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Executive Summary 

This report is one of a series of Marine Protected Area (MPA) characterisation and 

monitoring reports delivered to Defra by the Marine Protected Areas Group (MPAG).  

The purpose of the report series is to provide the necessary information to allow 

Defra to fulfil its obligations in relation to MPA assessment and reporting, currently in 

relation to OSPAR, the UK Marine & Coastal Act (2009) and other relevant 

Directives (e.g., Marine Strategy Framework Directive).  This characterisation report 

is informed by data acquired during a number of dedicated surveys carried out at 

The Manacles Marine Conservation Zone (MCZ) (during the period 2012-2016) and 

will form part of the ongoing time series data and evidence for this MPA. 

The Manacles MCZ is an inshore site located on the southern coast of Cornwall 

within the óWestern Channel and Celtic Seaô Charting Progress 2 (CP2) sea area.  A 

number of features of conservation importance (FOCI), including both habitats and 

species, are designated for protection within The Manacles MCZ.  This report 

provides a description of a number of the Broadscale Habitats (BSHs) óA3.1/3.2 

High/Moderate energy infralittoral rockô, óA4.1/4.2 High/Moderate energy circalittoral 

rockô, óA5.1 Subtidal coarse sedimentô, óA5.2 Subtidal sandô, A5.4 Subtidal mixed 

sedimentsô and óA5.5 Subtidal macrophyte-dominated sedimentô), habitat features of 

conservation importance (FOCI) (óMaerl Bedsô) and species FOCI (Pink Sea_Fan 

Eunicella verrucosa) designated within the MCZ. 

The subtidal habitats within The Manacles MCZ consist of rock habitats surrounded 

by a mosaic of coarse and mixed sediments, interspersed with small localised 

patches of sand.  The main biotopes observed in association with the infralittoral 

rock include ókelp and red seaweeds (moderate energy infralittoral rock)ô 

(IR.MIR.KR) and ófoliose red seaweeds with dense Dictyota dichotoma and/or 

Dictyopteris membranacea on exposed lower infralittoral rockô 

(IR.HIR.KFar.FoR.Dic).  The main biotopes observed in association with the 

circalittoral rockô include óechinoderms and crustose communitiesô (CR.MCR.EcCr) 

and óEunicella verrucosa and Pentapora foliacea on wave exposed circalittoral rockô 

(CR.HCR.XFa.ByErSp.Eun). 

The majority of the sedimentary habitats surrounding the rock features within the 

MCZ comprise a mosaic of óA5.1 Subtidal coarse sedimentô and óA5.4 Subtidal mixed 

sedimentsô, which include localised patches of óA5.5 Subtidal macrophyte-dominated 

sedimentô.  Within The Manacles MCZ these BSHs were mainly characterised by the 

biotopes óred seaweeds and kelps on tide-swept mobile infralittoral cobbles and 

pebblesô (SS.SMp.KSwSS.LsacR.CbPb) and óMaerl bedsô (SS.SMp.Mrl).  The 

relatively restricted distribution and spatial extent of live Maerl beds identified within 

the MCZ supports the consideration of a management approach that would facilitate 

their potential recovery. 

The species FOCI Pink Sea-Fan (Eunicella verrucosa) was present primarily in 

association with the óA4.1/4.2 High/Moderate energy circalittoral rockô features 

located within and adjacent to the MCZ.  Observations were also made of the 
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species FOCI Sea-Fan Anemone (Amphianthus dohrnii) in two still images acquired 

within the MCZ. 

Three Non-Indigenous Species (NIS) were also present in the infaunal samples 

collected within The Manacles MCZ and these included the polychaete worm 

Goniadella gracilis, the barnacle Hesperibalanus fallax and the gastropod mollusc 

Crepidula fornicata. 

A number of supporting processes were considered as part of this report.  Results of 

tidal modelling indicated that the MCZ faces away from the prevailing westerly winds 

and mainly has moderate (0.5-1.5 m s-1) to weak (<0.5 m s-1) tidal currents flowing 

on a southwest-northeast axis.  Water and sediment quality assessments were not 

included as part of the surveys carried out at The Manacles MCZ.  However, ten 

incidences of marine litter were observed in the seabed imagery data and these 

included fragments of rope and plastic sheet. 

A number of recommendations for future assessment and monitoring of designated 

features within The Manacles MCZ (and other comparable sites) are provided. 
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1 Introduction 

The Manacles Marine Conservation Zone (MCZ) is part of a network of sites 

designed to meet conservation objectives under the Marine and Coastal Access Act 

(2009).  These sites will also contribute to an ecologically coherent network of 

Marine Protected Areas (MPAs) across the North-east Atlantic agreed under the 

Oslo Paris (OSPAR) Convention and other international commitments to which the 

UK is signatory. 

Under the UK Marine & Coastal Access Act (2009), Defra is required to provide a 

report to Parliament every six years that includes an assessment of the degree to 

which the conservation objectives set for MCZs are being achieved.  In order to fulfil 

its obligations, Defra has directed the Statutory Nature Conservation Bodies 

(SNCBs) to carry out a programme of MPA monitoring.  The SNCB responsible for 

nature conservation inshore (between 0 nm and 12 nm from the coast) is Natural 

England (NE) and the SNCB responsible for nature conservation offshore (between 

12 nm and 200 nm from the coast) is the Joint Nature Conservation Committee 

(JNCC).  Where possible, this monitoring will also inform assessment of the status of 

the wider UK marine environment; for example, assessment of whether Good 

Environmental Status (GES) has been achieved, as required under Article 11 of the 

Marine Strategy Framework Directive (MSFD). 

This characterisation report primarily explores data acquired from the first dedicated 

monitoring survey of The Manacles MCZ, which will form the initial point in a 

monitoring time series against which feature (and site) condition can be assessed in 

the future.  The specific aims of the report are discussed in more detail in section 

1.2. 

1.1 Site overview 

The Manacles MCZ is an inshore site on the southern coast of Cornwall (Figure 1).  

The Manacles MCZ was recommended as an MCZ by the óFinding Sanctuaryô 

regional stakeholder group project.  It is located in the jurisdictional area of the 

Cornwall Inshore Fisheries Conservation Authority (IFCA) and falls within the wider 

óCharting Progress 2ô (CP2) area óWestern Channel and Celtic Seaô.  The site is 

neighboured by Mounts Bay and Runnel Stone (Landôs End) designated MCZs as 

well as the Fal and Helford Special Area of Conservation (SAC), the Landôs End and 

Cape Bank SAC and the Lizard Point SAC (Figure 1). 

The MCZ extends 2 km from the shoreline, ranging from the intertidal to a water 

depth of ~60 metres below sea level (chart datum).  The site encompasses a series 

of large underwater rocky outcrops known as The Manacles, which are located 

within a mosaic of large boulders and muddy shell gravel, with sand deposits in the 

more sheltered bays along the coast. 
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The site was designated due to the presence of high quality reef features and a 

number of associated species of conservation interest1.  The rocky reef habitat, 

which is covered in a hydroid/bryozoan turf, supports dense populations of Pink Sea-

Fans (Eunicella verrucosa), small Sea-Fan Anemones (Amphianthus dohrnii) and 

the Stalked Jellyfish (Haliclystus auricula), as well as the commercially important 

European Lobster (Homarus gammarus) and the Spiny Lobster (Palinurus elephas). 

The sedimentary habitats that surround the area support Maerl beds, which create 

structures for urchins, anemones and sea cucumbers to burrow in to (Lieberknecht 

et al., 2011).  The spatial extent of The Manacles MCZ is less than the minimum 

required, as described in the Ecological Network Guidance (ENG) (Natural England, 

2010), for the protection of Broadscale Habitats (i.e., minimum diameter of 5 km with 

mean size 10-20 km in diameter).  Therefore, the presence of sedimentary 

Broadscale Habitats (BSH) was not a primary reason for the recommendations for 

designation of this site (Lieberknecht et al., 2011).  However, The Manacles MCZ 

Designation Order 2013, and a subsequent Manacles MCZ Designation 

(Amendment) Order 2016, lists three sedimentary subtidal BSHs as protected 

features: óA5.1 Subtidal coarse sedimentô, óA5.2 Subtidal sandô and óA5.4 Subtidal 

mixed sedimentsô.  Table 1 lists the BSHs and Features of Conservation Importance 

(FOCI) that have been reported at the site in the Site Assessment Document (SAD) 

(Lieberknecht et al., 2011) and the Site Report (Brown and Mitchell, 2016) based on 

a dedicated site verification survey.  The features afforded protection in the site 

designation order and the General Management Approach (GMA) to be applied to 

each feature are also provided in Table 1. 

                                            
1 http://www.legislation.gov.uk/ukmo/2013/13/pdfs/ukmo_20130013_en.pdf [accessed 
06/02/2018] 

http://www.legislation.gov.uk/ukmo/2013/13/pdfs/ukmo_20130013_en.pdf
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Figure 1.  Location of The Manacles MCZ in the context of Marine Protected Areas and management 
jurisdictions proximal to the site. 
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Table 1.  The Manacles MCZ site overview, including General Management Approach (GMA) for 

designated features. 

Site Details  

Charting Progress 2 Region2 Western Channel & Celtic Sea 

Spatial Area (km2) 3.5 

Water Depth Range (m) 0-60 

Existing Data & Information Brown, L., and Mitchell, P. (2016). The Manacles 
MCZ Post-Survey Site Report. 90 pp. 

Godsell. N. et al. (2013). The Manacles rMCZ 
Survey Report. 60 pp. 

Arnold, K. (2016). The Manacles MCZ 2015 
Survey Report. 136 pp. 

Naylor, H. et al. (2016). Manacles MCZ Drop 
Down Video (20160516_CIFCA_MCZ_MAN_DDV) 
Survey Field Report. 20 pp.  

Trundle, C. et al. (2016). Manacles MCZ Sidescan 
(20160303_MCZ_MAN_SSS) Survey Field Report. 
17 pp. 

Current & Proposed Management Measures CIFCA Byelaw-Prohibition of bottom towed 
gear with The Manacles MCZ3 

Features Present (BSH) Designated GMA 

A1.2 Moderate energy intertidal rock* V Maintain 

A2.1 Intertidal coarse sediment* V Maintain 

A2.2 Intertidal sand and muddy sand* U N/A 

A2.3 Intertidal mud* U N/A 

A2.4 Intertidal mixed sediments* U N/A 

A3.1 High energy infralittoral rock U N/A 

A3.2 Moderate energy infralittoral rock V Maintain 

A4.2 Moderate energy circalittoral rock V Maintain 

A5.1 Subtidal coarse sediment V Recover 

A5.2 Subtidal sand V Maintain 

A5.4 Subtidal mixed sediments V Recover 

A5.5 Subtidal macrophyte dominated sediment V Recover 

Features Present (Habitat FOCI)   

Maerl Beds V Recover 

Features Present (Species FOCI)   

Sea-Fan Anemone (Amphianthus dohrnii)** V Maintain 

Spiny Lobster (Palinurus elephas)** V Recover 

Pink Sea-Fan (Eunicella verrucosa)** V Recover 

Stalked Jellyfish (Haliclystus auricular)** V Maintain 

Sunset Cup Coral (Leptosammia pruvoti)** U N/A 

* The characterisation survey reported here did not extend into the intertidal. 
**The characterisation survey was not specifically designed to target species FOCI. 

                                            
2http://webarchive.nationalarchives.gov.uk/20141203170558tf_/http://chartingprogress.defra.gov.uk/ 
[accessed 06/02/2018] 
3https://secure.toolkitfiles.co.uk/clients/17099/sitedata/Byelaws%20and%20orders/Cornwall_IFCA/Ma
nacles-MCZ-byelaw.pdf [accessed 06/02/2018] 

http://webarchive.nationalarchives.gov.uk/20141203170558tf_/http:/chartingprogress.defra.gov.uk/
https://secure.toolkitfiles.co.uk/clients/17099/sitedata/Byelaws%20and%20orders/Cornwall_IFCA/Manacles-MCZ-byelaw.pdf
https://secure.toolkitfiles.co.uk/clients/17099/sitedata/Byelaws%20and%20orders/Cornwall_IFCA/Manacles-MCZ-byelaw.pdf
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1.2 Aims and objectives 

1.2.1 High-level conservation objectives 

High-level site-specific conservation objectives serve as benchmarks against which 

the efficacy of the GMA in achieving the conservation objectives (i.e., maintaining 

designated features at, or recovering them to, ófavourable conditionô) can be 

assessed and monitored. 

As detailed in The Manacles MCZ designation order1, the conservation objectives for 

the site are that the designated features: 

a) So far as already in favourable condition, remain in such condition; and 

b) So far as not already in favourable condition, be brought into such 

condition, and remain in such condition. 

It should be noted that the ómaintainô GMAs have been applied based on a proxy 

assessment, as opposed to being based on empirical monitoring evidence (i.e., 

direct observations).  As such, the vulnerability assessment took into account the 

level of exposure of the features to those pressures to which they are perceived to 

be sensitive. 

1.2.2 Definition of favourable condition 

For habitat features, a number of attributes4 are assessed and monitored to 

determine whether or not features are in favourable condition. 

Favourable condition, with respect to a habitat feature, means that: 

a) Its extent and distribution is stable or increasing; 

b) Its structures and functions, including its quality, and the composition of 

its characteristic biological communities, are such as to ensure that it 

remains in a condition which is healthy and not deteriorating; and 

c) Its natural supporting processes are unimpeded. 

The extent of a habitat feature refers to the total area in the site occupied by the 

qualifying feature and must also include consideration of its distribution.  A reduction 

in feature extent has the potential to alter the physical and biological functioning of 

sedimentary habitat types (Elliott et al., 1998).  The distribution of a habitat feature 

influences the component communities present and can contribute to the condition 

and resilience of the feature (JNCC, 2004). 

The assessment and monitoring of extent is only appropriate for those features with 

a discrete boundary, which are likely to be affected by pressures that can be 

regulated as part of the management approach.  Examples of such features are, 

                                            
4https://designatedsites.naturalengland.org.uk/Marine/SupAdvice.aspx?SiteCode=UKMCZ0018&Site
Name=manacles&SiteNameDisplay=The+Manacles+MCZ&countyCode=&responsiblePerson=&SeaA
rea=&IFCAArea= [accessed 06/02/2018] 

https://designatedsites.naturalengland.org.uk/Marine/SupAdvice.aspx?SiteCode=UKMCZ0018&SiteName=manacles&SiteNameDisplay=The+Manacles+MCZ&countyCode=&responsiblePerson=&SeaArea=&IFCAArea
https://designatedsites.naturalengland.org.uk/Marine/SupAdvice.aspx?SiteCode=UKMCZ0018&SiteName=manacles&SiteNameDisplay=The+Manacles+MCZ&countyCode=&responsiblePerson=&SeaArea=&IFCAArea
https://designatedsites.naturalengland.org.uk/Marine/SupAdvice.aspx?SiteCode=UKMCZ0018&SiteName=manacles&SiteNameDisplay=The+Manacles+MCZ&countyCode=&responsiblePerson=&SeaArea=&IFCAArea
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among others, biogenic reefs and Maerl beds.  The spatial extent of most 

Broadscale Habitats is not likely to change in response to most pressures.  

Exceptions to this include activities such as dredging and disposal of dredged 

materials, which will directly impact the type of seabed habitat present.  The other 

components (i.e., feature structure and function) are more appropriate measures of 

favourable condition for most habitat features.  Feature and sub-feature specific 

targets (and details of their supporting processes) are provided in the supplementary 

advice4 for designated sites. 

Structure encompasses the physical components of a habitat type and the key and 

influential species present.  Physical structure refers to topography, sediment 

composition and distribution.  Physical structure can have a significant influence on 

the hydrodynamic regime operating a varying spatial scales in the marine 

environment, as well as influencing the presence and distribution of associated 

biological communities (Elliott et al., 1998).  The function of habitat features includes 

processes such as: sediment reworking (e.g., through bioturbation) and habitat 

modification, primary and secondary production and recruitment dynamics.  Habitat 

features rely on a range of supporting processes (e.g., hydrodynamic regime, water 

quality and sediment quality), which act to support their functioning as well as their 

resilience (e.g., ability to recover following impact). 

For species features, favourable condition means that: 

a) The quality and quantity of its habitat are such as to ensure that the 

population is maintained in numbers which enable it to thrive; 

b) The composition of its population in terms of number, age and sex ratio 

are such as to ensure that the population is maintained in numbers 

which enable it to thrive; and 

c) Its natural supporting processes are unimpeded. 

1.2.3 Report aims and objectives 

The primary aim of this report is to explore and describe the attributes of the 

designated features within The Manacles MCZ, to enable future assessment and 

monitoring of feature condition.  The results presented will be used to develop 

recommendations for future monitoring, including the operational testing of specific 

metrics which may indicate whether the condition of the feature has been 

maintained, is improving or is in decline. 

The specific objectives of this monitoring report are provided below: 

1. Provide a description of the extent5, distribution, structural and (where 

possible) functional attributes, and the supporting processes, of the 

designated features within and adjacent to the site (see Table 2 for 

                                            
5 Note that where current habitat maps are not available, extent will be described within the limits of 
the available data. 
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more detail), to enable subsequent condition monitoring and 

assessment; 

2. Note observations of any Habitat or Species FOCI not covered by the 

Designation Order as features of the site; 

3. Present evidence relating to marine litter (Descriptor 10), to satisfy 

requirements of the Marine Strategy Framework Directive; 

4. Present evidence relating to non-indigenous species (Descriptor 2), to 

satisfy requirements of the Marine Strategy Framework Directive; 

5. Provide practical recommendations for appropriate future monitoring 

approaches for both the designated features and their natural 

supporting processes (e.g., metric selection, survey design, data 

collection approaches) with a discussion of their requirements. 
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1.2.4 Feature attributes and supporting processes 

To achieve report objective 1, the report will present evidence on a number of 

feature attributes and supporting processes, as defined in the supplementary advice 

on conservation objectives developed by Natural England for the designated 

features within The Manacles MCZ6.  It should be noted that it was not possible to 

address all feature attributes in the monitoring characterisation survey, given the 

comprehensive nature of the attribute list for each feature.  The feature attributes 

were therefore rationalised and prioritised, resulting in a smaller sub-set. 

The list of selected feature attributes and supporting processes considered in this 

report is presented in Table 2, alongside the generated outputs for each. 

Table 2.  Feature attributes and supporting processes addressed to achieve report objective 1, for The 
Manacles MCZ. 

Feature attributes Features Outputs 

Extent and distribution A3.2 Moderate energy infralittoral rock 
A4.2 Moderate energy circalittoral rock 
A5.1 Subtidal coarse sediment 
A5.2 Subtidal sand 
A5.4 Subtidal mixed sediments 
A5.5 Subtidal macrophyte dominated sediment 
 

Habitat map 

Physical structure of rocky 
substrate 

A3.2 Moderate energy infralittoral rock 
A4.2 Moderate energy circalittoral rock 

Habitat map 

Sediment composition and 
distribution 

A5.1 Subtidal coarse sediment 
A5.2 Subtidal sand 
A5.4 Subtidal mixed sediments 

Habitat map and PSA 
derived from seabed 
sediment samples 

Presence and spatial distribution 
of biological communities 
 
Presence and abundance of key 
structural and influential species 
 
Species composition of 
component communities 

A3.2 Moderate energy infralittoral rock 
A4.2 Moderate energy circalittoral rock 
A5.1 Subtidal coarse sediment 
A5.2 Subtidal sand 
A5.4 Subtidal mixed sediments 
A5.5 Subtidal macrophyte dominated sediment 

Biological communities 
(and biotopes) derived 
from ground truth 
samples 

Non-indigenous species (NIS) The Manacles MCZ Location of samples 
where NIS were 
recorded 

Presence and distribution of the 
species 
 

Pink Sea-Fan (Eunicella verrucosa) Presence and 
abundance of individuals 
observed in seabed 
imagery data 

Extent of supporting habitats Pink Sea-Fan (Eunicella verrucosa) Habitat map 

Energy/exposure The Manacles MCZ Tidal model 

 

                                            
6https://designatedsites.naturalengland.org.uk/Marine/MarineSiteDetail.aspx?SiteCode=UKMCZ0018
&SiteName=fal&countyCode=&responsiblePerson=&SeaArea=&IFCAArea= [accessed 06/02/2018] 

https://designatedsites.naturalengland.org.uk/Marine/MarineSiteDetail.aspx?SiteCode=UKMCZ0018&SiteName=fal&countyCode=&responsiblePerson=&SeaArea=&IFCAArea
https://designatedsites.naturalengland.org.uk/Marine/MarineSiteDetail.aspx?SiteCode=UKMCZ0018&SiteName=fal&countyCode=&responsiblePerson=&SeaArea=&IFCAArea
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2 Methods 

2.1 Data sources 

Data used to inform this characterisation report have been compiled from surveys 

carried out at The Manacles MCZ between 2012 and 2016 by the Environment 

Agency (EA) (Godsell et al., 2013; Arnold, 2016) and the Cornwall Inshore Fisheries 

and Conservation Authority (CIFCA) (Naylor et al., 2016; Trundle et al., 2016).  

Locations of video tows and grab samples collected during these surveys are shown 

in Figure 2. 

2.2 Survey design 

Forty-two stations located within the MCZ boundary were planned for survey in 

September 2012 by the EA to support the verification of feature presence and 

distribution.  The station positions were selected using a triangular lattice spaced 

200 m apart.  Of the 42 planned stations, 35 were successfully sampled using the 

drop-down camera system with viable grab samples also acquired at 17 of the 

planned stations.  These sampling stations were revisited and expanded upon during 

a second survey in 2015, to support a more detailed characterisation of the features 

designated within the MCZ along with comparable features present within the wider 

environment adjacent to the site.  As such, in order to collect additional habitat data 

beyond the MCZ boundary, the grid was extended to include an additional 42 

stations to the north and south of the MCZ boundary, within the 50 m depth contour 

(Figure 1). 

For vessel safety reasons, 200 m buffer zones around The Manacles rocks were 

incorporated into the survey plan (Arnold, 2016).  Eleven additional transects of still 

images (no video acquired) were previously acquired in July 2014 by the CIFCA to 

specifically target the Maerl features within the MCZ, identified during an earlier 

scoping study (Naylor et al., 2016).  Still images and video from an additional eight 

transects, comprising five stations (two stations were split into multiple tows) were 

collected in May 2016 in the previously un-surveyed area close to The Manacles 

rocks. 
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Figure 2.  Location of ground truth samples collected at The Manacles MCZ between 2012 and 2016. 
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2.3 Data acquisition and processing 

2.3.1 Acoustic data 

Multibeam echosounder (MBES) bathymetry and backscatter data for the MCZ and 

surrounding area exists as three distinct layers.  Block 1 and Block 2 acoustic data 

were commissioned by the Maritime Coastguard Agency (MCA) and collected by 

Netsurvey in 2013 aboard MV Ping using a Simrad Kongsberg EM3002D multibeam 

Echosounder.  The layers were downloaded from the UK Hydrographic Office 

(UKHO) INSPIRE Portal website.  Nearshore acoustic data (Block 3) were collected 

on behalf of the Channel Coastal Observatory (CCO) in 2013 aboard MV Wessex 

Explorer using a Simrad Kongsberg EM3002D multibeam echosounder.  Block 3 

was downloaded from the CCO website.  Bathymetry data for Block 1 were gridded 

at 5 m resolution, and Blocks 2 and 3 data were gridded at 2 m resolution.  The 

backscatter layers were gridded at 1 m.  However, the area of backscatter data, 

which coincided with the bathymetry data at 5 m resolution, was gridded up to 5 m 

resolution for analysis.  Full details on the acquisition and processing of acoustic 

data can be found in the Manacles site verification report (Brown and Mitchell, 2016). 

The Cornwall Inshore Fisheries Conservation Authority (CIFCA) shared Edgetech 

4200 dual frequency sidescan was used to carry out an acoustic survey of the 

central part of The Manacles MCZ during the 2016 CIFCA survey (Trundle et al., 

2016).  Due to the size and the complex bathymetry of the site, the sidescan unit 

was towed continuously for the duration of the survey at a constant depth.  Data 

were acquired at both the 300 and 600 kHz frequencies using Edgetechôs Discover 

software and data were recorded in .jsf and .xtf file formats.  Position of the towed 

sidescan system was estimated by recording the deployment point height above the 

water, the length of cable out and the distance aft of the vessel where the cable 

entered the water.  Positions (in WGS84) and times (UTC), were both recorded 

using a Furuno GP 32 GPS receiver. 

2.3.2 Seabed imagery 

Seabed imagery data were collected using a drop-down video system which 

consisted of a digital stills and video camera mounted on a frame.  The seabed 

imagery data were intended to contribute to the characterisation of epifaunal 

communities associated with both the rock and sedimentary habitat features.  All 

data were collected following MESH Recommended Operating Guidelines (ROG) 

(Coggan et al., 2007).  In the 2012 and 2015 EA surveys, video and still images were 

collected using a Seaspyder drop camera system.  Real time navigation data 

acquisition and manual position fixing was captured via Trimble® HYDROproÊ 

software.  Full details can be found in the survey reports (Godsell et al., 2013; 

Arnold, 2016).  Images of the seabed were acquired every 10-15 m over a distance 

of ~150 m.  Additional images were collected in heterogeneous areas of BSH and if 

particular habitats or species FOCI were observed, to ensure, as far as possible, that 

the habitats and species were adequately sampled and accurately identified. 
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The CIFCA surveys used a drop camera system with a Kongsberg OE14-208 stills 

camera in 2014 and a Seaspyder Subsea camera system in 2016.  Start and end 

positions of transects were recorded using Olex track recording and a still image was 

taken at the start of the tow with the positions of individual stills images recorded 

separately.  Video was collected continuously with still images captured at 60 second 

intervals.  During both surveys, the camera was landed onto the seabed for every 

still to ensure the highest quality images were obtained (Naylor et al., 2016). 

2.3.3 Seabed sediments 

Seabed sediment samples for particle size distribution and benthic infauna analyses 

were collected using a 0.1 m2 Hamon Grab (also known as a óminiô Hamon Grab). 

A 500 ml sub-sample was taken from each grab sample and stored at -20°C prior to 

determining the particle size distribution.  Sediment samples were processed by 

National Laboratory Service following the recommended methodology of the North 

East Atlantic Marine Biological Analytical Quality Control (NMBAQC) scheme 

(Mason, 2011).  The less than 1 mm sediment fraction was analysed using laser 

diffraction and the greater than1 mm fraction was dried, sieved and weighed at 

0.5 phi (◖) intervals.  Sediment distribution data were merged and used to classify 

samples into sedimentary Broadscale Habitats. 

The faunal fraction was sieved over a 1 mm mesh, photographed then fixed in 

buffered 4% formaldehyde.  Faunal samples were processed by APEM Ltd to extract 

all fauna present in each sample.  Fauna were identified to the lowest taxonomic 

level possible, enumerated and weighed (blotted wet weight) to the nearest 0.0001 g 

following the recommendations of the NMBAQC scheme (Worsfold et al., 2010). 

2.4 Data preparation and analysis 

2.4.1 Habitat map 

A habitat map showing the distribution of BSH in and around The Manacles MCZ 

was produced for the Site Verification Report.  Full details on the acquisition and 

processing of acoustic data and a detailed description of mapping methodology can 

be found in this report: Brown and Mitchell, 2016. 

The habitat map is based on object-based image analysis (OBIA) and statistical 

modelling of acoustic and ground truth data.  This process was undertaken 

separately for three Blocks of acoustic data.  Bathymetry data for Block 1 were 

gridded at 5 m resolution, and Blocks 2 and 3 data were gridded at 2 m resolution.  

The backscatter layers were gridded at 1 m.  However, the area of backscatter data 

which coincided with the bathymetry data at 5 m resolution was gridded up to 5 m 

resolution for analysis. 

Segmentation of the acoustic blocks was carried out in eCognition (vs9.1) using the 

multiresolution segmentation algorithm on varying combinations of GIS layers 

consisting of bathymetry, backscatter, BPI, slope and rugosity.  In each case, the 

segmentation was undertaken at the pixel level with a scale parameter of 5. 
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Conditional Inference (CI) analysis (Hothorn et al., 2006) run in R (R Core Team, 

2015) was used to identify the acoustic and derivative variables that most 

successfully differentiated between the BSH observed in the ground truth datasets, 

and to establish the best cut-off values for those variables.  The analysis was 

completed in two stages, first separating areas of rock from areas of sediment and, 

in a second step, further classifying inside those categories.  

The habitat map was further extended to cover inshore sections outside the MCZ 

that were not covered by the verification map.  The sections were not mapped as 

part of the original habitat map because backscatter data were not available for 

those sections.  In the added sections, rock and sediment were separated based on 

bathymetric rugosity (VRM10 > 0.0005). 

All sediments were initially classified as óA5.1/5.4 Subtidal coarse/mixed sedimentsô.  

In the absence of backscatter data, it is not possible to rule out the presence of 

patches of sand.  To the south of the site, the presence of sand is unlikely on the 

basis that observed sand occurred in current velocities that are weaker than 

indicated in that area.  In the north of the site, however, a boundary conflict with the 

verification map was observed, where sand was identified from the backscatter data.  

Through comparison of the bathymetry and backscatter data available, it was 

possible to manually extend the patches of sand into the area outside the 

backscatter data following bathymetric relief, to give a more accurate border 

between the two sediment types. 

Rock was split into infralittoral and circalittoral categories according to a depth 

boundary (21 m) identified using the ground truth data. All of the instances of 

óinfralittoral rockô and ócircalittoral rockô have been incorporated into composite 

habitats óA3.1/3.2 High/Moderate energy infralittoral rockô and óA4.1/4.2 

High/Moderate energy circalittoral rockô.  Although still images from the ground truth 

data were initially classified to high or moderate energy levels investigation of the 

communities present and the available modelling of prevailing energy conditions 

conclude that at this site it is not feasible to resolve the fine scale changes in energy 

regime in this site (see Section 3.2 for detail of the rationale applied). 

2.4.2 Sediment particle size distribution 

Sediment particle size distribution data (half phi classes) were grouped into the 

percentage contribution of gravel, sand and mud derived from the classification 

proposed by Folk (1954).  In addition, each sample was assigned to one of four 

sedimentary Broadscale Habitats using a modified version of the classification model 

produced during the Mapping European Seabed Habitats (MESH) project (Long, 

2006). 

2.4.3 Tidal modelling 

Mean and maximum tidal current velocities (m s-1) at the seabed and mean and 

maximum bed shear stress were obtained from a hydrodynamic model built for the 

study area.  The depth-averaged model of The Manacles MCZ is nested with a 
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larger English Channel model and has been built using an unstructured triangular 

mesh, using the hydrodynamic software Telemac2D (v7p1).  The model domain 

extends 48.01°N ï 52.48°N and 2.23°E ï 9.51°W.  The unstructured mesh was 

discretised with 292,630 nodes and 571,260 elements.  The mesh has a resolution 

of approximately 3 km along the open boundary.  In the area of interest, the 

resolution is refined to approximately 25 m.  Bathymetry for the model was sourced 

from the Defra Digital Elevation Model (Astrium, 2011).  The resolution of the dataset 

is 1 arc second (~30 m).  In the area of the MCZ, the MBES bathymetry from the 

area was used, gridded to a 2 m resolution.  The hydrodynamics are forced along 

the open boundaries using 11 tidal constituents (M2, S2, N2, K2, K1, O1, P1, Q1, 

M4, MS4 and MN4) from the OSU TPXO European Shelf 1/30° regional model [2].  

After a spin up period of 5 days, the model was run for 30 days to cover a full spring-

neap cycle.  Bed shear stress (N/m2) was calculated according to Soulsby (1997), 

based on current speed and local sediment characteristics (derived from the habitat 

map and sediment samples). It should be noted that this model does not include 

wave or wind energy, and therefore does not provide a complete indication of 

hydrodynamics.  In particular it is acknowledged that wave action at shallower 

depths will be altering the energy conditions experienced by the communities 

present and therefore this modelling will not resolve these small scale changes in 

energy regime. 

2.4.4 Physico-chemical properties 

No water or sediment quality parameters were acquired as part of the surveys at The 

Manacles MCZ included in this report.  Observations of marine litter on the seabed 

were recorded (using the protocol provided in Annex 5) as part of the analyses of 

video and still image data. 

2.4.5 Biological community data preparation 

Benthic macrofauna data sets were checked to ensure consistent nomenclature and 

identification policies.  Any discrepancies identified were resolved using expert 

judgement following the truncation steps presented in Annex 2.  Invalid taxa and 

fragments of countable taxa were removed from the data set, while the presence of 

colonial taxa was changed to a numerical value of one.  Records were combined 

where a species was identified correctly both by using its binomial name and by 

using its binomial name with a qualifier e.g. Lumbrinereis cingulata óaggregateô.  

Records labelled as ójuvenileô were combined with adults of the same 

genus/species/family. 

Three of the four still image data sets (2012, 2014 and 2015) included abundance 

records for taxa identified in the images.  A considerable difference was evident in 

the taxonomic detail between the analysis of stills acquired in 2012 and 2014-2015.  

Consequently, two community data sets were created with different levels of 

truncation following the steps provided in Annex 3.  In both datasets, fish and 

uncertain identification at the level of Animalia were removed.  All taxa observed 

were combined to the lowest common taxonomic level.  As the 2012 dataset was 
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less taxonomically resolute, a combined dataset was produced where by sponges, 

bryozoans as well as red and brown algae (other than Laminarians, which are very 

conspicuous and have been identified in both datasets) were simplified to a 

morphological category.  The data preparation and truncation resulted in 55 taxa 

included in the 2012-2015 dataset and 95 taxa in the 2014-2015 dataset. 

Different modes of recording abundance (percent cover vs. individual counts) 

prevented the aggregation of observed abundances across the taxa combined in the 

truncation step.  In order to retain some information relating to abundance for the 

subsequent community analyses, SACFOR scores were converted to a numerical 

ordinal scale from 1 (rare) to 6 (superabundant).  No additional transformations were 

applied to these data ahead of the multivariate analyses, as the 1-6 numerical 

transformation of the SACFOR score is already considered to be a log-transformed 

and scaled dataset.  Furthermore, as ordinal scores cannot be added or averaged, 

the maximum score of the combined taxa was adopted for each truncated entry. 

The infaunal and epifaunal species abundance data (generated from the infaunal 

samples and seabed imagery data respectively) were cross-referenced against a list 

of 49 non-indigenous target species which have been selected for assessment of 

Good Environmental Status in GB waters under MSFD Descriptor 2 (Stebbing et al., 

2014; Annex 5).  The list includes two categories; species which are already known 

to be present within the assessment area (present) and species which are not yet 

thought to be present but have a perceived risk of introduction and impact (horizon).  

An additional list of taxa, which were identified as invasive in the óNon-native marine 

species in British waters: a review and directoryô (Eno et al., in 1997) was also used 

to cross reference against all taxa observed (Annex 5). 

2.4.6 Statistical analyses 

The truncated macrofauna abundance and biomass data were imported into 

PRIMER v6 (Clarke and Gorley, 2006) to enable multivariate analysis and the 

derivation of various metrics for univariate analysis.  Species classification 

information and a number of relevant factors/indicators were also assigned to the 

data at this stage.  The number of taxa (S), Margalefôs species richness (d), total 

abundance of enumerable individuals (N) and Shannon (Loge) and Hills (N1) 

diversity metrics were derived for each sample using the DIVERSE function within 

PRIMER v6.  These metrics can be considered as a standard suite of ecologically 

meaningful measures of diversity and were selected to assess differences between 

1) designated habitat features and 2) biological community characteristics of 

comparable features located inside and outside of the MCZ boundary.  Non-metric 

multidimensional scaling (MDS) ordination plots, analysis of similarity between 

(ANOSIM) and within (SIMPER) groups were produced in PRIMER v6 to explore 

potential differences in biological community composition between the habitat 

features and also between examples of comparable features located within and out 

with the site boundary. 
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Summary statistics, data interpretation/manipulation and non-parametric Wilcoxon 

tests were performed on the sample level metrics to test for and explain any 

significant differences between groups (R core team, 2015).  This non-parametric 

test does not require the data to be normally distributed and yields equivalent results 

to the parametric t-test on normally distributed data.  A probability value (p) of 0.05 or 

less was considered to be statistically significant. 

The same analyses were conducted on the epifauna ordinal abundance data, with 

the distinction of number of taxa (S) being the only generated diversity metric, and 

the inclusion of all Broadscale Habitat types. 

Abundance of the species FOCI Eunicella verrucosa was recorded as the number of 

individuals observed in each still for all four datasets (e.g., collected in 2012, 2014, 

2015 and 2016). In the absence of consistent image area and number of images, the 

abundance per station in still images was represented by the mean count per image 

for each tow. The averaging approach assumes a similar variability in image area for 

each tow and is explained in detail in Annex 3.   Each still was allocated to a 

Broadscale Habitat type and location (i.e., inside or outside of the MCZ boundary).  

Some transects crossed the MCZ boundary.  In these cases, stills within 5 m of the 

boundary were classified as being inside the site.  For each station (transect) 

abundance was averaged across stills in each BSH type (to account for the effect of 

habitat association of the species).  The mean abundance at each station formed the 

sample unit for comparison of abundance in BSH strata located inside and outside 

the MCZ (see Annex 4 for further details). 

Eunicella verrucosa abundance was recorded from video transects for three of the 

four datasets.  Individual counts per video segment (change in habitat type begins a 

new segment) were recorded using the 2015 and 2016 datasets.  In the 2012 video 

dataset, abundance values were only available as a SACFOR score.  Individual 

counts were converted to densities (individuals m-2) by estimating the area covered 

by each transect as ósegment length (m) x 0.6 mô.  Densities in the 2015 and 2016 

data sets were converted to SACFOR according to MNCR (1990) for consistent 

illustrative purposes.  Segments were assigned a location inside and outside the 

MCZ based on the centroid of the transect.  Comparisons of mean abundance in 

each BSH located inside and outside of the MCZ were calculated using the density 

values derived from the 2015 and 2016 data. 
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3 Results and Interpretation 

3.1 Site overview 

The Manacles MCZ subtidal habitats consist of rock habitats surrounded by a 

mosaic of coarse and mixed sediments interspersed by small pockets of sand 

(Figure 3).  It was not possible to delineate the coarse and mixed sediments in the 

habitat map due to their acoustically indistinct properties.  Variability was also 

observed in sediment classifications at a given station between sampling occasions 

(for both seabed imagery and sediment particle size distributions), with stations 

visited twice alternating between coarse or mixed sediments classifications.  

However, because surveys in 2012 and 2015 were conducted at different times of 

year (March vs. September), it is not possible to establish whether the differences 

are due to seasonal variability in siltation, or longer temporal changes in the 

composition and distribution of the seabed sediments.  Also, although samples have 

been collected nominally at the same station, there is often up to 60 m variation in 

spatial location of the seabed sampled.  Consequently, fine-scale spatial variability 

may also be the cause of the observed differences in sediment type at a given 

station between sampling occasions. 

Habitats observed inside and outside the MCZ cover a similar range of substrata, 

water depths and prevailing energy conditions (Figure 3).  However, as a habitat 

map was not available at the time of designing the surveys, grab sampling is very 

biased towards the mixed sediments (Table 3).  Sand only occurs in localised 

patches and, because of this, is not comprehensively sampled.  No records of Maerl 

or macrophyte-dominated sediment exist from outside of the MCZ.  The imbalance in 

sample numbers across BSH means that the univariate metrics derived to assess 

feature condition cannot be compared across all designated habitats and any 

comparisons between time intervals will not be statistically robust.  As such, it is 

recommended that additional stations need to be identified and sampled to achieve a 

more comprehensive and robust experimental design for the next phase of 

monitoring. 

Table 3.  Number of samples collected in each BSH. 

Broadscale Habitat (BSH) Grab ï PSA 
& Infauna 

Grab ï PSA 
only 

Video Stills 

In Out In Out In Out In Out 

A3.1 High energy infralittoral rock N/A N/A N/A N/A 6 5 3 16 

A3.2 Moderate energy infralittoral 
rock 

N/A N/A N/A N/A 11 2 87 19 

A4.1 High energy circalittoral rock N/A N/A N/A N/A 20 13 70 56 

A4.2 Moderate energy circalittoral 
rock 

N/A N/A N/A N/A 4 0 42 1 

A5.1 Subtidal coarse sediment 7 5 - - 29 8 304 75 

A5.2 Subtidal sand 3 3 - - 13 4 129 39 

A5.4 Subtidal mixed sediments 18 23 - - 31 33 404 198 

A5.5 Macrophyte-dominated 

subtidal sediment 

- - - - 5 0 87 0 
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Figure 3.  Habitat map of The Manacles MCZ and surrounding area (only subtidal areas included). 








































































































