figure 5.
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Figure 4: Bar chart of the numbers of NNS recorded in each cluster, by site type in 2018/19.
© Natural England 2025.This figure is published under the Open Government Licence v3.0

for public sector information. If reproducing this figure for whatever reason please use the
copyright acknowledgement provided.
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Figure 5: Bar chart of numbers of NNS recorded in each cluster, by site type in 2022. ©
Natural England 2025.This figure is published under the Open Government Licence v3.0 for
public sector information. If reproducing this figure for whatever reason please use the
copyright acknowledgement provided.
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2.2 Environmental factors

There are environmental factors that need to be considered when analysing the
differences in species composition at sites in the 2022 surveys compared to the 2018/19
surveys.

It was not possible to carry out the surveys at the same time of year as in 2018/19, all the
2022 surveys being undertaken later in the year. Some species, particularly the seaweeds,
are highly seasonal, and could have died back by September e.g. Undaria pinnatifida
(Wakame) and Sargassum muticum (Wireweed), whereas other species may not have
fully recovered from a winter regression by May in the previous surveys e.g. Watersipora
subatra (red-ripple bryozoan).

The predicted tidal height at low tide and weather conditions at the time of a survey
determine the lowest point on the shore that can be examined. Surveys were only carried
out when the tidal height was predicted to be below 1.00 m. Many of the species targeted
can only tolerate limited exposure out of water, so whether they were recorded or not
could have been affected by the resulting tidal height.

Table 2 details the predicted tidal heights during the 2018/19 and 2022 surveys. Thus
there was little or no overall difference in predicted tidal level between the two sets of
surveys: greater tidal height in 2022 at three shore sites (cumulative increase 1.00 m),
lesser at five sites (cumulative decrease 1.08 m). However, the maximum difference
between the two predicted tidal heights at a site, at Cowes Town Beach, was substantial:
0.44 m higher in 2022 than in 2018.

Table 2. Comparison of survey month and predicted tidal heights in 2018/19 and 2022.
(POLTIPS, 2022).

Survey Tide (m) Tide
2018/19 2018/19 (m)2022
Park Shore May Sept 0.53 0.73
Tanners Lane May Sept 0.45 0.34
Lymington marina May Sept
Gurnard Bay June Sept 0.43 0.79
Cowes Town Beach June Sept 0.40 0.84
Medina marina June Sept
Sandy Point July Sept 0.80 0.66
Black Point July Sept 0.60 0.47
Chichester Harbour marina July Sept
Chilling Shore June Sept 1.13 0.79
Hook Spit June Sept 1.04 0.68
Hamble marina June Sept
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2.3 Data analysis

2.3.1 Trends in numbers of NNS

Based on comparisons between sites within the same cluster, in 2022 the number of NNS
recorded differed significantly between Marinas and both Near and Far shores, in both
cases with Marinas having more species, but did not differ significantly between Near and
Far shores (

Table 3Error! Reference source not found. and Figure 6). Among the same four clusters in
2018/9, all three site types were significantly different from one another (Marina> Near
Shore> Far shore) (

Table 3), as for the full set of 12 clusters (Taylor, Wood & Bishop, 2022).

Based on comparison between the two surveys of the data for each site in the four
clusters the number of NNS recorded did not differ significantly between 2018/19 and
2022 (mean values 12.17 in 2018/19 and 13.58 in 2022; pairwise t-test, P = 0.229).
Similarly, the total abundance per site did not differ significantly between 2018/19 and
2022 (mean values 17.42 and 18.92 respectively; pairwise t-test, P = 0.309).

Table 3. 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. © Natural
England 2025.This table is published under the Open Government Licence v3.0 for public
sector information. If reproducing this figure for whatever reason please use the copyright
acknowledgement provided.

2022
Mean number of
NNS per site
Marina 17.8 Marina
Near shore 13.0 Near shore Near shore
Far shore 10.3 Far shore

2018/19

Mean number
of NNS per site

Marina 18.5
Near shore 12.3
Far shore 6.0

Marina

Near shore

Near shore

Far shore
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Figure 6: Box plot of numbers of NNS recorded for the three site types across the 4 clusters
in 2018/19 and 2022. © Natural England 2025.This figure is published under the Open
Government Licence v3.0 for public sector information. If reproducing this figure for
whatever reason please use the copyright acknowledgement provided.

2.3.2 NNS to native species ratio on shores

In 2018/19, the ratio of the number of live NNS recorded to the number of native species
recorded was consistently higher over the 4 clusters in the Near shores than the Far
shores (Figure 7), the difference being statistically significant (P = 0.014). The same was
true for the entire set of 12 clusters (P = 0.001; Taylor, Wood & Bishop, 2022).

In the 2022 surveys, the ratio of NNS to native species increased relative to the 2018/19
value in the Far shore site in all four clusters (Figure 8). In the Near shore sites there was
a much more mixed pattern: an increase only in the Chichester Harbour cluster, closely
similar Near shore values between the two surveys in both the Medina and Southampton
Water clusters, and a slight decrease in the Lymington Estuary cluster. In the Chichester
Harbour cluster, the increases in both Near and Far shore ratios were very marked but
greater proportionally in the Far shore than the Near shore (Figure 8; see Section 2.5 Sites
of interest, Sandy Point, for more details). As a result of these changes, the overall
tendency in the 2018/19 data for the NNS: native ratio to be higher in the Near shore than
the Far shore in a particular cluster was reversed in 2022 in two of the four clusters, and
there was no overall difference between the ratios in Near and Far shores (P = 0.547).
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Figure 7: Bar chart of the ratio of NNS to native species recorded on the Near and Far
shores in the 4 clusters in 2018/19. © Natural England 2025.This figure is published under
the Open Government Licence v3.0 for public sector information. If reproducing this figure
for whatever reason please use the copyright acknowledgement provided.
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Figure 8: Bar chart of the ratio of NNS to native species recorded on the Near and Far
shores in the 4 clusters in 2022. © Natural England 2025.This figure is published under the
Open Government Licence v3.0 for public sector information. If reproducing this figure for
whatever reason please use the copyright acknowledgement provided.
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2.3.3 Species composition of NNS assemblages

In the MDS plot ordination of sites (Figure 9), in which the proximity of sites in the plot
reflects the overall similarity of their NNS assemblage, Marinas (blue) form a discrete
grouping, but the Near and Far shore sites are somewhat mixed. Two Far shore sites,
Sandy Point (particularly) and Gurnard Bay have moved substantially from being outliers
in 2018/19 to join the other shore sites in 2022. It is notable that, with a single (almost
static) exception, all sites move towards the upper margin of the plot (in the arbitrary
orientation shown here) between occasions. This suggests a common factor or factors
affecting the NNS biota across both marinas and shores between surveys. Increasing
species richness appears to play a part in the common trend, notably in the Far shore
sites mentioned above, and an alternative MDS plot (not shown) based only on species
presence and absence (i.e. lacking abundance information) shows many of the same
major movements, but also a number of other movements with no ‘upward’ component,
suggesting that changes in species’ abundance also contributed to the relatively coherent
movement in the MDS plot shown in Figure 9. Also included is a vector overlay based on
Pearson correlations between the first two MDS axes and the number of NNS per site and
the total abundance of NNS per site, respectively. The two variables are strongly
correlated to each other and both vectors parallel the direction of separation of marina
sites and shore sites on the MDS plot. A bubble plot of the same MDS ordination (Figure
10) illustrates the trend in total abundance of NNS per site.

Solent 2018-9 and 2022
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Figure 9: Multi-dimensional scaling plot of the 12 survey sites in four clusters in 2018/19
and 2022, based on the NNS recorded and the abundance of the individual species. Arrows
join the same site on the different occasions (directed from 2018/19 to 2022; the arrow for
Sandy Point is labelled as an example - the Far shore site in the Chichester Harbour
cluster). © Natural England 2025.This figure is published under the Open Government
Licence v3.0 for public sector information. If reproducing this figure for whatever reason
please use the copyright acknowledgement provided.
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Figure 10: Bubble-plot version of same MDS as Figure 9, showing total abundance of NNS
per site. © Natural England 2025.This figure is published under the Open Government
Licence v3.0 for public sector information. If reproducing this figure for whatever reason
please use the copyright acknowledgement provided.

A preponderance of leftward shifts is also evident in Figure 9 (nine out of 12 sites, with just
three movements to the right). In the case of the Far shore site of the Lymington Estuary
cluster, in which no increase in number of NNS occurred between surveys, the substantial
movement is at right angles to the species-count vector, presumably relating to a second
pervasive shift in the composition of the NNS biota.

Two-way crossed ANOSIM multivariate analysis (without replicates) of the NNS
composition of the sites in 2022 indicated that there was no significant differentiation
between site types (Marina, Near shore, Far shore) or the four clusters (Site type Rho =
0.372, P = 0.184; Cluster Rho = -0.162, P = 0.646). However, one-way ANOSIM of site
types, i.e. discounting cluster as a factor, indicated differentiation between site types with
borderline significance (Rho = 0.221, P = 0.053).

For comparison, the equivalent analyses were also carried out on the same four clusters
with the data from the surveys in 2018/19. Two-way crossed ANOSIM indicated significant
differentiation between site types but not between clusters (Site type Rho = 0.75, P =
0.036; Cluster Rho = -0.216, P = 0.709). One-way ANOSIM of site types indicated
differentiation between site types with a higher level of significance than in 2022 (Rho =
0.296, P = 0.008). Two-way crossed ANOSIM of all 12 clusters surveyed in 2018/19 had
found that both site type and clusters were associated with highly statistically significant
differentiation (Site type Rho = 0.508, P = 0.001; Cluster Rho = 0.35, P = 0.001) (Taylor,
Wood & Bishop, 2022).

SIMPER (similarity percentages) analysis was undertaken to investigate the contribution of
individual species to the overall Bray-Cutis dissimilarity between particular categories of
site. Table 4 ranks the species contributing to dissimilarity between the results of the four-
cluster surveys in 2018/19 and 2022. Of the species contributing to the first 80% of
dissimilarity between surveys, nine had greater abundance in 2022 compared to 2018/19,
including seven of the top ten species, and contributed 47.06% of total dissimilarity; seven
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species had greater abundance in 2018/19 compared to 2022, contributing 29.12% of total
dissimilarity. Notable increases between 2018/19 and 2022 included Tricellaria inopinata,
Grateloupia turuturu and Watersipora subatra, while a marked reduction in Sargassum
muticum was apparent.

Table 4. SIMPER analysis of contributions by individual species to overall Bray-Curtis
dissimilarity between the 2018/19 and 2022 survey data. Species ranked by contribution,
only those contributing to the first 80% 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. © Natural England 2025.This table is published under the Open
Government Licence v3.0 for public sector information. If reproducing this figure for
whatever reason please use the copyright acknowledgement provided.

Av. Abund | Av. Abund J\"A Diss./SD Contrib. | Cum.
2018/19 2022 Diss. ’ % %

Tricellaria inopinata 1.42 2.25 3.74 1.08 7.04 7.04
Grateloupia turuturu 1.00 1.50 3.57 1.12 6.72 13.76
Sargassum muticum 1.58 0.67 3.13 1.23 5.89 19.65
Watersipora subatra 0.50 1.17 3.09 1.24 5.82 2547
Bugula neritina 0.58 1.00 2.84 1.07 535 |30.82
Styela clava 1.33 1.50 2.72 1.12 512 | 35.94
Botrylloides diegensis 0.83 1.25 2.71 1.16 5.10 41.04
Hydroides ezoensis 1.08 0.75 2.52 1.09 4.75 45.79
Magallana gigas 0.33 0.92 248 1.06 4.68 50.46
Crepidula fornicata 0.92 0.83 2.44 1.00 4.59 55.05
Didemnum vexillum 0.42 0.67 2.01 0.92 3.79 | 58.84
Undaria pinnatifida 0.83 0.17 2.00 0.89 3.76 | 62.60
Bugulina fulva 0.67 0.08 2.00 0.73 3.76 | 66.36
Austrominius modestus 1.58 1.58 1.94 0.99 3.66 70.02
Aplidium cf. glabrum 0.58 0.92 1.83 0.99 3.44 | 73.46
Colpomenia peregrina 0.67 0.50 1.80 0.91 3.39 76.85
Caprella mutica 0.58 0.25 1.58 0.85 2.98 79.82
Ammothea hilgendorfi 0.75 0.75 1.51 0.85 2.84 82.67

Table 5 shows species contributions to the dissimilarity between the two main habitats
studied, marinas and shores (with Near and Far shores combined), using data from the
same four clusters in both the 2018/19 and 2022 surveys combined to obtain a relatively
broad-based picture. Again, only the species contributing the first 80% of total dissimilarity
are shown. Fourteen qualifying species had greater abundance in marinas compared to
shores, contributing 66.69% of total dissimilarity and including all of the top ten species.
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Three species had greater abundance on shores than in marinas, contributing 10.61% of
total dissimilarity; these were Sargassum muticum, Crepidula fornicata and Austrominius
modestus, all species well adapted to natural shores (and relatively long established in the
UK).

Table 5. SIMPER analysis of contributions by individual species to overall Bray-Curtis
dissimilarity between Marinas and shores (Near and Far shores combined) in both 2018/19
and 2022 survey data combined. Species ranked by contribution, those contributing to the
first 80% shown. See legend to Table 4 for explanation of column headings. © Natural
England 2025.This table is published under the Open Government Licence v3.0 for public

sector information. If reproducing this figure for whatever reason please use the copyright
acknowledgement provided.

AbAL\llr-1d Av. A_bund P-«V. Diss./SD Contrib. | Cum.

Shores Marinas | Diss. %
Bugula neritina 0.25 1.88 4.26 1.62 7.87 7.87
Grateloupia turuturu 0.94 1.88 3.35 1.40 6.18 | 14.05
Tricellaria inopinata 1.50 2.50 3.09 1.28 5.71 19.76
Styela clava 1.06 213 3.00 1.29 554 | 25.30
Botrylloides diegensis 0.69 1.75 2.88 1.26 5.31 30.61
Watersipora subatra 0.56 1.38 2.62 1.34 4.84 | 3545
Undaria pinnatifida 0.19 1.13 2.55 0.98 470 |40.15
Didemnum vexillum 0.25 1.13 2.54 1.50 470 |44.85
Caprella mutica 0.13 1.00 2.22 1.09 4.10 48.95
Hydroides ezoensis 0.81 1.13 212 1.18 3.91 52.86
Sargassum muticum 1.25 0.88 2.07 1.11 3.83 |56.68
Ficopomatus enigmaticus 0.13 0.63 1.98 0.60 3.66 |60.35
Crepidula fornicata 1.00 0.63 1.93 1.01 3.57 | 63.91
Aplidium cf. glabrum 0.50 1.25 1.91 1.12 3.52 |67.43
Bugulina fulva 0.25 0.63 1.89 0.96 3.48 | 70.91
Magallana gigas 0.63 0.63 1.86 1.03 343 |74.34
Austrominius modestus 1.75 1.25 1.74 1.08 3.21 77.55
Corella eumyota 0.19 0.75 1.72 1.14 3.17 80.72

Table 6 shows species contributions to the dissimilarity between Near and Far shores,
again combining data from the same four clusters in the 2018/19 and 2022 surveys to
obtain a relatively broad-based picture, and showing only the species contributing the first
80% of total. Twelve of the listed species have greater abundance on Near compared to
Far shores, contributing 64.49% of total dissimilarity. A single species had greater
abundance on Far shores than Near shores; this was the top-ranked species, Grateloupia
turuturu, contributing 7.67% of total dissimilarity.
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Table 6. SIMPER analysis of contributions by individual species to overall Bray-Curtis
dissimilarity between Far shores and Near shores in four clusters in both 2018/19 and 2022
survey data combined. Species ranked by contribution, those contributing to the first 80%
shown. See legend to Table 4 for explanation of column headings. © Natural England
2025.This table is published under the Open Government Licence v3.0 for public sector
information. If reproducing this figure for whatever reason please use the copyright
acknowledgement provided.

Av. Av. Abund

Species Abund Near " | Diss./SD Contrib. | Cum.
Far shore | shore

Grateloupia turuturu 1.25 0.63 4.04 1.18 7.67 7.67
Tricellaria inopinata 1.38 1.63 3.97 1.22 7.55 15.22
Sargassum muticum 0.88 1.63 3.83 1.14 7.28 22.50
Crepidula fornicata 0.88 1.13 3.56 1.20 6.77 | 29.26
Hydroides ezoensis 0.75 0.88 3.13 1.19 595 | 35.21
Styela clava 0.75 1.38 2.98 1.10 566 |40.87
Magallana gigas 0.38 0.88 2.95 0.98 5.61 46.48
Watersipora subatra 0.38 0.75 2.95 1.04 5.59 52.08
Botrylloides diegensis 0.38 1.00 2.79 1.10 5.31 57.39
Austrominius modestus 1.75 1.75 2.76 1.30 525 |62.63
Colpomenia peregrina 0.50 0.63 2.41 1.13 4.58 67.21
Aplidium 0.38 0.63 1.98 1.01 3.75 | 70.97
Bugulina fulva 0.25 0.25 1.73 0.52 3.29 |74.26
Ammothea hilgendorfi 0.63 0.75 1.72 0.84 3.27 | 77.53
Didemnum vexillum 0.13 0.38 1.67 0.60 3.17 | 80.70

It will be noted that the SIMPER analyses for these surveys were characterised by a
relatively even distribution of contributions between species, resulting in a large number of
species (15 or more) contributing to the first 80% of Bray-Cutis dissimilarity. No species
was particularly dominant or characteristic of a particular habitat or survey occasion, and
within the top 80% all listed species were present in both of the data sets being compared.

2.3.4 Site occupancy by NNS and native species

The mean number of sites occupied by an NNS across the 4 clusters declined
progressively from Marina to Near shore to Far shore in both 2018/19 and 2022, with all
pairwise differences between site types being strongly significant (Table 7Error!
Reference source not found., Figure 11 and Figure 12). For native species, in the
2018/19 4-cluster data there was a near-significant reduction in mean number of sites
occupied per species between Marina and each of the two shore types (Near P = 0.074,
Far P = 0.058), but the difference between Near and Far shores was clearly non-
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significant. (In the complete 12-cluster 2018/19 data set, the Marina-Near shore and Near
shore-Far shore differences approached significance but the Marina-Far shore difference
was clearly non-significant (Taylor, Wood and Bishop, 2022). In the 2022 data for native
species, the mean number of sites per species was not significantly different between
Marina and Near shore, the Marina mean was greater than the Far shore mean with
moderate significance and, in contrast to the 2018/19 pattern, the Near shore mean was
greater than the Far shore mean with high significance.

For both NNS and native species in both 2018/19 and 2022, the per-species site
occupancy by the suite of individual species was positively correlated in each pairing of
site types (Marina and Near shore, Marina and Far shore and Near shore and Far shore),
with high statistical significance (Table 7, Figure 13 and Error! Reference source not
found.). Thus, the different species, both native and non-native, tended overall to show a
similar relative level of occupancy across the site types, maintained alongside any general
differences in occupancy between site types.

Table 7. Mean number of sites occupied per species for NNS (31) and native species (32), in

2018/19 and 2022. © Natural England 2025.This table is published under the Open
Government Licence v3.0 for public sector information. If reproducing this figure for

whatever reason please use the copyright acknowledgement provided.

NNS
Mean number of sites

Native
Mean number of sites

occupied per species

occupied per species

Paired

Marina mean 2.29 1.97
Near shore mean 1.68 1.78
Far shore mean 1.32 1.31

Paired

2018/19 (4 clusters)

NNS
Mean number of sites
occupied per species

‘ Correlation ‘ ‘ Correlation
t-test t-test

Marina vs Near shore | P=0.011 | 0.632; P<0.001 | P=0.488 | 0.585; P <0.001
Marina vs Far shore P<0.001 | 0.632;P<0.001| P=0.025 | 0.557; P <0.001
Near vs. Far shore P=0.006 | 0.903; P<0.001| P=0.004 | 0.844; P <0.001

Mean number of sites
occupied per species

Correlation

Marina mean 2.39 2.25
Near shore mean 1.58 1.84
Far shore mean 0.77 1.75

Paired
t-test

‘ Correlation

Marina vs Near shore | P<0.001 | 0.794; P<0.001 | P=0.074 | 0.598; P <0.001
Marina vs Far shore P <0.001 | 0.549;P=0.001| P=0.058 | 0.501; P=0.004
Near vs. Far shore P<0.001 | 0.724; P<0.001 | P=0.447 | 0.869; P <0.001
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Figure 11: Box plot for NNS and native species of mean number of sites occupied per
species in the three site types in 2018/19. © Natural England 2025.This figure is published
under the Open Government Licence v3.0 for public sector information. If reproducing this
figure for whatever reason please use the copyright acknowledgement provided.

2022

B Far shore Bl Near shore & Marina
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N
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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 in 2022. © Natural England 2025.This figure is published
under the Open Government Licence v3.0 for public sector information. If reproducing this
figure for whatever reason please use the copyright acknowledgement provided.
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Figure 14: Bivariate plots for NNS (22) and native species (27) in 2018/19, with lines of equality, of
number of sites occupied by each species on Near and Far shores. Co-incident points have been
separated by 0.05 on the x or y-axis. © Natural England 2025.This figure is published under the
Open Government Licence v3.0 for public sector information. If reproducing this figure for
whatever reason please use the copyright acknowledgement provided.
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Figure 14: Bivariate plots for NNS (21 species) and native species (26) in 2022, with lines of equality,
of number of sites occupied by each species on Near and Far shores. Co-incident points have been
separated by 0.05 on the x or y-axis. © Natural England 2025.This figure is published under the Open
Government Licence v3.0 for public sector information. If reproducing this figure for whatever reason

please use the copyright acknowledgement provided.
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2.4 Species of concern

2.4.1 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 B. fabricii (see Bishop & Darbyshire, 2023).

B. polyomma was first reported in the UK in 2021 in two adjacent marinas in Plymouth
(Bishop & Darbyshire, 2023) and was subsequently noted in Salcombe, South Devon in
autumn 2022 (Bishop, Wood & Crundwell, 2025). In the Solent surveys reported here B.
polyomma was found, as rare-occasional, in three out of four marinas.

All of the occurrences so far have been on pontoons providing berths for leisure craft. 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 15: Bispira polyomma on a mussel shell. Visible length of worm and tube is c. 45
mm. Image: © J Bishop, MBA. This figure is published under the Non-Commercial
Government Licence v2.0 for public sector information. If reproducing this figure for non-
commercial use please use the copyright acknowledgement provided. This figure is not to
be used commercially.
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2.4.2 Ectopleura crocea (Pink-hearted hydroid)

This non-native hydroid species was not found in any of the 42 sites surveyed in the
Solent in 2018/19. In September 2022 during these surveys, it was recorded at the
brackish Southampton Water harbour site at the mouth of the Hamble estuary. Previously,
this species has been very occasionally reported in the UK since 1895 with records from
Plymouth and the R. Orwell (Rees, 1963), and more recently from the R. Iltchen (J. Bishop
unpublished data, 2017). In surveys carried out in the ltchen estuary in October 2022, it
was found to be abundant on pontoons at a number of sites (Bishop, Wood & Taylor,
2025).

Hydroids are major biofouling organisms in global aquaculture. In Australia, E. crocea was
found to impact commercial mussel culture firstly at spatfall through consumption of larvae,
and also during growth resulting in reduced length and weight of mussels (Fitridge &
Keough, 2013).

10:47 *4/0CT/2022:

Figure 16: Ectopleuracrocea on a fender in the R Itchen (Image: © C Wood, MBA), and in
close-up underwater (Image: © J Bishop, MBA). This figure is published under the Non-
Commercial Government Licence v2.0 for public sector information. If reproducing this
figure for non-commercial use please use the copyright acknowledgement provided. This
figure is not to be used commercially.

2.4.3 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), and has been
spreading rapidly on shores, particularly in the southwest. During these surveys it was
found on artificial substrate (rip-rap) on both shores in the Medina cluster (Gurnard Bay
and Cowes Town Beach). Although it has previously been found in 2018, attached to a
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seawall in Portsmouth (O’Shaughnessy and others, 2020), these represent the first
records from the Isle of Wight.

Figure 17: Caulacanthus okamurae on rip-rap at Gurnard Bay. Image: © C Wood, MBA. This
figure is published under the Non-Commercial Government Licence v2.0 for public sector
information. If reproducing this figure for non-commercial use please use the copyright
acknowledgement provided. This figure is not to be used commercially.

2.4.4 Codium fragile fragile (Green sea fingers)

Codium fragile fragile is a spongy green seaweed that has, within the Solent, been
occasionally reported from artificial habitats in Gosport, Southampton Water and the Isle of
Wight (NBN Atlas, 2023). However previously, the only shore records were from the Isle of
Wight. During the 2022 surveys it was found at four mainland sites, Park Shore and
Tanners Lane, both within the Lymington Estuary cluster; and Black Point and Sandy Point
in the Chichester Harbour cluster. No other species of Codium were recorded during these
surveys.
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Figure 18: Codium fragile fragile on cobble at Tanners Lane (Image: © J Taylor, NE), and
microscope image showing sharply pointed mucrons (Image: © J Bishop, MBA). This figure
is published under the Non-Commercial Government Licence v2.0 for public sector
information. If reproducing this figure for non-commercial use please use the copyright
acknowledgement provided. This figure is not to be used commercially.

2.4.5 Hydroides ezoensis (Twin-keel worm)

Aggregations of H. ezoensis calcified tubes on the shore, noted in the NE Joint Report
JP042, were again seen. Figure 19 shows a cluster with Botrylloides diegensis growing
between the near-vertical serpulid tubes.

Figure 19: Hydroides ezoensis on Chilling Shore. Also seen are Styela clava and
Tricellaria inopinata. The worm tubes are c. 90 mm tall, arising from a part-buried
stone. Image: © J Taylor, NE. This figure is published under the Non-Commercial
Government Licence v2.0 for public sector information. If reproducing this figure for
non-commercial use please use the copyright acknowledgement provided. This
figure is not to be used commercially.
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2.4.6 Watersipora subatra (Red-ripple bryozoan)

This red encrusting bryozoan was first recorded in the UK in a Plymouth marina in 2008
(Ryland and others, 2009), and since then has spread along the south coast and
westward. It has become particularly common on natural shores in the southwest. W.
subatra is highly invasive and has been regularly reported from coastlines throughout
global cool-temperate waters since the 1980s. It is tolerant to copper-based antifoulants.

These surveys show a marked increase in site occupancy in the Solent: in 2018/19 it was
recorded at 3 marina/harbour sites and on one shore, while in 2022 it was present at all 4
marina sites and on 6 shores, including Cowes Town Beach where it was found in 2018.

Figure 20: Watersipora subatra. Image: © J Bishop, MBA. This figure is published under the
Non-Commercial Government Licence v2.0 for public sector information. If reproducing this
figure for non-commercial use please use the copyright acknowledgement provided. This
figure is not to be used commercially.

2.4.7 Tricellaria inopinata (Tufty-buff bryozoan)

Tricellaria inopinata is an erect bryozoan native to the temperate Pacific. It is capable of
enduring a broad spectrum of temperatures and salinities, as well as high organic content,
and can settle on a wide range of anthropogenic and natural substrata. It was first
recorded in the UK in 1998 on the S coast. It is a fouling nuisance and can affect
biodiversity by entering natural habitats.

Commonly recorded as frequent/common or abundant/superabundant in marinas across
both surveys, T. inopinata appeared much more abundant on shores in 2022 compared to
2018/19, being recorded on all shores and in the upper two abundance categories on six

of the eight shores in 2022 (see
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Table 8) and continues to be predominantly on natural substrates, see Table 11. This
included elevated presence on algae on the shore, see Figure 21.

The MBA contributors to this report have not noticed a particular tendency for population
boom and bust in this species, although most of our observations have been in marinas.
Could the difference in prevalence between the 2018/19 (May-July) and 2022 (September)
surveys be attributed to seasonal differences in the condition of T. inopinata populations?
A 16-month (2008/9) study of T. inopinata in a Plymouth marina (D. Glass, unpublished
MRes thesis) suggested that colonies could overwinter in those conditions, with peak
growth from March to October and reproduction (assessed from brooding of embryos)
highest in June to October. Although open-sea conditions might impose a somewhat
different seasonal cycle, it seems from this that typical colony condition, and thus
detectability, of T. inopinata is likely to be broadly similar between June - July, at least, and
September. The fourth Cluster revisited in 2022, Lymington Estuary, was initially visited
earlier in the year, in May 2018. Nevertheless, the abundance of T. inopinata was
recorded as rare/occasional for both Near and Far shores, typical of the 2018/19
observations overall. It thus seems probable that the observed differences in recorded
abundance between 2018/19 and 2022 go beyond any seasonal signal generated by the
species’ phenology. Of course conditions might vary considerably from year to year,
potentially causing population fluctuations, but the possibility remains that the recorded
increases represent ongoing spread to shores by what was initially a predominantly
marina/harbour species. If so, the colonisation of shores from marinas is taking a
considerable time in the study area. T. inopinata was first recorded in the Solent region in
1999 in ports/marinas in Southampton Water, Portsmouth Harbour and Chichester
Harbour, at that time its eastern limit (Dyrynda and others, 2000). The same study also
reported it to be in Poole Harbour (from 1998) on port and marina structures but also on
natural shores there, and on the open coast at Swanage.
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Figure 21:Tricellaria inopinata at high frequency on cast-up weed on Chilling Shore. Ruler is
130 mm total length. Image: © C Wood, MBA. This figure is published under the Non-
Commercial Government Licence v2.0 for public sector information. If reproducing this
figure for non-commercial use please use the copyright acknowledgement provided. This
figure is not to be used commercially.

Table 8. Abundance categories recorded for T. inopinata at the 8 shore sites in 2018 and
2022 surveys.

Rare/ Frequent/ Abundant/
Occasional | Common | Superabundant
2018/19 2 5 1 0

2022 0 2 3 3

Not recorded

2.4.8 Magallana gigas (Pacific oyster)

This species is grown commercially in many areas of the UK, although not in the Solent
where it has spread widely on natural shores and artificial structures. Its impact is felt
through displacement or prevention of recovery of native oysters, and its ability to form
reefs leading to habitat alteration of soft sediments.

In these surveys a significantly increased presence was noted at Hook Spit (in
Southampton Water), all 3 surveyors recording it as abundant/superabundant. Hand
gathering of Pacific oysters at Hook Spit was observed during the 2022 surveys. See
Figure 22.
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2019 2022

Figure 22: Changes in density of Magallana gigas on shore at Hook Spit between 2019 and
2022 (Images: © J Taylor, NE), and bagged oysters awaiting removal from the shore at the
time of the 2022 survey (Image: © J Bishop, MBA). This figure is published under the Non-
Commercial Government Licence v2.0 for public sector information. If reproducing this

figure for non-commercial use please use the copyright acknowledgement provided. This
figure is not to be used commercially.

2.4.9 Other notable records

Another species that showed a marked increase in prevalence was Botrylloides diegensis
(San Diego sea squirt) on shores (a change from 3 to 7 sites occupied). In contrast, for
Botrylloides violaceus (Orange-cloak sea squirt) there was a drop in total sites occupied
from 5 to one. This pattern was also seen in the 2017 and 2022 surveys of sites in the
Itchen estuary (Bishop, Wood & Taylor, 2025), but not in surveys carried out in Devon and
Cornwall in 2022 (Bishop, Wood & Crundwell, 2025). The reason for this is not known.

The site occupancy of Undaria pinnatifida (Wakame) dropped from 6 to 2, although this
was likely related to seasonal changes, as this short-lived species undergoes periods of
rapid growth and then dies back to become much less conspicuous.

2.5 Sites of interest

2.5.1 Sandy Point

A very marked increase in the number of NNS was noted between 2018 and 2022 by all
three surveyors at Sandy Point (Figure 4,

Figure 5, and Table 9): Only two NNS were recorded in 2018; these two plus 12 additional
NNS were recorded in 2022. The increase in NNS does not appear attributable to differing
survey conditions. Each surveyor visited the same zone on the two occasions. The
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daylight was better in 2018 than in 2022, when it was starting to get dark by the end of the
survey period. A good level of growth recovery after any winter regression of the fouling
biota would be expected to have occurred by July, so regular seasonal differences seem
very unlikely to account for the much greater variety of NNS found in September 2022
than in July 2018.

Sandy Point is a sand and gravel shore with very little natural hard substrate for sessile
species to colonise, but has a rip-rap revetment at the top and substantial groynes also
built of piled-up boulders and larger pieces of rock running down the shore. The rock
groyne in the southernmost zone (Zone 3) is longer and reaches down to a substantially
lower tidal height than those in the other two zones. Occasional isolated boulders nearby
in the sand, see Figure 23, are probably derived from the groynes, or perhaps from upper-
shore rip-rap. In Zone 3, all ten NNS recorded in 2022 were from the lower end of the
groyne or isolated boulders low on the shore, which were both heavily fouled, see Figure
24, whereas only two NNS were recorded in this zone in 2018. Four NNS (Aplidium cf.
glabrum, Didemnum vexillum, Bugula neritina and Watersipora subatra), were seen only in
this shore zone.

Differences in tidal height cannot explain the inconsistencies between the two survey
occasions in this zone. The predicted low tide at Sandy Point was 0.14 m lower in 2022
than in 2018, but the lower end of the groyne in Zone 3 was accessible to survey on both
occasions (as confirmed by field photographs).

Three relatively long rock groynes were installed to replace wooden groynes at Eastoke
Point, immediately west of the surveyed area, in 2013 but the long rock groyne surveyed
in Zone 3 evidently pre-dates them and was thus at least 6 years old when surveyed in
2018 (see the commonly used aerial photograph). The apparent arrival of several NNS on
the Zone 3 groyne between 2018 and 2022 thus seems to represent a multi-species
colonisation (or conceivably re-colonisation) some years after installation of the groyne.

Furthermore, similar increases in NNS diversity were also recorded in 2022 in the other
two zones at Sandy Point (see Table 9), in which groynes stopped well short of the low
water mark and contributed fewer NNS, but other artificial substrate was present. In Zone
1, six out of seven NNS recorded were associated with artificial boulders. In Zone 2, two
out of seven NNS were recorded on the upper shore on rip-rap, the remainder being on
cobbles, algae or gravel. The increase in NNS at Sandy Point was clearly not an effect
limited to the fouling of groynes as such, although artificial hard substrates were important
in all three zones.

Table 9: Sandy Point, live NNS detected by each of 3 surveyors in 2018 and 2022.

Shore zone 2018 2022
1 0 7
2 2 7
3 2 10
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In contrast to Sandy Point, the corresponding Near shore, Black Point, recorded a much
smaller increase in the number of NNS between surveys (11 NNS in 2018, including two
not seen in 2022; 13 in 2022, including four not seen in 2018.). This was typical of Near
shores in the study — all four clusters showed a modest increase in the number of NNS on
the Near shore between 2018/19 and 2022.

Figure 23: Isolated boulder, presumed derived from sea defences, on shore at Sandy Point.
Image: © J Taylor, NE. This figure is published under the Non-Commercial Government
Licence v2.0 for public sector information. If reproducing this figure for non-commercial
use please use the copyright acknowledgement provided. This figure is not to be used
commercially.

Figure 24: Heavily fouled boulder, part of a rip-rap groyne at Sandy Point, showing
abundant Tricellaria inopinata; also colonies of Botrylloides sp. (orange) and Watersipora
subatra (indicated by arrows). Image: © J Bishop, MBA. This figure is published under the
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Non-Commercial Government Licence v2.0 for public sector information. If reproducing this
figure for non-commercial use please use the copyright acknowledgement provided. This
figure is not to be used commercially.

2.6 Substrates

Unfortunately, as a result of the unsocial timing of the low tides, it was decided not to
follow the protocol recommendation of using a pair of surveyors for each shore zone. The
result was that at times the recording of natural and artificial substrates, and counts of
features such as boulders, were not documented consistently. In addition, examination of
the recording forms indicated that the three surveyors had interpreted the guidance in
slightly different ways, particular examples of which are:

e Recording a rip-rap groyne made of very large rocks as either a single fixed feature,
or multiple fixed features (one per rock examined).

e The distinction between Artificial fixed (X), and Artificial boulder/cobble (Y) was not
consistently applied.

e Where the NNS was attached to a live bivalve, it was sometimes recorded as S, i.e.
on shell, and otherwise noted as attached to a specified animal.

e Different interpretations were put on species recorded from the sides of
boulders/cobbles, either as ‘Under boulder/cobble’ (U) or ‘Top of boulder/cobble’
(T).

e The distinction between the substrates ‘Other algae’ (A) and ‘Sargassum’ (J) was
not strictly adhered to.

e Surveyors varied in the degree to which they recorded multiple substrates for a
species.

Subsequently, that section of the protocol has been updated to eliminate these
differences.

Although the substrate data gathered (see Table 10, Table 11, and

Table 12) was not considered to be of a standard to allow for a full robust analysis of the
data, the results obtained were sufficient to make a number of qualitative statements
regarding artificial substrates. Note that all the actual values included in the Tables should
be used with caution due to the recording issues previously mentioned.

The amount and nature of available hard substrate, required by many of the species
targeted, varied considerably between shores, see Table 10. Boulders classified as natural
were most common at Gurnard Bay and Tanners Lane, and completely absent at Sandy
Point and Black Point. Artificial substrates were most common at Gurnard Bay and Sandy
Point, and least frequent at Park Shore.
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Table 10. Counts of total substrates examined at shore sites.

Park Shore
Tanners Lane
Gurnard Bay
Sandy Point

Black Point
Chilling Shore

Hook Spit

INN-IN-AN Cowes Town Beach

Boulders turned 8 22 30 20 8
Tidepools 6 8 7
Artificial pools 1 0 0
Artificial fixed 1 25 20 20 3 1
Other Artificial 6 22 18 6 7 0 15 25

The numbers of species/substrate combinations noted across all sites are shown in Table
11 and

Table 12. There appears to be little difference between NNS and native species regarding
their settlement on artificial vs. natural substrates.

The NNS that appeared to show a clear preference for settlement on artificial substrates
were Watersipora subatra (Red-ripple bryozoan) (proportion on artificial 0.83),
Caulacanthus okamurae (Pom-pom weed) (0.80), and Bugula neritina (Ruby bryozoan)
(0.75). ltis likely that the presence of artificial substrates on shores is exacerbating the
impact of these species, see Section 2.4 Species of concern.

The NNS that appeared to show a clear preference for settlement on natural substrates
were Grateloupia turuturu (Devil’s tongue weed) (proportion on artificial 0.10), and
Colpomenia peregrina (Oyster thief) (0.13).

The native species that appeared to show a clear preference for settlement on artificial
substrates were Semibalanus balanoides (Common rock barnacle) (0.75) and Mytilus spp.
(mussels) (0.67).

The native species that appeared to show a clear tendency to occur on natural substrates
were Pisidia longicornis (Long-clawed porcelain crab) (0.10), Lanice conchilega (Sand
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mason) (0.11), Littorina littorea (Common periwinkle) (0.21), and Ocenebra erinacea
(Oyster drill) (0.22).

Table 11. Counts of Non-native species/Substrate combinations across all shore sites,
ranked by proportion on artificial substrates.

Proportion on

artificial
substrates
Watersipora subatra 10 2 0.83
Caulacanthus okamurae 4 1 0.80
Bugula neritina 3 1 0.75
Aplidium cf. glabrum 6 3 0.67
Corella eumyota 2 1 0.67
Didemnum vexillum 3 2 0.60
Botrylloides diegensis 12 11 0.52
Ficopomatus enigmaticus 2 2 0.50
Austrominius modestus 23 29 0.44
Magallana gigas 8 11 0.42
Styela clava 13 19 0.41
Ammothea hilgendorfi 2 3 0.40
Codium fragile fragile 2 3 0.40
Tricellaria inopinata 20 42 0.32
Hydroides spp. 6 14 0.30
Sargassum muticum 3 8 0.27
Crepidula fornicata 5 16 0.24
Colpomenia peregrina 1 7 0.13
Grateloupia turuturu 1 9 0.10
Botrylloides violaceus 0 1 0.00
Ruditapes philippinarum 0 1 0.00

Table 12. Counts of artificial and natural substrates recorded for NNS and native species.

Artificial | Natural Total substrate Proportion on

substrate | substrate artificial substrates

NNS 126 186 312 0.40
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Native 74 133 207 0.36

Figure 25: Fixed artificial substrates examined during surveys: rip-rap groyne, pilings, pipe,
mooring buoys with chains. Images: © J Bishop and C Wood, MBA. This figure is published
under the Non-Commercial Government Licence v2.0 for public sector information. If
reproducing this figure for non-commercial use please use the copyright acknowledgement
provided. This figure is not to be used commercially.
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Figure 26: Artificial substrates, not fixed: tyre, netting, pipe section. Images: © J Bishop and
C Wood, MBA. This figure is published under the Non-Commercial Government Licence
v2.0 for public sector information. If reproducing this figure for non-commercial use please
use the copyright acknowledgement provided. This figure is not to be used commercially.

3 Discussion

3.1 Patterns of NNS occurrence

These re-surveys, after an interval of 3-4 years, documented the apparent colonisation of
additional shores by a suite of NNS (Botrylloides diegensis, Magellana gigas, Watersipora
subatra and Codium fragile fragile, plus a marked increase in abundance on shores by
another, Tricellaria inopinata. Two species, Bispira polyomma and Ectopleura crocea,
were found that were not recorded in the previous surveys, the former already present in
three out of four marinas surveyed. These findings illustrate the importance of regular
monitoring. The two newly recorded species do not yet have regional risk assessments,
but both can dominate space and appear to have the potential to be species of concern.

The previous patterns of NNS diversity between the sites within a cluster and of site
occupancy across clusters, both following the relationship Marina > Near shore > Far
shore, largely persisted, although not always with statistical significance.
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The Near shore > Far shore pattern of NNS prevalence is of importance as an apparent
indication of leakage of propagules from marinas onto shores with dilution by distance.
This picture was strongly challenged by one outlier observation centring on the Far shore
of the Chichester cluster, positioned within a long sand/gravel beach with groynes, where
a remarkable increase in the number of NNS was recorded — 12 additional NNS — with a
lesser increase at the corresponding Near shore site. Whatever the mechanism of this
apparent influx, it clearly does not fit the pattern of progressive colonisation of shores
spreading stepwise from marinas. This site is further discussed in the next section.

A second unexpected result involved the MDS plot based on the NNS presence at each of
the 12 sites in both 2018 and 2022. The shift between the 2018/19 and 2022 assemblages
included upward movement (in the arbitrary orientation chosen for display) in 11 of the 12
sites, the final site being virtually static. This indicated a pervasive pattern of modification
of the NNS assemblage between surveys, quite strongly correlated with increasing
species count and total abundance. The plot also strongly suggested another common
direction of shift (leftward as displayed) shared by a majority of the sites, roughly at right
angles to the diversity (species-count) vector. Further investigation of factors underlying
these trends could shed important light on subtle changes occurring within the NNS biota
over medium timescales.

SIMPER analyses showed a very strong trend towards the species best distinguishing
different categories of sites being ones more abundant in marinas than on shores (and on
Near compared to Far shores). It is also notable that in all the SIMPER analyses, a large
number of species contributed relatively evenly to overall dissimilarities, with no strongly
dominant or entirely characteristic species. Thus, the single top-ranked species in each
SIMPER listing contributed only 7-8 % of total similarity, and all the species contributing to
the first 80 % of dissimilarity occurred in both shore and marina habitats.

Observations continued to indicate the importance of human-generated hard surfaces
(infrastructure, debris) to the prevalence of NNS on Solent shores.

3.2 Choice of sentinel sites

The clusters of sites that were selected were readily accessible and gave good
geographical coverage of the Solent region. They covered a range of shore landscapes,
profiles, littoral aspects and wave exposures. They included a variety of dominant natural
substrates including mud, sand, gravel, pebbles and cobble, although, typical for the area,
there was only limited coverage of boulder or bedrock. Artificial substrates included fixed
structures such as rip-rap revetments and groynes, wooden groynes, intact pipes, and
fixed moorings; artificial boulders /cobbles /pebbles, such as builder’'s waste; and other
artificial waste, such as plastic and glass debris.

The comparison of the results from the 2022 and 2018/19 surveys indicates that some of
the clusters chosen demonstrated a relatively stable picture of NNS presence i.e. the
Lymington Estuary and Southampton Water clusters. In contrast, the Chichester Harbour
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cluster showed drastic change. Thus overall the choice of sentinel sites appears to be
capable of encompassing both detection of change and documentation of relative stasis.

The unexpected increase in NNS across the Far shore site of the Chichester Harbour
cluster (Sandy Point) since 2018 requires examination. Twelve additional NNS were
detected there in 2022. Survey conditions on the respective occasions do not seem to
account for this discrepancy in the NNS counts (see Results). The possibility cannot be
ruled out that in 2018 the fouling biota had been locally reduced far below its established
level by an unknown event or influence, with the 2022 results representing a recovery. For
example, severe weather could have led to scouring of the boulders by the coarse
sediment prevalent on the shore (see Figure 24), or caused temporary changes in the
sediment level, partially burying the boulders and any species growing on them. A
heatwave is another possibility, although the species were mainly found very close to or
just below low water at this site and on the north sides of the boulders, and in crevices, so
would have been protected from temperature extremes. The alternative is that there had
been marked first-time influx of NNS between the 2018 and 2022 surveys, to reach
genuinely new levels—that is, a rapid multi-species colonisation by NNS had been
witnessed in an area formerly with low levels of infestation. As such, the present
observations are of considerable interest, and continued monitoring should be encouraged
as a contribution to general understanding of patterns and mechanisms of NNS spread
along coastlines. There was a particular concentration of NNS at the lower end of the
longest groyne on the site, which was in Zone 3. Three more long rock groynes were
added immediately west of Zone 3 as part of the Eastoke Point Coastal Defence Scheme
in 2013. This addition might conceivably have triggered increases in local NNS prevalence
that eventually affected Zone 3, and a survey of these more recent groynes would
potentially be informative. It would additionally be of interest to characterise changes in
NNS prevalence along the rock groynes from the top to the lower shore, to assess the
particular significance of extreme low-shore sections of groyne as artificial habitats that
permit NNS colonisation.

3.3 Recommendations

3.3.1 Condition assessments

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, and refined during these surveys (Taylor, Wood & Bishop,
2021; Taylor Wood & Bishop, 2022), 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.

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. The surveys carried out in the Solent
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in 2018/19 (Taylor, Wood & Bishop, 2022) provided a good baseline of levels of marine
NNS in SACs and SPAs in the region. However, the surveys carried out in 2022 and
reported here clearly indicate the need for regular monitoring as changes in NNS presence
and abundance can occur rapidly, as was observed at Sandy Point. Regular monitoring
may also assist in us developing a better understanding of the factors leading to such
sudden changes. It is thus recommended that the ‘sentinel sites’ identified in this report
are re-surveyed at no more than 3-yearly intervals.

3.3.2 Survey scheduling

When conducting future surveys, if the intention is to compare results to previous ones,
then consideration should be given to the seasonality and environmental conditions under
which the surveys were conducted, as possible factors in any observed change. In these
particular surveys in the Solent, the timing of good low tides in relation to daylight hours,
due to being too long after the summer solstice, created additional problems.

3.3.3 Shore protocol

One aim of the 2022 surveys was to thoroughly test the revised shore protocol described
in the NE Guidance document ‘Protocol for Rapid Assessment Survey for Non-Native
Species on English Shores’.

Unfortunately, as a result of the unsocial timing of the low tides, it was decided not to
adhere to the protocol recommendation of using a pair of surveyors for each shore zone. It
is recommended that in future, full substrate recording is not carried out unless there are
sufficient staff to allow pairings.

To reduce differences in interpretation of the guidance for recording substrates it is
recommended that the protocol be modified to include several examples, with images, of
how to record and count a variety of common substrates, e.g. rip-rap groynes, wooden
groynes, pipes, tyres, moorings with chains, plastic sheeting, bricks, crab tiles, and bottles.

Following discussions with the NE project manager as to the main reasons for gathering
the artificial substrate data, it was decided that the main focus should be on differentiating
substrates according to whether permission was granted for their original installation, for
example under a planning application or licence; or if it has resulted from illegal dumping
e.g. builder’s waste, for which someone could be liable for the costs of removal, or arrived
accidently e.g. as floating debris, or blown in from land. This would allow for a clearer
decision-making process regarding any planned clean-up of the waste.

It was agreed to revise the scoring of substrates to cover the following:

e X — Fixed artificial — Structures that cannot be moved by hand, likely to have
required permission, e.g. intact pipes, concrete structures, sea defences such as
rip-rap revetments and groynes, wooden groynes, and mooring bases. Photos
should be taken of the structure.

Page 50 of 64 Mapping Invasive Non-Native Species in the Solent: An Update - 2022
NECR688



e Y — Not fixed artificial — Items for which permission would not have been given e.g.
builders’ rubble, tyres, crab tiles, plastic and glass debris. Representative photos
should be taken to indicate the general nature of the items.

e Indirect attachment to an artificial substrate should be scored as if attached directly,
e.g. Styela clava growing on an alga that is attached to a brick would be scored as
Y.

e J—Previously used for Sargassum to be dropped.

e Z — Use changed to indicate attachment to any NNS, plant or animal.

e N — Added to cover attachment to a live native animal, to match A and K which are
used for attachment to native algae, and kelp holdfasts, e.g. T. inopinata growing
attached to a mussel, whelk or sea squirt. Note attachment to dead bivalves and
gastropods (whether native or non-native) should still be scored as S.

Some elements of these changes were incorporated into surveys carried out in the Devon
and Cornwall surveys in October 2022 (Bishop, Wood & Crundwell, 2025).

The original substrate categories, used in the 2018/19 Solent surveys and documented in
NE Joint Report JP042, are described in Appendix 7.
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Appendices
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Appendix 1: Details of sites surveyed

Site code Latitude
PKB SHR | Park Shore, New Forest 50.764182 | -1.426995 | 15/09/2022
TAL SHR | Tanners Lane, New Forest 50.755171 | -1.479961 | 13/09/2022
LYH MAR | Marina / Harbour in Lymington Estuary 15/09/2022
GUB SHR | Gurnard Bay, Isle of Wight 50.761757 | -1.322651 | 14/09/2022
CTB SHR | Cowes Town Beach, Isle of Wight 50.766718 | -1.302966 | 13/09/2022
CYH MAR | Marina / Harbour in Medina Estuary 14/09/2022
SAP SHR | Sandy Point, Chichester Harbour 50.777680 | -0.935470 | 12/09/2022
BLP SHR | Black Point, Chichester Harbour 50.787217 | -0.938254 | 12/09/2022
SPK MAR | Marina / Harbour in Chichester Harbour 12/09/2022
CHL SHR | Chilling Shore, Southampton Water 50.817086 |-1.244221 | 10/09/2022
HKS SHR | Hook Spit, Southampton Water 50.839732 | -1.305623 | 11/09/2022
WAR HBR | Marina / Harbour in Hamble Estuary 11/09/2022

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

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 S
Bugulina simplex B Eriocheir sinensis S S

Bugulina stolonifera B Hemigrapsus sanguineus | B

Schizoporella japonica B Hemigrapsus takanoi B

Tricellaria inopinata B Solidobalanus 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 S
Crepidula fornicata B Bonnemaisonia hamifera | S X

Ensis leei S S, | Caulacanthus okamurae S

Magallana gigas B Botryocladia wrightii B
Mercenaria mercenaria S S, | Gracilaria vermiculophylla | S S

Ocinebrellus inornatus S S Grateloupia turuturu B
Rapana venosa S S Melanothamnus harveyi B X

Ruditapes philippinarum S S, | Pikea californica B
Urosalpinx cinerea S Solieriaceae S X

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

(72}
=3
(1]
(7]

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: Target non-native species distribution in the Solent
| |Species | Pre EMFF | EMFF 201819 | This survey 2022 | Other sources | Combined current distribution |

Ascidians Aplidium cf. glabrum M
Asterocarpa humilis M S M MS
Botrylloides violaceus M MS MS MS
Botrylloides diegensis M MS MS MS
Ciona robusta
Corella eumyota MS MS MS MS
Didemnum vexillum M MS MS MS
Perophora japonica M MS MS MS
Styela clava MS MS M MS
Bryozoans Bugula neritina M MS MS MS
Bugulina fulva S MS M MS
Bugulina simplex M MS M S Ref 3 MS
Bugulina stolonifera M MS MS MS
Schizoporella japonica
Tricellaria inopinata MS MS MS MS
Watersipora subatra M MS MS MS
Sponges Celtodoryx ciocalyptoides
Anemones Diadumene lineata M MS S Ref 3 MS
Molluscs Arcuatula senhousia S M (dead) MS Ref 1 MS
Crepidula fornicata MS MS MS MS
Ensis leei
Magallana gigas MS MS MS MS
Mercenaria mercenaria S S S S
Ocinebrellus inornatus
Rapana venosa
Ruditapes philippinarum S S S S
Urosalpinx cinerea
Annelid worms | Bispira polyomma M
Ficopomatus enigmaticus MS MS MS MS
Hydroides dianthus MS MS MS
Hydroides elegans M M
Hydroides ezoensis MS MS MS MS
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-mm EMFF 2018/19 | This survey 2022 Combined current distribution

Arthropods Ammothea hilgendorfi
Amphibalanus amphitrite M MS MS
Amphibalanus improvisus M MS MS MS
Austrominius modestus MS MS MS MS
Caprella mutica M MS M MS

Dyspanopeus sayi
Eriocheir sinensis
Hemigrapsus sanguineus
Hemigrapsus takanoi
Solidobalanus fallax

Brown algae Colpomenia peregrina MS MS MS MS
Sargassum muticum MS MS MS MS
Undaria pinnatifida MS MS M MS

Red algae Asparagopsis armata S S
Bonnemaisonia hamifera S S
Caulacanthus okamurae S S Ref 3 S
Botryocladia wrightii S Ref 3 S
Gracilaria vermiculophylla
Grateloupia turuturu MS MS MS MS
Melanothamnus harveyi MS S MS
Pikea californica
Solieriaceae S S S

Green algae Codium fragile fragile MS S S MS
Umbraulva dangeardii M S Ref 2 MS

Notes:

M = present in marinas, S = present on shores

Pre EMFF project (M) presence in marinas/harbours sourced from MBA Bishop Group surveys 2004 — 2017 and NBN Atlas.
Pre EMFF project (S) presence on shores sourced from NBN Atlas on 20/12/2019, and cited literature.

Ref 1 (Watson and others, 2021).

Ref 2 NBN Atlas recently entered record from 2006.

Ref 3 (O’'Shaughnessy and others, 2020).
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Appendix 4(i): Environmental survey data - Shores

. Low tide Low tide Cloud e .. Wind Air temp. | Seatemp.
Site Code Time (BST) | Height (m) | cover % Precipitation direction Sea state | Pressure (°C) (°C)
. : Calm
PKB SHR | 15/09/2022 08:06 0.73 100 0 Light N ) 1011 13 16.9
(rippled)
TAL SHR | 13/09/2022 06:51 0.34 100 0 Vlight | SE (Cr?plglled) 1009 19 16.9
) . ; . Smooth
GUB SHR | 14/09/2022 07:39 0.79 100 Light rain Vlight | NE 1005 15 16.9
(wavelets)
CTB SHR | 13/09/2022 19:21 0.84 100 0 Strong | NW Slight 1007 17 16.9
SAP SHR | 12/09/2022 18:51 0.66 85 Spitting No wind | N/A (C;Tzl:xr:sy) 1010 21 17.2
BLP SHR | 12/09/2022 07:05 0.47 75 0 Vlight [N Cglm 1012 13 17.2
(rippled)
CHL SHR | 10/09/2022 17:34 0.79 95 0 No wind | N/A giaplged) 1017 20 16.9
HKS SHR | 11/09/2022 18:15 0.68 40 0 Light NW C.alm 1016 19 16.9
(rippled)

Notes: See Appendix 4(ii)
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Appendix 4(ii): Environmental survey data - Marinas

Site Code Pl o Seatemp. | SalIY | salinity 2m i

Surface depth) m
LYH MAR | 15/09/2022 1014 16 18.4 18.7 33.7 34.0 2.8
CYH MAR | 14/09/2022 1006 16 19.4 19.4 34.7 34.9 1.3
SPK MAR | 12/09/2022 1011 24 20.7 20.6 35.2 34.9 2.7
WAR HBR | 11/09/2022 1019 19 19.7 19.7 33.6 34.0 1.0
Notes:

Cloud cover, precipitation, wind strength, wind direction, sea state, marina sea temperature, salinity and turbidity from personal
observation

Tidal times and heights from POLTIPS (POLTIPS, 2022)
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) YSI 30 Salinometer
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4.1 Appendix 5: NNS occurrences and abundances

See supplementary data published alongside this report.

Appendix 6: Native species occurrences and
abundances

See supplementary data published alongside this report.
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Appendix 7: Substrate categories used in 2018/19

Under boulder/cobble = U Crevice = C

Top of boulder/cobble = T Water retained intertidally (e.g. in pool) = W
Pebble = P Red alga = A

Gravel/sand = G Fucoid = F

Mud/sand = M Kelp blade = K

Shell =S Kelp holdfast = H

Artificial substrate = X Sargassum = J

Dead specimen = (D)
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	Natural England wished to undertake an update to this project by revisiting four of the clusters originally surveyed, with the intention that they would be used as sentinel sites for ongoing monitoring of presence and spread of INNS in the Solent.  
	Natural England commission 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.  
	  
	Executive summary 
	In 2018/19, non-native species (NNS) were surveyed by timed searches at 14 clusters of sites in the Solent region, each cluster consisting of a marina, a designated (SAC or SPA) shore near to the marina and another designated shore further way. This report concerns re-surveys of four of these 14 clusters in 2022, to: monitor for changes in species’ distribution and abundance; review the persistence of documented differences in the prevalence of NNS between the ‘Near’ and ‘Far’ shores; assess if the clusters
	These re-surveys, after an interval of 3-4 years, documented the apparent colonisation of new shores by a suite of NNS, San Diego sea squirt, Pacific oyster, Red-ripple bryozoan and Green sea fingers, plus a marked increase in abundance on shores by another, Tufty-buff bryozoan. Two species, Purple fan-worm and Pink-hearted hydroid, were found that were not recorded in the previous surveys, the former already now present in three out of four marinas surveyed. The two newly recorded species do not yet have r
	The previous patterns of NNS diversity between the sites within a cluster and of site occupancy across clusters both following the relationship Marina > Near shore > Far shore largely persisted, although not always with statistical significance.  
	The Near shore > Far shore pattern of NNS prevalence is of importance as an apparent indication of leakage of propagules from marinas onto shores, with dilution by distance. This picture was strongly challenged by one outlier observation centring on the Far shore of the Chichester cluster, a long sand/gravel beach with groynes, where a remarkable increase (+12) in the number of NNS was recorded, with a lesser increase at the corresponding Near shore site. Whatever the mechanism of this apparent influx, it c
	Statistical analysis indicated a pervasive pattern of modification of the NNS assemblage between the 2018/19 and 2022 surveys, quite strongly correlated with increasing species count and total abundance; the analysis also strongly suggested at least one other, as yet undefined, factor shared by a majority of the sites. Further investigation of factors underlying these trends could shed important light on subtle changes occurring within the NNS biota over medium timescales. 
	The rapid assessment protocol developed for shore surveys of NNS includes recording of the natural and artificial (anthropogenic) substrates occupied by each species and of the number of each type of substrate encountered during the survey. Observations continued to indicate the importance of human-generated hard surfaces (infrastructure, debris) to the prevalence of NNS on Solent shores. The amount and nature of available hard substrate, required by many of the species targeted, varied considerably between
	appeared to be little overall difference between NNS and native species regarding their settlement on artificial vs. natural substrates, although some species indicated a strong preference for one or the other. 

	The clusters of sites that were selected for this study were readily accessible and gave good geographical coverage of the Solent region. They covered a range of shore landscapes, profiles, littoral aspects, wave exposures and a variety of dominant natural substrates. This study indicates that some of the clusters chosen demonstrated a relatively stable picture i.e. the Lymington Estuary and Southampton Water clusters. In contrast, the Chichester Harbour cluster showed drastic change. Thus overall, the choi
	One aim of the 2022 surveys was to thoroughly test and evaluate the revised shore protocol described in the NE Guidance document ‘Protocol for Rapid Assessment Survey for Non-Native Species on English Shores’. Following its use in these surveys and subsequent discussions with the NE project manager as to the main reasons for gathering the artificial substrate data, it was decided that the main focus should be on differentiating substrates according to whether permission was granted for their original instal
	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, and refined during these surveys, 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. 
	This study clearly indicates the need for regular monitoring as changes in NNS presence and abundance can occur rapidly, as was observed at Sandy Point. Regular monitoring may also assist in developing a better understanding of the factors leading to such sudden changes. It is thus recommended that the ‘sentinel sites’ identified in this report are re-surveyed at no more than 3-yearly intervals. 
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	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 alien species that are known to adversely affect native biodiversity or harm human wellbeing in terms of economic activity or health, thus ‘invasive non
	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). The Solent, much of which is designated as a Special Area of Conservation (SAC) and Special Protection Area (SPA), is noted as a key entry point for marine INNS into the UK due to its high volumes of international shipping and recreational boating, both major vecto
	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 (NE) and The Marine Biological Association (MBA). That project developed a replicable survey methodology to map marine INNS within designated SAC and SPA sites in the Solent. Comparison of this information with inventories of INNS 
	Natural England Joint Publication JP042
	Natural England Joint Publication JP042


	Natural England wished to undertake an update to this project by revisiting four of the clusters originally surveyed, with the intention that they would be used as sentinel sites for ongoing monitoring of presence and spread of INNS in the Solent.  
	This project had the following aims: 
	•
	•
	•
	 Make recommendations as to which 4 of the 14 clusters of sites surveyed in 2018/19 should be chosen for sentinel monitoring;  

	•
	•
	 Plan and undertake rapid assessment surveys of a target list of NNS and native species in the selected clusters, replicating the methodology developed as part of the 2018/19 surveys;  

	•
	•
	 Analyse the resulting data and information from these and the previous surveys;  

	•
	•
	 Review possible changes in species’ prevalence in terms of distribution and abundance; 

	•
	•
	 Review the maintenance (or not) of the ‘Near shore’ vs. ‘Far shore’ differences initially documented in 2018/19; 

	•
	•
	 Consider potential effects of season, tidal amplitude, and weather on the results; 

	•
	•
	 Thoroughly test the revised shore protocol described in the Natural England Guidance document ‘Protocol for Rapid Assessment Survey for Non-Native Species on English Shores’. 


	 
	  
	1 Methods 
	The surveys carried out in 2022 were designed to repeat a limited number of the sites previously surveyed in 2018/19 under the European Maritime and Fisheries Fund Grant ENG_2578. Those surveys were designed to elucidate as fully as possible the extent of spread of NNS on to SAC and SPA sites over a broad area of the Solent region. The findings from those surveys were published in the  (Taylor, Wood & Bishop, 2022).  
	Natural England Joint Publication JP042
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	1.1 Site selection 
	Four of the fourteen sets of sites (= ’Clusters’) surveyed in 2018/19 were chosen to be repeated, selected for their potential suitability as sentinel sites for ongoing monitoring of presence and spread of INNS in the Solent.  
	Factors considered in their selection were: 
	▪
	▪
	▪
	 Two of the original clusters, Bembridge/Foreland and Ryde/Seaview, were excluded during the original surveys as they were found to be unsuitable for full data comparison, see NE Joint Report JP042 for more detail. 

	▪
	▪
	 Distribution of clusters should be representative of the whole of the Solent area. Thus, a cluster was included from each of the Isle of Wight, and the western, central and eastern zones of the Solent. 

	▪
	▪
	 The original data was examined to ensure that chosen sites had the capacity to show increases and decreases in NNS presence. 

	▪
	▪
	 Clusters showing a clear marina>near>far pattern of NNS occurrence (the overall pattern revealed by the original surveys) were preferred, to monitor the persistence of that pattern. 

	▪
	▪
	 Other considerations – within the Beaulieu cluster, the marina has had considerable work done since the original surveys, including reconfiguration of the pontoons, disturbance that could have significantly altered the distribution and abundance of species present. This cluster was thus excluded. 

	▪
	▪
	 Health & safety considerations and accessibility of shore sites were taken into account, and shores with the greatest ease of access were preferred.  


	 
	Table 1. Sites selected to be resurveyed in 2022 and to act as sentinel sites. 
	Cluster name 
	Cluster name 
	Cluster name 
	Cluster name 
	Cluster name 

	Marina 
	Marina 

	Near shore 
	Near shore 

	Far shore 
	Far shore 



	Lymington Estuary 
	Lymington Estuary 
	Lymington Estuary 
	Lymington Estuary 

	Marina in Lymington Estuary 
	Marina in Lymington Estuary 

	Tanners Lane 
	Tanners Lane 

	Park Shore 
	Park Shore 


	Medina 
	Medina 
	Medina 

	Marina in Medina Estuary 
	Marina in Medina Estuary 

	Cowes Town Beach 
	Cowes Town Beach 

	Gurnard Bay 
	Gurnard Bay 


	Southampton Water 
	Southampton Water 
	Southampton Water 

	Harbour pontoons in Hamble Estuary  
	Harbour pontoons in Hamble Estuary  

	Hook Spit 
	Hook Spit 

	Chilling Shore 
	Chilling Shore 


	Chichester Harbour 
	Chichester Harbour 
	Chichester Harbour 

	Marina in Chichester Harbour 
	Marina in Chichester Harbour 

	Black Point 
	Black Point 

	Sandy Point 
	Sandy Point 
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	Figure 1: Map of the Solent area, showing the 4 clusters of sites surveyed © Natural England 2025 © Google Earth; Image Landsat/Copernicus Data SIO, NOAA, US Navy, NGA, GEBCO. This map is published under the 
	Figure 1: Map of the Solent area, showing the 4 clusters of sites surveyed © Natural England 2025 © Google Earth; Image Landsat/Copernicus Data SIO, NOAA, US Navy, NGA, GEBCO. This map is published under the 
	Non-Commercial Government Licence v2.0
	Non-Commercial Government Licence v2.0

	 for 
	public sector information. If reproducing this map for non-commercial use please use the copyright acknowledgement provided. This map is not to be used commercially. 

	Schedule 
	Due to delays in securing the funding for this work, and availability of the core team, it was not possible to schedule the 2022 surveys until later in the year (September) than the original 2018/19 surveys (May - July). This resulted in a logistical issue in ensuring there was suitable daylight during Spring low tides to carry out the shore surveys. Whether there would be sufficient daylight to carry out each survey was determined using the . Civil Twilight is described as providing enough light to work by
	Civil 
	Civil 
	Twilight start and end times


	1.2 Target species selection 
	The target list of NNS used in the 2018/19 surveys was modified by the addition of Bispira polyomma (Purple fan-worm), a sabellid worm recently discovered in the UK (Bishop & Darbyshire, 2023); and Ectopleura crocea (Pink-hearted hydroid), that had been recently recorded in the River Itchen (J. Bishop unpublished data, 2017). No changes were made to the corresponding target list of native species.   
	Please note, in this report all references to Didemnum vexillum (Carpet sea squirt) should be interpreted as referring to either Didemnum vexillum or Didemnum pseudovexillum or 
	both (Turon and others, 2020), as it was not possible to distinguish the two species within the timescale of this project.  

	1.3 Surveys 
	The marina/harbour surveys were carried out following the same protocol described in . 
	NE 
	NE 
	Joint Report JP042


	The shore surveys were carried out following the NE guidance document ‘Protocol for Rapid Assessment Survey for Non-Native Species on English Shores’ (Taylor, Wood & Bishop, 2021). This protocol was developed following the modifications suggested in NE Joint Report JP042 to the protocol used during the 2018/19 surveys. The most significant changes related to the recording of substrates. Also, the protocol recommends using a pair of surveyors for each of the three shore zones, but it was agreed to only use a
	Wherever possible the team members surveyed the same zone of a marina/harbour or shore as they had in 2018/19. The only site where this was not possible was at Tanner’s Lane, where due to poor light conditions and large areas of soft mud, it was decided that it was not safe to re-survey the 2018/19 middle zone, so a different zone, still between the two outer zones and within the limits of the overall shore area covered previously, was selected.  
	1.4 Field team 
	The core field team was identical to that used in most of the 2018/19 surveys: Jessica Taylor from Natural England, and John Bishop and Christine Wood from the MBA.  
	1.5 Health and safety 
	The same health and safety procedures were followed as in 2018/19 with risk assessments being carried out for all sites. Additional risks were identified resulting from the low light levels during some of the shore surveys. These were mitigated by the provision of head torches, and renewed vigilance regarding retaining sight of other team members. 
	1.6 Access permissions 
	Access permissions from relevant landowners and harbour masters were obtained by Natural England and the MBA prior to commencing surveys. 
	1.7 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 for instance, infaunal species such as Ruditapes philippinarum (Manila clam) and Mercenaria mercenaria (Hard-shell clam), and algae e.g. Melanothamnus harveyi (Harvey’s siphon weed) characteristically found on soft shores. Only records of live organisms were included. 

	For numerical analyses, abundances were scored as 0, 1, 2 and 3 for Not recorded, Rare-occasional, Common-frequent and Abundant-superabundant respectively. MDS ordinations plus CLUSTER, SIMPROF, ANOSIM and SIMPER analyses were undertaken in PRIMER v.6, while Paired Sample T-tests and Correlations were performed in Excel. The probability level (Alpha) for statistical significance was 0.05. 
	  
	2 Results 
	All surveys were completed successfully.  
	The detailed NNS occurrence data is provided at Appendices 5 and 6. The environmental measurements of salinity, temperature and turbidity collected at each marina, and environmental conditions noted for each shore site, are reported in Appendix 4. All species records were entered into Marine Recorder and will thus be automatically uploaded to the NBN Atlas. The survey metadata was entered into MEDIN. 
	2.1 Basic survey data 
	Overall in 2022, 386 species-occurrence records were noted (including both NNS and native species), compared to 435 from the same 4 clusters in 2018/19.  
	In 2022, 31 different NNS were recorded during the surveys, 28 from marinas and 22 from shores. In 2018/19, 28 different NNS were recorded from the same four clusters, 26 from marinas and 24 from shores.  
	The most frequent NNS on shores in 2022 were: Austrominius modestus (Darwin’s barnacle) and Tricellaria inopinata (Tufty-buff bryozoan), recorded on 8 out of 8 shores; Styela clava (Leathery sea squirt) and Botrylloides diegensis (San Diego sea squirt), both found on 7 shores; and Sargassum muticum (Wireweed), Crepidula fornicata (Slipper limpet), Ammothea hilgendorfi (Japanese sea spider), and Watersipora subatra (Red-ripple bryozoan), all present on 6 shores, see . See Section   for more detailed species 
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	2.4
	2.4

	Species of concern
	Species of concern
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	Figure 2: Ranked bar chart of numbers of shore sites occupied by each NNS in 2018/19 and 2022. © Natural England 2025.This figure is published under the 
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	The most frequent NNS in marinas were: Aplidium cf. glabrum (a colonial sea squirt), Austrominius modestus (Darwin’s barnacle), Botrylloides diegensis (San Diego sea squirt), Bugula neritina (Ruby bryozoan), Didemnum vexillum (Carpet sea squirt), Grateloupia turuturu (Devil’s tongue weed), Styela clava (Leathery sea squirt), Tricellaria inopinata (Tufty-buff bryozoan), and Watersipora subatra (Red-ripple bryozoan) (all noted in all 4 marinas), see Figure 3. 
	 
	Figure
	Figure 3: Ranked bar chart of number of marina sites occupied by each NNS in 2018/19 and 2022. © Natural England 2025.This figure is published under the 
	Figure 3: Ranked bar chart of number of marina sites occupied by each NNS in 2018/19 and 2022. © Natural England 2025.This figure is published under the 
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	Two new NNS, Bispira polyomma (Purple fan-worm) and Ectopleura crocea (Pink-hearted hydroid), were recorded in 2022 that had not been recorded during 2018/19 at any of the 42 survey sites. An additional 4 NNS, Asterocarpa humilis (Compass sea squirt), Perophora japonica (Creeping sea squirt), Codium fragile fragile (Green sea fingers) and Caulacanthus okamurae (Pom-pom weed) were recorded in 2022 that had not been noted from any of the 4 clusters in 2018/19. 
	The maximum number of NNS found at any of the 4 marina sites was 20, the same as for those sites in 2018/19, and the maximum recorded at any of the 8 Near/Far shore sites was 15 (13 in 2018/19), see 
	The maximum number of NNS found at any of the 4 marina sites was 20, the same as for those sites in 2018/19, and the maximum recorded at any of the 8 Near/Far shore sites was 15 (13 in 2018/19), see 
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	Figure 4: Bar chart of the numbers of NNS recorded in each cluster, by site type in 2018/19. © Natural England 2025.This figure is published under the 
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	Figure 5: Bar chart of numbers of NNS recorded in each cluster, by site type in 2022. © Natural England 2025.This figure is published under the 
	Figure 5: Bar chart of numbers of NNS recorded in each cluster, by site type in 2022. © Natural England 2025.This figure is published under the 
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	2.2 Environmental factors 
	There are environmental factors that need to be considered when analysing the differences in species composition at sites in the 2022 surveys compared to the 2018/19 surveys.  
	It was not possible to carry out the surveys at the same time of year as in 2018/19, all the 2022 surveys being undertaken later in the year. Some species, particularly the seaweeds, are highly seasonal, and could have died back by September e.g. Undaria pinnatifida (Wakame) and Sargassum muticum (Wireweed), whereas other species may not have fully recovered from a winter regression by May in the previous surveys e.g. Watersipora subatra (red-ripple bryozoan).  
	The predicted tidal height at low tide and weather conditions at the time of a survey determine the lowest point on the shore that can be examined. Surveys were only carried out when the tidal height was predicted to be below 1.00 m. Many of the species targeted can only tolerate limited exposure out of water, so whether they were recorded or not could have been affected by the resulting tidal height.  
	 details the predicted tidal heights during the 2018/19 and 2022 surveys. Thus there was little or no overall difference in predicted tidal level between the two sets of surveys: greater tidal height in 2022 at three shore sites (cumulative increase 1.00 m), lesser at five sites (cumulative decrease 1.08 m). However, the maximum difference between the two predicted tidal heights at a site, at Cowes Town Beach, was substantial: 0.44 m higher in 2022 than in 2018. 
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	Table 2. Comparison of survey month and predicted tidal heights in 2018/19 and 2022. (POLTIPS, 2022). 
	Site 
	Site 
	Site 
	Site 
	Site 

	Survey 
	Survey 
	2018/19 

	Survey 
	Survey 
	2022 

	Tide (m) 2018/19 
	Tide (m) 2018/19 

	Tide (m)2022 
	Tide (m)2022 



	Park Shore 
	Park Shore 
	Park Shore 
	Park Shore 

	May 
	May 

	Sept 
	Sept 

	0.53 
	0.53 

	0.73 
	0.73 


	Tanners Lane 
	Tanners Lane 
	Tanners Lane 

	May 
	May 

	Sept 
	Sept 

	0.45 
	0.45 

	0.34 
	0.34 


	Lymington marina 
	Lymington marina 
	Lymington marina 

	May 
	May 

	Sept 
	Sept 

	 
	 

	 
	 


	Gurnard Bay 
	Gurnard Bay 
	Gurnard Bay 

	June 
	June 

	Sept 
	Sept 

	0.43 
	0.43 

	0.79 
	0.79 


	Cowes Town Beach 
	Cowes Town Beach 
	Cowes Town Beach 

	June 
	June 

	Sept 
	Sept 

	0.40 
	0.40 

	0.84 
	0.84 


	Medina marina 
	Medina marina 
	Medina marina 

	June 
	June 

	Sept 
	Sept 

	 
	 

	 
	 


	Sandy Point 
	Sandy Point 
	Sandy Point 

	July 
	July 

	Sept 
	Sept 

	0.80 
	0.80 

	0.66 
	0.66 


	Black Point 
	Black Point 
	Black Point 

	July 
	July 

	Sept 
	Sept 

	0.60 
	0.60 

	0.47 
	0.47 


	Chichester Harbour marina 
	Chichester Harbour marina 
	Chichester Harbour marina 

	July 
	July 

	Sept 
	Sept 

	 
	 

	 
	 


	Chilling Shore 
	Chilling Shore 
	Chilling Shore 

	June 
	June 

	Sept 
	Sept 

	1.13 
	1.13 

	0.79 
	0.79 


	Hook Spit 
	Hook Spit 
	Hook Spit 

	June 
	June 

	Sept 
	Sept 

	1.04 
	1.04 

	0.68 
	0.68 


	Hamble marina 
	Hamble marina 
	Hamble marina 

	June 
	June 

	Sept 
	Sept 

	 
	 

	 
	 




	2.3 Data analysis 
	2.3.1 Trends in numbers of NNS 
	Based on comparisons between sites within the same cluster, in 2022 the number of NNS recorded differed significantly between Marinas and both Near and Far shores, in both cases with Marinas having more species, but did not differ significantly between Near and Far shores (
	Based on comparisons between sites within the same cluster, in 2022 the number of NNS recorded differed significantly between Marinas and both Near and Far shores, in both cases with Marinas having more species, but did not differ significantly between Near and Far shores (
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	). Among the same four clusters in 2018/9, all three site types were significantly different from one another (Marina> Near Shore> Far shore) (
	 
	 


	), as for the full set of 12 clusters (Taylor, Wood & Bishop, 2022).  
	Table 3

	Based on comparison between the two surveys of the data for each site in the four clusters the number of NNS recorded did not differ significantly between 2018/19 and 2022 (mean values 12.17 in 2018/19 and 13.58 in 2022; pairwise t-test, P = 0.229). Similarly, the total abundance per site did not differ significantly between 2018/19 and 2022 (mean values 17.42 and 18.92 respectively; pairwise t-test, P = 0.309). 
	 
	Table 3. 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. © Natural England 2025.This table is published under the 
	Table 3. 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. © Natural England 2025.This table is published under the 
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	2022 
	 
	 
	 
	 
	 

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

	Marina 
	Marina 



	Marina 
	Marina 
	Marina 
	Marina 

	17.8 
	17.8 

	 
	 

	Marina 
	Marina 

	 
	 


	Near shore 
	Near shore 
	Near shore 

	13.0 
	13.0 

	Near shore 
	Near shore 

	P = 0.011 
	P = 0.011 

	Near shore 
	Near shore 


	Far shore 
	Far shore 
	Far shore 

	10.3 
	10.3 

	Far shore 
	Far shore 

	P = 0.020 
	P = 0.020 

	P = 0.195 
	P = 0.195 




	2018/19 
	 
	 
	 
	 
	 

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

	Marina 
	Marina 



	Marina 
	Marina 
	Marina 
	Marina 

	18.5 
	18.5 

	 
	 

	Marina 
	Marina 

	 
	 


	Near shore 
	Near shore 
	Near shore 

	12.3 
	12.3 

	Near shore 
	Near shore 

	P = 0.025 
	P = 0.025 

	Near shore 
	Near shore 


	Far shore 
	Far shore 
	Far shore 

	6.0 
	6.0 

	Far shore 
	Far shore 

	P = 0.015 
	P = 0.015 

	P = 0.011 
	P = 0.011 




	 
	2018/192022Number of NNS0510152025Far shoreNear shoreMarina 
	Figure 6: Box plot of numbers of NNS recorded for the three site types across the 4 clusters in 2018/19 and 2022. © Natural England 2025.This figure is published under the 
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	2.3.2 NNS to native species ratio on shores 
	In 2018/19, the ratio of the number of live NNS recorded to the number of native species recorded was consistently higher over the 4 clusters in the Near shores than the Far shores (), the difference being statistically significant (P = 0.014). The same was true for the entire set of 12 clusters (P = 0.001; Taylor, Wood & Bishop, 2022).  
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	In the 2022 surveys, the ratio of NNS to native species increased relative to the 2018/19 value in the Far shore site in all four clusters (). In the Near shore sites there was a much more mixed pattern: an increase only in the Chichester Harbour cluster, closely similar Near shore values between the two surveys in both the Medina and Southampton Water clusters, and a slight decrease in the Lymington Estuary cluster. In the Chichester Harbour cluster, the increases in both Near and Far shore ratios were ver
	Figure 8
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	2.5

	Sites of interest
	Sites of interest


	 
	Figure
	Figure 7: Bar chart of the ratio of NNS to native species recorded on the Near and Far shores in the 4 clusters in 2018/19. © Natural England 2025.This figure is published under the 
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	Figure 8: Bar chart of the ratio of NNS to native species recorded on the Near and Far shores in the 4 clusters in 2022. © Natural England 2025.This figure is published under the 
	Figure 8: Bar chart of the ratio of NNS to native species recorded on the Near and Far shores in the 4 clusters in 2022. © Natural England 2025.This figure is published under the 
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	2.3.3 Species composition of NNS assemblages 
	In the MDS plot ordination of sites (), in which the proximity of sites in the plot reflects the overall similarity of their NNS assemblage, Marinas (blue) form a discrete grouping, but the Near and Far shore sites are somewhat mixed. Two Far shore sites, Sandy Point (particularly) and Gurnard Bay have moved substantially from being outliers in 2018/19 to join the other shore sites in 2022. It is notable that, with a single (almost static) exception, all sites move towards the upper margin of the plot (in t
	Figure 9
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	Figure
	Figure 9: Multi-dimensional scaling plot of the 12 survey sites in four clusters in 2018/19 and 2022, based on the NNS recorded and the abundance of the individual species. Arrows join the same site on the different occasions (directed from 2018/19 to 2022; the arrow for Sandy Point is labelled as an example - the Far shore site in the Chichester Harbour cluster). © Natural England 2025.This figure is published under the 
	Figure 9: Multi-dimensional scaling plot of the 12 survey sites in four clusters in 2018/19 and 2022, based on the NNS recorded and the abundance of the individual species. Arrows join the same site on the different occasions (directed from 2018/19 to 2022; the arrow for Sandy Point is labelled as an example - the Far shore site in the Chichester Harbour cluster). © Natural England 2025.This figure is published under the 
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	Figure
	Figure 10: Bubble-plot version of same MDS as 
	Figure 10: Bubble-plot version of same MDS as 
	Figure 9
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	, showing total abundance of NNS per site. © Natural England 2025.This figure is published under the 
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	A preponderance of leftward shifts is also evident in Figure 9 (nine out of 12 sites, with just three movements to the right). In the case of the Far shore site of the Lymington Estuary cluster, in which no increase in number of NNS occurred between surveys, the substantial movement is at right angles to the species-count vector, presumably relating to a second pervasive shift in the composition of the NNS biota. 
	Two-way crossed ANOSIM multivariate analysis (without replicates) of the NNS composition of the sites in 2022 indicated that there was no significant differentiation between site types (Marina, Near shore, Far shore) or the four clusters (Site type Rho = 0.372, P = 0.184; Cluster Rho = -0.162, P = 0.646). However, one-way ANOSIM of site types, i.e. discounting cluster as a factor, indicated differentiation between site types with borderline significance (Rho = 0.221, P = 0.053). 
	For comparison, the equivalent analyses were also carried out on the same four clusters with the data from the surveys in 2018/19. Two-way crossed ANOSIM indicated significant differentiation between site types but not between clusters (Site type Rho = 0.75, P = 0.036; Cluster Rho = -0.216, P = 0.709). One-way ANOSIM of site types indicated differentiation between site types with a higher level of significance than in 2022 (Rho = 0.296, P = 0.008). Two-way crossed ANOSIM of all 12 clusters surveyed in 2018/
	SIMPER (similarity percentages) analysis was undertaken to investigate the contribution of individual species to the overall Bray-Cutis dissimilarity between particular categories of site.  ranks the species contributing to dissimilarity between the results of the four-cluster surveys in 2018/19 and 2022. Of the species contributing to the first 80% of dissimilarity between surveys, nine had greater abundance in 2022 compared to 2018/19, including seven of the top ten species, and contributed 47.06% of tota
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	species had greater abundance in 2018/19 compared to 2022, contributing 29.12% of total dissimilarity. Notable increases between 2018/19 and 2022 included Tricellaria inopinata, Grateloupia turuturu and Watersipora subatra, while a marked reduction in Sargassum muticum was apparent. 

	Table 4. SIMPER analysis of contributions by individual species to overall Bray-Curtis dissimilarity between the 2018/19 and 2022 survey data. Species ranked by contribution, only those contributing to the first 80% 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. © Natural England 2025.This table is published under the 
	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. © Natural England 2025.This table is published under the 
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	Species 
	Species 
	Species 
	Species 
	Species 

	Av. Abund 2018/19 
	Av. Abund 2018/19 

	Av. Abund 2022 
	Av. Abund 2022 

	Av. Diss. 
	Av. Diss. 

	Diss./SD 
	Diss./SD 

	Contrib. % 
	Contrib. % 

	Cum. % 
	Cum. % 



	Tricellaria inopinata 
	Tricellaria inopinata 
	Tricellaria inopinata 
	Tricellaria inopinata 

	1.42 
	1.42 

	2.25 
	2.25 

	3.74 
	3.74 

	1.08 
	1.08 

	7.04 
	7.04 

	7.04 
	7.04 


	Grateloupia turuturu 
	Grateloupia turuturu 
	Grateloupia turuturu 

	1.00 
	1.00 

	1.50 
	1.50 

	3.57 
	3.57 

	1.12 
	1.12 

	6.72 
	6.72 

	13.76 
	13.76 


	Sargassum muticum 
	Sargassum muticum 
	Sargassum muticum 

	1.58 
	1.58 

	0.67 
	0.67 

	3.13 
	3.13 

	1.23 
	1.23 

	5.89 
	5.89 

	19.65 
	19.65 


	Watersipora subatra 
	Watersipora subatra 
	Watersipora subatra 

	0.50 
	0.50 

	1.17 
	1.17 

	3.09 
	3.09 

	1.24 
	1.24 

	5.82 
	5.82 

	25.47 
	25.47 


	Bugula neritina 
	Bugula neritina 
	Bugula neritina 

	0.58 
	0.58 

	1.00 
	1.00 

	2.84 
	2.84 

	1.07 
	1.07 

	5.35 
	5.35 

	30.82 
	30.82 


	Styela clava 
	Styela clava 
	Styela clava 

	1.33 
	1.33 

	1.50 
	1.50 

	2.72 
	2.72 

	1.12 
	1.12 

	5.12 
	5.12 

	35.94 
	35.94 


	Botrylloides diegensis 
	Botrylloides diegensis 
	Botrylloides diegensis 

	0.83 
	0.83 

	1.25 
	1.25 

	2.71 
	2.71 

	1.16 
	1.16 

	5.10 
	5.10 

	41.04 
	41.04 


	Hydroides ezoensis 
	Hydroides ezoensis 
	Hydroides ezoensis 

	1.08 
	1.08 

	0.75 
	0.75 

	2.52 
	2.52 

	1.09 
	1.09 

	4.75 
	4.75 

	45.79 
	45.79 


	Magallana gigas 
	Magallana gigas 
	Magallana gigas 

	0.33 
	0.33 

	0.92 
	0.92 

	2.48 
	2.48 

	1.06 
	1.06 

	4.68 
	4.68 

	50.46 
	50.46 


	Crepidula fornicata 
	Crepidula fornicata 
	Crepidula fornicata 

	0.92 
	0.92 

	0.83 
	0.83 

	2.44 
	2.44 

	1.00 
	1.00 

	4.59 
	4.59 

	55.05 
	55.05 


	Didemnum vexillum 
	Didemnum vexillum 
	Didemnum vexillum 

	0.42 
	0.42 

	0.67 
	0.67 

	2.01 
	2.01 

	0.92 
	0.92 

	3.79 
	3.79 

	58.84 
	58.84 


	Undaria pinnatifida 
	Undaria pinnatifida 
	Undaria pinnatifida 

	0.83 
	0.83 

	0.17 
	0.17 

	2.00 
	2.00 

	0.89 
	0.89 

	3.76 
	3.76 

	62.60 
	62.60 


	Bugulina fulva 
	Bugulina fulva 
	Bugulina fulva 

	0.67 
	0.67 

	0.08 
	0.08 

	2.00 
	2.00 

	0.73 
	0.73 

	3.76 
	3.76 

	66.36 
	66.36 


	Austrominius modestus 
	Austrominius modestus 
	Austrominius modestus 

	1.58 
	1.58 

	1.58 
	1.58 

	1.94 
	1.94 

	0.99 
	0.99 

	3.66 
	3.66 

	70.02 
	70.02 


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

	0.58 
	0.58 

	0.92 
	0.92 

	1.83 
	1.83 

	0.99 
	0.99 

	3.44 
	3.44 

	73.46 
	73.46 


	Colpomenia peregrina 
	Colpomenia peregrina 
	Colpomenia peregrina 

	0.67 
	0.67 

	0.50 
	0.50 

	1.80 
	1.80 

	0.91 
	0.91 

	3.39 
	3.39 

	76.85 
	76.85 


	Caprella mutica 
	Caprella mutica 
	Caprella mutica 

	0.58 
	0.58 

	0.25 
	0.25 

	1.58 
	1.58 

	0.85 
	0.85 

	2.98 
	2.98 

	79.82 
	79.82 


	Ammothea hilgendorfi 
	Ammothea hilgendorfi 
	Ammothea hilgendorfi 

	0.75 
	0.75 

	0.75 
	0.75 

	1.51 
	1.51 

	0.85 
	0.85 

	2.84 
	2.84 

	82.67 
	82.67 




	 shows species contributions to the dissimilarity between the two main habitats studied, marinas and shores (with Near and Far shores combined), using data from the same four clusters in both the 2018/19 and 2022 surveys combined to obtain a relatively broad-based picture. Again, only the species contributing the first 80% of total dissimilarity are shown. Fourteen qualifying species had greater abundance in marinas compared to shores, contributing 66.69% of total dissimilarity and including all of the top 
	Table 5
	Table 5

	Three species had greater abundance on shores than in marinas, contributing 10.61% of total dissimilarity; these were Sargassum muticum, Crepidula fornicata and Austrominius modestus, all species well adapted to natural shores (and relatively long established in the UK). 

	Table 5. 
	Table 5. 
	SIMPER analysis of contributions by individual species to overall Bray-Curtis dissimilarity between Marinas and shores (Near and Far shores combined) in both 2018/19 and 2022 survey data combined. Species ranked by contribution, those contributing to the first 80% shown. See legend to 
	Table 4
	Table 4

	 for explanation of column headings. 
	© Natural England 2025.This table is published under the 
	Open Government Licence v3.0
	Open Government Licence v3.0

	 for public 
	sector information. If reproducing this figure for whatever reason please use the copyright acknowledgement provided. 

	Species 
	Species 
	Species 
	Species 
	Species 

	Av. Abund Shores 
	Av. Abund 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 

	0.25 
	0.25 

	1.88 
	1.88 

	4.26 
	4.26 

	1.62 
	1.62 

	7.87 
	7.87 

	7.87 
	7.87 


	Grateloupia turuturu 
	Grateloupia turuturu 
	Grateloupia turuturu 

	0.94 
	0.94 

	1.88 
	1.88 

	3.35 
	3.35 

	1.40 
	1.40 

	6.18 
	6.18 

	14.05 
	14.05 


	Tricellaria inopinata 
	Tricellaria inopinata 
	Tricellaria inopinata 

	1.50 
	1.50 

	2.50 
	2.50 

	3.09 
	3.09 

	1.28 
	1.28 

	5.71 
	5.71 

	19.76 
	19.76 


	Styela clava 
	Styela clava 
	Styela clava 

	1.06 
	1.06 

	2.13 
	2.13 

	3.00 
	3.00 

	1.29 
	1.29 

	5.54 
	5.54 

	25.30 
	25.30 


	Botrylloides diegensis 
	Botrylloides diegensis 
	Botrylloides diegensis 

	0.69 
	0.69 

	1.75 
	1.75 

	2.88 
	2.88 

	1.26 
	1.26 

	5.31 
	5.31 

	30.61 
	30.61 


	Watersipora subatra 
	Watersipora subatra 
	Watersipora subatra 

	0.56 
	0.56 

	1.38 
	1.38 

	2.62 
	2.62 

	1.34 
	1.34 

	4.84 
	4.84 

	35.45 
	35.45 


	Undaria pinnatifida 
	Undaria pinnatifida 
	Undaria pinnatifida 

	0.19 
	0.19 

	1.13 
	1.13 

	2.55 
	2.55 

	0.98 
	0.98 

	4.70 
	4.70 

	40.15 
	40.15 


	Didemnum vexillum 
	Didemnum vexillum 
	Didemnum vexillum 

	0.25 
	0.25 

	1.13 
	1.13 

	2.54 
	2.54 

	1.50 
	1.50 

	4.70 
	4.70 

	44.85 
	44.85 


	Caprella mutica 
	Caprella mutica 
	Caprella mutica 

	0.13 
	0.13 

	1.00 
	1.00 

	2.22 
	2.22 

	1.09 
	1.09 

	4.10 
	4.10 

	48.95 
	48.95 


	Hydroides ezoensis 
	Hydroides ezoensis 
	Hydroides ezoensis 

	0.81 
	0.81 

	1.13 
	1.13 

	2.12 
	2.12 

	1.18 
	1.18 

	3.91 
	3.91 

	52.86 
	52.86 


	Sargassum muticum 
	Sargassum muticum 
	Sargassum muticum 

	1.25 
	1.25 

	0.88 
	0.88 

	2.07 
	2.07 

	1.11 
	1.11 

	3.83 
	3.83 

	56.68 
	56.68 


	Ficopomatus enigmaticus 
	Ficopomatus enigmaticus 
	Ficopomatus enigmaticus 

	0.13 
	0.13 

	0.63 
	0.63 

	1.98 
	1.98 

	0.60 
	0.60 

	3.66 
	3.66 

	60.35 
	60.35 


	Crepidula fornicata 
	Crepidula fornicata 
	Crepidula fornicata 

	1.00 
	1.00 

	0.63 
	0.63 

	1.93 
	1.93 

	1.01 
	1.01 

	3.57 
	3.57 

	63.91 
	63.91 


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

	0.50 
	0.50 

	1.25 
	1.25 

	1.91 
	1.91 

	1.12 
	1.12 

	3.52 
	3.52 

	67.43 
	67.43 


	Bugulina fulva 
	Bugulina fulva 
	Bugulina fulva 

	0.25 
	0.25 

	0.63 
	0.63 

	1.89 
	1.89 

	0.96 
	0.96 

	3.48 
	3.48 

	70.91 
	70.91 


	Magallana gigas 
	Magallana gigas 
	Magallana gigas 

	0.63 
	0.63 

	0.63 
	0.63 

	1.86 
	1.86 

	1.03 
	1.03 

	3.43 
	3.43 

	74.34 
	74.34 


	Austrominius modestus 
	Austrominius modestus 
	Austrominius modestus 

	1.75 
	1.75 

	1.25 
	1.25 

	1.74 
	1.74 

	1.08 
	1.08 

	3.21 
	3.21 

	77.55 
	77.55 


	Corella eumyota 
	Corella eumyota 
	Corella eumyota 

	0.19 
	0.19 

	0.75 
	0.75 

	1.72 
	1.72 

	1.14 
	1.14 

	3.17 
	3.17 

	80.72 
	80.72 




	 shows species contributions to the dissimilarity between Near and Far shores, again combining data from the same four clusters in the 2018/19 and 2022 surveys to obtain a relatively broad-based picture, and showing only the species contributing the first 80% of total. Twelve of the listed species have greater abundance on Near compared to Far shores, contributing 64.49% of total dissimilarity. A single species had greater abundance on Far shores than Near shores; this was the top-ranked species, Grateloupi
	Table 6
	Table 6


	Table 6. 
	Table 6. 
	SIMPER analysis of contributions by individual species to overall Bray-Curtis dissimilarity between Far shores and Near shores in four clusters in both 2018/19 and 2022 survey data combined. Species ranked by contribution, those contributing to the first 80% shown. See legend to 
	Table 4
	Table 4

	 for explanation of column headings. 
	© Natural England 2025.This table is published under the 
	Open Government Licence v3.0
	Open Government Licence v3.0

	 for public sector 
	information. If reproducing this figure for whatever reason please use the copyright acknowledgement provided.
	 

	Species 
	Species 
	Species 
	Species 
	Species 

	Av. Abund Far shore 
	Av. Abund Far shore 

	Av. Abund Near shore 
	Av. Abund Near shore 

	Av. Diss. 
	Av. Diss. 

	Diss./SD 
	Diss./SD 

	Contrib. % 
	Contrib. % 

	Cum. % 
	Cum. % 



	Grateloupia turuturu 
	Grateloupia turuturu 
	Grateloupia turuturu 
	Grateloupia turuturu 

	1.25 
	1.25 

	0.63 
	0.63 

	4.04 
	4.04 

	1.18 
	1.18 

	7.67 
	7.67 

	7.67 
	7.67 


	Tricellaria inopinata 
	Tricellaria inopinata 
	Tricellaria inopinata 

	1.38 
	1.38 

	1.63 
	1.63 

	3.97 
	3.97 

	1.22 
	1.22 

	7.55 
	7.55 

	15.22 
	15.22 


	Sargassum muticum 
	Sargassum muticum 
	Sargassum muticum 

	 0.88 
	 0.88 

	1.63 
	1.63 

	3.83 
	3.83 

	1.14 
	1.14 

	7.28 
	7.28 

	22.50 
	22.50 


	Crepidula fornicata 
	Crepidula fornicata 
	Crepidula fornicata 

	0.88 
	0.88 

	1.13 
	1.13 

	3.56 
	3.56 

	1.20 
	1.20 

	6.77 
	6.77 

	29.26 
	29.26 


	Hydroides ezoensis 
	Hydroides ezoensis 
	Hydroides ezoensis 

	0.75 
	0.75 

	0.88 
	0.88 

	3.13 
	3.13 

	1.19 
	1.19 

	5.95 
	5.95 

	35.21 
	35.21 


	Styela clava 
	Styela clava 
	Styela clava 

	0.75 
	0.75 

	1.38 
	1.38 

	2.98 
	2.98 

	1.10 
	1.10 

	5.66 
	5.66 

	40.87 
	40.87 


	Magallana gigas 
	Magallana gigas 
	Magallana gigas 

	0.38 
	0.38 

	0.88 
	0.88 

	2.95 
	2.95 

	0.98 
	0.98 

	5.61 
	5.61 

	46.48 
	46.48 


	Watersipora subatra 
	Watersipora subatra 
	Watersipora subatra 

	0.38 
	0.38 

	0.75 
	0.75 

	2.95 
	2.95 

	1.04 
	1.04 

	5.59 
	5.59 

	52.08 
	52.08 


	Botrylloides diegensis 
	Botrylloides diegensis 
	Botrylloides diegensis 

	0.38 
	0.38 

	1.00 
	1.00 

	2.79 
	2.79 

	1.10 
	1.10 

	5.31 
	5.31 

	57.39 
	57.39 


	Austrominius modestus 
	Austrominius modestus 
	Austrominius modestus 

	1.75 
	1.75 

	1.75 
	1.75 

	2.76 
	2.76 

	1.30 
	1.30 

	5.25 
	5.25 

	62.63 
	62.63 


	Colpomenia peregrina 
	Colpomenia peregrina 
	Colpomenia peregrina 

	0.50 
	0.50 

	0.63 
	0.63 

	2.41 
	2.41 

	1.13 
	1.13 

	4.58 
	4.58 

	67.21 
	67.21 


	Aplidium 
	Aplidium 
	Aplidium 

	0.38 
	0.38 

	0.63 
	0.63 

	1.98 
	1.98 

	1.01 
	1.01 

	3.75 
	3.75 

	70.97 
	70.97 


	Bugulina fulva 
	Bugulina fulva 
	Bugulina fulva 

	0.25 
	0.25 

	0.25 
	0.25 

	1.73 
	1.73 

	0.52 
	0.52 

	3.29 
	3.29 

	74.26 
	74.26 


	Ammothea hilgendorfi 
	Ammothea hilgendorfi 
	Ammothea hilgendorfi 

	0.63 
	0.63 

	0.75 
	0.75 

	1.72 
	1.72 

	0.84 
	0.84 

	3.27 
	3.27 

	77.53 
	77.53 


	Didemnum vexillum 
	Didemnum vexillum 
	Didemnum vexillum 

	0.13 
	0.13 

	0.38 
	0.38 

	1.67 
	1.67 

	0.60 
	0.60 

	3.17 
	3.17 

	80.70 
	80.70 




	It will be noted that the SIMPER analyses for these surveys were characterised by a relatively even distribution of contributions between species, resulting in a large number of species (15 or more) contributing to the first 80% of Bray-Cutis dissimilarity. No species was particularly dominant or characteristic of a particular habitat or survey occasion, and within the top 80% all listed species were present in both of the data sets being compared. 
	2.3.4 Site occupancy by NNS and native species 
	The mean number of sites occupied by an NNS across the 4 clusters declined progressively from Marina to Near shore to Far shore in both 2018/19 and 2022, with all pairwise differences between site types being strongly significant (Error! Reference source not found.,  and ). For native species, in the 2018/19 4-cluster data there was a near-significant reduction in mean number of sites occupied per species between Marina and each of the two shore types (Near P = 0.074, Far P = 0.058), but the difference betw
	Table 7
	Table 7

	Figure 11
	Figure 11

	Figure 12
	Figure 12

	significant. (In the complete 12-cluster 2018/19 data set, the Marina-Near shore and Near shore-Far shore differences approached significance but the Marina-Far shore difference was clearly non-significant (Taylor, Wood and Bishop, 2022). In the 2022 data for native species, the mean number of sites per species was not significantly different between Marina and Near shore, the Marina mean was greater than the Far shore mean with moderate significance and, in contrast to the 2018/19 pattern, the Near shore m

	For both NNS and native species in both 2018/19 and 2022, the per-species site occupancy by the suite of individual species was positively correlated in each pairing of site types (Marina and Near shore, Marina and Far shore and Near shore and Far shore), with high statistical significance (,  and Error! Reference source not found.). Thus, the different species, both native and non-native, tended overall to show a similar relative level of occupancy across the site types, maintained alongside any general di
	Table 7
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	Figure 13


	Table 7. Mean number of sites occupied per species for NNS (31) and native species (32), in 2018/19 and 2022. © Natural England 2025.This table is published under the 
	Table 7. Mean number of sites occupied per species for NNS (31) and native species (32), in 2018/19 and 2022. © Natural England 2025.This table is published under the 
	Open 
	Open 
	Government Licence v3.0

	 for public sector information. If reproducing this figure for 
	whatever reason please use the copyright acknowledgement provided. 

	2022 
	2022 
	2022 
	2022 
	2022 

	NNS  
	NNS  
	Mean number of sites occupied per species 

	Native  
	Native  
	Mean number of sites occupied per species 



	Marina mean 
	Marina mean 
	Marina mean 
	Marina mean 

	2.29 
	2.29 

	1.97 
	1.97 


	Near shore mean 
	Near shore mean 
	Near shore mean 

	1.68 
	1.68 

	1.78 
	1.78 


	Far shore mean 
	Far shore mean 
	Far shore mean 

	1.32 
	1.32 

	1.31 
	1.31 


	  
	  
	  

	Paired 
	Paired 
	 t-test 

	Correlation 
	Correlation 

	Paired  
	Paired  
	t-test 

	Correlation 
	Correlation 


	Marina vs Near shore 
	Marina vs Near shore 
	Marina vs Near shore 

	P = 0.011 
	P = 0.011 

	0.632; P < 0.001 
	0.632; P < 0.001 

	P = 0.488 
	P = 0.488 

	0.585; P < 0.001 
	0.585; P < 0.001 


	Marina vs Far shore 
	Marina vs Far shore 
	Marina vs Far shore 

	P < 0.001 
	P < 0.001 

	0.632; P < 0.001 
	0.632; P < 0.001 

	P = 0.025 
	P = 0.025 

	0.557; P < 0.001 
	0.557; P < 0.001 


	Near vs. Far shore 
	Near vs. Far shore 
	Near vs. Far shore 

	P = 0.006 
	P = 0.006 

	0.903; P < 0.001 
	0.903; P < 0.001 

	P = 0.004 
	P = 0.004 

	0.844; P < 0.001 
	0.844; P < 0.001 


	2018/19 (4 clusters) 
	2018/19 (4 clusters) 
	2018/19 (4 clusters) 

	NNS  
	NNS  
	Mean number of sites occupied per species 

	Native  
	Native  
	Mean number of sites occupied per species 


	Marina mean 
	Marina mean 
	Marina mean 

	2.39 
	2.39 

	2.25 
	2.25 


	Near shore mean 
	Near shore mean 
	Near shore mean 

	1.58 
	1.58 

	1.84 
	1.84 


	Far shore mean 
	Far shore mean 
	Far shore mean 

	0.77 
	0.77 

	1.75 
	1.75 


	  
	  
	  

	Paired 
	Paired 
	 t-test 

	Correlation 
	Correlation 

	Paired  
	Paired  
	t-test 

	Correlation 
	Correlation 


	Marina vs Near shore 
	Marina vs Near shore 
	Marina vs Near shore 

	P < 0.001 
	P < 0.001 

	0.794; P < 0.001 
	0.794; P < 0.001 

	P = 0.074 
	P = 0.074 

	0.598; P < 0.001 
	0.598; P < 0.001 


	Marina vs Far shore 
	Marina vs Far shore 
	Marina vs Far shore 

	P < 0.001 
	P < 0.001 

	0.549; P = 0.001 
	0.549; P = 0.001 

	P = 0.058 
	P = 0.058 

	0.501; P = 0.004 
	0.501; P = 0.004 


	Near vs. Far shore 
	Near vs. Far shore 
	Near vs. Far shore 

	P < 0.001 
	P < 0.001 

	0.724; P < 0.001 
	0.724; P < 0.001 

	P = 0.447 
	P = 0.447 

	0.869; P < 0.001 
	0.869; P < 0.001 




	 
	 
	NNSNative00.511.522.533.542018/19Far shoreNear shoreMarina
	Figure 11: Box plot for NNS and native species of mean number of sites occupied per species in the three site types in 2018/19. © Natural England 2025.This figure is published under the 
	Figure 11: Box plot for NNS and native species of mean number of sites occupied per species in the three site types in 2018/19. © Natural England 2025.This figure is published under the 
	Open Government Licence v3.0
	Open Government Licence v3.0

	 for public sector information. If reproducing this 
	figure for whatever reason please use the copyright acknowledgement provided. 

	 
	NNSNativeNumber of Sites occupied00.511.522.533.542022Far shoreNear shoreMarina
	Figure 12: Box plot for NNS and native species of mean number of sites occupied per species in the three site types in 2022. © Natural England 2025.This figure is published under the 
	Figure 12: Box plot for NNS and native species of mean number of sites occupied per species in the three site types in 2022. © Natural England 2025.This figure is published under the 
	Open Government Licence v3.0
	Open Government Licence v3.0

	 for public sector information. If reproducing this 
	figure for whatever reason please use the copyright acknowledgement provided. 

	 
	Figure
	 
	2.4 Species of concern 
	2.4.1 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 B. fabricii (see Bishop & Darbyshire, 2023). 
	B. polyomma was first reported in the UK in 2021 in two adjacent marinas in Plymouth (Bishop & Darbyshire, 2023) and was subsequently noted in Salcombe, South Devon in autumn 2022 (Bishop, Wood & Crundwell, 2025). In the Solent surveys reported here B. polyomma was found, as rare-occasional, in three out of four marinas. 
	All of the occurrences so far have been on pontoons providing berths for leisure craft. 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 15: Bispira polyomma on a mussel shell. Visible length of worm and tube is c. 45 mm. Image: © J Bishop, MBA.  This figure is published under the 
	Figure 15: Bispira polyomma on a mussel shell. Visible length of worm and tube is c. 45 mm. Image: © J Bishop, MBA.  This figure is published under the 
	Non-Commercial 
	Non-Commercial 
	Government Licence v2.0

	 for public sector information. If reproducing this figure for non-
	commercial use please use the copyright acknowledgement provided. This figure is not to be used commercially. 

	2.4.2 Ectopleura crocea (Pink-hearted hydroid) 
	This non-native hydroid species was not found in any of the 42 sites surveyed in the Solent in 2018/19. In September 2022 during these surveys, it was recorded at the brackish Southampton Water harbour site at the mouth of the Hamble estuary. Previously, this species has been very occasionally reported in the UK since 1895 with records from Plymouth and the R. Orwell (Rees, 1963), and more recently from the R. Itchen (J. Bishop unpublished data, 2017). In surveys carried out in the Itchen estuary in October
	Hydroids are major biofouling organisms in global aquaculture. In Australia, E. crocea was found to impact commercial mussel culture firstly at spatfall through consumption of larvae, and also during growth resulting in reduced length and weight of mussels (Fitridge & Keough, 2013). 
	 
	Figure
	Figure 16: Ectopleuracrocea on a fender in the R Itchen (Image: © C Wood, MBA), and in close-up underwater (Image: © J Bishop, MBA). This figure is published under the 
	Figure 16: Ectopleuracrocea on a fender in the R Itchen (Image: © C Wood, MBA), and in close-up underwater (Image: © J Bishop, MBA). This figure is published under the 
	Non-
	Non-
	Commercial Government Licence v2.0

	 for public sector information. If reproducing this 
	figure for non-commercial use please use the copyright acknowledgement provided. This figure is not to be used commercially. 

	2.4.3 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), and has been spreading rapidly on shores, particularly in the southwest. During these surveys it was found on artificial substrate (rip-rap) on both shores in the Medina cluste
	seawall in Portsmouth (O’Shaughnessy and others, 2020), these represent the first records from the Isle of Wight. 

	 
	Figure
	Figure 17: Caulacanthus okamurae on rip-rap at Gurnard Bay. Image: © C Wood, MBA. This figure is published under the 
	Figure 17: Caulacanthus okamurae on rip-rap at Gurnard Bay. Image: © C Wood, MBA. This figure is published under the 
	Non-Commercial Government Licence v2.0
	Non-Commercial Government Licence v2.0

	 for public sector 
	information. If reproducing this figure for non-commercial use please use the copyright acknowledgement provided. This figure is not to be used commercially. 

	2.4.4 Codium fragile fragile (Green sea fingers) 
	2.4.4 Codium fragile fragile (Green sea fingers) 

	Codium fragile fragile is a spongy green seaweed that has, within the Solent, been occasionally reported from artificial habitats in Gosport, Southampton Water and the Isle of Wight (NBN Atlas, 2023). However previously, the only shore records were from the Isle of Wight. During the 2022 surveys it was found at four mainland sites, Park Shore and Tanners Lane, both within the Lymington Estuary cluster; and Black Point and Sandy Point in the Chichester Harbour cluster. No other species of Codium were recorde
	 
	Figure
	Figure 18: Codium fragile fragile on cobble at Tanners Lane (Image: © J Taylor, NE), and microscope image showing sharply pointed mucrons (Image: © J Bishop, MBA). This figure is published under the 
	Figure 18: Codium fragile fragile on cobble at Tanners Lane (Image: © J Taylor, NE), and microscope image showing sharply pointed mucrons (Image: © J Bishop, MBA). This figure is published under the 
	Non-Commercial Government Licence v2.0
	Non-Commercial Government Licence v2.0

	 for public sector 
	information. If reproducing this figure for non-commercial use please use the copyright acknowledgement provided. This figure is not to be used commercially. 

	2.4.5 Hydroides ezoensis (Twin-keel worm) 
	2.4.5 Hydroides ezoensis (Twin-keel worm) 

	Aggregations of H. ezoensis calcified tubes on the shore, noted in the NE Joint Report JP042, were again seen.  shows a cluster with Botrylloides diegensis growing between the near-vertical serpulid tubes. 
	Figure 19
	Figure 19


	Figure
	Figure 19: Hydroides ezoensis on Chilling Shore. Also seen are Styela clava and Tricellaria inopinata. The worm tubes are c. 90 mm tall, arising from a part-buried stone. Image: © J Taylor, NE. This figure is published under the  for public sector information. If reproducing this figure for non-commercial use please use the copyright acknowledgement provided. This figure is not to be used commercially. 
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	2.4.6 Watersipora subatra (Red-ripple bryozoan) 
	2.4.6 Watersipora subatra (Red-ripple bryozoan) 

	This red encrusting bryozoan was first recorded in the UK in a Plymouth marina in 2008 (Ryland and others, 2009), and since then has spread along the south coast and westward. It has become particularly common on natural shores in the southwest. W. subatra is highly invasive and has been regularly reported from coastlines throughout global cool-temperate waters since the 1980s. It is tolerant to copper-based antifoulants.  
	These surveys show a marked increase in site occupancy in the Solent: in 2018/19 it was recorded at 3 marina/harbour sites and on one shore, while in 2022 it was present at all 4 marina sites and on 6 shores, including Cowes Town Beach where it was found in 2018.  
	 
	Figure
	Figure 20: Watersipora subatra. Image: © J Bishop, MBA. This figure is published under the 
	Figure 20: Watersipora subatra. Image: © J Bishop, MBA. This figure is published under the 
	Non-Commercial Government Licence v2.0
	Non-Commercial Government Licence v2.0

	 for public sector information. If reproducing this 
	figure for non-commercial use please use the copyright acknowledgement provided. This figure is not to be used commercially. 

	2.4.7 Tricellaria inopinata (Tufty-buff bryozoan) 
	2.4.7 Tricellaria inopinata (Tufty-buff bryozoan) 

	 
	 

	Tricellaria inopinata is an erect bryozoan native to the temperate Pacific. It is capable of enduring a broad spectrum of temperatures and salinities, as well as high organic content, and can settle on a wide range of anthropogenic and natural substrata. It was first recorded in the UK in 1998 on the S coast. It is a fouling nuisance and can affect biodiversity by entering natural habitats. 
	Commonly recorded as frequent/common or abundant/superabundant in marinas across both surveys, T. inopinata appeared much more abundant on shores in 2022 compared to 2018/19, being recorded on all shores and in the upper two abundance categories on six of the eight shores in 2022 (see 
	Commonly recorded as frequent/common or abundant/superabundant in marinas across both surveys, T. inopinata appeared much more abundant on shores in 2022 compared to 2018/19, being recorded on all shores and in the upper two abundance categories on six of the eight shores in 2022 (see 
	 
	 


	) and continues to be predominantly on natural substrates, see . This included elevated presence on algae on the shore, see . 
	Table 8
	Table 8

	Table 11
	Table 11

	Figure 21
	Figure 21


	The MBA contributors to this report have not noticed a particular tendency for population boom and bust in this species, although most of our observations have been in marinas. Could the difference in prevalence between the 2018/19 (May-July) and 2022 (September) surveys be attributed to seasonal differences in the condition of T. inopinata populations? A 16-month (2008/9) study of T. inopinata in a Plymouth marina (D. Glass, unpublished MRes thesis) suggested that colonies could overwinter in those conditi
	 
	 
	Figure
	Figure 21:Tricellaria inopinata at high frequency on cast-up weed on Chilling Shore. Ruler is 130 mm total length. Image: © C Wood, MBA. This figure is published under the 
	Figure 21:Tricellaria inopinata at high frequency on cast-up weed on Chilling Shore. Ruler is 130 mm total length. Image: © C Wood, MBA. This figure is published under the 
	Non-
	Non-
	Commercial Government Licence v2.0

	 for public sector information. If reproducing this 
	figure for non-commercial use please use the copyright acknowledgement provided. This figure is not to be used commercially. 

	 
	Table 8. Abundance categories recorded for T. inopinata at the 8 shore sites in 2018 and 2022 surveys. 
	 
	 
	 
	 
	 

	Not recorded 
	Not recorded 

	Rare/ 
	Rare/ 
	Occasional 

	Frequent/ 
	Frequent/ 
	Common 

	Abundant/ 
	Abundant/ 
	Superabundant 



	2018/19 
	2018/19 
	2018/19 
	2018/19 

	2 
	2 

	5 
	5 

	1 
	1 

	0 
	0 


	2022 
	2022 
	2022 

	0 
	0 

	2 
	2 

	3 
	3 

	3 
	3 




	 
	2.4.8 Magallana gigas (Pacific oyster) 
	This species is grown commercially in many areas of the UK, although not in the Solent where it has spread widely on natural shores and artificial structures. Its impact is felt through displacement or prevention of recovery of native oysters, and its ability to form reefs leading to habitat alteration of soft sediments.  
	In these surveys a significantly increased presence was noted at Hook Spit (in Southampton Water), all 3 surveyors recording it as abundant/superabundant. Hand gathering of Pacific oysters at Hook Spit was observed during the 2022 surveys. See . 
	Figure 22
	Figure 22


	 
	Figure
	Figure 22: Changes in density of Magallana gigas on shore at Hook Spit between 2019 and 2022 (Images: © J Taylor, NE), and bagged oysters awaiting removal from the shore at the time of the 2022 survey (Image: © J Bishop, MBA). This figure is published under the 
	Figure 22: Changes in density of Magallana gigas on shore at Hook Spit between 2019 and 2022 (Images: © J Taylor, NE), and bagged oysters awaiting removal from the shore at the time of the 2022 survey (Image: © J Bishop, MBA). This figure is published under the 
	Non-
	Non-
	Commercial Government Licence v2.0

	 for public sector information. If reproducing this 
	figure for non-commercial use please use the copyright acknowledgement provided. This figure is not to be used commercially. 

	2.4.9 Other notable records 
	Another species that showed a marked increase in prevalence was Botrylloides diegensis (San Diego sea squirt) on shores (a change from 3 to 7 sites occupied). In contrast, for Botrylloides violaceus (Orange-cloak sea squirt) there was a drop in total sites occupied from 5 to one. This pattern was also seen in the 2017 and 2022 surveys of sites in the Itchen estuary (Bishop, Wood & Taylor, 2025), but not in surveys carried out in Devon and Cornwall in 2022 (Bishop, Wood & Crundwell, 2025). The reason for thi
	The site occupancy of Undaria pinnatifida (Wakame) dropped from 6 to 2, although this was likely related to seasonal changes, as this short-lived species undergoes periods of rapid growth and then dies back to become much less conspicuous. 
	2.5 Sites of interest 
	2.5.1 Sandy Point 
	A very marked increase in the number of NNS was noted between 2018 and 2022 by all three surveyors at Sandy Point (
	A very marked increase in the number of NNS was noted between 2018 and 2022 by all three surveyors at Sandy Point (
	Figure 4
	Figure 4

	, 
	 
	 


	, and ): Only two NNS were recorded in 2018; these two plus 12 additional NNS were recorded in 2022. The increase in NNS does not appear attributable to differing survey conditions. Each surveyor visited the same zone on the two occasions. The 
	Figure 5
	Table 9
	Table 9

	daylight was better in 2018 than in 2022, when it was starting to get dark by the end of the survey period. A good level of growth recovery after any winter regression of the fouling biota would be expected to have occurred by July, so regular seasonal differences seem very unlikely to account for the much greater variety of NNS found in September 2022 than in July 2018. 

	Sandy Point is a sand and gravel shore with very little natural hard substrate for sessile species to colonise, but has a rip-rap revetment at the top and substantial groynes also built of piled-up boulders and larger pieces of rock running down the shore. The rock groyne in the southernmost zone (Zone 3) is longer and reaches down to a substantially lower tidal height than those in the other two zones. Occasional isolated boulders nearby in the sand, see , are probably derived from the groynes, or perhaps 
	Figure 23
	Figure 23

	Figure 24
	Figure 24


	Differences in tidal height cannot explain the inconsistencies between the two survey occasions in this zone. The predicted low tide at Sandy Point was 0.14 m lower in 2022 than in 2018, but the lower end of the groyne in Zone 3 was accessible to survey on both occasions (as confirmed by field photographs).  
	Three relatively long rock groynes  Point, immediately west of the surveyed area, in 2013 but the long rock groyne surveyed in Zone 3 evidently pre-dates them and was thus at least 6 years old when surveyed in 2018 (see the ). The apparent arrival of several NNS on the Zone 3 groyne between 2018 and 2022 thus seems to represent a multi-species colonisation (or conceivably re-colonisation) some years after installation of the groyne. 
	were installed to replace wooden groynes at Eastoke
	were installed to replace wooden groynes at Eastoke

	commonly used aerial photograph
	commonly used aerial photograph


	Furthermore, similar increases in NNS diversity were also recorded in 2022 in the other two zones at Sandy Point (see ), in which groynes stopped well short of the low water mark and contributed fewer NNS, but other artificial substrate was present. In Zone 1, six out of seven NNS recorded were associated with artificial boulders. In Zone 2, two out of seven NNS were recorded on the upper shore on rip-rap, the remainder being on cobbles, algae or gravel. The increase in NNS at Sandy Point was clearly not an
	Table 9
	Table 9


	Table 9: Sandy Point, live NNS detected by each of 3 surveyors in 2018 and 2022. 
	Shore zone 
	Shore zone 
	Shore zone 
	Shore zone 
	Shore zone 

	2018 
	2018 

	2022 
	2022 



	1 
	1 
	1 
	1 

	0 
	0 

	7 
	7 


	2 
	2 
	2 

	2 
	2 

	7 
	7 


	3 
	3 
	3 

	2 
	2 

	10 
	10 




	In contrast to Sandy Point, the corresponding Near shore, Black Point, recorded a much smaller increase in the number of NNS between surveys (11 NNS in 2018, including two not seen in 2022; 13 in 2022, including four not seen in 2018.). This was typical of Near shores in the study – all four clusters showed a modest increase in the number of NNS on the Near shore between 2018/19 and 2022. 
	 
	Figure
	Figure 23: Isolated boulder, presumed derived from sea defences, on shore at Sandy Point. Image: © J Taylor, NE. This figure is published under the 
	Figure 23: Isolated boulder, presumed derived from sea defences, on shore at Sandy Point. Image: © J Taylor, NE. This figure is published under the 
	Non-Commercial Government 
	Non-Commercial Government 
	Licence v2.0

	 for public sector information. If reproducing this figure for non-commercial 
	use please use the copyright acknowledgement provided. This figure is not to be used commercially. 

	 
	Figure
	Figure 24: Heavily fouled boulder, part of a rip-rap groyne at Sandy Point, showing abundant Tricellaria inopinata; also colonies of Botrylloides sp. (orange) and Watersipora subatra (indicated by arrows). Image: © J Bishop, MBA. This figure is published under the 
	Non-Commercial Government Licence v2.0
	Non-Commercial Government Licence v2.0
	Non-Commercial Government Licence v2.0

	 for public sector information. If reproducing this 
	figure for non-commercial use please use the copyright acknowledgement provided. This figure is not to be used commercially. 

	2.6 Substrates 
	Unfortunately, as a result of the unsocial timing of the low tides, it was decided not to follow the protocol recommendation of using a pair of surveyors for each shore zone. The result was that at times the recording of natural and artificial substrates, and counts of features such as boulders, were not documented consistently. In addition, examination of the recording forms indicated that the three surveyors had interpreted the guidance in slightly different ways, particular examples of which are: 
	•
	•
	•
	 Recording a rip-rap groyne made of very large rocks as either a single fixed feature, or multiple fixed features (one per rock examined). 

	•
	•
	 The distinction between Artificial fixed (X), and Artificial boulder/cobble (Y) was not consistently applied. 

	•
	•
	 Where the NNS was attached to a live bivalve, it was sometimes recorded as S, i.e. on shell, and otherwise noted as attached to a specified animal. 

	•
	•
	 Different interpretations were put on species recorded from the sides of boulders/cobbles, either as ‘Under boulder/cobble’ (U) or ‘Top of boulder/cobble’ (T).  

	•
	•
	 The distinction between the substrates ‘Other algae’ (A) and ‘Sargassum’ (J) was not strictly adhered to. 

	•
	•
	 Surveyors varied in the degree to which they recorded multiple substrates for a species. 


	Subsequently, that section of the protocol has been updated to eliminate these differences. 
	Although the substrate data gathered (see 
	Although the substrate data gathered (see 
	Table 10
	Table 10

	, 
	Table 11
	Table 11

	, and 
	 
	 


	 
	 

	 
	 

	 
	 

	) was not considered to be of a standard to allow for a full robust analysis of the data, the results obtained were sufficient to make a number of qualitative statements regarding artificial substrates. Note that all the actual values included in the Tables should be used with caution due to the recording issues previously mentioned. 
	Table 12

	The amount and nature of available hard substrate, required by many of the species targeted, varied considerably between shores, see . Boulders classified as natural were most common at Gurnard Bay and Tanners Lane, and completely absent at Sandy Point and Black Point. Artificial substrates were most common at Gurnard Bay and Sandy Point, and least frequent at Park Shore.  
	Table 10
	Table 10


	 
	 
	 
	 
	 
	Table 10. Counts of total substrates examined at shore sites. 
	 
	 
	 
	 
	 

	Park Shore 
	Park Shore 

	Tanners Lane 
	Tanners Lane 

	Gurnard Bay 
	Gurnard Bay 

	Cowes Town Beach 
	Cowes Town Beach 

	Sandy Point 
	Sandy Point 

	Black Point 
	Black Point 

	Chilling Shore 
	Chilling Shore 

	Hook Spit 
	Hook Spit 



	Boulders turned 
	Boulders turned 
	Boulders turned 
	Boulders turned 

	8 
	8 

	22 
	22 

	30 
	30 

	4 
	4 

	0 
	0 

	0 
	0 

	20 
	20 

	8 
	8 


	Tidepools  
	Tidepools  
	Tidepools  

	6 
	6 

	7 
	7 

	0 
	0 

	0 
	0 

	0 
	0 

	0 
	0 

	8 
	8 

	7 
	7 


	Artificial pools 
	Artificial pools 
	Artificial pools 

	1 
	1 

	0 
	0 

	0 
	0 

	0 
	0 

	0 
	0 

	0 
	0 

	0 
	0 

	0 
	0 


	Artificial fixed  
	Artificial fixed  
	Artificial fixed  

	1 
	1 

	0 
	0 

	25 
	25 

	4 
	4 

	20 
	20 

	20 
	20 

	3 
	3 

	1 
	1 


	Other Artificial 
	Other Artificial 
	Other Artificial 

	6 
	6 

	22 
	22 

	18 
	18 

	6 
	6 

	7 
	7 

	0 
	0 

	15 
	15 

	25 
	25 




	The numbers of species/substrate combinations noted across all sites are shown in 
	The numbers of species/substrate combinations noted across all sites are shown in 
	Table 11
	Table 11

	 and 
	 
	 


	 
	 

	 
	 

	 
	 

	. There appears to be little difference between NNS and native species regarding their settlement on artificial vs. natural substrates. 
	Table 12

	The NNS that appeared to show a clear preference for settlement on artificial substrates were Watersipora subatra (Red-ripple bryozoan) (proportion on artificial 0.83), Caulacanthus okamurae (Pom-pom weed) (0.80), and Bugula neritina (Ruby bryozoan) (0.75). It is likely that the presence of artificial substrates on shores is exacerbating the impact of these species, see Section  . 
	2.4
	2.4

	Species of concern
	Species of concern


	The NNS that appeared to show a clear preference for settlement on natural substrates were Grateloupia turuturu (Devil’s tongue weed) (proportion on artificial 0.10), and Colpomenia peregrina (Oyster thief) (0.13). 
	The native species that appeared to show a clear preference for settlement on artificial substrates were Semibalanus balanoides (Common rock barnacle) (0.75) and Mytilus spp. (mussels) (0.67). 
	The native species that appeared to show a clear tendency to occur on natural substrates were Pisidia longicornis (Long-clawed porcelain crab) (0.10), Lanice conchilega (Sand 
	mason) (0.11), Littorina littorea (Common periwinkle) (0.21), and Ocenebra erinacea (Oyster drill) (0.22).  

	 
	 
	 
	 
	Table 11. Counts of Non-native species/Substrate combinations across all shore sites, ranked by proportion on artificial substrates. 
	NNS 
	NNS 
	NNS 
	NNS 
	NNS 

	Artificial substrate 
	Artificial substrate 

	Natural substrate 
	Natural substrate 

	Proportion on artificial substrates 
	Proportion on artificial substrates 



	Watersipora subatra  
	Watersipora subatra  
	Watersipora subatra  
	Watersipora subatra  

	10 
	10 

	2 
	2 

	0.83 
	0.83 


	Caulacanthus okamurae 
	Caulacanthus okamurae 
	Caulacanthus okamurae 

	4 
	4 

	1 
	1 

	0.80 
	0.80 


	Bugula neritina 
	Bugula neritina 
	Bugula neritina 

	3 
	3 

	1 
	1 

	0.75 
	0.75 


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

	6 
	6 

	3 
	3 

	0.67 
	0.67 


	Corella eumyota 
	Corella eumyota 
	Corella eumyota 

	2 
	2 

	1 
	1 

	0.67 
	0.67 


	Didemnum vexillum 
	Didemnum vexillum 
	Didemnum vexillum 

	3 
	3 

	2 
	2 

	0.60 
	0.60 


	Botrylloides diegensis 
	Botrylloides diegensis 
	Botrylloides diegensis 

	12 
	12 

	11 
	11 

	0.52 
	0.52 


	Ficopomatus enigmaticus 
	Ficopomatus enigmaticus 
	Ficopomatus enigmaticus 

	2 
	2 

	2 
	2 

	0.50 
	0.50 


	Austrominius modestus 
	Austrominius modestus 
	Austrominius modestus 

	23 
	23 

	29 
	29 

	0.44 
	0.44 


	Magallana gigas 
	Magallana gigas 
	Magallana gigas 

	8 
	8 

	11 
	11 

	0.42 
	0.42 


	Styela clava 
	Styela clava 
	Styela clava 

	13 
	13 

	19 
	19 

	0.41 
	0.41 


	Ammothea hilgendorfi 
	Ammothea hilgendorfi 
	Ammothea hilgendorfi 

	2 
	2 

	3 
	3 

	0.40 
	0.40 


	Codium fragile fragile 
	Codium fragile fragile 
	Codium fragile fragile 

	2 
	2 

	3 
	3 

	0.40 
	0.40 


	Tricellaria inopinata 
	Tricellaria inopinata 
	Tricellaria inopinata 

	20 
	20 

	42 
	42 

	0.32 
	0.32 


	Hydroides spp. 
	Hydroides spp. 
	Hydroides spp. 

	6 
	6 

	14 
	14 

	0.30 
	0.30 


	Sargassum muticum 
	Sargassum muticum 
	Sargassum muticum 

	3 
	3 

	8 
	8 

	0.27 
	0.27 


	Crepidula fornicata 
	Crepidula fornicata 
	Crepidula fornicata 

	5 
	5 

	16 
	16 

	0.24 
	0.24 


	Colpomenia peregrina 
	Colpomenia peregrina 
	Colpomenia peregrina 

	1 
	1 

	7 
	7 

	0.13 
	0.13 


	Grateloupia turuturu 
	Grateloupia turuturu 
	Grateloupia turuturu 

	1 
	1 

	9 
	9 

	0.10 
	0.10 


	Botrylloides violaceus 
	Botrylloides violaceus 
	Botrylloides violaceus 

	0 
	0 

	1 
	1 

	0.00 
	0.00 


	Ruditapes philippinarum 
	Ruditapes philippinarum 
	Ruditapes philippinarum 

	0 
	0 

	1 
	1 

	0.00 
	0.00 




	 
	 
	 
	 
	Table 12. Counts of artificial and natural substrates recorded for NNS and native species. 
	 
	 
	 
	 
	 

	 Artificial substrate 
	 Artificial substrate 

	Natural substrate 
	Natural substrate 

	Total substrate 
	Total substrate 

	 Proportion on artificial substrates 
	 Proportion on artificial substrates 



	NNS 
	NNS 
	NNS 
	NNS 

	126 
	126 

	186 
	186 

	312 
	312 

	0.40 
	0.40 


	Native 
	Native 
	Native 

	74 
	74 

	133 
	133 

	207 
	207 

	0.36 
	0.36 




	 
	 
	Figure
	Figure 25: Fixed artificial substrates examined during surveys: rip-rap groyne, pilings, pipe, mooring buoys with chains. Images: © J Bishop and C Wood, MBA. This figure is published under the 
	Figure 25: Fixed artificial substrates examined during surveys: rip-rap groyne, pilings, pipe, mooring buoys with chains. Images: © J Bishop and C Wood, MBA. This figure is published under the 
	Non-Commercial Government Licence v2.0
	Non-Commercial Government Licence v2.0

	 for public sector information. If 
	reproducing this figure for non-commercial use please use the copyright acknowledgement provided. This figure is not to be used commercially. 

	 
	Figure
	Figure 26: Artificial substrates, not fixed: tyre, netting, pipe section. Images: © J Bishop and C Wood, MBA. This figure is published under the 
	Figure 26: Artificial substrates, not fixed: tyre, netting, pipe section. Images: © J Bishop and C Wood, MBA. This figure is published under the 
	Non-Commercial Government Licence 
	Non-Commercial Government Licence 
	v2.0

	 for public sector information. If reproducing this figure for non-commercial use please 
	use the copyright acknowledgement provided. This figure is not to be used commercially. 

	3 Discussion 
	3.1 Patterns of NNS occurrence 
	These re-surveys, after an interval of 3-4 years, documented the apparent colonisation of additional shores by a suite of NNS (Botrylloides diegensis, Magellana gigas, Watersipora subatra and Codium fragile fragile, plus a marked increase in abundance on shores by another, Tricellaria inopinata. Two species, Bispira polyomma and Ectopleura crocea, were found that were not recorded in the previous surveys, the former already present in three out of four marinas surveyed. These findings illustrate the importa
	The previous patterns of NNS diversity between the sites within a cluster and of site occupancy across clusters, both following the relationship Marina > Near shore > Far shore, largely persisted, although not always with statistical significance.  
	The Near shore > Far shore pattern of NNS prevalence is of importance as an apparent indication of leakage of propagules from marinas onto shores with dilution by distance.  This picture was strongly challenged by one outlier observation centring on the Far shore of the Chichester cluster, positioned within a long sand/gravel beach with groynes, where a remarkable increase in the number of NNS was recorded – 12 additional NNS – with a lesser increase at the corresponding Near shore site. Whatever the mechan
	A second unexpected result involved the MDS plot based on the NNS presence at each of the 12 sites in both 2018 and 2022. The shift between the 2018/19 and 2022 assemblages included upward movement (in the arbitrary orientation chosen for display) in 11 of the 12 sites, the final site being virtually static. This indicated a pervasive pattern of modification of the NNS assemblage between surveys, quite strongly correlated with increasing species count and total abundance. The plot also strongly suggested an
	SIMPER analyses showed a very strong trend towards the species best distinguishing different categories of sites being ones more abundant in marinas than on shores (and on Near compared to Far shores). It is also notable that in all the SIMPER analyses, a large number of species contributed relatively evenly to overall dissimilarities, with no strongly dominant or entirely characteristic species. Thus, the single top-ranked species in each SIMPER listing contributed only 7-8 % of total similarity, and all t
	Observations continued to indicate the importance of human-generated hard surfaces (infrastructure, debris) to the prevalence of NNS on Solent shores. 
	3.2 Choice of sentinel sites 
	The clusters of sites that were selected were readily accessible and gave good geographical coverage of the Solent region. They covered a range of shore landscapes, profiles, littoral aspects and wave exposures. They included a variety of dominant natural substrates including mud, sand, gravel, pebbles and cobble, although, typical for the area, there was only limited coverage of boulder or bedrock. Artificial substrates included fixed structures such as rip-rap revetments and groynes, wooden groynes, intac
	The comparison of the results from the 2022 and 2018/19 surveys indicates that some of the clusters chosen demonstrated a relatively stable picture of NNS presence i.e. the Lymington Estuary and Southampton Water clusters. In contrast, the Chichester Harbour 
	cluster showed drastic change. Thus overall the choice of sentinel sites appears to be capable of encompassing both detection of change and documentation of relative stasis.  

	The unexpected increase in NNS across the Far shore site of the Chichester Harbour cluster (Sandy Point) since 2018 requires examination. Twelve additional NNS were detected there in 2022. Survey conditions on the respective occasions do not seem to account for this discrepancy in the NNS counts (see Results). The possibility cannot be ruled out that in 2018 the fouling biota had been locally reduced far below its established level by an unknown event or influence, with the 2022 results representing a recov
	Figure 24
	Figure 24


	3.3 Recommendations 
	3.3.1 Condition assessments 
	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, and refined during these surveys (Taylor, Wood & Bishop, 2021; Taylor Wood & Bishop, 2022), 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 wid
	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. The surveys carried out in the Solent 
	in 2018/19 (Taylor, Wood & Bishop, 2022) provided a good baseline of levels of marine NNS in SACs and SPAs in the region. However, the surveys carried out in 2022 and reported here clearly indicate the need for regular monitoring as changes in NNS presence and abundance can occur rapidly, as was observed at Sandy Point. Regular monitoring may also assist in us developing a better understanding of the factors leading to such sudden changes. It is thus recommended that the ‘sentinel sites’ identified in this 

	3.3.2 Survey scheduling 
	When conducting future surveys, if the intention is to compare results to previous ones, then consideration should be given to the seasonality and environmental conditions under which the surveys were conducted, as possible factors in any observed change. In these particular surveys in the Solent, the timing of good low tides in relation to daylight hours, due to being too long after the summer solstice, created additional problems. 
	3.3.3 Shore protocol 
	One aim of the 2022 surveys was to thoroughly test the revised shore protocol described in the NE Guidance document ‘Protocol for Rapid Assessment Survey for Non-Native Species on English Shores’.  
	Unfortunately, as a result of the unsocial timing of the low tides, it was decided not to adhere to the protocol recommendation of using a pair of surveyors for each shore zone. It is recommended that in future, full substrate recording is not carried out unless there are sufficient staff to allow pairings. 
	To reduce differences in interpretation of the guidance for recording substrates it is recommended that the protocol be modified to include several examples, with images, of how to record and count a variety of common substrates, e.g. rip-rap groynes, wooden groynes, pipes, tyres, moorings with chains, plastic sheeting, bricks, crab tiles, and bottles. 
	Following discussions with the NE project manager as to the main reasons for gathering the artificial substrate data, it was decided that the main focus should be on differentiating substrates according to whether permission was granted for their original installation, for example under a planning application or licence; or if it has resulted from illegal dumping e.g. builder’s waste, for which someone could be liable for the costs of removal, or arrived accidently e.g. as floating debris, or blown in from 
	It was agreed to revise the scoring of substrates to cover the following: 
	•
	•
	•
	 X – Fixed artificial – Structures that cannot be moved by hand, likely to have required permission, e.g. intact pipes, concrete structures, sea defences such as rip-rap revetments and groynes, wooden groynes, and mooring bases. Photos should be taken of the structure. 

	•
	•
	 Y – Not fixed artificial – Items for which permission would not have been given e.g. builders’ rubble, tyres, crab tiles, plastic and glass debris. Representative photos should be taken to indicate the general nature of the items. 

	•
	•
	 Indirect attachment to an artificial substrate should be scored as if attached directly, e.g. Styela clava growing on an alga that is attached to a brick would be scored as Y.  

	•
	•
	 J – Previously used for Sargassum to be dropped. 

	•
	•
	 Z – Use changed to indicate attachment to any NNS, plant or animal. 

	•
	•
	 N – Added to cover attachment to a live native animal, to match A and K which are used for attachment to native algae, and kelp holdfasts, e.g. T. inopinata growing attached to a mussel, whelk or sea squirt. Note attachment to dead bivalves and gastropods (whether native or non-native) should still be scored as S. 


	Some elements of these changes were incorporated into surveys carried out in the Devon and Cornwall surveys in October 2022 (Bishop, Wood & Crundwell, 2025). 
	The original substrate categories, used in the 2018/19 Solent surveys and documented in , are described in Appendix 7. 
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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 



	PKB SHR  
	PKB SHR  
	PKB SHR  
	PKB SHR  

	Park Shore, New Forest 
	Park Shore, New Forest 

	50.764182 
	50.764182 

	-1.426995 
	-1.426995 

	15/09/2022 
	15/09/2022 


	TAL SHR  
	TAL SHR  
	TAL SHR  

	Tanners Lane, New Forest 
	Tanners Lane, New Forest 

	50.755171 
	50.755171 

	-1.479961 
	-1.479961 

	13/09/2022 
	13/09/2022 


	LYH MAR  
	LYH MAR  
	LYH MAR  

	Marina / Harbour in Lymington Estuary 
	Marina / Harbour in Lymington Estuary 

	 
	 

	 
	 

	15/09/2022 
	15/09/2022 


	GUB SHR  
	GUB SHR  
	GUB SHR  

	Gurnard Bay, Isle of Wight 
	Gurnard Bay, Isle of Wight 

	50.761757 
	50.761757 

	-1.322651 
	-1.322651 

	14/09/2022 
	14/09/2022 


	CTB SHR  
	CTB SHR  
	CTB SHR  

	Cowes Town Beach, Isle of Wight 
	Cowes Town Beach, Isle of Wight 

	50.766718 
	50.766718 

	-1.302966 
	-1.302966 

	13/09/2022 
	13/09/2022 


	CYH MAR  
	CYH MAR  
	CYH MAR  

	Marina / Harbour in Medina Estuary 
	Marina / Harbour in Medina Estuary 

	 
	 

	 
	 

	14/09/2022 
	14/09/2022 


	SAP SHR  
	SAP SHR  
	SAP SHR  

	Sandy Point, Chichester Harbour 
	Sandy Point, Chichester Harbour 

	50.777680 
	50.777680 

	-0.935470 
	-0.935470 

	12/09/2022 
	12/09/2022 


	BLP SHR  
	BLP SHR  
	BLP SHR  

	Black Point, Chichester Harbour 
	Black Point, Chichester Harbour 

	50.787217 
	50.787217 

	-0.938254 
	-0.938254 

	12/09/2022 
	12/09/2022 


	SPK MAR  
	SPK MAR  
	SPK MAR  

	Marina / Harbour in Chichester Harbour 
	Marina / Harbour in Chichester Harbour 

	 
	 

	 
	 

	12/09/2022 
	12/09/2022 


	CHL SHR  
	CHL SHR  
	CHL SHR  

	Chilling Shore, Southampton Water 
	Chilling Shore, Southampton Water 

	50.817086 
	50.817086 

	-1.244221 
	-1.244221 

	10/09/2022 
	10/09/2022 


	HKS SHR  
	HKS SHR  
	HKS SHR  

	Hook Spit, Southampton Water 
	Hook Spit, Southampton Water 

	50.839732 
	50.839732 

	-1.305623 
	-1.305623 

	11/09/2022 
	11/09/2022 


	WAR HBR  
	WAR HBR  
	WAR HBR  

	Marina / Harbour in Hamble Estuary 
	Marina / Harbour in Hamble Estuary 

	 
	 

	 
	 

	11/09/2022 
	11/09/2022 




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

	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 

	 
	 

	 
	 

	 
	 

	Solidobalanus fallax 
	Solidobalanus 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: Target non-native species distribution in the Solent 
	 
	 
	 
	 
	 

	Species 
	Species 

	Pre EMFF 
	Pre EMFF 

	EMFF 2018/19 
	EMFF 2018/19 

	This survey 2022 
	This survey 2022 

	Other sources 
	Other sources 

	Combined current distribution 
	Combined current distribution 



	Ascidians 
	Ascidians 
	Ascidians 
	Ascidians 

	Aplidium cf. glabrum 
	Aplidium cf. glabrum 

	M 
	M 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Asterocarpa humilis 
	Asterocarpa humilis 

	M 
	M 

	S 
	S 

	M 
	M 

	 
	 

	MS 
	MS 


	 
	 
	 

	Botrylloides violaceus 
	Botrylloides violaceus 

	M 
	M 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Botrylloides diegensis 
	Botrylloides diegensis 

	M 
	M 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Ciona robusta 
	Ciona robusta 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	 
	 
	 

	Corella eumyota 
	Corella eumyota 

	MS 
	MS 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Didemnum vexillum 
	Didemnum vexillum 

	M 
	M 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Perophora japonica 
	Perophora japonica 

	M 
	M 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Styela clava 
	Styela clava 

	MS 
	MS 

	MS 
	MS 

	M 
	M 

	 
	 

	MS 
	MS 


	Bryozoans 
	Bryozoans 
	Bryozoans 

	Bugula neritina 
	Bugula neritina 

	M 
	M 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Bugulina fulva 
	Bugulina fulva 

	S 
	S 

	MS 
	MS 

	M 
	M 

	 
	 

	MS 
	MS 


	 
	 
	 

	Bugulina simplex 
	Bugulina simplex 

	M 
	M 

	MS 
	MS 

	M 
	M 

	S Ref 3 
	S Ref 3 

	MS 
	MS 


	 
	 
	 

	Bugulina stolonifera 
	Bugulina stolonifera 

	M 
	M 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Schizoporella japonica 
	Schizoporella japonica 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	 
	 
	 

	Tricellaria inopinata 
	Tricellaria inopinata 

	MS 
	MS 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Watersipora subatra 
	Watersipora subatra 

	M 
	M 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	Sponges 
	Sponges 
	Sponges 

	Celtodoryx ciocalyptoides 
	Celtodoryx ciocalyptoides 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Anemones 
	Anemones 
	Anemones 

	Diadumene lineata 
	Diadumene lineata 

	M 
	M 

	MS 
	MS 

	 
	 

	S Ref 3 
	S Ref 3 

	MS 
	MS 


	Molluscs 
	Molluscs 
	Molluscs 

	Arcuatula senhousia 
	Arcuatula senhousia 

	S 
	S 

	M (dead) 
	M (dead) 

	 
	 

	MS Ref 1 
	MS Ref 1 

	MS 
	MS 


	 
	 
	 

	Crepidula fornicata 
	Crepidula fornicata 

	MS 
	MS 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Ensis leei 
	Ensis leei 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	 
	 
	 

	Magallana gigas 
	Magallana gigas 

	MS 
	MS 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Mercenaria mercenaria 
	Mercenaria mercenaria 

	S 
	S 

	S 
	S 

	S 
	S 

	 
	 

	S 
	S 


	 
	 
	 

	Ocinebrellus inornatus 
	Ocinebrellus inornatus 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	 
	 
	 

	Rapana venosa 
	Rapana venosa 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	 
	 
	 

	Ruditapes philippinarum 
	Ruditapes philippinarum 

	S 
	S 

	S 
	S 

	S 
	S 

	 
	 

	S 
	S 


	 
	 
	 

	Urosalpinx cinerea 
	Urosalpinx cinerea 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Annelid worms 
	Annelid worms 
	Annelid worms 

	Bispira polyomma 
	Bispira polyomma 

	 
	 

	 
	 

	M 
	M 

	 
	 

	 
	 


	 
	 
	 

	Ficopomatus enigmaticus 
	Ficopomatus enigmaticus 

	MS 
	MS 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Hydroides dianthus 
	Hydroides dianthus 

	MS 
	MS 

	MS 
	MS 

	 
	 

	 
	 

	MS 
	MS 


	 
	 
	 

	Hydroides elegans 
	Hydroides elegans 

	M 
	M 

	 
	 

	 
	 

	 
	 

	M 
	M 


	 
	 
	 

	Hydroides ezoensis 
	Hydroides ezoensis 

	MS 
	MS 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 




	 
	 
	 
	 
	 
	 

	Species 
	Species 

	Pre EMFF 
	Pre EMFF 

	EMFF 2018/19 
	EMFF 2018/19 

	This survey 2022 
	This survey 2022 

	Other sources 
	Other sources 

	Combined current distribution 
	Combined current distribution 



	Arthropods 
	Arthropods 
	Arthropods 
	Arthropods 

	Ammothea hilgendorfi 
	Ammothea hilgendorfi 

	MS 
	MS 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Amphibalanus amphitrite 
	Amphibalanus amphitrite 

	M 
	M 

	MS 
	MS 

	 
	 

	 
	 

	MS 
	MS 


	 
	 
	 

	Amphibalanus improvisus 
	Amphibalanus improvisus 

	M 
	M 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Austrominius modestus 
	Austrominius modestus 

	MS 
	MS 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Caprella mutica 
	Caprella mutica 

	M 
	M 

	MS 
	MS 

	M 
	M 

	 
	 

	MS 
	MS 


	 
	 
	 

	Dyspanopeus sayi 
	Dyspanopeus sayi 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	 
	 
	 

	Eriocheir sinensis 
	Eriocheir sinensis 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	 
	 
	 

	Hemigrapsus sanguineus 
	Hemigrapsus sanguineus 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	 
	 
	 

	Hemigrapsus takanoi 
	Hemigrapsus takanoi 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	 
	 
	 

	Solidobalanus fallax 
	Solidobalanus fallax 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Brown algae 
	Brown algae 
	Brown algae 

	Colpomenia peregrina 
	Colpomenia peregrina 

	MS 
	MS 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Sargassum muticum 
	Sargassum muticum 

	MS 
	MS 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Undaria pinnatifida 
	Undaria pinnatifida 

	MS 
	MS 

	MS 
	MS 

	M 
	M 

	 
	 

	MS 
	MS 


	Red algae 
	Red algae 
	Red algae 

	Asparagopsis armata 
	Asparagopsis armata 

	S 
	S 

	 
	 

	 
	 

	 
	 

	S 
	S 


	 
	 
	 

	Bonnemaisonia hamifera 
	Bonnemaisonia hamifera 

	S 
	S 

	 
	 

	 
	 

	 
	 

	S 
	S 


	 
	 
	 

	Caulacanthus okamurae 
	Caulacanthus okamurae 

	 
	 

	 
	 

	S 
	S 

	S Ref 3 
	S Ref 3 

	S 
	S 


	 
	 
	 

	Botryocladia wrightii 
	Botryocladia wrightii 

	 
	 

	 
	 

	 
	 

	S Ref 3 
	S Ref 3 

	S 
	S 


	 
	 
	 

	Gracilaria vermiculophylla 
	Gracilaria vermiculophylla 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	 
	 
	 

	Grateloupia turuturu 
	Grateloupia turuturu 

	MS 
	MS 

	MS 
	MS 

	MS 
	MS 

	 
	 

	MS 
	MS 


	 
	 
	 

	Melanothamnus harveyi 
	Melanothamnus harveyi 

	MS 
	MS 

	S 
	S 

	 
	 

	 
	 

	MS 
	MS 


	 
	 
	 

	Pikea californica 
	Pikea californica 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	 
	 
	 

	Solieriaceae 
	Solieriaceae 

	S 
	S 

	S 
	S 

	 
	 

	 
	 

	S 
	S 


	Green algae 
	Green algae 
	Green algae 

	Codium fragile fragile 
	Codium fragile fragile 

	MS 
	MS 

	S 
	S 

	S 
	S 

	 
	 

	MS 
	MS 


	 
	 
	 

	Umbraulva dangeardii 
	Umbraulva dangeardii 

	 
	 

	M 
	M 

	 
	 

	S Ref 2 
	S Ref 2 

	MS 
	MS 




	Notes: 
	M = present in marinas, S = present on shores 
	Pre EMFF project (M) presence in marinas/harbours sourced from MBA Bishop Group surveys 2004 – 2017 and NBN Atlas. 
	Pre EMFF project (S) presence on shores sourced from NBN Atlas on 20/12/2019, and cited literature. 
	Ref 1 (Watson and others, 2021). 
	Ref 2 NBN Atlas recently entered record from 2006.  
	Ref 3 (O’Shaughnessy and others, 2020). 
	Appendix 4(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 % 

	Precipitation 
	Precipitation 

	Wind 
	Wind 

	Wind direction 
	Wind direction 

	Sea state  
	Sea state  

	Pressure 
	Pressure 

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

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



	PKB SHR 
	PKB SHR 
	PKB SHR 
	PKB SHR 

	15/09/2022 
	15/09/2022 

	08:06 
	08:06 

	0.73 
	0.73 

	100 
	100 

	0 
	0 

	Light 
	Light 

	N 
	N 

	Calm (rippled) 
	Calm (rippled) 

	1011 
	1011 

	13 
	13 

	16.9 
	16.9 


	TAL SHR 
	TAL SHR 
	TAL SHR 

	13/09/2022 
	13/09/2022 

	06:51 
	06:51 

	0.34 
	0.34 

	100 
	100 

	0 
	0 

	V light 
	V light 

	SE 
	SE 

	Calm (rippled) 
	Calm (rippled) 

	1009 
	1009 

	19 
	19 

	16.9 
	16.9 


	GUB SHR 
	GUB SHR 
	GUB SHR 

	14/09/2022 
	14/09/2022 

	07:39 
	07:39 

	0.79 
	0.79 

	100 
	100 

	Light rain 
	Light rain 

	V light 
	V light 

	NE 
	NE 

	Smooth (wavelets) 
	Smooth (wavelets) 

	1005 
	1005 

	15 
	15 

	16.9 
	16.9 


	CTB SHR 
	CTB SHR 
	CTB SHR 

	13/09/2022 
	13/09/2022 

	19:21 
	19:21 

	0.84 
	0.84 

	100 
	100 

	0 
	0 

	Strong 
	Strong 

	NW 
	NW 

	Slight 
	Slight 

	1007 
	1007 

	17 
	17 

	16.9 
	16.9 


	SAP SHR 
	SAP SHR 
	SAP SHR 

	12/09/2022 
	12/09/2022 

	18:51 
	18:51 

	0.66 
	0.66 

	85 
	85 

	Spitting 
	Spitting 

	No wind 
	No wind 

	N/A 
	N/A 

	Calm (glassy) 
	Calm (glassy) 

	1010 
	1010 

	21 
	21 

	17.2 
	17.2 


	BLP SHR 
	BLP SHR 
	BLP SHR 

	12/09/2022 
	12/09/2022 

	07:05 
	07:05 

	0.47 
	0.47 

	75 
	75 

	0 
	0 

	V light 
	V light 

	N 
	N 

	Calm (rippled) 
	Calm (rippled) 

	1012 
	1012 

	13 
	13 

	17.2 
	17.2 


	CHL SHR 
	CHL SHR 
	CHL SHR 

	10/09/2022 
	10/09/2022 

	17:34 
	17:34 

	0.79 
	0.79 

	95 
	95 

	0 
	0 

	No wind 
	No wind 

	N/A 
	N/A 

	Calm (rippled) 
	Calm (rippled) 

	1017 
	1017 

	20 
	20 

	16.9 
	16.9 


	HKS SHR 
	HKS SHR 
	HKS SHR 

	11/09/2022 
	11/09/2022 

	18:15 
	18:15 

	0.68 
	0.68 

	40 
	40 

	0 
	0 

	Light 
	Light 

	NW 
	NW 

	Calm (rippled) 
	Calm (rippled) 

	1016 
	1016 

	19 
	19 

	16.9 
	16.9 




	Notes: See Appendix 4(ii) 
	Appendix 4(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 



	LYH MAR 
	LYH MAR 
	LYH MAR 
	LYH MAR 

	15/09/2022 
	15/09/2022 

	1014 
	1014 

	16 
	16 

	18.4 
	18.4 

	18.7 
	18.7 

	33.7 
	33.7 

	34.0 
	34.0 

	2.8 
	2.8 


	CYH MAR 
	CYH MAR 
	CYH MAR 

	14/09/2022 
	14/09/2022 

	1006 
	1006 

	16 
	16 

	19.4 
	19.4 

	19.4 
	19.4 

	34.7 
	34.7 

	34.9 
	34.9 

	1.3 
	1.3 


	SPK MAR 
	SPK MAR 
	SPK MAR 

	12/09/2022 
	12/09/2022 

	1011 
	1011 

	24 
	24 

	20.7 
	20.7 

	20.6 
	20.6 

	35.2 
	35.2 

	34.9 
	34.9 

	2.7 
	2.7 


	WAR HBR 
	WAR HBR 
	WAR HBR 

	11/09/2022 
	11/09/2022 

	1019 
	1019 

	19 
	19 

	19.7 
	19.7 

	19.7 
	19.7 

	33.6 
	33.6 

	34.0 
	34.0 

	1.0 
	1.0 




	 
	Notes: 
	Cloud cover, precipitation, wind strength, wind direction, sea state, marina sea temperature, salinity and turbidity from personal observation 
	Tidal times and heights from POLTIPS (POLTIPS, 2022) 
	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) YSI 30 Salinometer 
	4.1 Appendix 5: NNS occurrences and abundances 
	. 
	See supplementary data published alongside this report
	See supplementary data published alongside this report


	 
	Appendix 6: Native species occurrences and abundances 
	. 
	See supplementary data published alongside this report
	See supplementary data published alongside this report


	 
	Appendix 7: Substrate categories used in 2018/19 
	Rock = R 
	Rock = R 
	Rock = R 
	Rock = R 
	Rock = R 

	Overhang = O 
	Overhang = O 



	Under boulder/cobble = U 
	Under boulder/cobble = U 
	Under boulder/cobble = U 
	Under boulder/cobble = U 

	Crevice = C 
	Crevice = C 


	Top of boulder/cobble = T 
	Top of boulder/cobble = T 
	Top of boulder/cobble = T 

	Water retained intertidally (e.g. in pool) = W 
	Water retained intertidally (e.g. in pool) = W 


	Pebble = P 
	Pebble = P 
	Pebble = P 

	Red alga = A 
	Red alga = A 


	Gravel/sand = G 
	Gravel/sand = G 
	Gravel/sand = G 

	Fucoid = F 
	Fucoid = F 


	Mud/sand = M 
	Mud/sand = M 
	Mud/sand = M 

	Kelp blade = K 
	Kelp blade = K 


	Shell = S 
	Shell = S 
	Shell = S 

	Kelp holdfast = H 
	Kelp holdfast = H 


	Artificial substrate = X 
	Artificial substrate = X 
	Artificial substrate = X 

	Sargassum = J 
	Sargassum = J 


	Dead specimen = (D) 
	Dead specimen = (D) 
	Dead specimen = (D) 

	 
	 




	 
	 

	 
	 
	www.gov.uk/natural-england
	www.gov.uk/natural-england
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