
3 Distribution of cold-water corals in the NORTHEAST ATLANTIC in relation to fisheries 

Request

The European Commission, Directorate General for Fisheries, request (letter of 5 July 2000) for the “identification of areas where cold-water corals may be affected by fishing.”

Source of information

The 2002 Report of the Working Group on Ecosystem Effects of Fishing Activities (WGECO) (ICES CM2002/ ACE:03).

The 2002 Report of the Study Group on Mapping the Occurrence of Cold-Water Corals (SGCOR) (ICES CM 2002/ACE:05).

Introduction

Many species of coral grow in cold water. If the request were interpreted widely, these corals occur throughout the ICES area and the entire ICES area would be identified. However, this request from the European Commission is to help meet recent concerns about the impacts of fishing on cold-water coral reefs. It is therefore assumed for the purposes of this report that cold-water corals refer to those coral species that contribute to reef formation in waters with temperatures less than about 20 oC. In Northeast Atlantic waters, these include the azooxanthellate scleractinarian corals Desmophyllum cristagalli, Enallopsammia rostrata, Lophelia pertusa, Madrepora oculata, and Solenosmilia variabilis. The main reef-building species is Lophelia pertusa. Other coral species often occur in association with Lophelia pertusa and none has been found forming reefs without Lophelia pertusa being present. Zibrowius (1980) gave a good general review of the distribution of cold-water corals in European waters.
Lophelia pertusa can occur in a variety of forms; in larval form it can presumably move widely, but once settled it can grow upon itself to form large reefs or reef complexes. Sars (1865) was the first to suggest that Lophelia pertusa can build reefs. However, the use of the term “reef” has been debated in the scientific literature, and different authors suggest various terms to be applied for accumulations of azooxanthellate coral colonies and skeletons. These terms include: “reef”, “massifs”, “bank”, “patch”, “mound”, and “bioherm”. “Reef” is used in this report for such accumulations.

Until the very recent discovery of a larger reef, the greatest of these reefs known in the Northeast Atlantic (and globally) was on the Sula Ridge on the mid-Norwegian shelf. This structure is more than 13 km long and up to 450–500 m wide. The average height is about 15 m, but some individual sub-structures are 35 m high (Dons, 1944; Freiwald et al., 1999). This reef provides a habitat for a diverse associated community of marine life, with some associated fish species at much higher densities than in surrounding waters (Jensen and Frederiksen, 1992; Mortensen et al., 1995).

Spectacular reefs such as that on the Sula Ridge appear to be rare, however, and elsewhere the species forms “patches” (Wilson, 1979; Mortensen et al., 1995, 2001). On the Rockall Bank, such patches have been recorded 15–30 m across and about 1.5 m high (Wilson, 1979), whereas some on the Norwegian shelf are slightly larger (Mortensen et al., 1995, 2001). Wilson (1979) suggests a mechanism of growth and breakage of colonies, with subsequent growth on the fallen parts as a way that these patches might form. Elsewhere, isolated clumps of Lophelia pertusa have been observed.

In the Northeast Atlantic, reefs occur from the Iberian Peninsula to Ireland (Le Danois, 1948), around the Rockall Bank, the Faroe Islands (Wilson, 1979; Frederiksen et al., 1992), and near the coast and on the shelf along the Norwegian coast between 60° N and 71° N (Dons, 1944). Further survey work has occurred in most of these areas and modern references are included in the following sections.

Most records of the species are samples grabbed or trawled up. Thus, the structural context in which the species is growing at most recorded sites is not known (and is likely to have been changed by the sampling or trawl gear). The precise growing habit of the species is likely to be dependent on oceanographic conditions and the degree of disturbance and turbulence at each site.

3.1 Distribution of Lophelia pertusa
Lophelia pertusa appears to prefer oceanic waters with a temperature of between 4 oC and 12 oC, with relatively high water flow. These conditions occur widely in the Northeast Atlantic. Broadly though, they occur at shallower depths in some Norwegian fjords (within 40 m of the surface in Trondheimsfjorden (Strømgren, 1971; Rapp and Sneli, 1999)) and at much greater depths off the Iberian peninsula. Several review papers have described the distribution in parts of the Northeast Atlantic.

3.1.1 Norway

Fosså et al. (2000) provided an overview of Lophelia pertusa distribution in Norwegian waters and estimated that between 1500 km2 and 2000 km2 of the Norwegian EEZ is covered in coral. Most is concentrated between 200 m and 400 m depth on the continental shelf break, but with numbers of records from the entrances to some fjords (Figure 3.1.1.1). One particularly large reef complex is found on the Sula Ridge (e.g., Ottesen et al., 2000). Fosså et al. (2000) also surveyed, through fishermen’s interviews and direct observation, the effects of trawling activity. They concluded that between one third one half of the total reef area of Norway has been damaged to an observable extent. Given the slow growth rate of Lophelia pertusa, the recovery of some of these reefs will, at a minimum, take centuries and may never happen.

As a consequence of damage caused by fishing activities to coral reefs, two areas on the Norwegian continental shelf have been closed to fishing by towed gear to prevent further damage to previously unfished areas. These are at the Sula Ridge and at Iverryggen (Figure 3.1.1.1). The use of longlines in these areas is still allowed. Appendix 1 of Fosså et al. (2000) reprints the relevant regulations.

A very recent discovery, announced in June 2002 (http://www.imr.no/), is of an even larger reef than that on the Sula Ridge. This reef, 100 km west of Røst in the



Lofoten Isles, is 35 km long and 3 km wide and lies between 300–400 m depth.

3.1.2 Faroes

Frederiksen et al. (1992) provided a review of the distribution of Lophelia pertusa around the Faroe Islands, including some waters within the UK 200 n.m. limit (EU fishing limits). The species occurs only in areas in contact with Northeast Atlantic water (as opposed to Arctic water), with all records in areas where the average bottom temperature ranges from 6.2 oC to 8.6 oC. The majority of records around the Faroe Islands were from, at, or near areas with a critical slope angle that would intensify mixing of bottom waters. The depth of the records ranges from about 300 m on the Rockall Bank to 750 m on the Hatton Bank. Stein Hjalti í Jákupsstovu has provided a map (Figure 3.1.2.1) based on interviews with fishermen, indicating areas of occurrence of Lophelia pertusa along with those areas where there is evidence of damage by fishing.

Figure 3.1.1.1. Distribution of Lophelia pertusa (dots) and major trawl grounds (blue) in Norwegian waters, showing the degree of overlap between coral and trawling distribution. Two areas on the shelf, Sula and Iverryggen (red), are protected from trawling gear. Map from J.H. Fosså, Institute of Marine Research, Bergen.
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3.1.3 Iceland

Information on the distribution of Lophelia pertusa around Iceland is based on literature (Carlgren, 1939; Copley et al., 1996) and records from the BIOICE programme database (material identified by Helmut Zi-browius, 1998). The species occurrence is near the con-




tinental shelf break off the south and west coasts of Iceland (Figure 3.1.3.1), at a depth range of 114 m to 800 m, with bottom temperatures between 5.5 oC and 7.3 oC. Copley et al. (1996) found the species growing further south on the mid-Atlantic ridge.

Figure 3.1.2.1. Distribution of current (solid green) and past (hatched green) areas containing Lophelia pertusa reefs in waters around the Faroe Islands (S. H. í Jákupsstovu). It is assumed that reefs in the hatched areas have been lost through fishing activity. The red lines are areas presently closed for trawling, for fisheries management reasons.
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Figure 3.1.3.1. Distribution of records of Lophelia pertusa made during the BIOICE programme in Icelandic waters (map provided by S.A. Steingrímsson).
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3.1.4 United Kingdom

Wilson (1979) was the first to review the distribution of Lophelia pertusa in UK waters as well as in nearby waters of the Northeast Atlantic. Both Long et al. (1999) and Rogers (1999) updated this review. The two main areas where the coral occurs are on the Rockall Bank and on the shelf break north and west of Scotland between 200 m and 500 m in depth (Figure 3.1.4.1). South of the Wyville Thomson ridge, the lower depth limit is deeper than to the north, due to the inability of Lophelia pertusa to grow in the deep, cold, Arctic waters occurring below 500 m north of the ridge. The ability of the coral to colonise newly available suitable habitats has been demonstrated by the occurrence of records from several oil platforms in the northern North Sea, including the now decommissioned Brent Spar installation (Bell and Smith, 1999).

The best-researched Lophelia pertusa features in UK waters are the Darwin Mounds, named after the research vessel “Charles Darwin”. These are in two parts and are located in about 1000 m of water some 150 km to the northwest of Lewis (Outer Hebrides, Scotland) in the northeast corner of the Rockall Trough, immediately south of the Wyville Thomson Ridge (Figure 3.1.4.2).



The mounds cover an area of approximately 100 km2 and contain some hundreds of mounds in two main fields (referred to as Darwin Mounds East (about 13 km × 4 km with about 75 mounds) and Darwin Mounds West (13 km × 9 km with 150 mounds)) (see Figure 3.1.4.3). Other mounds are scattered at much lower densities in nearby areas. Each of the mounds is approximately 100 m in diameter and 5 m high. Most of the mounds are also distinguished by the presence of an additional feature visible on the side-scan sonar referred to as a “tail”. The tails are of a variable extent and may coalesce, but are generally a teardrop shape and are orientated southwest of the mound.

The mounds are composed mostly of sand, interpreted as sand volcanoes. These features are caused when fluidised sand “de-waters”. Sand volcanoes are common in the Devonian fossil record in the UK, and in seismically active areas of the planet. In this case, tectonic activity is unlikely; some form of slumping on the southwestern side of the Wyville Thomson Ridge is a more likely cause. The tops of the mounds have living stands of Lophelia pertusa and blocky rubble (interpreted as coral debris).

Figure 3.1.4.1. Potential and actual distribution of Lophelia pertusa in northwestern waters of the United Kingdom (map courtesy of Southampton Oceanography Centre).
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Figure 3.1.4.2. Location of Darwin Mounds in the Northeast Atlantic.
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Figure 3.1.4.3. Detail of the location of Darwin Mounds West and East fields. The red point is the mound, while the green areas are the “tails”.
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The tails also support significant populations of the xenophyophore Syringammina fragilissima. This is a large (15 cm diameter) single-celled organism that is widespread in deep waters, but occurs in particularly high densities on the mounds and the tails. The corals themselves provide a habitat for various species of larger sessile or near-sessile invertebrates such as sponges and brisingiids. Various fish have been observed associated with these features, but not apparently at significantly higher densities than in the background environment. This contrasts with studies at other Lophelia pertusa sites, where elevated numbers of saithe (Pollachius virens), redfish (Sebastes spp.) and tusk (Brosme brosme) have been found (Mortensen et al., 1995, 2001; Fosså et al., 2000).

The mound-tail feature of the Darwin Mounds is apparently unique globally. The mounds are also unusual in that Lophelia pertusa appears to be growing on sand rather than a hard substrate. Prior to research on the mounds in 2000, it was thought that Lophelia pertusa required a hard substrate for attachment.

3.1.5 Ireland

There does not appear to have been a formal review of records of Lophelia pertusa in Irish waters, but the reviews of Wilson (1979) and Rogers (1999) contain many records (Figures 3.1.4.1 and 3.1.5.1). The southern end of the Rockall Bank and the shelf on the opposite side of the Rockall Bight (to the northwest of Donegal) and the Porcupine Seabight all hold large structures (Hovland et al., 1994). These larger structures were described as being “haystack” shaped, but some had a less regular shape and may extend in ridge-like forms. The base sizes are up to 1,800 m across, with a height of 65–165 m. Kenyon et al. (1998) studied twelve reef mounds in the Northern Porcupine Seabight. The mounds varied from approximately circular to elongate (or were compounds of these elements). The mounds were approximately 1 km in diameter, and the largest reached 120 m in height. Many of these mounds had a buried segment underlying them, indicating a long history of the structure that has included sedimentation events. Kenyon et al. (1998) further described a line of nineteen mounds running southwards at about 11o40'W from 51o40'N to 51o20'N (Figure 3.1.5.2). One of these (the Theresa Mound at 51°25'N, 11°46'W) is home to some of the best-developed coral (Lophelia pertusa and Madrepora oculata) ecosystems known in the Northeast Atlantic (Bett et al., 2001). Most of the records in the Porcupine Seabight and vicinity are from depths of 400–1000 m.

Figure 3.1.5.1. Early observations of the distribution of deep-water corals (mainly Lophelia pertusa) in the Porcupine Seabight and Bay of Biscay areas, compiled from the records of commercial fishing vessels. (Adapted from Teichert, 1958; after Joubin, 1922a, 1922b). The Galicia Bank is also indicated. This site is now known to hold a significant population of Lophelia pertusa (G. Duineveld, pers. comm.).
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3.1.6 France, Spain, and Portugal

There are a number of records from the Bay of Biscay and Lophelia pertusa is abundant in some areas, including the Chapelle Bank (47o30'N, 7o10'W, 48o10'N, 04o10'W) (Rogers, 1999) and on the Galicia Bank (Figure 3.1.5.1). The Galicia Bank has its summit at 500 m water depth. It is approximately 1500 m long, with a very steep eastern slope of bare rock. The western slope levels out at about 800 m to an extensive sandy plateau. Current speeds are high, producing a sea floor of coarse foraminiferal sand that is formed into mega-ripples with a wavelength of about 25 m and amplitude of 50 cm. Surprisingly, the corals (Lophelia and Madrepora) occur in this dynamic sandy area rather than on the bare rocky slopes. The corals form longitudinal patches of about 1 m wide and 1 m high, and can run for over 10 m (ICES, 2002). Lophelia pertusa has also been recorded off the Canary Islands and in several sites off Portugal, and at depths mostly greater than 1000 m around the Atlantic islands of Madeira and the Azores.

Figure 3.1.5.2. Schematic representation of the large carbonate mounds (red areas) in the “Belgica Mound Province” of the Porcupine Seabight, based on 9.5 kHz OKEAN side-scan sonar data. Deep-water coral communities are known from most, if not all, of these mounds. (Adapted from Kenyon and Akhmetzhanov, 1998).
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3.1.7 Mediterranean

Rogers (1999) noted a number of records of Lophelia pertusa from the western basin of the Mediterranean.

3.2 Impacts on cold-water corals

3.2.1 Trawling

The use of mobile bottom fishing gears, particularly trawling, is widespread in areas holding Lophelia. Any fishing gear physically impacting, by direct contact or by indirect effects such as wash or sedimentation, will cause an effect. Photographic and acoustic surveys have recently located trawl marks at 200–1400 m depth all along the Northeast Atlantic shelf break area from Ireland, Scotland, and Norway (Rogers, 1999; Fosså et al., 2000; Roberts et al., 2000; Bett, 2000).
There have been a number of documented instances of damage to Lophelia reefs in Northwest European waters. These, though, must represent a small proportion of the number of instances when such reefs have been damaged, given the widespread distribution of current trawling activities, and the amount of habitat that is potentially suitable for corals in the Northeast Atlantic (Section 3.1). Another indication that damage to corals by trawling has been widespread is that many records of occurrence come from commercial trawlers hauling up broken pieces of coral.

The most obvious impact of trawling is mechanical damage caused by the gear itself. The impact of trawled gear kills the polyps and breaks up the reef structure. The breakdown of this structure will alter the hydrodynamic and sedimentary processes, and recovery may not be possible or could be seriously impaired. It may also cause a loss of shelter around the reef and organisms dependent on these features will have a less suitable habitat. The scale of effects depends on the scale and frequency of trawling operations. Damage may range from a decrease in the reef size, and a consequent decrease in abundance and diversity of associated fauna, to a complete disintegration of the reef and its replacement with a low-diversity community (Fosså et al., 2000). Trawling may also have the effect of evening out the seabed by scraping off high points and infilling lows, as well as redistributing boulders. Since Lophelia requires some of the high points to grow initially, the seabed habitat following trawling may become unsuitable for the re-establishment of Lophelia reefs.

Trawls also cause resuspension of sediments that could affect corals growing downstream (including entrapment in the coral framework). Sediment loads are naturally low in areas where Lophelia occurs, so trawling effects may be relatively large compared to background levels. Such impacts may be proportionately greater in high-relief mound areas such as in the Porcupine Seabight, where trawling over the mounds is uncommon owing to the risk of gear damage and large unwanted bycatch.  However, the sediment areas immediately adjacent to the mounds are heavily trawled.

Fosså et al. (2000) estimated that between one third and one half of Norway’s Lophelia reefs are damaged or affected by fishing. Damage is illustrated from a number of areas by comparing photographs (damage is difficult to quantify by sampling because sampling itself also causes damage). Fosså et al. (in press) describe these surveys. To distinguish natural decay from impacts by human activities, such as bottom trawling, they looked for broken living colonies tilted, turned upside down, and/or in
unexpected/awkward positions on levelled sea bottoms. The remains of trawl nets among corals and recent furrows or scars in the sea bottom were also taken to be evidence of trawling activity.

Three localities on Storegga (continental shelf break between 62°30'N and 63°50'N) were inspected between 1998 and 1999: Aktivneset, Korallneset, and Sørmannsneset. During 1999, two localities were inspected on the shelf: Maurdjupet and Iverryggen. All these localities and surrounding areas are subject to extensive bottom trawling.

Two inspections with a remotely operated vehicle (ROV) were made at Sørmannsneset, covering a vertical range from 370 m to 225 m and distances between 2.5 km and 2.9 km. The observations confirmed that the most severe damage occurred at the shallowest depths (200 m), as crushed remains of Lophelia skeletons were spread over the area while living corals were rarely found. Many signs of trawling were found, including wires and remains of a trawl net entangled with corals. In addition, sonargrams from the side-scan sonar detected furrows penetrating into areas of damaged corals. These were interpreted as furrows caused by trawl doors or other parts of a trawl gear cutting through the surface of the bottom. At Korallneset, almost 2.6 km of the sea bottom was inspected between 305 m and 205 m depth. Almost all corals observed were crushed or dead. Aktivneset is subject to heavy trawling and the ROV inspection showed this location to be very rich in corals all along a 7-km ROV transect between 350 m and 270 m depth. The reefs were neither large nor high, but smaller colonies were spread 

over large areas. However, damage was evident and furrows in the seabed were observed. Damage at Maurdjupet was severe, especially on the slopes of a smaller basin (or depression) in the shelf. Five inspections at Iverryggen revealed severe damage to colonies of Lophelia and other corals such as gorgonians (Figure 3.2.1.1). Every inspection verified damage exhibiting all stages of degradation, e.g., from almost intact living coral colonies to completely crushed reefs.

The Darwin Mounds were discovered using remote sensing techniques in May 1998 during surveys funded by the oil industry and steered by the Atlantic Frontier Environment Network (AFEN), a UK industry-government group (Masson and Jacobs, 1998). They have been further investigated in June 1998 (Bett, 1999), August 1999 (Bett and Jacobs, 2000), and twice during summer 2000 (Bett et al., 2001; B. Bett, pers. comm.). Instruments deployed during the studies have included side-scan sonar, stills and video cameras, and piston corers.

Figure 3.2.1.1. Fragments and larger pieces of dead Lophelia pertusa near Iverryggen on the Norwegian continental shelf at 190 m depth. Photo taken from a height of about 2 m above the seabed on 17 May 1999. The bottom substrate is severely disturbed and the trench running across the picture from centre left to top right is apparently caused by towed trawl gear. From Fosså et al. (in press).
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The Darwin Mounds are vulnerable to damage from bottom trawling, and evidence of new (since the 1998 survey) damage was visible over about one half of the Darwin Mounds East during summer 2000 (Wheeler et al., 2001). This damage was visible as smashed coral strewn on the seabed along with visible parallel scar marks. Given that Lophelia pertusa appears to need (or favour) the elevation provided by sand mounds for growth in this area, it seems likely that this damage will be permanent. This site must be regarded as at particularly high risk of further permanent damage.

Hall-Spencer et al. (2002) found significant coral by-catch in five out of 229 hauls observed of French trawlers working in the Porcupine Seabight area. Trawling in this area is undertaken by French, Irish, and Scottish vessels for mixed species such as orange roughy (Hoplothus atlanticus), roundnose grenadier (Coryphaenoides rupestris), blue ling (Molva dypterygia), black scabbard (Aphanopus carbo) and sharks. Trawling for orange roughy has been shown to have caused major destruction of seamount corals in Tasmania and New Zealand (Koslow et al., 2001).
3.2.2 Demersal longlining

Although lost longlines have been observed on video surveys of coral areas, no evidence of actual damage to reefs has been found, although coral branches could be broken off during the retrieval of longlines. In Icelandic waters, longline vessels seek out coral reefs in search of species using the structures as habitat (Steingrimsson, 2002). Species thus targeted include tusk (Brosme brosme), ling (Molva molva), blue ling (Molva dypterygia), and various species of redfish (Sebastes spp.). Off Ireland, longlining is undertaken by Norwegian vessels for ling and tusk. It is also undertaken by Spanish, UK, and Irish vessels for hake, sharks, ling and forkbeards, but few data are available.

3.2.3 Gillnetting and tangle netting

The surveys referred to in Section 3.2.1 have also found evidence of damage from gillnetting and tangle netting. The video inspections of the Storegga, Norway found lost (and ghost fishing) gillnet, an anchor, and a buoy. The nets and anchor-ropes may sometimes break down and tilt parts of the colonies. Video surveys by Southampton Oceanography Centre in 1999 and by IFREMER in 2001 showed gillnets ghost fishing on carbonate mounds/Lophelia reefs on the western edge of the Porcupine Bank in ICES Division VIIc. The Spanish have a traditional gillnet hake fishery in an area 60 nautical miles southwest of Valentia, Ireland, in a coral-rich area.

3.2.4 Summary

Trawling-induced damage to deep-water coral reefs has been proved in several areas, with perhaps the worst damage being evident presently on the reefs in shallower waters off Norway. However, there are several older records from continental shelf seas that appear to have suitable hydrographic conditions for Lophelia, and it seems likely that persistent trawling in these waters has extirpated it. This suggestion is supported by recent observations of Lophelia growing on undisturbed parts of oil platforms (Bell and Smith, 1999). Deeper reefs off Ireland and southwards do not seem to have suffered the same scale of damage, but are nevertheless vulnerable. The effects of other human activities are likely to be minor in comparison to those of trawling.
3.3 Mitigation/protection of corals from human activities

The EU Habitats Directive requires the statutory protection of marine reefs, such as those formed by Lophelia, and carbonate mounds. The only way to completely prevent damage by fishing activities to areas of deep-water coral is to accurately map them and then close them to fisheries.

Such closure may have other benefits, as a letter from the Scottish Fishermen’s Federation in IntraFish recently expressed the need for better coral distribution maps so that fishermen can avoid these areas and thereby the high costs associated with damaged nets and poor fish quality. However, voluntary closures must be treated with caution. The only attempt to date to provide fishermen with detailed maps, in the Faroe Islands, did not prevent large-scale loss of Lophelia reefs.

In Sweden, two reef areas in the Kosterfjord are now protected and management measures have been agreed with local fishermen.

No EU Member States yet have the legal powers to designate Special Areas of Conservation (SAC) beyond territorial limits (12 n.m.), but some, including the UK and Ireland, are expected to have such powers within the next year. Thus, to date, they have been unable to employ measures to protect Lophelia reefs outside territorial waters. The understanding in the UK is that, once a candidate SAC has been notified to the European Commission, the Commission will be duty bound to protect that SAC from harm from those activities which it has the exclusive competence to regulate (e.g., fisheries). The relevant Minister (Margaret Beckett, Secretary of State, Department for Environment, Food and Rural Affairs) in the UK has indicated (23 October 2001) that the Darwin Mounds will be in the vanguard of any list of candidate sites notified to the European Commission.

3.3.1 Closed areas to trawling

Given that the available information suggests that cold-water coral reefs are easily damaged by certain fishing activities, that recovery following physical impacts is slow, or the damage possibly irreparable, and that this habitat is protected under European legislation, then these features must have a high priority for appropriate management.

The Icelandic study on the location of coral reefs and of trawl and longline fisheries (Steingrimsson, 2002) provides an example of one approach for identifying areas to close to fisheries if protection of Lophelia is required.
An area off the south and west coasts of Iceland was defined enclosing the known distribution limits of Lophelia in Icelandic waters (“coral” area). Fishing effort data for 1999 and 2001 for otter trawling and longlining occurring within the area were obtained from the effort database (Figure 3.3.1.1). Gear type, position (latitude, longitude), and catch composition (species, catch (kg)) were obtained from each haul. It is known that otter trawls avoid coral areas, while longliners seek them out.

For each rectangle of 1' latitude and 1' longitude, the degree of overlap (O) between fleets (otter trawlers and longliners) was estimated using the following equation (see Horn, 1966)
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where Paj = the proportion of haul positions in square j of fleet a. The coefficient ranges between 0 and 1; a value 



of 0 indicates that both fleets are fishing in completely different squares and, consequently, a value of 1 indicates that the effort of both fleets was exactly identical in a given square. Squares with an overlap coefficient close to 0 were identified and the area around them was defined as possible Lophelia grounds. 

The defined areas were examined further for the spatial distribution of fishing effort (proportion of effort within the defined “coral” area) of both fleets (otter trawlers and longliners) during 2001. Five areas were identified where no overlap occurred between the two fleets either in 1999 or 2001 (Figure 3.3.1.2). The small-scale distribution of fishing effort within the five areas showed that insignificant otter trawling took place in 2001. However, the effort of longliners was relatively much higher. Detailed examination reveals that there are some areas where only longlining occurs (Figure 3.3.1.3). Where no overlap between fleets occurred and only longline was used, species composition of the catch and their relative abundance (% total catch) was estimated. These areas have catches characterised by Lophelia-associated species and are thus likely to have concentrations of Lophelia reefs. These areas are also likely to encounter less resistance from trawl fishermen if they are declared closed to trawl netting.

Figure 3.3.1.1. Distribution of fishing effort by all gears in Icelandic waters in 1997 (from Steingrimsson, 2002). Lina = longline, Net = Gillnet, Rækjuvarpa = Prawn trawl, Dragnót = Seine net, Botnvarpa = Otter trawl, Flotvarpa = Pelagic trawl, Humarvarpa = Nephrops trawl, Lodnunót = Capelin nets, Sìldarnót = Herring nets.
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Detailed information such as that shown for Iceland is not available for EU waters. Nor have logbook or satellite-derived data been released beyond national authorities. Without such information, the identification of areas suitable for closure will be impossible.

Off Ireland, Grehan et al. (2002) has identified four areas suitable for closure to trawl fisheries (Figure 3.3.1.4) on the basis that they contain good examples of previously unimpacted carbonate mounds.

3.4 Summary and recommendations

ICES makes the following recommendations to ensure that both the short-term and long-term advice on Lophelia is the best possible:

1) This description of the distribution of Lophelia reefs (as shown in the preceding maps) represents the pre-



sent state of knowledge, but several new studies are under way and new knowledge is becoming available.
2) In order to best tailor advice to actual fishing pressure, ICES Member Countries and relevant Commissions should provide access to detailed, suitably depersonalised, data on the location of fishing effort in areas known or likely to contain Lophelia.

3) In order to add to knowledge on the distribution of Lophelia and trawling impact, ICES Member Countries and relevant Commissions should ensure that by-catch recording schemes include records of Lophelia.

4) ICES advises that the only proven method of preventing damage to deep-water biogenic reefs from fishing activities is through spatial closures to towed gear that potentially impact the bottom.

Figure 3.3.1.2. Five areas where there was low overlap between otter trawls and longlines in the “coral area” to the south of Iceland. Hauls in 1999 (+) and 2001(ٱ).  (From Steingrimsson, 2002).
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Figure 3.3.1.3. Detail of area 5 (Figure 3.3.1.2) showing an area where only longline fishing occurs. (From Steingrimsson, 2002.)
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Figure 3.3.1.4. Areas to the west of Ireland containing the best examples of carbonate mounds and Lophelia reefs, and suitable for closure to trawl fisheries (Grehan et al., 2002).
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