Clarifications to Bidder’s Questions:
Berwickshire and North Northumberland Coast SAC: subtidal reef dive survey analysis and report writing
	1
	Can you please provide a pdf copy of the 2020 Survey Report (Sugden, H. (2020). Berwickshire and North Northumberland Coast Special Area of Conservation: Subtidal Reef Communities Survey at the Farne Islands 2019. Natural England Commissioned Reports.) If you are unable to provide the full report, please provide an outline structure of the report (i.e. table of contents)
	Please request this directly from Lucy May - Lucy.May@naturalengland.org.uk 


	2
	Section 3.3 of the RFQ (Invasive Non-Native Species) states that "the contractor must collect georeferenced photographs of INNS observed on site...", but Section 3.1 (Pre-Survey Deskwork) states that NE will provide data spreadsheets. Can you confirm that the data collected during the dive surveys includes taxonomic identification of species encountered, and that the supplier would not be required to undertake image analysis/identification of diver imagery, including identification/notification of INNS?
	There appears to be an error in the specification - apologies. The winning contractor is not expected to collect georeferenced images of INNS – all data has already been collected. During the surveys, divers photographed quadrats and recorded data in situ when possible. Samples of some specimens were collected for taxonomic identification where ID was not possible in the field. Photographs and specimens were reviewed during the surveys and additional taxa were added to the data. Analysis of diver imagery is not required as part of this contract, but photos can be provided to the contractor to supplement the report.


	3
	Can you provide a brief description of the data spreadsheets (i.e. header row, example data) - we understand if some detail needs to be redacted. 
	The datasets contain the following information:

Date, site, GPS location (WGS84), time, surveyor name, transect number, quadrat number, depth (of quadrat), confidence, time taken to record quadrat, species (% cover for sessile organisms, counts for mobile organisms).

The daily log forms contain additional information on diving conditions, individual divers’ times in/out of the water, air consumption.

	4
	Can I please request a copy of the 2020 Survey Report (Sugden, H. (2020))
	Please see attached the Sugden report as requested.




	5
	Can you please confirm that the species identifications in the data sheets are compliant with current taxonomic names and synonyms (e.g. Marine Species of the British Isles and Adjacent Seas (MSBIAS)/ World Register of Marine Species (WoRMS)) and that all data spreadsheets have been suitably formatted and are standardised between years/ sites for ease of comparison. Can you please confirm if this data is already in MEDIN format?
	For the 2022, 2023, 2024 dive surveys, all taxonomic names were cross-checked in WoRMS in 2024. However, historic datasets (2019, 2011, 2002) have not been recently verified in WoRMS. The data for the dive surveys (2022, 2023, 2024) are not currently in MEDIN format, and instead are in Excel proformas. Each survey year has a separate Excel workbook, with a separate tab for each site. All column headings have been standardised across each site and each year.
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The Berwickshire and North Northumberland Coast Special Area of Conservation (SAC) is an inshore site designated for a number of features, including infralittoral reef, circalittoral reef and stony reef. This report was commissioned to inform the update of the condition assessment of these features. It will be used in the condition assessment for the site and to support management measures as necessary.

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.




[bookmark: _Toc127886746][bookmark: _Hlk111800983]Executive summary

· This survey was carried out between 22nd – 26th July 2019 to inform the update of the condition assessment of the sub-features (infralittoral, circalittoral and subtidal stony reef) associated with the subtidal reefs in the Farne Islands section of the Berwickshire and North Northumberland Coast Special Area of Conservation. 

· Data was collected from existing fixed transects at three priority sites located on the sub-feature infralittoral rock: Crumstone, Knoxes Reef and Northern Hares to conduct Phase I surveys and collect quantitative data using quadrats. The target biotope for the priority sites was Laminaria hyperborea forests

· In addition, six new sites were also surveyed to provide examples of circalittoral reef communities and subtidal stony reef communities.

· Data collected from the new areas surveyed will serve as a baseline against which future surveys can be compared. 

· There was an increase in species diversity recorded at Crumstone and Northern Hares over time and some changes in the species assemblages recorded in these two areas. This was due to natural temporal variation in the communities present as would be expected in such an ecosystem. 

· There was a decrease in species diversity recorded at Knoxes Reef over time and some changes in the species assemblages recorded in this area. It is suggested that more variability in the abiotic conditions and exposure at this site over time would account for these changes in community composition. 

· Data collected from the new areas surveyed will serve as a baseline against which future surveys can be compared. 

· No Non-Native Species (NNS) were recorded during any of the surveys carried out.

· Very few anthropogenic impacts were recorded throughout the survey area. Litter and discarded metal chain and rope were observed at Gun Rock.

[bookmark: _Toc94110227][bookmark: _Toc107587980][bookmark: _Toc107919612][bookmark: _Toc111197906]
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[bookmark: _Toc127886747][bookmark: _Toc522629668][bookmark: _Toc522629671]1.0 Introduction

[bookmark: _Toc111197999]The Berwickshire and North Northumberland Coast Special Area of Conservation (BNNC SAC) encompasses 115km of coastline from Alnmouth in Northumberland to Fast Castle Head in Berwickshire. The site extends out to 4 nautical miles and encompasses Lindisfarne NNR, the Farne Islands and the St Abbs and Eyemouth Voluntary Marine Reserve in Scotland (Figure 1).

[bookmark: _Toc40172739][image: Map and inlay showing : Berwickshire and North Northumberland Special Area of Conservation.]Figure 1: Berwickshire and North Northumberland Special Area of Conservation

The Berwickshire and North Northumberland Coast is one of the most varied stretches of coastline in the UK containing a diverse variety of marine habitats and associated species and communities. It is an unusually diverse area of the North Sea, in both a UK and European context. The area boasts examples of the cleanest east coast sand and seagrass beds as part of the intertidal mudflat and sandflat feature, along with moderately exposed reefs. Intertidal and subtidal sea caves contribute to the habitat diversity whilst 97% of the UK grey seal population can be found in the area (English Nature & Scottish Natural Heritage 2000).   

The rocky reefs of the BNNC SAC form one of several interest features of the site and the subtidal rocky reefs (infralittoral rock, circalittoral rock and subtidal stony reef) and kelp forest communities are sub-features of this reef feature. In accordance with their statutory monitoring duties Natural England and Scottish Natural Heritage have a duty to monitor the condition of the reefs in order to report on the conservation status of the habitats once every six years. The conservation objectives for reefs are outlined in the BNNC SAC Conservation Advice package (Natural England, 2020) in accordance with the Conservation of Habitats and Species Regulations 2017 (as amended). The supplementary advice on conservation objectives for reefs give a target of maintain for extent and distribution, species composition of component communities.

The Farne Islands are amongst the few examples of rocky islands with extensive reefs in the enclosed area of the North Sea and they are therefore important for the habitat they provide. The reefs of the Farne islands are diverse in nature containing species characteristic of both colder (boreal) and warmer (Lusitanian) waters, with several species reaching their biogeographic limits in this area. Of the sub-features present within the sub-tidal reef habitats of the BNNC SAC there are examples of all three within the Farne Islands area. It therefore serves as a good sentinel site to investigate the condition of the reef feature of the BNNC SAC. The three sub-features which can be found within the Farne Islands area are infralittoral rock, circalittoral rock and subtidal stony reefs. 

Infralittoral rock is found below mean low water, but at a level where sufficient light penetrates for algae growth. This sub-feature is formed by open bedrock shelves which form flat reefs extending from the intertidal into the infralittoral zone. It is characterised by a mosaic of rocky structures such as rocky outcrops, gullies, shelves and ledges formed by the tides and waves. Areas of boulders and cobbles may also occur (Mercer et al., 2002, Mercer, 2011). 

Circalittoral rock is located in deeper waters below the level where enough light can penetrate for plant growth. However, where the majority of plant life is unable to grow, faunal turfs and diverse animal communities can be found. This sub-feature consists of open bedrock, shallow sloping reefs, rocky outcrops and gullies and ledges. 

Subtidal stony reefs are made up particles which are classified as >64mm or are cobbles and boulders. In order to qualify as a stony reef more than 10% of the seabed substratum must consist of cobbles and boulders (Irving, 2009). The current extent of this sub-feature within the BNNC SAC is unknown and there is little information on the species which can be found within this habitat. 

[bookmark: _Toc127886748]1.1 Aims and Objectives

Subtidal benthic reef communities at the Farne Islands in the BNNC SAC were surveyed to assess their current condition as a feature of the SAC. Scientific diving was conducted to investigate community composition within the habitats of Infralittoral, Circalittoral and Subtidal Stony Reefs that comprise the sub-features of the Reef habitat in the area and host kelp forests and faunal turf communities. 

The survey collects data from sites based on historical data from previous surveys and which are known to represent the sub-features outlined above. The habitat features at the Farne Islands have been identified as excellent examples of the reef features across the BNNC SAC. In addition to the resurvey of three historic sites, six new sites were also surveyed to increase the representation of each sub-feature within the area. 

The subtidal survey aims to record the species composition located along transects within each of the sites which represent the range of physiographic conditions, including wave exposure, tidal streams and turbidity, across the SAC. The survey programme was designed primarily to monitor the attribute: 

· Maintain the presence and spatial distribution of infralittoral rock, circalittoral rock and subtidal stony reef rock communities.

The survey will also provide data to support the assessment of the following attributes 

· Maintain, Recover or Restore the abundance of listed species, to enable each of them to be a viable component of the habitats (infralittoral rock, circalittoral rock and subtidal stony reefs).

· Restrict the introduction and spread of non-native species and pathogens, and their impacts in each of the habitats (infralittoral rock, circalittoral rock and subtidal stony reefs).

· Maintain the species composition of component communities in infralittoral rock, circalittoral rock and subtidal stony reefs

[bookmark: _Toc127886749]2.0 Methods

[bookmark: _Toc40187635][bookmark: _Toc127886750]2.1 General Site Characteristics

All dive survey sites were located at the Farne Islands within the BNNC SAC (Figure 2). Strong tides run throughout the Farne Islands. The water inshore can have poor visibility due to the shallow nature of the North Sea and the high silt content of the offshore sediments. The Farne Islands are relatively exposed to winds from the north and the east. Boat work and diving in shallow kelp forests are difficult in these conditions, or if there is significant swell. The Farne Islands provide a good example of the reef feature within the BNNC SAC and of the Laminaria hyperborea forests which make up an important component of the ‘Reef’ feature. 

Dive surveys were conducted during neap tides and took into consideration the state of the tide, conditions on the day and the location of the sites. Surveys took place between 22nd - 26th July 2019. 

[image: Map and inlay showing survey areas with the Farne Islands site of the Berwickshire and North Northumberland Special Area of Conservation. Priority sites are indicated in red whilst new survey sites are indicated in green.]

[bookmark: _Toc40172740]Figure 2: Survey areas with the Farne Islands site of the Berwickshire and North Northumberland Special Area of Conservation. Priority sites are indicated in red whilst new survey sites are indicated in green

[bookmark: _Toc40187636][bookmark: _Toc127886751]


2.2 Diving Survey

2.2.1 Diving Procedure

All diving practice followed the Health and Safety Executive (HSE) Approved Codes of Practice for Scientific and Archaeological Diving and the Rules and Guidance for Scientific Diving in the Statutory Nature Conservation Bodies (HSE, 2014). These comply with the Diving at Work Regulations, 1997. In accordance with these regulations all divers were qualified to HSE Pt IV or equivalent CMAS 3* qualification. 

Natural England produced and supplied a Diving Project Plan which detailed diving operations, site specific information, risk assessment and emergency procedures. Due to the exposed nature of the Farne Islands, prevailing weather conditions on the day often determined which sites could be dived. The plan detailed a number of contingency sites in case adverse conditions prevented priority sites from being dived. 

The scientific diving team used SCUBA diving equipment on air, with total dive time limited to one hour. Diver pairs were equipped with through-water surface-to-diver voice communications with a diver-to-surface beep return (one per buddy pair as a minimum). This communication system provided the primary communication and recall facility.

[bookmark: _Toc40187637][bookmark: _Hlk106097570]Each of the priority dive sites were located using GPS positions from previous surveys. New sites were selected using local dive knowledge and habitat information set out in Marine Nature Conservation Review Report (MNCR) surveys (Holt, 1994). Upon location of the dive site (Table 1) using GPS coordinates and key features (e.g. a cannon at the site at Gun Rock), a buoyed shot line was deployed to mark the diver’s descent to the position of the fixed transect. Three pairs of dive teams were established to conduct the survey. Team 1 located the fixed transect, laid transect lines and conducted the qualitative survey. Reef communities were then quantitatively and qualitatively (see detail below) surveyed by Teams 2 and 3. 2.

2.2 Transect Position

Target biotopes for each site are listed in Table 1. For infralittoral rock, the target biotope of “Laminaria hyperborea forest with dense foliose red seaweeds on exposed infralittoral rock” (MNCR:IR.HIR.Kfa.Lhyp.R.ft; EUNIS: A3.1151) was identified prior to the dive using site information from historic surveys (Mercer et al., 2002, Mercer 2011). In areas where infralittoral rock was not the target habitat, circalittoral and stony reef biotopes were pre-selected based on MNCR survey reports and local dive knowledge.  Previous site descriptions also provided information on the target communities with details of the physical aspect of the habitat, angle of slope and details of the physical and community characteristics in order to ensure relocation of previously surveyed areas. Once located, the transect was placed within a uniform biotope or habitat on a reasonably level and uniform seabed. Depth contours were pre-selected depending on the site location. 

Table 1: Target biotopes for selected dive sites in the Farne Islands 

		Site name

		Target biotope (MNCR)

		Target biotope (EUNIS)

		Target biotope description



		Crumstone

		IR.HIR.Kfa.Lhyp.R.ft

		A3.1151

		Laminaria hyperborea forest with dense foliose red seaweeds on exposed upper infralittoral rock





		Cloves Car

		SS.SMp.KSwSS.SlatR.CbPb

		A5.5211

		Red seaweeds and kelps on tide-swept mobile infralittoral cobbles and pebbles



		Gun Rock

		SS.SMp.KSwSS.SlatR.CbPb

		A5.5211

		Red seaweeds and kelps on tide-swept mobile infralittoral cobbles and pebbles



		Harcar Reef

		SS.SMp.KSwSS.SlatR.CbPb

		A5.5211

		Red seaweeds and kelps on tide-swept mobile infralittoral cobbles and pebbles



		Knivestone Reef

		CR.MCR.EcCr.FaAlCr

		A4.2142

		Faunal and algal crusts on exposed to moderately wave-exposed circalittoral rock





		Knoxes Reef

		IR.HIR.Kfa.Lhyp.R.ft

		A3.1151

		Laminaria hyperborea forest with dense foliose red seaweeds on exposed upper infralittoral rock





		North of Northern Hares

		CR.MCR.EcCr.FaAlCr

		A4.2142

		Faunal and algal crusts on exposed to moderately wave-exposed circalittoral rock





		Northern Hares

		IR.HIR.Kfa.Lhyp.R.ft

		A3.1151

		Laminaria hyperborea forest with dense foliose red seaweeds on exposed upper infralittoral rock





		St Cuthbert’s Gut

		IR.HIR.Kfa.Lhyp.R.ft

		A3.1151

		Laminaria hyperborea forest with dense foliose red seaweeds on exposed upper infralittoral rock







[bookmark: _Toc40187638]2.2.3 Qualitative Survey

Team 1 produced qualitative survey notes producing a detailed description of the physical habitat, substratum type, and key features of each sites. Wider detail of the surrounding community was also recorded at each site (MNCR phase II / Seasearch methods). The semi-quantitative SACFOR scale was used to record the species abundance of the surrounding community. Team 1 recording the general features, layout and species at the site using both photography and videography.

[bookmark: _Toc40187639]2.2.4 Quadrat Positions Quantitative Survey

Dive teams 2 and 3 worked out from the mid-point of the transect line where the shot line was positioned (Figure 3). Pairs of divers recorded the percentage cover of characterising species for a maximum of 10 minutes per quadrat.  A minimum of 12 x 0.25m2 quadrats (6 per buddy pair) were placed along the transect. Quadrats were placed randomly along the transect but spatially separated (systematic sampling techniques, i.e. placement of quadrats at equal intervals along the transect, was not feasible in dense Laminaria hyperborea forests). Quadrats were placed within the same depth contour and on homogenous topography and substrate type where possible. Quadrats were placed flat and facing upwards and could not be placed sideways on boulders or walls. Quadrat distance along the transect tape and depth of quadrat were recorded. 

[image: Diagram showing Survey methodology.]

[bookmark: _Toc40172741]Figure 3: Survey methodology 

[bookmark: _Toc40187640]2.2.5 Species Recording

The percentage cover of each species present within the quadrat was recorded along with abundance counts for mobile animals. Mobile species counts were restricted to organisms interacting with the seabed and did not include fish species. Species were recorded to the highest taxonomic resolution possible. Epibiota on kelp plants were not included in the species recording. Plants falling partially within a quadrat were only recorded for the portion within the quadrat. Mature canopy kelp plants were counted and sporelings were assessed by percentage cover. Care was taken to ‘waft’ quadrats before undertaking species counts; this removed any sediment overlying the bedrock, revealing sessile organisms underneath. Photographs of all quadrats were taken by divers, with additional photographs or samples taken of species that could not be identified in the field. Data entry was undertaken by all divers on a daily basis. And quadrats within each site were compared for quality assurance.

[bookmark: _Toc40187641][bookmark: _Toc127886752]2.3 Data Analysis

Species diversity indices were calculated from species composition data and screened for assumptions of parametric analyses. All data conformed to normality and exhibited homogenous variances. Shannon Weiner diversity index was calculated since it takes into account both the species richness and the evenness components of the community in question. 

One-way ANOVA was conducted to investigate differences in species diversity between sites surveyed. ANOVA was also conducted to investigate differences in diversity between the habitat sub-features. At priority sites with historic data ANOVA was used to determine whether there has been any change in diversity of communities over time and the direction of any change. 

In order to assess the target to maintain the species composition of component communities in each of the sub-features and priority habitats the PRIMER statistical package was used. ANOSIM and SIMPER analyses were conducted to identify any differences in community composition and identify the species contribution to differences observed. 

Multi-dimensional scaling ordination using a Bray Curtis similarity matrix based on fourth root transformed and non-standardised data was conducted. Fourth root transformation was used to bring more emphasis to rare species and place value on their contribution to the overall community composition. To visualise the dissimilarity between the factors of habitat (sub-feature) and time Cluster analysis was overlaid on to the MDS ordination to highlight levels of similarity between replicates and clustering of factors. 

[bookmark: _Toc40187642][bookmark: _Toc127886753]3.0 Results

[bookmark: _Toc40187643][bookmark: _Toc127886754]3.1 Site Descriptions

A total of nine sites were surveyed at the Farne Islands. The sites were chosen to include priority sites that have previously been surveyed in 2002 and 2011 along with six new sites were surveyed as part of the 2019 dive survey. The sites surveyed represent the three sub-features that comprise the reef feature of the SAC. Site descriptions including key characteristics and the sub-feature they represent are summarised in Table 2 and detailed below. 




[bookmark: _Toc40172762][bookmark: _Hlk106791268]Table 2: Key characteristics of the nine sites surveyed at the Farne Islands in the Berwickshire and North Northumberland Special Area of Conservation during July 2019

		Site 

		Sub-feature

		Previous survey

		Location (WGS 84)



		Crumstone

		Infralittoral Reef

		Priority site: surveyed in 2002 & 2011

		55.62673oN 001.59781oW

		Inner Farne Islands



		Cloves Car

		Subtidal Stony Reef

		New site

		55.63995oN

001.61395oW

		Outer Farne Islands



		Gun Rock

		Subtidal Stony Reef

		New site

		55.62959oN 001.62516oW

		Inner Farne Islands



		Harcar Reef

		Subtidal Stony Reef

		New site

		55.641467oN

001.62193oW

		Outer Farne Islands



		Knivestone Reef

		Circalittoral Reef

		New site

		55.64929oN 001.60113oW

		Outer Farne Islands



		Knoxes Reef

		Infralittoral Reef

		Priority site: surveyed in 2002 & 2011

		55.62336oN 001.6484oW

		Inner Farne Islands



		North of Northern Hares

		Circalittoral Reef

		New site

		55.64863oN

1.614783oW

		Outer Farne Islands



		Northern Hares

		Infralittoral Reef

		Priority site: surveyed in 2002 & 2011

		55.64674oN 001.61241oW

		Outer Farne Islands



		St Cuthbert’s Gut

		Infralittoral Reef

		New site

		55.64728oN

001.65673oW

		Inner Farne Islands





[bookmark: _Toc40187644]3.1.1 Crumstone 

Crumstone is a priority site previously surveyed in 2002 and 2011 and represents the sub-feature infralittoral reef. The reef southeast of Brownsman Island. The substrate here is dominated by large boulders greater than 1m in height. The site ranges between a depth of 10-12m BCD and is dominated by L. hyperborea (Figure 4a). There is an abundance of additional kelp species here including Alaria esculenta and Saccharina latissima (Figure 4b & c). The patchy nature of the habitat here facilitates colonisation by Alcyonium digitatum and Echinus spp. There are several mobile species present at this site including Asterias rubens, Necora puber and Pagurus bernhardus. Coarse mobile sediment covers the substrate between large boulders and there is a diverse understorey of turfing algae including Desmarestia aculeata, Phycodrys rubens and Metacallophyllis laciniata.  

Due to difficult diving conditions (considerable swell) it was not possible to survey shallower than 10 metres. For previous surveys (2002 and 2011) the target depth has been around 8 metres.

[bookmark: _Toc40172742][image: ][image: ][image: ]Figure 4: a) Crumstone infralittoral reef in the Berwickshire and North Northumberland Special Area of Conservation, b) reef composed of large boulders, c) Alaria esculenta and Saccharina latissima c)

b)

a)



[bookmark: _Toc40187645]3.1.2 Cloves Car

Cloves Car is a new site surveyed in 2019 and is an example of a subtidal stony reef located in the Outer Farne Islands. The site is made up of large boulders (50cm-1m in width) on a steeper gradient which extends to 16m in depth. The kelp forest at this site is located at a maximum depth of 8m and upwards (Figure 5a). The transect survey here was conducted at 15m depth where occasional kelp was present. Some grazing by urchins was evident at this site (Figure 5b). The benthic community was composed largely of Spirobranchus spp., P. rubens, Dictyota dichotoma and Cutleria multifida (Figure 5c). Modiolus modiolus beds were found interspersed throughout the boulders and occurred in dense patches in places. 

[image: ][image: ][image: ]c)

b)

a)



[bookmark: _Toc40172743]Figure 5: a) Cloves Car subtidal stony reef in the Berwickshire and North Northumberland Special Area of Conservation, b) urchins grazing on stony reef, c) benthic community at Cloves Car

[bookmark: _Toc40187646]3.1.3 Gun Rock

[image: ][image: ]Gun Rock is a new site surveyed in 2019 and represents the sub-feature subtidal stony reef. The site here is comprised of large boulders and cobbles (Figure 6a) where mobile species including Necora puber, Cancer pagurus and squat lobsters are present in abundance. The cobbly nature of the habitat present at this site hosts Pecten maximus in small sandy patches and was characteristic of this area. The patchy nature of the large boulders at this site reduce the coverage of L. hyperborea but facilitates a diverse assemblage within the turfing community including corallina algae, D. dichotoma and Metacallophyllis laciniata (Figure 6b). Large boulders dominated by Laminaria hyperborea are to the north of the target biotope, at the top of Gun Rock. Large boulders (over 1 metre) often dominated by A. digitatum, with patchy areas of shingle south of the target cobble biotope (Figure 6c). a)

c)

b)



[image: ]

[bookmark: _Toc40172744]Figure 6: a) Gun Rock subtidal stony reef in the Berwickshire and North Northumberland Special Area of Conservation, b) target biotope: reef composed of small cobbles, c) reef composed of patchy habitat separated by areas of shingle, south of the target biotope 

[bookmark: _Toc40187647]3.1.4 Harcar Reef

Harcar Reef is a new site surveyed in 2019 and is an example of a subtidal stony reef located in the Outer Farne Islands. The kelp forest here slopes downwards towards a rocky reef at 12m. The reef substrate is composed of large boulders (>1m2) and cobbles. Boulders and cobbles are dominated by a diverse assemblage of turfing algae (Figure 7a) and pink and dark red encrusting algae (Figure 7b), along with abundant Spirorbis spp. As the reef continues to slope downwards to 14m the substrate becomes dominated by cobbles and shell gravel. The site is heavily grazed by Echinus spp. and Asterias rubens. L. hyperborea is superabundant in the kelp forest with a red foliose algae understorey. The notable species Caryophyllia smithii was recorded at this site (Figure 7c).[image: ]a)



[image: ][image: ]c)

b)



[bookmark: _Toc40172745]Figure 7: a) Harcar subtidal stony reef in the Berwickshire and North Northumberland Special Area of Conservation, b) encrusting red algae, c) Caryophyllia smithii 

[bookmark: _Toc40187648]3.1.5 Knivestone Reef

The reef at Knivestone was surveyed for the first time this year and represents an example of circalittoral reef. The reef here stretches between a depth of 6 – 14m with rugged vertical and horizontal surfaces. The reef here extends from bedrock platforms with the benthos dominated by A. digitatum, hydroid and bryozoan turfs (Figure 8a). The understorey of the kelp is comprised of foliose red algae, such as Plocamium spp., along with encrusting pinks and reds including Lithothamnium spp. Grazers such as Crossaster papposus, Echinus spp, Calliostoma zizyphinium and several species of gastropod are common both in the understory and on the kelp itself (Figure 8b&C). 

[image: ][image: ][image: ]c)

b)

a)



[bookmark: _Toc40172746]Figure 8: a) Knivestone circalittoral reef in the Berwickshire and North Northumberland Special Area of Conservation, b) Crossaster papposus and Calliostoma zizyphinium, c) Echinus spp. grazing on the bedrock

[bookmark: _Toc40187649]3.1.6 Knoxes Reef

Knoxes reef is an example of infralittoral reef and is a low-density kelp forest on a gentle sloping bedrock reef, north-east of Inner Farne (Figure 9a). The substrate here is covered with a very fine sediment and the understory is composed of foliose red algae and encrusting fauna growing on bedrock (Figure 9b). The kelp forest here is located at a depth between 1—12m. Kelp stipes are heavily colonised with epiphytic Delesseria sanguina and kelp fronds are heavily colonised by Obelia geniculata and Membranoptera alata. 

[image: F:\Consultancy\BNNC Dive Survey 2019\Photos for report\Knocks Reef\DSC03081.JPG][image: F:\Consultancy\BNNC Dive Survey 2019\Photos for report\Knocks Reef\DSC03064.JPG][image: F:\Consultancy\BNNC Dive Survey 2019\Photos for report\Knocks Reef\DSC03044.JPG]c)

b)

a)



[bookmark: _Toc40172747]Figure 9: a) Knoxes infralittoral reef in the Berwickshire and North Northumberland Special Area of Conservation, b) the turfing and encrusting community, c) epiphytic Obelia geniculata on the Laminaria hyperborea fronds

[bookmark: _Toc40187650]3.1.7 North of Northern Hares

North of Northern Hares is a new site surveyed in 2019 and represents an example of Circalittoral Reef. The area is comprised of a rocky reef platform with occasional boulders and cobbles. The reef has sloping walls which stretch to a depth of 17m. The vertical surfaces host an abundance of A. digitatum with kelp forests occurring along the top of the vertical surfaces (Figure 10a). The kelp here is a mix of L. hyperborea and S. latissima. The turfing community is composed of D. dichotoma and pink and red encrusting algae (Figure 10b). The area is heavily grazed by Echinus spp. and several species of starfish are present on the substrate (Figure 10c). Transects here were run at the base of the vertical wall, below the kelp forest.

[image: F:\Consultancy\BNNC Dive Survey 2019\Photos for report\North of Northern Hares\DSC03557.JPG][image: F:\Consultancy\BNNC Dive Survey 2019\Photos for report\North of Northern Hares\DSC03500.JPG][image: F:\Consultancy\BNNC Dive Survey 2019\Photos for report\North of Northern Hares\DSC03624.JPG]c)

b)

a)



[bookmark: _Toc40172748]Figure 10: a) North of Northern Hares circalittoral reef in the Berwickshire and North Northumberland Special Area of Conservation, b) reef composed of large boulders, c) boulders habitat with Echinus spp., several species of starfish and Lophius piscatorius

[bookmark: _Toc40187651]3.1.8 Northern Hares

Northern Hares is a priority site, previously surveyed in 2002 and 2011, and is situated on infralittoral reef. The kelp here is a very dense forest of mature L. hyperborea plants on flat bedrock (Figure 11a). Juvenile L. hyperborea are found sporadically below the canopy of the mature kelp (Figure 11b). The bedrock in this area is covered with very fine silt and is dominated by foliose red algae including D. sanguina and Dilsea carnosa, along with pink encrusting seaweeds Stalked jellyfish Haliclystus auricula were present at this site (Figure 11c). Mature L. hyperborea plants are heavily colonised by M. alata and the bryozoa O. geniculata. Here the established transects run through the kelp forest at a depth between 4-5m. The reef itself is homogenous in nature but is interspersed with cobbles providing some complexity for colonisation by additional species (Figure 11). 

[image: ][image: ][image: F:\Consultancy\BNNC Dive Survey 2019\Photos for report\Northern Hares\DSC03352.JPG]c)

b)
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[bookmark: _Toc40172749]Figure 11: a) Northern Hares infralittoral reef in the Berwickshire and North Northumberland Special Area of Conservation, b) turfing community, c) stalked jellyfish Haliclystus auricula 

[bookmark: _Toc40187652]3.1.9 St. Cuthbert’s Gut

St. Cuthbert’s Gut is a new site surveyed in 2019 and is an example of infralittoral reef located in the Inner Farne Islands. The site here is comprised of gently sloping, silt covered bedrock, with boulders and cobbles interspersed throughout the site (Figure 12a). The reef here slopes down to a depth of 14 m. Encrusting and foliose red algae (Figure 12a) and a diverse benthic community (Figure 12c). The transect was placed below the kelp forest, at 12 metres depth.
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[bookmark: _Toc40172750]Figure 12: a) Diver Fiona Tibbitt at St Cuthbert’s Gut infralittoral reef in the Berwickshire and North Northumberland Special Area of Conservation, b) foliose red algae, c) benthic community at St Cuthbert’s Gut

[bookmark: _Toc40187653][bookmark: _Toc127886755]3.2 Site and habitat comparisons

The following section shows details of the current species diversity and assemblage composition of both priority and new sites surveyed within the Farne Islands and provides an assessment of the differences between sites and sub-features of the reef component in this area. 

Species diversity (H’) associated with each of the sub-feature habitats was investigated. There was a significant difference in species diversity associated with each of the sites (Figure 13: P <0.001). Post hoc Tukey analysis can be seen in Table 2 where significant differences between sites are indicated in green. Northern Hares was significantly different from nearly all other sites (P<0.001) and showed the greatest diversity of the reefs surveyed within the Farne Islands across each of the habitat sub-features surveyed. High levels of species diversity were found within the infralittoral rock habitat which support the L. hyperborea forests of the Farne Islands ranging between 1.46 and 2.47 (Figure 13 – grouped by habitat type). This high species diversity is comparable to that of the littoral rocky reef within the BNNC SAC as surveyed in the 2014 condition report (Mieszkowska & Sugden 2014).
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[bookmark: _Toc40172751]Figure 13: Mean species diversity (Shannon Weiner diversity index, H’) +/- standard error at the sites surveyed within the Farne Islands reef of the Berwickshire and North Northumberland Special Area of Conservation




[bookmark: _Toc40172763]Table 2: Tukey post hoc analysis identifying significant differences in the species diversity (Shannon Weiner diversity index, H’) at the sites surveyed within the Farne Islands reef of the Berwickshire and North Northumberland Special Area of Conservation. Green squares indicate a significant difference in diversity at P<0.05 (CC: Cloves Car; C: Crumstone; GR: Gun Rock; HR: Harcar Reef; KnR: Knivestone Reef; KR: Knoxes Reef; NNH: North of Northern Hares; NH: Northern Hares; StCG: St Cuthbert’s Gut)
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Species diversity was also investigated between the sub-features of the reef feature: infralittoral rock, circalittoral rock and stony subtidal reefs. There was found to be no significant differences between the diversity of communities associated with each of the sub-features (P = 0.075) but despite this the highest species diversity was associated with the infralittoral rock sub-feature (Figure 14).
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[bookmark: _Toc40172752]Figure 14: Mean species diversity (Shannon Weiner diversity index, H’) +/- standard error in the sub-feature habitats surveyed within the Farne Islands reef of the Berwickshire and North Northumberland Special Area of Conservation

This indicates that there is high between site variability in the species composition due to the highly variable site conditions, such as tidal rushes through gullies, exposure to prevailing wind and storm conditions and anthropogenic activity found within the Farne Islands. The species diversity associated with the kelp forests is not linked explicitly to the substrate, and therefore biotope type, but rather to both substrate and the site-specific environmental conditions found across the islands. 

The species composition was investigated alongside the diversity associated with each of the habitats. There were significant dissimilarities in the overall species composition between sites (R = 0.757, P <0.01) with pairwise dissimilarities show in Table 3.

[bookmark: _Toc40172764]


Table 3: Analysis of Similarity (ANOSIM) between sites (CC: Cloves Car; C: Crumstone; GR: Gun Rock; HR: Harcar Reef; KnR: Knivestone Reef; KR: Knoxes Reef; NNH: North of Northern Hares; NH: Northern Hares; StCG: St Cuthbert’s Gut) showing pairwise dissimilarities based on Bray Curtis similarity matrix where large (>0.75) dissimilarities are highlighted in red, moderate (0.25-0.75) in amber and small (<0.25) dissimilarities in green.

		Site
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Simper analysis showed percentage dissimilarities between each of the assemblages at each site (Table 4) and highlighted that common species that contributed to the dissimilarities between sites included both mobile and turfing species (see below). The full breakdown of SIMPER analysis and species contribution to the assemblages can be found in Electronic Appendix A.




[bookmark: _Toc40172765]Table 4: Similarity Percentage Analysis (SIMPER) between sites (CC: Cloves Car; C: Crumstone; GR: Gun Rock; HR: Harcar Reef; KnR: Knivestone Reef; KR: Knoxes Reef; NNH: North of Northern Hares; NH: Northern Hares; StCG: St Cuthbert’s Gut) showing average percentage dissimilarities based on Bray Curtis similarity matrix with percentage dissimilarity coloured along the scale detailed below: 
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The multi-dimensional scaling ordination further highlighted distinct site assemblages at Northern Hares due to the percentage dissimilarity contributions of Sargatia elegans (6%), C. multifida (4%), Cryptopleura ramosa (4%) and Spirobranchus spp. (4%). Harcar Reef and Knoxes Reef also showed some clustering away from the other sites surveyed and this was due to the percentage dissimilarity contributions of D. dichotoma (6%) and Ophiura albida (5%) at Harcar Reef and D. dichotoma (5%) and Spirobranchus spp. (5%) at Knoxes Reef.  There were overlapping assemblages of species at the remaining sites with large spread of replicate data (Figure 15). Analysis of Bray-Curtis similarity matrix indicated shared species and abundance similarity of 40%.
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[bookmark: _Toc40172753]Figure 15: Multi-Dimensional Scaling Ordination based on non-standardised, square root transformed data of species composition collected within quadrats at the sites surveyed within the Farne Islands reef of the Berwickshire and North Northumberland Special Area of Conservation

An investigation of species composition between the different habitat sub-features revealed that there were no significant dissimilarities between the community composition associated with each of the sub features (R=0.097, P=0.01) with pairwise dissimilarities show in Table 5 (all multivariate analyses are included in Electronic Appendix A).




[bookmark: _Toc40172766]Table 5: Analysis of Similarity (ANOSIM) between habitat sub-features (SSR: Subtidal Stony Reef; IR: Infralittoral Rock; CR: Circalittoral Rock) showing pairwise dissimilarities based on Bray Curtis similarity matrix where large (>0.75) dissimilarities are highlighted in red, moderate (0.25-0.75) in amber and small (<0.25) dissimilarities in green.

		Habitat

		SSR

		IR

		CR
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SIMPER analysis showed percentage dissimilarities between each of the assemblages in each habitat sub-feature (Table 6) and highlighted the common species which contributed to the dissimilarities between sub-features. The abundances of D. dichotoma (4%), C. multifida (4%) and Spirobranchus spp. (3%) were responsible for over 10% of the dissimilarities between subtidal stony reefs and the other habitat sub-features. The abundances of A. digitatum (6%), C. multifida (4%) and Spirobranchus spp. (3%) were responsible for over 10% of the dissimilarities between infralittoral and circalittoral reefs. The full breakdown of SIMPER analysis and species contribution to the assemblages can be found in Electronic Appendix A. 

[bookmark: _Toc40172767]Table 6: Similarity Percentage Analysis (SIMPER) habitat sub-features (SSR: Subtidal Stony Reef; IR: Infralittoral Rock; CR: Circalittoral Rock) showing average percentage dissimilarities based on Bray Curtis similarity matrix with percentage dissimilarity coloured along the following scale: 
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The multi-dimensional scaling ordination separated some distinct clustering within the infralittoral rock sub-feature, as explained by the site species assemblages above but further consolidated significant overlap between the species assemblages associated with each of the sub-features.  The separation of clusters within the infralittoral rock sub-features is due to the contribution of A. digitatum and overlapping clusters due to species contributing to the community in all habitats which overlap. There were overlapping assemblages of species with large spread of replicate data (Figure 16). Analysis of Bray-Curtis similarity matrix indicated shared species and abundance similarity of 80%.
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[bookmark: _Toc40172754]Figure 16: Multi-Dimensional Scaling Ordination based on non-standardised, square root transformed data of species composition collected within quadrats in the sub-feature habitats surveyed within the Farne Islands reef of the Berwickshire and North Northumberland Special Area of Conservation

[bookmark: _Toc40187654][bookmark: _Toc127886756]3.3 Priority Sites

Priority sites were defined as those where surveys had previously taken place and included Crumstone, Knoxes Reef and Northern Hares. All priority sites are located on the sub-feature Infralittoral Rock. The analyses detailed in this section of the report provides an indication of change over time based on current and previously collected data and can therefore be used to infer current condition of the site.  

[bookmark: _Toc40187655]3.3.1 Crumstone

Species diversity (H’) associated with L. hyperborea forests (LhypR.Ft) on infralittoral rock was investigated over time at Crumstone. There was a significant difference in species diversity associated with each survey (Figure 17: P <0.001) where the species diversity in 2019 was significantly higher (mean of 19.4 species recorded) than the surveys in 2002 (P<0.001: mean of 18 species recorded) and 2011 (P=0.003: mean of 19.4 species recorded).  This indicates that there has been an increase in diversity at this site over time at Crumstone. Adverse diving conditions on the day (strong swells) meant that it was difficult to access the shallower infralittoral (in 2019 surveys were carried out at 12 metres BSL, in 2011 surveys were carried out at 8 metres and in 2002 surveys were carried out at 4.4m BCD). This may account for some variability between years at this site. 

[bookmark: _Toc40172755][image: ]Figure 17: Mean species diversity (Shannon Weiner diversity index, H’) +/- standard error over survey years at Crumstone within the Farne Islands reef of the Berwickshire and North Northumberland Special Area of Conservation

The species composition was investigated alongside the diversity associated with the different years surveyed. There was a significant dissimilarity in overall species composition between the years (R = 0.566, P = 0.01) with pairwise dissimilarities shown in Table 7. The global R value suggests that there were moderate dissimilarities between the years surveyed but the pairwise comparisons suggest that there were large dissimilarities in assemblage structure between 2011 & 2019.




[bookmark: _Toc40172768]Table 7: Analysis of Similarity (ANOSIM) between years (2002, 2011, 2019) at Crumstone showing pairwise dissimilarities based on Bray Curtis similarity matrix where large (>0.75) dissimilarities are highlighted in red, moderate (0.25-0.75) in amber and small (<0.25) dissimilarities in green.

		Year

		2002

		2011

		2019



		2002

		 

		 

		 



		2011

		0.459

		 

		 



		2019

		0.549

		0.732

		 





SIMPER analysis showed percentage dissimilarities between the assemblages found each year and highlighted the common species which contributed to the dissimilarities. There was a pairwise dissimilarity of 60-62% between 2019 and the other survey years (Table 8). The identity of the species contributing to these dissimilarities was similar in between both 2002 (Table 9) and 2011 (Table 10) with each of the species being found in different proportions. This could be due to the cyclical nature of many species occurring in reef habitats with many of the top contributing species being benthic in nature and therefore exploiting different substrate as conditions change. There is also the possibility that the dissimilarities seen here are due to the sampling taking place at deeper depths than in previous years and therefore a different community has been sampled. 

[bookmark: _Toc40172769]Table 8: Similarity Percentage Analysis (SIMPER) between years (2002, 2011, 2019) at Crumstone showing average percentage dissimilarities based on Bray Curtis similarity matrix with percentage dissimilarity coloured along the following scale:
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[bookmark: _Toc40172770]Table 9: Species/taxa contributing to 50% of the dissimilarity between 2002 & 2019 at Crumstone 

		Species

		Average abundance in 2002

		Average abundance in 2019

		% contribution to dissimilarity

		Cumulative % dissimilarity



		Cutleria multifida

		2.12

		1.24

		3.99

		3.99



		Spirobranchus spp.

		0.85

		1.92

		3.77

		7.75



		Sagartia elegans

		1.06

		0.11

		3.6

		11.36



		Kelp sporelings

		1.28

		0.7

		3.55

		14.91



		Steromphala cineraria

		0

		1.02

		3.51

		18.42



		Laminaria hyperborea (medium)

		0.75

		1.16

		3.2

		21.62



		Obelia geniculata

		0.57

		0.78

		3.03

		24.65



		Desmarestia aculeata

		0.29

		0.82

		2.85

		27.5



		Tectura virginea

		0.83

		0.49

		2.84

		30.34



		Encrusting coralline

		2.28

		1.91

		2.73

		33.07



		Alcyonium digitatum

		1.4

		0.69

		2.54

		35.62



		Phycodrys rubens

		0.28

		0.79

		2.51

		38.13



		Encrusting bryozoa indet.

		0

		0.73

		2.5

		40.63



		Laminaria hyperborea (large)

		0.67

		0.41

		2.32

		42.95



		Crisiidae indet.

		0.29

		0.74

		2.26

		45.21



		Obelia dichotoma

		0.67

		0.21

		2.25

		47.46



		Asterias rubens

		0.29

		0.67

		2.2

		49.66



		Bugulina flabellata

		0.33

		0.7

		2.15

		51.81








[bookmark: _Toc40172771]Table 10: Species/taxa contributing to 50% of the dissimilarity between 2011 & 2019 at Crumstone 

		Species

		Average abundance in 2002

		Average abundance in 2019

		% contribution to dissimilarity

		Cumulative % dissimilarity



		Sagartia elegans

		1.64

		0.11

		4.96

		4.96



		Jassa falcata tubes

		1.38

		0.05

		4.23

		9.19



		Cutleria multifida

		2.39

		1.24

		3.93

		13.12



		Alcyonium digitatum

		1.17

		0.69

		3.06

		16.18



		Spirobranchus spp.

		0.99

		1.92

		3.02

		19.2



		Kelp sporelings

		0.86

		0.7

		2.98

		22.18



		Metridium senile

		0.97

		0.1

		2.9

		25.08



		Steromphala cineraria

		0.2

		1.02

		2.85

		27.93



		Tectura virginea

		0.81

		0.49

		2.77

		30.7



		Desmarestia aculeata

		0.53

		0.82

		2.75

		33.44



		Laminaria hyperborea (medium)

		0.91

		1.16

		2.71

		36.15



		Encrusting dark red algae

		1.41

		1.85

		2.56

		38.71



		Obelia geniculata

		0.24

		0.78

		2.49

		41.2



		Phycodrys rubens

		0.42

		0.79

		2.34

		43.55



		Laminaria hyperborea (large)

		0.71

		0.41

		2.27

		45.82



		Encrusting coralline

		2.48

		1.91

		2.13

		47.95



		Echinus esculentus

		0.43

		0.65

		2.1

		50.05





The multi-dimensional scaling ordination further highlighted distinct site assemblages between the years surveyed due to the percentage dissimilarity contributions of S. elegans (5%), C. multifida (4%), Jassa falcata tubes (4%) and Spirobranchus spp. (4%). There was a large spread of replicate data but little overlapping of community assemblages between the years (Figure 18). Analysis of Bray-Curtis similarity matrix indicated shared species and abundance similarity of 60% within each of the replicates taken per year.
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[bookmark: _Toc40172756]Figure 18: Multi-Dimensional Scaling Ordination based on non-standardised, square root transformed data of species composition collected within quadrats at Crumstone infralittoral reef, over three survey years, within the Farne Islands reef of the Berwickshire and North Northumberland Special Area of Conservation

[bookmark: _Toc40187656]3.3.2 Knoxes Reef

Species diversity (H’) associated with L. hyperborea forests (LhypR.Ft) on infralittoral rock was investigated over time at Knoxes Reef. There was no significant difference in species diversity associated with each survey (Figure 19: P = 0.080). Species diversity at this site has fallen consistently over the years since 2002 but this difference is not yet significant. This indicates that there has been a decrease in diversity at this site over time. 

[bookmark: _Toc40172757][image: ]Figure 19: Mean species diversity (Shannon Weiner diversity index, H’) +/- standard error over survey years at Knoxes Reef within the Farne Islands reef of the Berwickshire and North Northumberland Special Area of Conservation

The species composition was investigated alongside the diversity associated with the different years surveyed. There was a significant dissimilarity in overall species composition between the years (R = 0.615, P = 0.01) with pairwise dissimilarities shown in Table 11. The global R value suggests that there were moderate dissimilarities between the years surveyed and the pairwise comparisons support this with all value falling between 0.25 – 0.75.

[bookmark: _Toc40172772]Table 11: Analysis of Similarity (ANOSIM) between years (2002, 2011, 2019) at Knoxes Reef showing pairwise dissimilarities based on Bray Curtis similarity matrix where large (>0.75) dissimilarities are highlighted in red, moderate (0.25-0.75) in amber and small (<0.25) dissimilarities in green.

		Year

		2002

		2011

		2019



		2002

		

		

		



		2011

		0.695

		

		



		2019

		0.563

		0.632

		





SIMPER analysis showed percentage dissimilarities between the assemblages found each year and highlighted the common species which contributed to the dissimilarities. There was a pairwise dissimilarity of 53-62% between 2019 and the other survey years (Table 12). This suggests that there has been a greater change in the community assemblage at Knoxes Reef when compared with Crumstone. The identity of the species contributing to these dissimilarities were different in both 2002 (Table 13) and 2011 (Table 14). This suggests that there has been more variability in the conditions at this site over time which would allow for different species to become abundant on the reef rather than a more stable area which would represent the cyclical species interactions suggested above.  

[bookmark: _Toc40172773]Table 12: Similarity Percentage Analysis (SIMPER) between years (2002, 2011, 2019) at Knoxes Reef showing average percentage dissimilarities based on Bray Curtis similarity matrix with percentage dissimilarity coloured along the following scale:

		Year

		2002

		2011

		2019



		2002

		 

		 

		 



		2011

		54.3

		 

		 



		2019

		53.18

		62.1
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[bookmark: _Toc40172774]


Table 13: Species/taxa contributing to 50% of the dissimilarity between 2002 & 2019 at Knoxes Reef

		Species

		Average abundance in 2002

		Average abundance in 2019

		% contribution to dissimilarity

		Cumulative % dissimilarity



		Bonnemaisonia spp.

		1.35

		0

		6.07

		6.07



		Kelp sporelings

		1.43

		0.14

		5.55

		11.62



		Encrusting dark red algae

		2.46

		2.19

		3.92

		15.54



		Tectura virginea

		0.91

		0.27

		3.68

		19.22



		Ophiura albida

		1.4

		1.06

		3.33

		22.55



		Laminaria hyperborea (medium)

		0.87

		0.49

		3.26

		25.82



		Encrusting coralline

		2.08

		1.77

		3.03

		28.85



		Electra pilosa

		0.7

		0

		2.9

		31.75



		Phycodrys rubens

		0.7

		0.42

		2.58

		34.32



		Delesseria sanguinea

		0.28

		0.58

		2.49

		36.82



		Laminaria hyperborea (large)

		0.75

		0.66

		2.48

		39.3



		Compsothamnion thuioides

		0.57

		0

		2.47

		41.77



		Cutleria multifida

		1.72

		1.34

		2.19

		43.96



		Boreochiton ruber

		0

		0.48

		2.18

		46.13



		Steromphala cineraria

		0.13

		0.49

		2.1

		48.23



		Metacallophyllis laciniata

		0.47

		0.22

		2.07

		50.3








[bookmark: _Toc40172775]Table 14: Species/taxa contributing to 50% of the dissimilarity between 20011 & 2019 at Knoxes Reef

		Species

		Average abundance in 2002

		Average abundance in 2019

		% contribution to dissimilarity

		Cumulative % dissimilarity



		Jassa falcata tubes

		1.34

		0

		5.25

		5.25



		Kelp sporelings

		1.29

		0.14

		4.99

		10.24



		Encrusting dark red algae

		2.11

		2.19

		4.48

		14.72



		Bonnemaisonia asparagoides

		0

		1.11

		4.44

		19.15



		Encrusting coralline

		1.53

		1.77

		4.31

		23.46



		Ophiura albida

		1.65

		1.06

		3.69

		27.15



		Electra pilosa

		0.94

		0

		3.68

		30.83



		Cutleria multifida

		2.07

		1.34

		3.17

		33.99



		Dictyota dichotoma

		1.17

		1.62

		2.99

		36.99



		Metacallophyllis laciniata

		0.75

		0.22

		2.8

		39.79



		Laminaria hyperborea (medium)

		0.85

		0.49

		2.71

		42.5



		Asterias rubens

		0.83

		0.43

		2.67

		45.17



		Rhodothamniella floridula

		0.64

		0

		2.54

		47.71



		Delesseria sanguinea

		0.07

		0.58

		2.4

		50.11





The multi-dimensional scaling ordination further highlighted distinct site assemblages between the years surveyed due to the percentage dissimilarity contributions of Bonnemaisonia spp. (6%), Kelp sporelings (6%), Encrusting dark red algae (4%) and T. virginea. (4%) between 2002 & 2019, and Jassa falcata tubes (5%), Kelp sporelings (5%), encrusting dark red algae (4%) and Bonnemaisonia asparagoides (4%) between 2011 & 2019. There was a large spread of replicate data but little overlapping of community assemblages between the years (Figure 20). Analysis of Bray-Curtis similarity matrix indicated shared species and abundance similarity of 60% within each of the replicates taken per year.

[image: ]

[bookmark: _Toc40172758]Figure 20: Multi-Dimensional Scaling Ordination based on non-standardised, square root transformed data of species composition collected within quadrats at Knoxes infralittoral reef, over three survey years, within the Farne Islands reef of the Berwickshire and North Northumberland Special Area of Conservation

[bookmark: _Toc40187657]3.3.3 Northern Hares

Species diversity (H’) associated with Laminaria hyperborea forests (LhypR.Ft) on infralittoral rock was investigated over time at Northern Hares. There was a significant difference in species diversity associated with each survey (Figure 21: P <0.001) where the species diversity in 2019 was significantly higher than the surveys in 2002 (P = 0.001) and 2011 (P = 0.001). This indicates that there has been an increase in diversity at this site over time at Northern Hares which could be due to number of reasons. The priority site at Northern Hares is the most northerly of the sites surveyed and sits in an exposed position. Due to the cyclical nature of the communities here and the abiotic conditions that impact the communities it is important to increase the frequency of survey in order to distinguish between long-term pervasive change and natural oscillations between the communities present. The abiotic conditions also need to be monitored regularly in order to identify any driving forces behind the structure of the communities. 

[bookmark: _Toc40172759][image: ]Figure 21: Mean species diversity (Shannon Weiner diversity index, H’) +/- standard error over survey years at Northern Hares within the Farne Islands reef of the Berwickshire and North Northumberland Special Area of Conservation

The species composition was investigated alongside the diversity associated with the different years surveyed. There was a significant dissimilarity in overall species composition between the years (R = 0.836, P = 0.01) with pairwise dissimilarities shown in Table 15. The global R value suggests that there were very large dissimilarities between the years surveyed (>0.75) and the pairwise comparisons support this with all values over 0.75. There were however greater dissimilarities between the community assemblages in 2019 compared to all other years with both R values over 0.9. 

[bookmark: _Toc40172776]Table 15: Analysis of Similarity (ANOSIM) between years (2002, 2011, 2019) at Northern Hares showing pairwise dissimilarities based on Bray Curtis similarity matrix where large (>0.75) dissimilarities are highlighted in red, moderate (0.25-0.75) in amber and small (<0.25) dissimilarities in green.

		Year

		2002

		2011

		2019



		2002

		 

		 

		 



		2011

		0.776

		 

		 



		2019

		0.941

		0.923

		 





SIMPER analysis showed percentage dissimilarities between the assemblages found each year and highlighted the common species which contributed to the dissimilarities. There was a pairwise dissimilarity of 59-61% between 2019 and the other survey years (Table 16). This suggests that there has been a similar change in the community assemblage at Northern Hares when compared with Crumstone. The identity of the species contributing to these dissimilarities was similar in between both 2002 (Table 17) and 2011 (Table 18) with each of the species being found in different proportions. This suggests a similar picture to that at Crumstone with very similar findings being reported. The conditions at Northern Hares could therefore have been more stable than those at Knoxes Reef and the change that is evident is due to the natural cycle of community succession in these two areas. 

[bookmark: _Toc40172777]Table 16: Similarity Percentage Analysis (SIMPER) between years (2002, 2011, 2019) at Northern Hares showing average percentage dissimilarities based on Bray Curtis similarity matrix with percentage dissimilarity coloured along the following scale:

		Year

		2002

		2011

		2019



		2002

		 

		 

		 



		2011

		47.96

		 

		 



		2019

		60.9

		59.81
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[bookmark: _Toc40172778]Table 17: Species/taxa contributing to 50% of the dissimilarity between 2002 & 2019 at Northern hares

		Species

		Average abundance in 2002

		Average abundance in 2019

		% contribution to dissimilarity

		Cumulative % dissimilarity



		Sagartia elegans

		0

		2

		5.85

		5.85



		Tectura virginea

		2.01

		0.19

		5.37

		11.22



		Acrosorium venulosum

		1.29

		0

		3.81

		15.03



		Phycodrys rubens

		0.17

		1.37

		3.49

		18.52



		Encrusting bryozoa indet.

		0

		1.15

		3.39

		21.91



		Obelia spp.

		1.11

		0

		3.27

		25.18



		Celleporina hassallii

		1.08

		0

		3.16

		28.35



		Sagartia spp.

		1.02

		0

		2.96

		31.31



		Orange enc. Bryozoa

		0

		0.99

		2.65

		33.97



		Kelp sporelings

		1.34

		0.77

		2.64

		36.6



		Diplosoma spongiforme

		0.95

		0.23

		2.59

		39.2



		Spirobranchus spp.

		1.15

		0.41

		2.43

		41.63



		Cryptopleura ramosa

		1.1

		1.4

		2.32

		43.95



		Aplidium punctum

		0

		0.77

		2.23

		46.18



		Encrusting coralline

		2.58

		1.88

		2.16

		48.34



		Pagurus bernhardus

		0.75

		0.06

		2.11

		50.46





[bookmark: _Toc40172779]Table 18: Species/taxa contributing to 50% of the dissimilarity between 20011 & 2019 at Northern Hares

		Species

		Average abundance in 2002

		Average abundance in 2019

		% contribution to dissimilarity

		Cumulative % dissimilarity



		Sagartia elegans

		0

		2

		6.39

		6.39



		Sagartia spp.

		1.63

		0

		5.26

		11.65



		Phycodrys rubens

		0.05

		1.37

		4.16

		15.81



		Jassa falcata tubes

		1.28

		0

		4.11

		19.91



		Tectura virginea

		1.16

		0.19

		3.49

		23.41



		Encrusting bryozoa indet.

		0.47

		1.15

		3.28

		26.68



		Kelp sporelings

		1.11

		0.77

		2.94

		29.63



		Orange enc. Bryozoa

		0

		0.99

		2.88

		32.5



		Haliclystus sp.

		0.86

		0.26

		2.49

		35



		Cryptopleura ramosa

		1.4

		1.4

		2.45

		37.44



		Aplidium punctum

		0

		0.77

		2.43

		39.88



		Sertularia argentea

		0.05

		0.67

		2.23

		42.11



		Plocamium spp.

		1.6

		1.09

		2.2

		44.32



		Botryllus schlosseri

		1.25

		0.93

		2.2

		46.52



		Encrusting coralline

		2.47

		1.88

		2.03

		48.55



		Alcyonidium diaphanum

		0

		0.64

		2

		50.54





The multi-dimensional scaling ordination further highlighted distinct site assemblages between the years surveyed due to the percentage dissimilarity contributions of S. elegans. (6%), P. rubens (4%), encrusting bryozoa (3%) and T. virginea. (3-6%) between 2019 and the other survey years. MDA analysis clearly shows that the assemblage in 2019 was distinct from the other survey years with greater similarities in assemblage between 2002 & 2011. There was a large spread of replicate data but little overlapping of community assemblages between the years (Figure 22). Analysis of Bray-Curtis similarity matrix indicated shared species and abundance similarity of 60% within each of the replicates taken per year.

[bookmark: _Toc40172760][image: ]Figure 22: Multi-Dimensional Scaling Ordination based on non-standardised, square root transformed data of species composition collected within quadrats at Northern Hares infralittoral reef, over three survey years, within the Farne Islands reef of the Berwickshire and North Northumberland Special Area of Conservation




[bookmark: _Toc40187658][bookmark: _Toc127886757]4.0 Discussion

The subtidal reefs of the Berwickshire and North Northumberland Coast SAC (BNNC SAC) surveyed for this contract (2019) included infralittoral, circalittoral and subtidal stony reefs and were located across the Inner and Outer Farne Islands. The geology of the area from Berwick upon Tweed to Boulmer was formed of a repetitive sequence of limestones and sandstones of the Lower Carboniferous period. A significant intrusion of quartz dolerite or ‘Whin Sill’ formed a series of Dykes from the Tweed to Holy Island and further south at Boulmer, lying in an East North Easterly direction. The Farne Islands formed part of this intrusion and due to the rock resistance to weathering the rock formed a complex series of crags and cracks in littoral habitats.  

The whole of the site is exposed to the north and east and there are strong tides off the headlands.  The combination of wave action over areas of shallow sediments means that the water is often very turbid, particularly close inshore. The area is complex in term of variability in temperature relating the boundary effects of cold water and warm water on a large scale, alongside the topography effects on a smaller scale. The site is notable for species reaching their distributional limit within the site such as the hydroid Thuiaria thuja, the cup coral Caryophyllia smithii and the anemone Bolocera tuediae.  Alaria esculenta is an important climate indicator species. The Farnes is a known site for this species; the large kelp is at the southern limit of its cold-water distribution in the North Sea where it is known to extend to South Shields in high abundance. Similarly the biotope (Lhyp.R.ft) is abundant in the site, hence it being a target biotope for monitoring change in condition. In MPAs in English Channel, Laminaria hyperborea has been replaced with Laminaria ochroleuca, a warm(er) water species 

A total of 205 species were recorded across the subtidal reefs within the Farne Islands survey area during the 2019 survey. Statistical comparisons of species diversity and species composition between the nine sites surveyed showed that there was variability between the sites that is probably linked to the variable and often complex abiotic conditions observed across the Farne Islands. These conditions include complex warm and cold-water nearshore eddies, tidal channels, differences in exposure levels and substrate complexity to name a few.  Despite this variability between sites there were no statistically significant differences in habitat sub-features with respect to species diversity and only moderate dissimilarities between the species assemblages located within the different habitat sub-features. 

There were no Non-Native Species (NNS) found at any of the survey sites, which given the amount of visitor traffic in and around the Farne Islands, notably recreational yachts, is surprising. 

[bookmark: _Hlk33972455][bookmark: _Hlk33964405]Three priority sites have been surveyed over time in 2002 (Mercer et al 2002), 2011 (Mercer 2011) and as part of this survey in 2019. Quantitative analysis showed that there have been increases in species diversity at two of these sites: Crumstone and Northern Hares; with associated changes in the species compositions recorded here. The assemblage of the communities has changed over time at these sites but often with the same groups of species responsible for the dissimilarities reported during the different survey years. This suggests that the two sites which have shown an increase in diversity are undergoing natural temporal variation in the communities present as would be expected in an ecosystem such as this. Biological community changes at Crumstone may be as a result of poor weather conditions preventing divers from accessing the shallowest parts of the site. The third site at Knoxes Reef showed a decrease in species diversity over time along with changes in the species assemblages present during the different survey years. This would suggest that there has been more variability in the conditions at this site over time which would allow for different species to become abundant on the reef rather than a more stable area which would represent the cyclical species interactions suggested above.  

The Farne Islands are a popular tourist destination with several boat trips a day making the trip to the islands. The islands are also a popular site for SCUBA divers to visit. Despite this there was very little evidence of human impacts in the area. The only site that showed evidence of anthropogenic litter was Gun Rock where a plastic glove was found (Figure 23a). There was also evidence of metal chain and rope found at this site as well (Figure 23b). No anthropogenic litter was found at any of the other sites surveyed within the Farne Islands area. 

[bookmark: _Toc40172761][image: ][image: ]  Figure 23: Anthropogenic litter recorded at Gun Rock in the Berwickshire and North Northumberland Special Area of Conservation a) blue plastic glove and b) rope and metal chain littera)

b)



[bookmark: _Toc40187659][bookmark: _Toc127886758]4.1 Limitations of the data 

The results presented within this report show that the sites surveyed within the Farne Islands are highly dynamic in nature and undergo natural oscillations in community structure alongside pervasive environmental change, e.g. changing temperatures. Evidence has been presented that highlights the importance of this area as a boundary between warm and cold-water species alongside maintaining a high species diversity. There are dynamic abiotic conditions associated with each of the survey sites which are inferred to influence the communities found here. The findings of this report, however, are limited to the frequency of surveying which occurs every six years. It is suggested that this frequency of survey events is inadequate to provide robust data to really identify changes in community and links to driving forces. It is therefore recommended that surveying takes place on a yearly basis, in addition abiotic conditions should also be surveyed. For example, temperature loggers should be deployed at each site, substrate recorded, and tidal movement and speed measured at each site. In addition, there are limitations between the data collected in 2002, 2011 and 2019, although standard protocols have been followed to collect the data, exact replication is limited which affects the data collected. For example, the resurvey of priority sites over each of the years has been conducted along different depth profiles, this will have a direct influence on the species present within the target communities. Access to each site is also limited with adverse weather conditions which can restrict data collection and should be considered. 

[bookmark: _Toc40187660][bookmark: _Toc127886759]4.2 Condition Assessment

The results discussed from this survey have been collected to inform the condition of the BNNC SAC and more specifically the sub-features of the subtidal reef habitat at the Farne Islands and the target biotope of Laminaria hyperborea forest with dense foliose red seaweeds on exposed infralittoral rock (Lhyp.R.ft). The habitat sub-features of the reef feature have been reviewed, as part of Regulation 35 Conservation Advice, to include circalittoral reefs and subtidal stony reefs. The data reported herein have surveyed examples of these habitat sub-features for the first time and will serve as a baseline for the assessment of the condition for these additional habitat sub-features at the Farne Islands. 

Table 19 summarises the favourable condition measures and targets for each attribute of the sub-feature of the feature investigated herein. In this table, a summary of the results has been provided against the measure of each attribute but in short suggest that there has been little change in the condition of the sub-features of the subtidal reef in comparison with previous surveys and against the established baselines (Brazier et al., 1996, Mercer et al 2002, Mercer 2011). Despite the limitations outlined above and the recommendations for increasing replication, based on the data available there is moderate confidence that the condition of the site has not changed. The implementation of the measures recommended below will provide robust, quantitative data that will provide high confidence in data interpretation and the assessment of condition. 

[bookmark: _Toc40187661][bookmark: _Toc127886760]4.3 Recommendations

The following recommendations are suggested as a result of the findings of this survey: 

· The Farne Islands is a unique area in the enclosed North Sea and as such offer a diverse array of communities associated with the subtidal reef habitats. This area provides a good opportunity to establish a sentinel site to incorporate research and monitoring.

· The current requirement to report on condition every six years is currently too infrequent to ascertain change. It is recommended that more frequent surveys be conducted in order to gather a time-series of data which will enable change to be accurately monitored.

· Methodology should include collection of abiotic data and physical structure of rocky substrate e.g. structural complexity provided by geogenic structures (i.e. bedrock cobbles, boulders) and the structural organisation of the substrate, plus habitat rugosity.

· Replication of quadrats should be increased. 

· Added value may also be brought by measuring the abundance of ecosystem engineers such as the urchin Echinus esculenta. 

· An analysis of the sites grouped by Inner and Outer Farne Islands to identify whether additional replication for each of the habitat sub-features is needed. 

· The area is an important site for the southerly distribution of boreal species and the northern distribution of Lusitanian species where the two exist alongside one another. Therefore, a more thorough analysis of warm vs cold water species abundance in the area, along with an assessment of abiotic conditions including temperature and currents and eddies in the area, may provide further insight into the spatial and temporal variability reported from the results of this study. 

· A review of the spatial and temporal pressures in the area would help to identify which reefs are facing which pressures in the area. 

· A compare and contrast exercise with another subtidal reef site e.g. Plymouth SAC , should facilitate regional seas comparison to show the importance of between site diversity whilst working towards the establishment of a coherent and regionally representative network of marine protected area sites. The regional seas which comprise the UK national water are different in ecological terms, but these differences are important for the species they support and the conditions they represent. 

· A review of current management measures across the islands and how this has changed over the scope of data available (from 2002 onwards) to identify whether changes in management measures have resulted in changes in diversity (positive and negative) that have been recorded at the priority sites surveyed. 




[bookmark: _Toc40172780]Table 19: Favourable Condition Table for the interest feature Reefs and Sub-Feature Subtidal Rocky Reefs (Infralittoral, Circalittoral and Subtidal Stony) as detailed in the current Regulation 35 (2)(a) advice for the Berwickshire and North Northumberland Coast Special Area of Conservation

		Interest feature

		Sub-feature

		Attribute

		Target

		Comments



		Reefs

		Infralittoral Rock

		Distribution: presence and spatial distribution of biological communities

		[bookmark: _Hlk38894500]Maintain the presence and spatial distribution of infralittoral rock communities.

		Data from the current survey (2019) has been compared to two previous surveys in 2002 and 2011 at three priority sites. At two of the sites (Crumstone and Northern Hares) the species diversity has consistently increased over time. Despite dissimilarities in the community assemblages at these sites the species responsible for the changes are consistent over the years which likely reflects natural processes in this feature. 

The third site has shown a decrease in species diversity over time along with changes in the species assemblage. This suggests more variable conditions in the area resulting in a change in the reef assemblage.



		

		

		Structure and function: presence and abundance of key structural and influential species Laminaria hyperborea in (IT.HIR.KfaR.Lhyp.R.ft / A3.1151) 

		[bookmark: _Hlk38894506][Maintain OR Recover OR Restore] the abundance of listed species*, to enable each of them to be a viable component of the habitat.

		The changes in communities observed at all three priority sites are due to grazers such as Tectura virginica, filter feeders such as Jassa falcata and predators such as Sargatia elegans.  Kelp, which for this assessment is considered a key structural species have shown very little temporal change and contributes a small percentage to observed change in community assemblages, it is therefore considered stable. 

Influential species, including key grazers such as Echinus esculenta and biogenic habitat forming species, such as Modiolus modiolus, have shown no change in abundance over time and do not contribute to the changes in community assemblages observed.  



		

		

		Structure: non-native species and pathogens

		[bookmark: _Hlk38894512]Restrict the introduction and spread of non-native species and pathogens, and their impacts.

		There were no non-native species found in the infralittoral rock sub-feature of the Farne Islands.



		

		Circalittoral Rock

		Distribution: presence and spatial distribution of biological communities

		Maintain the presence and spatial distribution of circalittoral rock communities.

		The data collected as part of this survey represent the first survey conducted in subtidal circalittoral rock within the Farne Islands. This data can therefore be used as a baseline for comparison against future surveys.



		

		

		Structure and function: presence and abundance of key structural and influential species

		[Maintain OR Recover OR Restore] the abundance of listed species*, to enable each of them to be a viable component of the habitat.

		The data collected as part of this survey represent the first survey conducted in subtidal circalittoral rock within the Farne Islands. This data can therefore be used as a baseline for comparison against future surveys.

Key structural species recorded on circalittoral rock include Alcyonidium diaphanum, encrusting dark red and corallina algae, and tube worms such as, Spirobranchus triqueter.

Key influential species recorded on circalittoral rock are likely to include Echinus spp., Crossaster papposus and Asterias rubens



		

		

		Structure: non-native species and pathogens

		Restrict the introduction and spread of non-native species and pathogens, and their impacts.

		There were no non-native species found in the circalittoral rock sub-feature of the Farne Islands.



		

		

		Structure: species composition of component communities

		[bookmark: _Hlk38894673]Maintain the species composition of component communities

		The data collected as part of this survey represent the first survey conducted in subtidal circalittoral rock within the Farne Islands. This data can therefore be used as a baseline for comparison against future surveys.



		

		Subtidal Stony Reef 

		Distribution: presence and spatial distribution of biological communities

		Maintain the presence and spatial distribution of stony reef communities.

		The data collected as part of this survey represent the first survey conducted in subtidal stony rock within the Farne Islands. This data can therefore be used as a baseline for comparison against future surveys.



		

		

		Structure and function: presence and abundance of key structural and influential species

		[Maintain OR Recover OR Restore] the abundance of listed species*, to enable each of them to be a viable component of the habitat.

		The data collected as part of this survey represent the first survey conducted in subtidal stony rock within the Farne Islands. This data can therefore be used as a baseline for comparison against future surveys.

Key structural species recorded on subtidal stony reef may include Modiolus modiolus when formally identified. 

Key influential species recorded on circalittoral rock may include Echinus spp., Pecten maximus and Asterias rubens when formally identified.



		

		

		Structure: non-native species and pathogens

		Restrict the introduction and spread of non-native species and pathogens, and their impacts.

		There were no non-native species found in the subtidal stony reef sub-feature of the Farne Islands.



		

		

		Structure: species composition of component communities

		Maintain the species composition of component communities.

		The data collected as part of this survey represent the first survey conducted in subtidal stony rock within the Farne Islands. This data can therefore be used as a baseline for comparison against future surveys.
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