	Sheet reference
	BDC2022/Coral Gardens

	Area Assessed
	OSPAR regions where the habitat occurs: I, II, IV, V
OSPAR Regions where habitat is under threat and/or decline: I, II, IV, V 

	Title
	Status Assessment 2022 - Coral Gardens





	Key message
– 50 words[footnoteRef:2] maximum [2:  Word limits are based on the final out being the equivalent of a two-page sheet as presented for IA2017. This should be reviewed.] 

	Coral gardens are assessed as being in poor overall status in Regions I, II, IV, V, due to their high vulnerability to impacts from fishing, continued fishing pressure overlapping with their distribution, and slow recovery due to their biology. Knowledge on where coral gardens occur has increased considerably which facilitates future management.

	Assessment of status
	Distribution 
	Extent
	Condition
	Previous OSPAR status assessment
	Status (overall assessment)

	Region
	I
	←→2,5
	?5
	↓3,5
	●
	poor

	
	II
	←→2,5
	?5
	↓5
	●
	poor

	
	III
	 
	 
	 
	●
	NA

	
	IV
	←→2,5
	?5
	↓5
	●
	poor

	
	V
	←→2,5
	?5
	↓4,5
	●
	poor



Explanation to table: 
Distribution, Population size, Condition
Trends in status (since the assessment in the background document)
↓ 	decreasing trend or deterioration of the criterion assessed 
↑ 	increasing trend or improvement in the criterion assessed
←→ 	no change observed in the criterion assessed 
?  trend unknown in the criterion assessed
Previous status assessment: if QSR 2010 then entry Regions where species occurs ( ○) and has been recognised by OSPAR to be threatened and/or declining (● ) based on Chapter 10 Table 10.1 and Table 10.2. If a more recent status assessment is available, then enter ‘poor’/’good’
Status*(overall assessment)
red – poor 
green – good
? -  status unknown. 
NA - Not Applicable 
*applied to assessments of status of the feature or of a criterion, as defined by the assessment values used in the QSR 2023 or by expert judgement.
Types of assessment:
1 – direct data driven, 
2 – indirect data driven, 
3 – third party assessment close-geographic match, 
4 - third party assessment partial-geographic match  
5 – expert judgement. 




	Assessment of threats
	Fishing, particularly demersal trawling and long lining)
	Climate change and ocean acidification
	Threat or impact

	Region
	I
	←→1,5
	?3
	

	
	II
	↓1,5
	?3
	

	
	III
	 
	 
	

	
	IV
	←→1,5
	?3
	

	
	V
	←→1,5
	?3
	



Explanation to table: 
Key Pressure
↓	key pressures and human activities reducing 
↑	key pressures and human activities increasing
←→ 	no change in key pressures and human activities
? Change in pressure and human activities uncertain
Threats or impacts (overall assessment)
red – significant threat or impact;
green –no evidence of a significant threat or impact
Blue cells – insufficient information available 
NA – not applicable
Types of assessment:
1 – direct data driven, 
2 – indirect data driven, 
3 – third party assessment close-geographic match, 
4 - third party assessment partial-geographic match  
5 – expert judgement. 




	Confidence
	Overall: Low to Medium confidence is placed overall on the assessment.
Distribution: High confidence that the distribution has not changed.
Condition: Moderate confidence that the overall condition across the Regions is still declining. There is good evidence for declining condition, but it is limited to particular sites that have been studied, and broader evidence of decline is drawn from proxies such as the overlap of fishing pressure with the habitat.
Fishing Pressure: Low confidence in the scale of fishing pressure currently acting on the habitat. Available fishing data sets are not comprehensive, and analyses rely on a series of assumptions.
Because of data paucity, it was not possible to conclude whether the habitat extent was increasing or decreasing, and it was not possible to conclude whether the threat from ocean acidification is changing on short time scales.

	Background Information
- 100 words maximum  

	· Year added to OSPAR List: 2007
https://www.ospar.org/site/assets/files/44271/coral_gardens.pdf
· The key criteria for their inclusion were:
· their probability of significant decline based on evidence of damage and lack of recovery from research surveys and bycatch reporting of commercial fishermen;
· that they are very sensitive based on longevity, unknown reproductive patterns, uncertain recovery and vulnerability to fishing impacts;
· and that they were threatened by relatively high fishing pressure in deep waters in the OSPAR area.  It was considered that the probability of decline and the degree of threat might be higher than in other oceans.
· Major threats were considered to be fishing and climate change; listed in Table 10.3 of QSR 2010 as pH changes and habitat damage. More specifically these threats stem from ocean acidification through its effects on aragonite structures, physical disturbance or damage to seabed, and extraction of, or mortality/injury to, species by fishing.  
· In 2010, coral gardens were assessed as being very sensitive, of very important ecological significance, undergoing significant decline, and as currently threatened.  https://www.ospar.org/documents?d=7217


	Geographical Range and Distribution
- 100 words + map/infographic)

	
[image: ]
Figure 1 Distribution of known coral gardens in the OSPAR maritime area, and occurrence of coral species that could be indicative of coral garden presence.

The geographic range and distribution of coral gardens remains unchanged.
Coral gardens occur worldwide in depths between 200 m and several thousand meters, and occur shallower where low water temperatures prevail, such as in Norwegian Fjords. Coral gardens are known from all OSPAR Regions except Region III which is dominated by temperate water and continental shelf. Records of coral gardens in Region III (Figure 1) pertain to fouling communities on wrecks and do not meet the OSPAR definition of a coral garden.
Given the biological characteristics of the component species of coral gardens (e.g., slow growth, longevity), additions to the previously understood geographic range represent discovery of the habitat rather than new habitat. The recorded range in the OSPAR Maritime Area has expanded northward since the last assessment but this reflects increased knowledge rather than a distribution change. Similarly, the number of known occurrences of the habitat has increased due to increased deployment of camera systems to the deep sea and targeted research on this vulnerable habitat.

Method of assessment: 3b

	Population/abundance (species)
Extent (habitats)

 - 100 words + figure)

	There are insufficient data in any region to draw conclusions on current or past extent of this habitat, and therefore it is not possible to determine change in extent over the period assessed.
Most coral gardens are known from point location data only. While records now exist for their occurrence in many more locations, the extent of the habitats at these locations remains, for the most part, unknown. Transect data may reveal some additional data about habitat extent in some cases, but very few coral gardens have been comprehensively mapped. Exceptions are the coral gardens on the Galician Bank (Region V) and some coral gardens off northern Norway (Region I), represented as polygons on Figure 1. Following survey effort there has been a substantial increase in known records on the continental slope suggesting the habitat is likely to be widespread here.

Method of assessment: 1d

	Condition 
- 100 words + figure
	Overall habitat condition is considered to be declining in all regions.
The definition of coral gardens represents a range of habitats, each with varied characterizing species. Therefore, abundance and density are likely species-specific, without thresholds indicative of ‘good’ habitat condition. Due to data paucity, direct condition assessments are challenging. However, in the absence of in-situ measurements, condition could be inferred from the presence of pressure-causing activities (where pressure-receptor links are known).
An assessment of Nordic Sea VMEs (Buhl-Mortensen et al. 2019) showed overlap between fishing pressure and predicted range of optimal habitat of coral gardens. There is evidence of trawling impacts on coral gardens in all regions where the habitat occurs (e.g., Tong et al. 2012, Buhl-Mortensen et al. 2014, Vieira et al. 2015, González-García et al. 2020), and aggregated surface swept area ratio data suggests that fishing pressure between 2010 and 2016 has overlapped with coral gardens in all regions. In Region V, the condition of some coral gardens has been assessed as unfavorable in previously trawled Marine Protected Areas (JNCC unpublished data).
A proportion of coral gardens exist within Marine Protected Areas and/or NEAFC closures in all Regions, but the proportion protected varies from 2% in OSPAR Region I to 38% in OSPAR Region V (Figure 2). These figures do not account for other protective actions taken beyond the scope of the OSPAR measures.
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Figure 2 Proportion of coral gardens within an OSPAR Marine Protected Area and/or NEAFC Closure (a) OSPAR Region I; (b) OSPAR Region II; (c) OSPAR Region IV; (d) OSPAR Region V.

On Le Danois Bank (Bay of Biscay, Region IV), habitat recovery is occurring following protection measure introduction (Prado et al. 2019), illustrating the importance of such measures.
Repeated monitoring efforts of known coral gardens, particularly those in MPAs, is essential for future assessment of the condition of this habitat.

Method of assessment: 3c

	Threats and Impacts
- 100 words
	Key threats to coral gardens in the QSR 2010 were fishing, particularly demersal trawling and long lining, and climate change and ocean acidification (QSR 2010). Marine litter, hydrocarbon and other chemical pollution from vessels and oil and gas operations, deep-sea mining, and the release of aquaculture waste pose potential additional threats.

Key pressure 1: Fishing
The pressure from fishing on this habitat appears to remain stable in all Regions. Bottom trawling has caused extensive damage to coral gardens (Fosså et al. 2000; Fosså et al. 2002; Clark et al. 2010), while coral garden taxa are commonly caught as by-catch in bottom longline fisheries (Sampaio et al. 2012). Under the Intermediate Assessment 2017, the OSPAR Common Indicator on the extent of physical damage to predominant and special habitats (BH3), found 86% of assessed areas (Regions II and III) had physical disturbance from bottom trawling, and 74% experienced consistent year-on-year pressure, likely affecting the ability of habitats to recover. Fishing pressure varied during the assessment period of 2010 to 2020 but there was no overall trend across regions. Analysis of the overlap of global fishing watch data with coral garden habitat records, an analysis which comes with various assumptions, suggests there has been little change on the overall impact of fishing on the habitat since 2016, when Regulation EU 2016/2336 was adopted, except in Region II where there appears to be an overall slight decrease in pressure.
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Figure 3 (a) Relative change in fishing pressure across OSPAR Region II after introduction of EU regulation 2016/2336 and (b) change in fishing pressure in those cells known to contain coral gardens.

Key pressure 2: Climate change and ocean acidification
Although ocean acidification is clearly increasing year on year, the current and immediate future impacts on coral gardens are difficult to quantify.
Deep-sea corals, especially those with aragonite rather than calcite skeletons, are vulnerable to the effects of ocean acidification, with impacts predicted by the end of this century. ICES (2014) predicts that, under RCP4.5, waters surrounding the Reykjanes Ridge, the southern Iceland shelf, and edge of the Hatton and Porcupine Banks will be approaching aragonite undersaturation by 2100. Under RCP8.5 most of the North Atlantic will be undersaturated except for the Celtic margin and Bay of Biscay. Other models of aragonite saturation states under RCP8.5 have predicted similar results (e.g., Puerta et al. 2020), including for specific coral garden taxa such as Acanella and Paragorgia (Morato et al. 2020). Predictions tend not to take into account the potential increased vulnerability of early life stages to ocean acidification.
Other effects of climate change likely to impact coral gardens by the end of the century include increases in temperature which could affect distribution, decreased particulate organic carbon inputs, and slowing of the Atlantic Meridional Overturning Circulation which could have broadscale impacts on the whole of the North Atlantic.


	Measures that address key pressures from human activities or conserve the species/habitat
- 100 words
	OSPAR measures:
3.1 a Iceland has closed all areas where coral gardens are known to exist; Norway has prohibited fishing below 1 000 m; UK, France and Sweden have introduced legislation that allows protection of coral gardens.
3.1 b Mostly the effectiveness of measures implemented has not been assessed, except in Norway where this assessment led to further protective measures, and in Spain where the management plan for El Cachucho MPA is considered effective.
3.1 c Iceland, Norway and Ireland have implemented programmes mapping the distribution of coral gardens; UK and Spain have located some additional sites.
3.1 d In Iceland, fisheries observers record coral by-catch, and companies attempt to record coral by-catch information from their vessels; Ireland is broadening its knowledge through research; the UK is integrating data from fisheries surveys. In the EU, fisheries vessels are obliged to report VME bycatch between 400 and 800 m depth.
3.1 e Iceland, Ireland, Norway, Sweden and UK make all VMS data available to regulators.
3.1 f France, Norway, Spain, Sweden and UK all regularly report new data on the distribution, quality and extent of coral gardens habitat to the OSPAR habitat mapping database.
3.1 g Denmark, France, Iceland, Spain, Sweden and UK have all designated MPAs for coral gardens.
3.1 h Sweden and Iceland have specific management plans for MPAs designated for coral gardens.
3.1 i Iceland, Ireland, Spain, Sweden and the UK report various steps to address significant adverse impacts on coral gardens arising from human activities in their waters, for example through fisheries legislation, including the CFP, through MSFD, and through the Habitats Directive.

Actions taken beyond the scope of the OSPAR measures:
Within the North-East Atlantic Fisheries Commission (NEAFC) Regulatory Area, measures to protect VMEs include the implementation of bottom fishing closure areas and the use of “move-on” rules for fishing vessels, related to encounters of specific quantities of VME indicators within bycatch from bottom-contacting gears (NEAFC Recommendation 19 2014).  
Within EU waters, Regulation (EU) 2016/2336 restricts bottom fishing >400 m to the 2009-2011 fishing footprint, prohibits bottom fishing >400 m where VMEs are known or likely to occur (through designation of VME closures) and places a complete ban on bottom trawling deeper than 800 m. Within UK waters, regulation (EU) 2016/2336 is transposed into the Common Fisheries Policy and Aquaculture (Amendment etc.) (EU Exit) Regulations 2019, with the same fishing restrictions and prohibitions in place. In Norwegian waters, Regulation 2011/755 restricts fishing with bottom gears on vulnerable benthic habitats in areas deeper than 1000 m in the Norwegian Economic Zone, including the Fisheries Protection Zone near Svalbard, and the Fisheries Zone at Jan Mayen.
Regulation (EU) 2019/1241 Annex II provides closed areas for the protection of sensitive habitats. It prohibits deployment of bottom trawls, bottom set gillnets, entangling nets and trammel nets within specified areas around El Cachucho, Madeira and the Canary Islands, and the Azores. It further prohibits deployment of bottom set longlines within El Cachucho. It specifies five areas closed to bottom trawls, bottom set gillnets, entangling nets, trammel nets and bottom set longlines in the Porcupine Seabight and Porcupine Bank, and prohibits bottom trawling around the Darwin Mounds.

	Conclusion (including management considerations) 
- 250 words
	An increase in survey effort has led to an increase in our knowledge of the location of coral gardens. Recruitment, which indicates recovery towards a more favorable condition status, has been reported in one MPA, evidencing the positive impact of protected area designation. However, the overall status of the habitat is considered to be poor due to the impact of ongoing fishing pressures in the extensive distribution outside areas protected by some form of legislation. While confidence in the assessment of fishing pressure is low, there is no doubt that fishing pressures remain throughout much of the habitat range, and that this habitat is extremely sensitive to any fishing pressure.
OSPAR implementation reporting demonstrates efforts by Contracting Parties to survey coral garden distribution which are reflected in the increased occurrence records. MPAs protect some of these coral gardens, but new discoveries are not yet protected, and not all MPAs have management plans and this should be rectified. Further work is required to understand the quality and extent of this habitat; some repeat monitoring by Contracting Parties is essential to fill highlighted knowledge gaps and allow assessment of the status and recovery of this habitat. Further implementation of the measures will be required to recover this habitat to good status.
Given the slow growth rate of coral garden taxa, reassessment of recovery/improvement could be on a longer-term (e.g., 10-year) cycle in order to detect any change and assess effectiveness of management measures. However, detection of damage/deterioration from pressures such as fishing may require a more frequent assessment cycle to ensure timely intervention.


	Knowledge gaps (brief)

- 100 words
	Inaccessibility of habitat and associated cost of monitoring affects the availability of data to access high levels of confidence in assessment. The expected slow change in deep-sea habitats also means that data over longer time frames may be required to assess drivers of change.
‘Coral gardens’ encompasses a variety of very different taxa, from bamboo corals to deep-water sea pens, that are likely to be impacted differently by the pressures acting upon them. Further subdivision into more precise habitat descriptors would aid the assessment of distribution, extent, condition and threats to these habitats.
Most habitats are reported by point data only. To obtain a realistic estimate of areal extent, mapping of known habitats is required.
Repeat monitoring is very limited. Repeat monitoring of coral gardens in protected areas would better inform future prospects of this habitat.
Levin (2021) notes our limited understanding of the effects of climate change on deep-sea ecosystems and recommends distributed observations of climate effects in the deep sea, monitoring both the environmental change and the biological responses.
Together, these data gaps have meant that expert judgement has been used alongside data in most cases.
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	Method used
	Main source of information:
1. OSPAR data assessment only
2. Assessment derived from third party assessment
3. Assessment derived from a mix of OSPAR data assessment and assessments from third parties
Assessment is based upon:
a) complete survey or a statistically robust estimate (e.g. a dedicated mapping or survey or a robust predictive model with representative sample of occurrence data, calibration and satisfactory evaluation of its predictive performance using good data on environmental conditions across entire species range);
b) based mainly on extrapolation from a limited amount of data (e.g. other predictive models or extrapolation using less complete sample of occurrence and environmental data);
c) based mainly on expert opinion with very limited data;
d) insufficient or no data available.

	
	

	AUDIT TRAIL
Optional. 
No word limit
Archived
	Additional Evidence and Information 
Please insert below any relevant additional evidence and information that provides essential background and rationale to the assessments above. Include citations of the sources of evidence and information and provide full references in the relevant section below
The audit trail is not published as part of the assessment. It is archived for future reference purposes. The assessment in the rows above needs to be written so that it can be read without accessing information in the audit trail.

	Assessment methods
(additional information, in particular how the overall assessment in the summary table was reached)
	Assessed as part of a group of deep-sea habitat assessments led by Ireland, chaired by Louise Allcock (National University of Ireland Galway).  Coral garden habitat assessment by Louise Allcock (NUI Galway; habitat lead), Liam Matear (Joint Nature Conservation Committee, UK), Laura Robson (Joint Nature Conservation Committee, UK), Malin Strand (Swedish University of Agricultural Sciences), Anna Karlsson (Swedish Agency for Marine and Water Management), David Stirling (Marine Scotland Science), David Lyons (National Parks and Wildlife Service, Ireland), Brian Bett (National Oceanography Centre, UK), Kerry Howell (University of Plymouth, UK), Ellen Kenchington (Fisheries and Oceans Canada), and Christine Morrow, with further contributions from the participants of the OSPAR deep-sea habitat assessment workshop, held online 6th-8th September 2021. GIS analyses by Oisín Callery (NUI Galway) and Anthony Grehan (NUI Galway).

	Geographical range and distribution (additional evidence & information)
	Geographic range and distribution information was drawn from the following sources: (1) The ICES VME database (public and restricted data with permission) accessed August 2021; (2) OSPAR Threatened or Declining Habitats Database v2020, point records published 2021-07-12, polygon records published 2021-06-30 (3) SeaRover coral gardens from Picton et al. (2021); (4) coral garden indicator taxa from OBIS based on records of Antipatharia, Octocorallia, Scleractinia and Stylasteridae accessed June 2021 and filtered to depths below 200 m and to the appropriate geographic range.  The OBIS records do not indicate the presence of coral gardens, but merely where coral gardens MIGHT occur.
Bathymetric data for the OSPAR area were extracted from the GEBCO_2021 Grid obtained from the GEBCO website. This is a global terrain model compiled using data from various sources to provide full global coverage for ocean and land at a resolution of 15 arc-seconds.
Spatial data layers delineating the boundaries of the OSPAR Maritime Area and its Regions were downloaded from ODIMS.
All point and polygon data were reprojected from their native coordinate reference systems (usually WGS 84, EPSG:4326) to the ETRS89-LAEA Europe coordinate reference system (EPSG:3035).
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Figure 4 Distribution of known coral gardens in OSPAR Region I, and occurrence of coral species that could be indicative of coral garden presence.
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Figure 5 Distribution of known coral gardens in OSPAR Region II, and occurrence of coral species that could be indicative of coral garden presence.
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Figure 6 Distribution of known coral gardens in OSPAR Region IV, and occurrence of coral species that could be indicative of coral garden presence.
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Figure 7 Distribution of known coral gardens in the OSPAR Region V, and occurrence of coral species that could be indicative of coral garden presence.

References
Picton, B.E., Morrow, C.C., Scally, L., Pfeiffer, N., & McGrath, F., 2021. Sensitive Ecosystem Assessment and ROV Exploration of Reef (SeaRover) Synthesis Report. EMFF 2014-2020 Marine Institute Report Series. Report prepared by MERC Consultants Ltd. on behalf of the Marine Institute, Galway 161 pp.
ICES VME Database:
https://vme.ices.dk/download.aspx
OSPAR Threatened or Declining Habitats Database v2020:
https://www.emodnet-seabedhabitats.eu
OBIS:
https://www.obis.org
ODIMS boundaries of the OSPAR Maritime Area and its Regions
(https://odims.ospar.org/en/maps/map-maritime-area-and-its-regions)
GEBCO_2021 Bathymetry Grid
www.gebco.net/data_and_products/gridded_bathymetry_data

	Population/abundance (species)
(additional evidence & information)
	N/A

	Condition 
(additional evidence & information)
	Condition assessment from two UK MPAs (West of Scotland MPA and The Canyons MCZ) in Region V was supplied by JNCC.  The status of the coral gardens here was unfavourable.
For region I, the overlap between coral garden occurrence and fishing pressure was considered based on data from Buhl-Mortensen et al. 2019.
Buhl-Mortensen, L. Burgos, J.M., Steingrund, P., Buhl-Mortensen, P., Ólagsdóttir, S.H. and Ragnarsson, S.Á. (2019). Vulnerable marine ecosystems (VMEs): Coral and sponge VMEs in Arctic and sub-Arctic waters – distribution and threats. Nordic Council of Ministers. doi: 10.6027/TN2019-519 
Literature Review: A Web of Knowledge search using the term “coral gardens” yielded a selection of literature which is summarized in the spreadsheet BDC2021_CoralGardens_Condition.xlsx with text indicating poor versus good condition in red and green respectively. 
Overlap of fishing 2010-2016 with habitat occurrence.  Shape files for the years 2010-2016 were downloaded from the ODIMS dataset “Bottom Fishing Intensity – Surface”.  Shape files were converted to rasters and the Spatial Analyst tool CellStatistics was used to sum the SurfSAR values (surface swept area ratio) from 2010-2016.  Summary maps for each OSPAR region clearly show overlap between fishing and coral garden occurrence over the 7-year period.  Given the extreme sensitivity of coral gardens to bottom fishing activity, we can anticipate deteriorating condition of the habitat in areas of overlap.  Note that offshore data were not available after 2017.
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Figure 8 Overlap of bottom fishing activity 2010-2016 and known coral garden occurrence (pink solid circles) in OSPAR Region I.
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Figure 9 Overlap of bottom fishing activity 2010-2016 and known coral garden occurrence (pink solid circles) in OSPAR Region II.
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Figure 10 Overlap of bottom fishing activity 2010-2016 and known coral garden occurrence (pink solid circles) in OSPAR Region IV.
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Figure 11 Overlap of bottom fishing activity 2010-2016 and known coral garden occurrence (pink solid circles) in OSPAR Region V.

For analysis of overlap of coral gardens with OSPAR Marine Protected Areas and NEAFC Closures, the OSPAR Marine Protected Areas Network (2021-07-16) was accessed from ODIMS (ODIMS, https://odims.ospar.org/en), and a layer of NEAFC Closures obtained from (https://www.neafc.org).
The analysis included only those coral gardens whose data had been submitted to the ICES VME database or the OSPAR threatened or declining habitats database (see above).
All point and polygon data were reprojected from their native coordinate reference systems (usually WGS 84, EPSG:4326) to the ETRS89-LAEA Europe coordinate reference system (EPSG:3035). Before any spatial analyses were conducted, habitat data obtained as points were first aggregated to an equal-area square grid which was specifically created for the purposes of conducting the assessments; this grid covered the entirety of the OSPAR Area with a grid-cell resolution of 25km2 (see accompanying R-script). Aggregating the point data in this manner ensured that any data represented in multiple databases were not “double counted”. Also, where multiple point occurrences of a habitat were recorded in close proximity to one another, for example along the path taken by a remotely operated underwater vehicle (ROV) over the course of a survey transect, these habitats in a single small area would be considered (for the purposes of these analyses) as part of a single contiguous habitat.
To analyse the overlap between MPAs and known habitat occurrences, a simple spatial overlay was conducted in R.  Habitat polygons were converted to points located at the centroids of all grid cells in which those polygons were present. In this manner, multiple small polygons within a single grid cell would be counted as a single point record and large polygons overlapping multiple grid cells would be counted as multiple point records placed at the centroids of each grid cell overlapped by the large polygon.  For the MPA analyses it was determined whether each habitat point datum was (i) within an MPA, (ii) within a NEAFC closure, (iii) within an overlap between both an MPA and a NEAFC closure, or (iv) outside a protected area. The results of these analyses were used to produce pie charts summarising the percentage of habitat occurrences in each of the aforementioned four categories.  
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Figure 12 Occurrence of coral gardens in Marine Protected Areas and NEAFC closures across the entire OSPAR region.
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Figure 13 Proportion of coral gardens identified in the ICES VME database and OSPAR habitat database that occur within an OSPAR Marine Protected Area or NEAFC Closure across the entire OSPAR Region.
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Figure 14 Proportion of coral gardens identified in the ICES VME database and OSPAR habitat database that occur within an OSPAR Marine Protected Area or NEAFC Closure in OSPAR Region I.
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Figure 15 Proportion of coral gardens identified in the ICES VME database and OSPAR habitat database that occur within an OSPAR Marine Protected Area or NEAFC Closure in OSPAR Region II.
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Figure 16 Proportion of coral gardens identified in the ICES VME database and OSPAR habitat database that occur within an OSPAR Marine Protected Area or NEAFC Closure in OSPAR Region IV.
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Figure 17 Proportion of coral gardens identified in the ICES VME database and OSPAR habitat database that occur within an OSPAR Marine Protected Area or NEAFC Closure in OSPAR Region V.


	Threats and impacts
(additional evidence & information)
	Regulation EU 2016/2336, restricts deep-sea fishing to areas already fished in the past, bans trawling below 800m depth, and requires closure of bottom fishing below 400 m in areas with vulnerable marine ecosystems. However, VME closures have not yet been put in place. Global Fishing Watch data were analysed to determine any change in the overlap of fishing on coral garden habitats since the adoption of the Regulations in 2016.  The analysis included only those coral gardens whose data had been submitted to the ICES VME database or the OSPAR habitats database (see above).
All point and polygon data were reprojected and aggregated as described above for the MPA analysis.
Fishing effort in each 25km2 square of the OSPAR area grid was taken to be the sum of the effort of all 0.01x0.01 cells of the GFW dataset that were within that square. Where a cell from the GFW dataset was only partially overlapped by a 25km2 square of the OSPAR area grid, the contribution of that cell to the total fishing effort within the square was taken to be the product obtained by multiplying the fishing effort in the 0.01x0.01 cell by the fraction of that cell covered by the square. Once the fishing effort data had been aggregated to the resolution of the 25km2 OSPAR area grid, cells with zero or very low fishing effort (taken to be values below the 5% quantile as calculated using the quantile function in R with default settings) were discarded.
As described above, one of the limitations associated with using the GFW fishing effort layers is that the amount of activity in the AIS dataset has increased each year, the result being that apparent year-on-year increases in the amount of fishing activity within a grid-square do not necessarily represent actual increases in fishing activity; such increases may simply reflect greater data availability. To allow for comparisons to be made between different time periods, annual fishing effort data within each 25km2 square were standardised in R using the empirical cumulative distribution function (ECDF). The ECDF function at any fishing effort value returns the proportion of effort values that are less than or equal to that value based on all fishing activity recorded in the OSPAR area in that year. This method identified areas of comparatively high/low fishing effort within the OSPAR region, thereby allowing for year-to-year comparisons to be made based on changes in relative annual fishing effort. 
To ascertain any potential effects of Regulation (EU) 2016/2336 in 2016 – hereafter referred to as the Deep-Sea Access Regulations (DSAR) – mean fishing effort in each grid cell was calculated for the pre-DSAR period (2012-2017 inclusive), and the post-DSAR period (2018-2020 inclusive); despite the DSAR being established in 2016, there was a “cross-over” period where fishing permits already issued were still valid during 2017, and for this reason data from 2017 was included in the pre-DSAR period. Variations in fishing pressure of less than 10% were considered as no change; changes in fishing pressure between 10 and 50% were considered as minor increases or decreases; changes in fishing pressure of greater than 50% were considered as major increases or decreases.
To analyse the overlap between apparent fishing effort and known habitat occurrences, a simple spatial overlay was conducted in R. The “extract” function of the Raster R package was used to return the relative fishing pressure at each point datum in the habitat distribution datasets (these having already been aggregated as described above to avoid duplicates within individual squares of the OSPAR grid). To simplify analysis for habitats with polygon data available, polygons were converted to points located at the centroids of all grid cells in which those polygons were present. 
Overall, there was little change in fishing pressure over the period (Figures 18, 19) and little change in individual OSPAR regions (Figures 20-27).  In most OSPAR regions there has been no change in fishing pressure in the majority of grid cells containing coral gardens, and a mix of slight increase and slight reduction in fishing pressure in the remaining grid cells containing coral gardens.  The exception is Region II which experienced no change in fishing pressure in 80% of grid cells containing coral gardens and a slight reduction in the remaining 20%.  (Figures 22, 23), indicating an overall decrease in fishing pressure, albeit a minor one.
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Figure 18 Changes in fishing pressure in the entire OSPAR region since the introduction of Regulation EU 2016/2336 and the overlap of that fishing pressure with coral garden habitat.
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Figure 19 Fishing pressure in the entire OSPAR region (a) Changes in fishing pressure since the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat; (b) Relative fishing pressure prior to the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat; (c) Relative fishing pressure after the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat.
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Figure 20 Changes in fishing pressure in OSPAR region I since the introduction of Regulation EU 2016/2336 and the overlap of that fishing pressure with coral garden habitat.
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Figure 21 Fishing pressure in OSPAR region I (a) Changes in fishing pressure since the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat; (b) Relative fishing pressure prior to the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat; (c) Relative fishing pressure after the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat.
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Figure 22 Changes in fishing pressure in  OSPAR region II since the introduction of Regulation EU 2016/2336 and the overlap of that fishing pressure with coral garden habitat.

[image: Chart, pie chart

Description automatically generated]
Figure 23 Fishing pressure in OSPAR region II (a) Changes in fishing pressure since the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat; (b) Relative fishing pressure prior to the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat; (c) Relative fishing pressure after the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat.
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Figure 24 Changes in fishing pressure in OSPAR region IV since the introduction of Regulation EU 2016/2336 and the overlap of that fishing pressure with coral garden habitat.
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Figure 25 Fishing pressure in OSPAR region IV (a) Changes in fishing pressure since the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat; (b) Relative fishing pressure prior to the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat; (c) Relative fishing pressure after the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat.
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Figure 26 Changes in fishing pressure in OSPAR region V since the introduction of Regulation EU 2016/2336 and the overlap of that fishing pressure with coral garden habitat.
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Figure 27 Fishing pressure in OSPAR region V (a) Changes in fishing pressure since the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat; (b) Relative fishing pressure prior to the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat; (c) Relative fishing pressure after the introduction of Regulation EU 2016/2336 in grid cells that contain coral garden habitat.

Further threats to coral gardens include marine litter, hydrocarbon and chemical pollution, and deep-sea mining.
Marine Litter: Discarded or lost fishing gear can cause extensive damage to corals (Angiolilli & Fortibuoni 2020) and microplastics are known to have been ingested by octocorals (e.g., Taylor et al. 2016) which could have detrimental effects (for review see Soares et al. 2020).  The deep sea is the ultimate sink for all debris including microplastics, which have been found in deep waters in high concentrations. The OSPAR IA 2017 found litter to be widespread on the seafloor across areas II, III and IV. 
Hydrocarbon and other chemical pollution: Coral gardens are threatened by oil and gas exploration (Davies et al. 2007) with discharges from oil and gas operations having the potential to impact cold water corals through smothering and toxic effects (Purser and Thomsen, 2012). Oil and gas operations also have the potential for accidental release of hydrocarbons.  The OSPAR IA 2017 on Offshore Oil and Gas Trends in discharges, spills and emissions from offshore oil and gas installations reported a downward trend in total oil and gas production from 400 million tonnes to just over 250 million tonnes in 2014.  Downward trends were also observed in the amount of dispersed oil discharged in produced water, the use and discharge of LCPA chemicals, and the use and discharge of chemicals carrying substitution warnings.  Neither positive nor negative trends were observed in the number of oil spills, or in the quantities of oil and chemicals spilled. 
Deep-sea mining: Exploration contracts have been granted internationally for deep-sea mining activity, with potential threats to coral gardens from physical disturbance and sediment plumes. Currently there is no commercial deep-sea mining within the OSPAR area however, under the Subsea Minerals Act, the Norwegian government has initiated an opening process for offshore mineral activity, including an impact study (EIHA (WP) 21/01/02-Add.5Rev1). Given the demand for key metals in applications such as renewable technologies, deep-sea mining is likely to increase in coming decades, but our understanding of the environmental impacts is as yet uncertain.

Aquaculture waste:  There is spatial overlap between coral gardens and aquaculture installations on the Norwegian coast and in fjords.  The release of aquaculture waste (organic waste and therapeutants) could potentially impact coral gardens in these areas, and expansion of offshore aquaculture could potentially increase this threat. Potential impacts have not been quantified.

Angiolillo M and Fortibuoni T (2020) Impacts of Marine Litter on Mediterranean Reef Systems: From Shallow to Deep Waters. Front. Mar. Sci. 7:581966. doi: 10.3389/fmars.2020.581966.
Davies, A. J., Murray-Roberts, J. & Hall-Spencer, J. (2007). Preserving deep-sea natural heritage: Emerging issues in offshore conservation and management, Biological Conservation, Volume 138, Issues 3–4, 2007, Pages 299-312, ISSN 0006-3207, https://doi.org/10.1016/j.biocon.2007.05.011.
Purser, A., and Thomsen, L. (2012). Monitoring strategies for drill cutting discharge in the vicinity of cold-water coral ecosystems. Mar. Pollut. Bull. 64, 2309–2316. doi: 10.1016/j.marpolbul.2012.08.003
Soares M, Matos E, Lucas C, Rizzo L, Allcock L, Rossi S (2020). Microplastics in corals: an emergent threat. Marine Pollution Bulletin, 161:111810. doi: 10.1016/j.marpolbul.2020.111810
Taylor, M.L., Gwinnett, C., Robinson, L.F., Woodall, L.C., 2016. Plastic microfiber ingestion by deep-sea organisms. Sci. Rep. UK. 6, 33997. https://doi.org/10.1038/srep33997.


	Measures that address key pressures from human activities or conserve the species/habitat
(additional information)
	

	Knowledge gaps (additional information)
	Henry, L.A. & Roberts, J.M. 2014. Developing an interim technical definition for Coral Gardens specific for UK waters and its subsequent application to verify suspected records. JNCC Report No. 507 
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