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a b s t r a c t

Globally, the need to identify and establish integrated and connected systems of Marine Protected Areas
(MPAs) is becoming increasingly recognised. For best practice, these networks need to be planned and
assessed against multiple criteria. However, building a sound evidence base to support decision-making
processes is complex, as well as fiscally and logistically challenging. Recent studies have demonstrated
the utility of integrating ‘citizen science’ data into mainstream scientific analysis, particularly where
broad-scale spatial patterns of distribution are required. In UK waters, the pink sea fan (Eunicella ver-
rucosa) is a nationally protected slow growing, cold-water coral, and is a representative species of reef
features that provide habitat for many other sessile species. However, this species is vulnerable to
physical impact and loss of suitable substratum, and is likely highly vulnerable to bottom-towed fishing
gears. In this study, data from a volunteer-based marine survey programme (‘Seasearch’) are analysed
with the aim of describing the spatial distribution and relative abundance of pink sea fan colonies
throughout southwest UK coastal waters. The congruence between pink sea fans and the extant southern
UK MPA network is reported, and the current threat from Bottom-Towed Gear (BTG) to pink sea fan
dominated reefs, that have historically lacked protection, is quantitatively assessed. This analysis reveals
that protection of this and other benthic species has been increased by management of previously ‘open
access’ MPAs. Nonetheless, areas of pink sea fan habitat and their host reef systems exist outside extant
protected areas in southwest UK seas, and as such are potentially at risk from bottom-towed fisheries.
This analysis demonstrates the utility of well-organised citizen science data collection and highlights
how such efforts can help inform knowledge on broad scale patterns of biodiversity.
& 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The revised Convention for Biological Diversity (CBD) calls for
10% of coastal and marine ecosystems to be protected through an
integrated and well connected system of Marine Protected Areas
(MPAs) by 2020 [3]. Within the EU, the Marine Strategy Frame-
work Directive (MSFD) aims to protect and conserve marine eco-
systems, with the explicit objective of halting the loss of, and
thereby maintaining, biodiversity [5]. In the UK, a growing system
of inshore and offshore MPAs, under-pinned by a range of legis-
lative measures (e.g. Council Directive 92/43/EEC (Habitats Direc-
tive) and Council Directive 79/409/EEC (Birds Directive)), provide
variable protection to species and habitats of national or European
r Ltd. This is an open access articl
importance. In the UK, the term ‘MPA’ may encompass, Special
Protection Areas (SPAs) for seabirds, Special Areas of Conservation
(SACs), Nature Conservation MPAs (Scotland), and in England and
Wales, newly established inshore and offshore Marine Conserva-
tion Zones (MCZs). For conservation best practice, MPAs need to be
planned and assessed against multiple criteria including spatial
adequacy, management objectives and effectiveness of regulation
[12,20,29,30]. However, building a sound evidence base to support
decision-making processes in MPA networks is complex
[18,22,36,7] and consequently may be fiscally and logistically
demanding.

The on-going integration of ‘citizen science’ data into main-
stream scientific enquiry is rapidly increasing [34] and may be an
important and cost-effective means of contributing to evidence
bases in marine policy decision making [14]. Furthermore, citizen
science data has improved both regional and national ecological
knowledge on spatial and temporal patterns of distribution on
e under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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species of conservation interest [25,26,38]; however, the collection
of these data rarely uses volunteers to conduct large, coordinated,
field work [6]. Seasearch is a volunteer-based marine survey pro-
gramme for recreational divers (http://www.seasearch.org.uk)
that was established in the mid 1980s. Seasearch divers are trained
in underwater surveying techniques that facilitate the rigorous
collection of data on the presence, abundance and health of mul-
tiple marine species and their habitats through a standardised
method.

The assimilation of robustly sourced data, such as those gath-
ered from citizen science schemes, over an extended time-period,
may be a key component in assessing marine ecosystem health.
With an ever increasing demand for human resources, and asso-
ciated degradation of natural habitats, in excess of a third of the
world's oceans have experienced a high level of anthropogenic
damage [10]. Ecosystems with the highest predicted cumulative
impact scores (where multiple drivers of anthropogenic change
are combined) include hard and soft continental shelves and rocky
reefs; almost half of all coral reefs having a high, to very high
damage impact score [10]. Threats to corals can include climate-
induced changes such as alteration in the ocean chemistry [8,24]
and impacts from trawl fisheries (Bottom-Towed Gear; BTG) [9,37].

The pink sea fan (Eunicella verrucosa) is a temperate to cold-
water gorgonian coral. Typically found off south and west coasts of
the UK through to north-west Africa and into the Mediterranean
[11]. Colonies may be widely separated, or may occur as ‘forests’,
thereby providing valuable habitats for sessile and mobile animals
[4]. They are associated with ‘hard ground’, as their basal holdfast
requires a stable substratum on which to attach [1], and are
therefore associated with UK reefs [13] of geogenic origin (bedrock
or stony reef resulting from geological processes). Pink sea fans are
vulnerable to mechanical damage [4], sensitive to abrasion, phy-
sical disturbance and loss of suitable substratum [13]. Their slow
growth rate [4,31] and preferred habitat [13] likely make recovery/
re-colonisation of negatively impacted colonies slow (in the order
of decades). The species is considered ‘vulnerable’ by the IUCN Red
List [41]. Pink sea fans are listed under Schedule 5 of the UK
Wildlife and Countryside Act 1981 (as amended) and are protected
under sections 9(1), 9(2) and 9(5). They were originally listed as a
UK BAP species; however, as a result of [3] this has now been
superseded by the UK post-2010 biodiversity framework. Accord-
ingly, they are now listed as a species of principal importance on
the English section 41 list and Welsh section 42 list under the
NERC Act 2006. They are also a species FOCI (Features of Con-
servation Importance) for MCZ designation [16]. Although not
listed as an EU Habitats Directive Annex II species, pink sea fan
associated habitat may be protected via SACs as an Annex I habitat
(reefs). See Table 1 for summary of pink sea fan legislation ap-
plicable to English and Welsh waters.

This study investigates the distribution of pink sea fan colonies
Table 1
Summary of pink sea fan legislation applicable to English and Welsh waters.

Legislation Status

Wildlife and Countryside Act 1981 (as amended) Listed under Schedule 5, prote
Natural Environment and Rural Communities (NERC)
Act 2006a

English section 41 Listed as species of principal i
Welsh section 42 Listed as species of principal i

Marine and Coastal Access Act 2009 Listed as designating species F
Marine and Coastal Access Act 2009 May be protected as a compon

communities on subtidal rocky
energy circalittoral rock’

Habitats Directive (Council Directive 92/43/EEC) May be protected via Special A

a Pink sea fans were originally listed as a UK BAP species; however, as a result of [3] th
lists of priority species and habitats. This in turn is legislated for under the NERC Act 2
in southwest UK coastal waters, as recorded by the Seasearch
marine survey programme between 2001 and 2012, in the context
of the extant UK MPA network and knowledge on inshore seabed
fishing pressure. More specifically, this study: (i) describes the
spatial distribution and relative abundance of pink sea fan colonies
for south Wales and throughout southwest England, (ii) reports
the congruence between pink sea fan occurrence and MPAs with
and without legislative protection from BTG, and (iii) quantita-
tively assesses the threat from BTG to benthic marine species
within and outside MPAs with respect to knowledge on inshore
seabed fishing activities (coastal waters out to 12 nautical miles).
2. Methods

2.1. Seasearch marine surveys

The occurrence of pink sea fan colonies have been recorded by
Seasearch volunteer SCUBA divers as a part of both general and
species-specific surveys using a standardised methodology since
2001. The pink sea fan is an easily recordable species, having a
colour and morphology unique to the species, leading to easy
identification by non-specialist divers. Owing to the depth lim-
itations of recreational SCUBA (30 m) and thus comparatively
limited dive-time in deeper waters, the methodology was rela-
tively simple. Firstly, the abundance of the species at the surveyed
location was estimated using a semi-quantitative SACFOR scale
(Super-abundant [numeric equivalent; 6], Abundant [5], Common
[4], Frequent [3], Occasional [2] and Rare [1]). Secondly, a re-
presentative sample of pink sea fan colonies at each surveyed lo-
cation was examined and various metrics (i.e. colony width/height,
colour, condition, feeding status and presence of any fouling or-
ganisms, fishing gear or marine debris/litter) recorded [40]. Each
volunteer was able to record approximately 15 colonies during a
dive and the use of multiple recorders allowed up to 100 colonies
to be surveyed at any one time.

To describe Seasearch dive density within the study area a grid
comprised of hexagonal cells (200 km2) was used to sum the total
number of survey events, as recorded in the Seasearch database,
within each cell for the period of the study. This total was divided
by the coincident sea area (km2) for each cell to provide mean dive
density km�2. The grid resolution was iteratively determined to
provide the optimum cell area, being a balance between too many
cells and therefore akin to the original data, and too few cells re-
sulting in the density of the locations being over-smoothed and
spatially uninformative.

To describe the relative abundance of pink sea fans the total
number of unique dive sites with pink sea fan colonies present
(termed Colonised Dive Sites; CDS) was summed within each cell
and multiplied by the modal SACFOR score for all pink sea fan
cted under sections 9(1), 9(2) and 9(5)

mportance
mportance
eatures of Conservation Importance (FOCI)
ent of the Habitat of Conservation Importance ‘fragile sponge and anthozoan
habitats’ or the broad-scale habitats ‘high energy circalittoral rock’ and ‘moderate

reas of Conservation (SACs) as an Annex I habitat (reefs)

is has now been superseded by the UK post-2010 Biodiversity Framework statutory
006.
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colonies recorded within that cell. In this study a unique dive site
represented a survey event where location coordinates (decimal
degrees to 2 decimal places; approx. 1 km resolution) were not
duplicated within the database. The relative abundance for each
cell was divided by its coincident sea area. All spatial analyses
were conducted in ArcMap 10 (ESRI, Redlands, US, http://www.
esri.com) using coordinates conforming to the British National
Grid (BNG) projection (metres).

2.2. Marine protected areas

To contextualise Seasearch data with the current UK MPA
networks spatially referenced shapefiles of areas regulated to
protect the seabed from bottom-towed fishing gears were ob-
tained from Inshore Fisheries and Conservation Authorities (IFCAs)
and the Marine Management Organisation (MMO). These organi-
sations are responsible for regulating or providing scientific advice
for the management of UK (English and Welsh) coastal and near-
shore marine environments (o12 nautical miles from the coast).
Observed distributions of pink sea fan colonies at CDS were then
compared to this library of shapefiles to assess spatial congruency.

2.3. Fishing activity and threat analysis

To investigate the spatial overlap between areas of high pink sea
fan abundance and fisheries using bottom-towed gear data on inshore
fishing activity made by UK inshore fleet 2007–2009 were sourced [2].
Sightings data for vessels using trawl and dredging gear were rescaled
to 0–1, and average (mean) sightings densities for both gear types
were calculated for each hexagonal cell. A pink sea fan versus fisheries
Relative Threat Index (RTI; arbitrary scale of 0–1; where 1 indicates
greatest threat) was calculated for each hexagon grid cell as follows:
pink sea fan relative abundance km�2* fishing activity/max (pink sea
fan relative abundance km�2* fishing activity).
3. Results

3.1. Seasearch marine surveys

Seasearch surveys (n¼4482) were conducted in nearshore
waters (mostly out to 6 nautical miles) of Wales (Pembrokeshire
and Swansea) and southwest England (Cornwall, Devon, Dorset,
and Hampshire) for the period 2001–2012. No dives were con-
ducted in the Bristol Channel due to poor visibility (Fig. 1a). Survey
coverage varied due to dive site accessibility and logistical con-
straints. Concentrated survey effort occurred off Plymouth (South
Devon) (2.4–3.2 dives km�2). Areas that received moderate survey
effort (0.9–2.4 dives km�2) were: Milford Haven (Pembrokeshire),
Lundy Island, Isles of Scilly, Penzance, The Manacles (Falmouth
Bay), Bigbury Bay (South Devon), Brixham (South Devon) and
Poole (Dorset) (Fig. 1b).
Fig. 1. Seasearch survey events and unique dive sites with pink sea fan colonies
present (Colonised Dive Sites (CDS)) within the study area, 2001–2012.
(a) Seasearch survey events (n¼4482). (b) Survey events were summed by hexagon
polygon sampling grid (200 km2) and the resulting densities corrected for coin-
cident sea surface area. Survey densities km�2 are represented by monochrome
shading using a four class equal interval classification as detailed in the.
(c) Seasearch survey events (n¼4482), overlain with CDS (n¼303, black circles).
(d) Relative abundance of pink sea fans. Each hexagon grid is the product of the
sum of CDS multiplied by the pink sea fan modal SACFOR score for that hexagon,
corrected for coincident sea surface area. The relative abundance km�2 is re-
presented by monochrome shading using a four class equal interval classification as
detailed in the figure legend. All parts are drawn to the same spatial scale. Map
drawn to Projected Coordinate System: British National Grid Transverse Mercator.
Pink sea fan colonies (n¼2823) were recorded for the period
2001–2012 at 303 CDS. Concentrated, but isolated colonies of
pinks sea fans were recorded off the Pembrokeshire peninsula, and
the islands of Lundy and the Isles of Scilly. Colonies also occurred
along the north coast of Cornwall and throughout the southern
coast of England (Fig. 1c). The relative abundance of pink sea fan
colonies varied. The greatest relative abundance of pink sea fans

http://www.esri.com
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Fig. 2. Percentage coincidence of unique Colonised Dive Sites (CDS) and Marine
Protected Areas (MPAs). Bars are labelled as follows; SAC & MCZ (no BTG): CDS
within a Special Area of Conservation (SAC) with no access to Bottom-Towed Gear
(BTG) and within a Marine Conservation Zone (MCZ). SAC (no BTG): CDS within a
SAC with no access to BTG. SAC (no scallopers): CDS within a SAC closed to scallop
dredgers (Welsh waters). MCZ: CDS within a MCZ. Outside MPA: CDS that are lo-
cated outside of a MPA. Black bars, CDS with protection from bottom-towed gear,
grey bars CDS without protection from bottom-towed gear.
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occurred off Plymouth. Moderate abundances (0.1–0.3 relative
abundance) occurred around the island of Lundy, the Isles of Scilly,
The Manacles (Falmouth Bay), Bigbury Bay and Lyme Bay (Fig. 1d).
Pink sea fan relative abundance was limited in other places, even
where Seasearch survey effort was moderate i.e. Pembrokeshire,
Brixham and Poole.

3.2. Marine protected areas

Sixty percent (60%) of CDS occurred within MPAs (SACs and
designated MCZs) that offered protection to species from bottom-
towed gear, 5% of CDS occurred within MPAs that currently offer
no protection to benthic species and 35% of CDS occurred outside
MPAs (Fig. 2).

Pink sea fan colonies coincident with MPAs, but without pro-
tection from bottom-towed gear, primarily occurred within the
MCZs of The Manacles, Skerries Bank and Surrounds, Chesil Beach
and Stennis Ledges, Whitsand Bay and Looe Bay; there were also
isolated colonies coincident with the MCZs of Torbay and Padstow
Bay and Surrounds (Fig. 3).

This analysis identified five key areas where pink sea fan co-
lonies occurred outside the protection of the MPA network; north
of the Pembrokeshire ‘no scallopers’ SAC, northeast and southwest
of the Padstow Bay and Surrounds MCZ, Land's End to Penzance
(east of the Land's End and Cape Bank SAC), Falmouth to St. Austell
Bay (east of the Falmouth and Helford SAC) and west of Lyme Bay
(Figs. 1 and 3).

3.3. Fishing activity and threat analysis

Relative threat to pink sea fan colonies from fishing vessels
operating bottom-towed gears (2007–2009) was primarily con-
centrated along the south coast of Cornwall and Devon. Moderate
to greatest threat (Z0.25 RTI, based on the arbitrary division of
the RTI by quartiles (o0.25:low, Z0.25 – r 0.75: moderate,
40.75: high)) from trawls occurred around Falmouth Bay (The
Manacles), and for trawls and dredges, south of Plymouth (in-
cluding the Eddystone Reef complex), and Lyme Bay. There was
low threat (o0.25 RTI) throughout the majority of southwest
coastal waters for both gear types, with isolated areas along the
north Cornish coast and Pembrokeshire (Fig. 4b and c).
4. Discussion

At present, approximately 16% of UK waters are designated as
MPAs [17]. However, until 2014, there was no statutory under-
pinning on a UK-wide basis to protect vulnerable reef habitat from
bottom-towed fishing gears within MPAs. Isolated sites were
protected in a piecemeal fashion primarily as a result of local
campaigns, e.g. Falmouth Bay [35], and Lyme Bay [27]. In 2010 all
Welsh SACs were protected from bottom-towed scallop dredges
under the Welsh Scallop (2010) Order. Between November 2013
and May 2014 byelaws introduced by Inshore Fisheries and Con-
servation Authorities (IFCAs) and the Marine Management Orga-
nisation (MMO) saw much of the remainder of reef habitat in
southwest England SACs protected from all bottom-towed fishing
gears.

This study reveals that within southwest UK coastal waters, the
MPA network confers protection to approximately 60% of known
pink sea fan colonies by way of either EU-level Special Areas of
Conservation (SACs), or more recently under national legislation,
through ‘Marine Conservation Zones’ (MCZs) under the Marine
and Coastal Access Act (2009). Although not listed as an EU Ha-
bitats Directive Annex II species, pink sea fan associated habitat
may be protected via SACs as an Annex I habitat (reefs); or via
MCZs as a component of the Habitat of Conservation Importance
‘fragile sponge and anthozoan communities on subtidal rocky
habitats’ or the broad-scale habitats ‘high energy circalittoral rock’
and ‘moderate energy circalittoral rock’ [23]. Since the first tranche
of twenty seven MCZs were designated in 2013, pink sea fans have
been directly considered as a designating (species) feature (Fea-
ture of Conservation Importance) for protection within some MCZs
[12] both for its own intrinsic value, and as this species is generally
considered a useful surrogate for the presence of ‘hard ground’, be
that artificial or natural reef, as their basal ‘holdfasts’ must recruit
onto solid substratum. Its presence on some areas of veneers of
loose sediment around consolidated reefs has even resulted in an
evidence base to support wide-scale buffers for protection against
bottom-towed fishing gears around hard reef areas [28,32].

All SACs in this analysis contain ‘reef’ habitat of some kind
(either bedrock or stony) as part of their designated features (see
site applicable formal advice under Regulation 33/35 of The Con-
servation of Habitats and Species Regulations 2010 (as amended):
http://publications.naturalengland.org.uk/category/3212324). Pink
sea fans were recorded throughout the study area, with the ex-
ception of parts of the South Pembrokeshire, Gower peninsula, the
Bristol Channel, North Cornwall and Bideford Bay in Devon. In the
cases of South Pembrokeshire and the Gower Peninsula suitable
rocky habitats occur but pink sea fans were not present probably
due to the turbidity of coastal waters. Similarly, turbidity and lack
of suitable habitats may preclude pink sea fans from colonising
Bideford Bay and the Bristol Channel. In the case of North Corn-
wall, pink sea fans are potentially present in suitable habitats, but
survey effort within the area is relatively low, or non-existent in
some areas (Fig. 1a and c) because the coast is exposed and has
limited diving infrastructure. There were no dive records for the
Cape Bank and Land's End SAC (to the west and northwest of
Land's End) (Fig. 3c). This is because these locations are too ex-
posed and costly to access for recreational diving. However, un-
derwater video and camera surveys of these sites by Natural
England have confirmed the presence of pink sea fan colonies in
both the inner and outer parts of the site [21]. Pink sea fans have
not been recorded in the South Dorset MCZ to the south of Port-
land (Fig. 3e), probably because the conservation features here are
coarse sediment and chalk reef and therefore potentially unable to
support pink sea fans.

Although approximately 60% of known pink sea fan CDS are
now within MPAs with protection from BTG, over 40% are not

http://publications.naturalengland.org.uk/category/3212324


Fig. 3. Pink sea fan colonies (n¼2823, black circles) as recorded by Seasearch survey events (n¼4482, 2001–2012) with Marine Protected Areas (MPAs). MPAs are drawn in
accordance with the legend detailed in part (c). Differing spatial scale used throughout all parts. Maps drawn to Projected Coordinate System: British National Grid
Transverse Mercator.
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coincident with protected areas. These locations occur outside of
the MPA network; or, if situated within an MPA, byelaws do not
exist to protect them from BTG. However, it is likely that estab-
lished rocky reefs at some of these locations, e.g. The Manacles,
provides de facto protection, as fishing gear would likely become
trapped if it were to be towed over the site due to the vertical
nature of the bedrock. Nonetheless, fisheries are likely to operate
to the very limits of these features and so while these areas may be
protected by their very nature they may become isolated and lack
connectivity to surrounding habitats. Some habitats surrounding
reefs also recruit and support pink sea fans and other species as-
sociated with hard geogenic structures [32]; as such, expansion of
protection measures that surround reefs, into more sedimentary
habitat, may provide wider ecosystem benefits [28].

Areas of unprotected pink sea fan habitat, with moderate to
low risk of damage from bottom-towed gear occurred within, and
adjacent to, the MCZ of The Manacles, within the MCZ of Whitsand
and Looe Bay, and throughout areas of Falmouth and St. Austell
Bay. Restricting access to bottom-towed gear inside established
MPAs (i.e. The Manacles, Whitsand and Looe Bay) would result in a
‘quick win’ for protection of pink sea fan dominated habitat within
these already designated areas. Deliberation could also be given to
extending existing boundaries of MCZs/SACs (with appropriate
protection) into adjacent waters where pink sea fan habitat exist
(as identified within this study), as well as establishing MPAs in
areas already colonised by pink sea fans. However, this is unlikely
to be a practical consideration given that current MPA designa-
tions are based on multiple criteria and not solely focused on the
distribution of a single species. Furthermore, implementation of
additional legislative measures needs to accurately account for the
possible displacement of fisheries effort to other habitats and
species, as well as the social and economic implications that these



Fig. 4. (a) Fishing vesselso15 m by home port (2007) (http://www.geostore.com/
environment-agency/WebStore?xml¼environment-agency/xml/ogcDataDown
load.xml). Black circles represent total vessels (n) registered by home port as de-
tailed in the figure legend. Relative Threat Index (RTI) for pink sea fans vs. (b) trawls
and (c) dredges. Each hexagon grid is calculated as follows: pink sea fan relative
abundance km�2 * fishing activity / max (pink sea fan relative abundance km�2 *
fishing activity), and is represented by a five class classification as detailed in the
figure legend. All parts are drawn to the same spatial scale. Maps drawn to Pro-
jected Coordinate System: British National Grid Transverse Mercator.

Fig. 5. Pink sea fan colony at Litte Wrea, The Manacles. The pink sea fan has a
morphology and colour unique to the species. See Supplementary material, Fig. S1
for colour version. Image courtesy of C. Wood, Seasearch.
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measures may have on targeted fisheries. Cost-benefit analysis
including the potential recovery of ecosystem goods and services
to the environment and associated human goods should also be
factored in to any management measures [19]. It is important to
recognise that this analysis focuses on the single threat of bottom-
towed gear to a sessile benthic species. As such, other impacts
associated with the growing pace of human development in the
sea, including activities such as anchoring of shipping or civil en-
gineering projects (e.g. renewable energy developments [15]; [39])
are not considered, all of which may disturb and potentially per-
manently alter benthic habitats.

Several caveats must be considered when interpreting the
findings from this study. Using a citizen science approach to data
collection no doubt poses some issues regarding species identifi-
cation; however, the pink sea fan has a morphology and colour
unique to the species (Fig. 5 and Supplementary material, Fig. S1),
leading to a low likelihood of false positive detection, allowing
confidence that the available data present a useful representation
of pink sea fan distribution. The spatial coverage of the Seasearch
pink sea fan dataset is necessarily limited by the depth range of
recreational SCUBA and the level of effort invested by the Sea-
search volunteers; as such, some areas within the study area have
received more attention than others. Yet, in the absence of wide-
scale and comprehensive government-funded surveys of south-
west UK seabed biodiversity, the Seasearch programme provides
an unrivalled spatial and temporal coverage. It is clear that
knowledge on pink sea fan distribution in waters deeper than 30
m and for areas inaccessible to safe recreational SCUBA would
complement this analyses; such knowledge could be gained from a
focused campaign of novel rapid data collection using surface
operated seabed survey equipment [33]. This sampling approach
could extend knowledge in unsurveyed areas and validate extant
data at randomly selected sites previously surveyed by Seasearch.

This study reveals that within southwest UK coastal waters the
current MPA network is affording moderate protection to pink sea
fan habitat that in turn, may confer protection to other associated
benthic species. Nonetheless, deficiencies in spatial coverage and
legislative protection exist that allows tracts of ecologically im-
portant, and sensitive benthos, to be unprotected from fisheries
using bottom-towed gear. It is likely that adoption of re-
commendations made within this study would result in further
integration and connectivity of the UK's developing system of
MPAs, which could confer protection to multiple benthic species,
including associated habitat buffering the edge of rocky subtidal
reefs. Whilst our analysis focuses on a single species, the presented
methodology could likely be applied to other benthic species to
help build knowledge of distribution and threat, that in turn may
further the knowledge base required to support policy making.
Further, the work highlights the utility of well organised citizen
science and how such efforts can inform marine spatial planning
whether it be for conservation, fisheries or other marine devel-
opments such as for marine renewable energy. Indeed, with the
inclusion of the need for monitoring programs under the MSFD to
allow for ongoing assessment of the marine environment, the
formal integration of citizen science collected data could have a
valuable contribution to play in future appraisals of the environ-
mental status of the marine ecosystem.
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BTG: Bottom-Towed Gear;
CBD: Convention for Biological Diversity;
CDS: Colonised Dive Sites;
EU: European Union;
FOCI: Features of Conservation Importance;
IFCA: Inshore Fisheries and Conservation Authorities;
IUCN: International Union for Conservation of Nature;
MCZ: Marine Conservation Zones;
MMO: Marine Management Organisation;
MPA: Marine Protected Area;
MSFD: Marine Strategy Framework Directive;
NERC: Natural Environment Research Council;
NGO: Non Governmental Organisation;
RTI: Relative Threat Index;
SAC: Special Areas of Conservation;
SACFOR: Super-abundant Abundant Common Frequent Occasional Rare;
SCUBA: Self-contained Underwater Breathing Apparatus;
SPA: Special Protection Areas;
UK: United Kingdom.
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