10. Biological Environment

10.1 Introduction

This Chapter considers the existing biological environment in the area of the wave dragon deployment, subsea cable corridors and onshore works and assesses the impact of the development on benthic, intertidal and terrestrial ecology, biodiversity and ornithology.

The assessment considers potential environmental impacts through effects on the following major groups of environmental receptors:

· water and sediment quality; 

· subtidal benthic ecology; 

· fish;

· marine mammals and sea turtles; 

· intertidal and terrestrial ecology;

· designated sites;
· ornithology

It should be noted that applications for onshore consent will not be sought, therefore, the assessments for intertidal and terrestrial impacts should be viewed as preliminary. Upon clarification of defined onshore works proposals, due consideration for any changes to the assessment of impacts will be made.

10.1.1 Scope of Assessment
Wave Dragon Wales Ltd commissioned Centre for Marine and Coastal Studies Ltd (CMACS) to undertake all aspects of the biological assessment for the Scheme other than ornithology which has been assessed by others (Section 10.8).

For each of the above aspects the existing environment is first described and potential sensitivities to the construction, operation and/or decommissioning of the Scheme identified.  The potential for cumulative impacts with other developments has also been considered.  For the purposes of this assessment, construction is taken to mean installation of structures offshore; the actual construction of the Wave Dragon device on a barge in Milford Haven is covered by Milford Haven Port Authority regulations and therefore beyond the scope of this assessment.
Extensive desk based studies have been carried out which have collated a substantial amount of existing information, notably in relation to: water and sediment quality (Section 10.2); fish (Section 10.4); marine mammals and sea turtles (Section 10.5); and designated sites (Section 10.7).  Limited or no additional site specific surveys were considered necessary to support the assessments for these major receptor groups.
Existing information on intertidal and terrestrial ecology was supplemented by walk-over site surveys by experienced ecologists.  This is considered to provide a sufficient level of detail to support and inform the impact assessments in these areas.  A number of important caveats are made in Section 10.6, however, since the walk-over surveys were undertaken at a sub-optimal time of year (January) when certain species and habitats could not be surveyed.  In some cases no impacts are considered possible because no Scheme activity would affect areas where there are potential sensitivities.  In other cases precautionary mitigation would avoid significant impacts by assuming that there are sensitivities present.

It is recognised that there are gaps in information in relation to subtidal benthic ecology (Section 10.3).  CMACS has advised that certain additional surveys should be undertaken to fully inform the assessments in this area.  In the absence of such information precautionary assessments have been made and appropriate surveys identified. Further details of this approach are provided in Section 10.1.2 where the methodology applied to assess potential environmental impacts is described.

10.1.2 Assessment Methodology

The purpose of the assessment is to identify, and where necessary mitigate for, potentially significant environmental effects and resultant impacts on environmental receptors.  This is in line with EIA regulations which require identification of the main effects that the development is likely to have on the environment.

In determining the overall significance of an impact, the ‘magnitude’ of any potential impact is assessed against the ‘importance’ of receptor species/groups to provide a range of impact significance from ‘negligible’ to ‘major’ as shown in Table 10.1‑1.

	
	
	Magnitude of impact

	
	
	Negligible
	Low
	Moderate
	High

	Level of importance

of  receptors
	
	
	
	
	

	
	Low: 

e.g. up to locally important (Pembrokeshire)
	Negligible


	Minor
	Minor/Moderate
	Major

	
	Medium: 

e.g. up to regionally important (Wales)
	Minor


	Minor/

Moderate
	Moderate
	Major

	
	High: 

e.g. up to nationally important or with legal protection.
	Minor
	Moderate
	Moderate/Major
	Major


Table 10.1‑1 Matrix to assess the overall significance of impacts

The level of importance of receptors is identified separately for individual receptors within each major group.  These classifications are summarised at the start of each impact assessment section.

A significant impact in terms of the EIA regulations is considered to be one of Major or Moderate/Major significance (shown by grey shading in Table 10.1‑1).  Mitigation is recommended whenever significant negative impacts are predicted and the residual impact after mitigation is estimated.  

Impact magnitude is assessed by taking into account the following factors, as applicable to each impact (Table 10.1‑2).

	Impact Factor
	Impact Classification
	Definition

	Duration
	Short term 
	up to 1 year

	
	Medium term 
	1-5 years

	
	Long term 
	more than 5 years

	Severity
	Negligible
	No anticipated changes to the affected population

	
	Low
	Minor alteration to the affected population

	
	Medium
	Appreciable alteration to affected population

	
	High
	Major change to affected population

	Likelihood
	Low 
	<25%

	
	Medium 
	26–75%

	
	High 
	>75%




Table 10.1‑2 Impact magnitude factors

Both receptor importance and impact magnitude are therefore value judgements; however, in setting out the decision matrix clearly the intention is to make the process as transparent as possible.  The assessment must also take into account such additional factors as the ability of species or communities to recover and such factors influence the determined severity of the impact. These generic criteria are adapted for specific receptors in the following sections.

Impacts can be either beneficial or adverse but are to be assumed adverse unless stated otherwise.

Whenever impact magnitude could practically be reduced mitigation is also recommended for negative impacts below Moderate/Major (i.e. significant) level.  

For some environmental effects relating to the subtidal benthic ecology assessments a potentially significant impact has been determined because receptors of high importance could be affected.  In such situations surveys are planned to confirm whether or not such receptors are present or would be affected by the activities concerned.  It is recognised that the relevant impact assessment(s) would have to be updated after the results of such surveys are known.
Wave Dragon Wales Ltd have committed to undertake the necessary surveys at the appropriate time of year.  If, following surveys and re-assessment, the significant impact was confirmed as likely to occur it is recognised that appropriate mitigation would need to be identified.
10.2 Water and Sediment Quality

The quality of waters and sediments is fundamental to marine ecology and adverse impacts to either can have follow up impacts upon other marine ecological receptors such as benthic organisms, fish and mammals.

This section considers background sediment and water quality in relation to the Scheme and the potential for the Scheme to affect either water or sediment quality.

The area is relatively well studied because of historic events, notably the Sea Empress accident in 1996, and study has been informed through a literature review to obtain information concerning the wider area.  In addition, a site-specific survey of sediments on site was undertaken in January 2006 and samples have been tested for a range of contaminants.  

10.2.1 Existing Environment 

10.2.1.1 Water Quality

Like any water body, coastal waters in Pembrokeshire are subject to pollution from human activities, whether from regular consented discharges such as sewage treatment works and industrial activities or one-off events such as accidental spillages and major incidents.

Pollution sources arise from the industrial and residential centres along the Welsh south coast including Newport, Cardiff, Port Talbot and Swansea (Crumpton and Goodwin, 1995), with discharges of both industrial and domestic waste. Milford Haven is also a major industrial centre and a busy international port for large vessels, including oil tankers. There are several consented dry weather flow sewage outfalls in the vicinity of the Pembrokeshire coast, and a source of secondary treated sewage in Pembroke from Pembroke Supply Base Hancock Co in excess of 6000m3 per day.

Discharges to the aquatic environment within England and Wales are controlled under legislation such as the Water Resources Act (1991) with the Environment Agency having overall control for discharges and the overall water quality of the sea (Defra, 2000).  Trade effluents involving hazardous substances are subject to Integrated Pollution Control under the Environmental Protection Act (1990).  European legislation such as The Water Framework Directive (WFD) also requires all inland and coastal waters to reach "good status" by 2015. As a result of such legislation the water quality of the UK has considerably improved over recent years with a significant reduction in the amount of hazardous substances entering the marine environment and a decline in the loads from industrial and sewage treatment works.

Seawater quality is affected by contaminants which may enter the water column either directly from rivers, sewage effluent or industrial discharges, or arrive on currents from sources further away or by airborne means such as rainfall.  Once in the water column, contaminants can occur either in solution or attached to particles both of which will act to affect the water quality.  The levels of contaminants in seawater are judged against Environmental Quality Standards (EQS), which are a series of guidance levels designed to protect marine life.
Certain metals occur naturally in sea water as a consequence of geological weathering processes and subsequent land run off. However, inputs are increased as a consequence of mining and industrial activities. In seawater, dissolved metals rarely achieve concentrations that are directly toxic to marine biota but, through bioaccumulation, some metals can occasionally achieve tissue concentrations that are toxic to organisms and their predators.  

Other contaminants which act to affect water quality include man-made compounds such as pesticides and contaminants arising from the oil and gas industry.  Polychlorinated biphenyls (PCBs) are persistent man-made compounds and have the potential for long-range atmospheric transportation.  However, they have an extremely low water solubility and as a result their concentrations in sea water tend to be generally very low and they are more often associated with sediments.

The legislation of the European Union bathing water directive (76/160/EC) sets the standards for water quality guidelines for the coastal environment and requires the identification and monitoring of bathing waters.  The bathing water directive is intended primarily to safeguard public health and the environment by reducing the pollution of bathing waters and protecting such waters against further deterioration. There are two standards; the EC Mandatory Standard and the EC Guideline Standard, which stipulate the maximum levels of faecal coliforms, total coliforms and faecal streptococci that may be present in seawater.  Within England and Wales the monitoring of marine bathing waters is co-ordinated by the Environment Agency which takes samples from designated beaches at regular intervals between May 1st and September 30th (the designated “Bathing season”) each year.  

Overall the coastal bathing water quality within this region is considered to be good with the EU identified sites of Marloes Sands, Dale and West Angle Bay passing the mandatory standards for 2005.  In addition, the non EC-identified sites of Martin’s Haven, Westdale Bay and Watwick also achieved a guideline pass.  There are also two Urban Waste Water Treatment Directive Sensitive Areas for bathing water designated by the Environment Agency in the vicinity of the Wave Dragon installation area. 

The European Blue Flag Scheme also awarded 38 Blue Flag awards in Wales to beaches that met strict water quality and land-based guidelines. These included several beaches on the Pembrokeshire coast, namely Dale and Whitesands and Newgale further along the coast. Several other beaches have also been acknowledged by the Green Sea Partnership as achieving guideline water quality and have been awarded the Green Coast Award (41 beaches in Wales in 2005), including St Bride’s Haven, Martin’s Haven, Marloes, Westdale and West Angle. 

The Sea Empress ran aground near the mouth of Milford Haven in February 1996 resulting in oil pollution along the coastline from south of Brides Bay to Pendine Sands. Winds and currents spread the oil eastwards to Carmarthen Bay and westwards around Skomer into the southern part of Brides Bay (Ryland and De Putron, 1998).  Marine organisms were killed when oil came ashore while elevated hydrocarbon levels in the water column affected filter feeding and sediment dwelling organisms. Several bird species were also heavily oiled and there was a significant decrease in numbers of the rare cushion star Asterina phylactica in Angle Bay. However, the main impacts of the spill appear to have been felt immediately or shortly after, with little evidence of any major long-term effects. This is due to a combination of factors, in particular, the time of year of the incident, the type of oil, weather conditions at the time of the spill, the clean-up response and the natural resilience of many marine species in the area (SEEEC 1998).  The beaches identified for the export cable landfall options (Marloes Sands and Westdale Bay) were not as heavily affected by the oil as other beaches in the area (see Section 10.2.1.2, below).
10.2.1.2 Sediment Quality

Sediments ultimately act as a sink for contaminants originating from marine and coastal sources, riverine and land-based inputs.  Sediments, if occurring over bedrock, are generally present as a thin veneer and typically coarse grained off the Pembrokeshire coast, giving way to areas of coarser sand and gravel in the St George’s Channel and Cardigan Bay (Tappin et al. 2001).  

The Pembrokeshire coast is a highly exposed to wind and wave action is therefore substantial; it is also a high energy tidal environment. Both factors affect sediment distribution and the types of sediment bedforms present. Areas completely swept of unconsolidated material characterise much of the localised area off the Pembrokeshire coast (SEA 6, 2006) and there is typically a limited amount of sediment in the littoral zone with little interdependence between beaches along this stretch of coastline.  Where any sediments are found to occur, they are coarse (typical sediments in and around the Scheme area are gravels (Evans, 1995) but still highly mobile.  Low contaminant loads would be expected in such areas.

As noted above, local beaches were not as heavily affected by pollution from the 1996 Sea Empress accident as certain other beaches in the area (Table 10.2‑1).
	
	Oil (ppm) 
	Organic Carbon (%)

	Site
	1996
	1994
	1996

	Whitesands Bay
	0.6
	0.15
	0.05

	Newgale Sands
	0.4
	0.10
	0.10

	Broad Haven
	5.4
	0.19
	0.21

	Marloes Sands
	2.1
	0.12
	0.12

	Westdale Bay
	2.1
	0.12
	0.12

	Angle Bay
	16.9
	0.54
	0.26

	Freshwater West
	1.1
	0.08
	0.12

	Bosherston
	0.4
	0.17
	0.12

	Manorbier Bay
	1.1
	0.15
	0.10

	Tenby
	2.3
	0.10
	0.05

	Saundersfoot Bay
	1.7
	0.15
	0.12

	Pendine Sands
	1.3
	0.17
	0.15




Table 10.2‑1 Chemical characteristics of sediment at 12 beaches studied following the 1996 Sea Empress accident. From Moore et al. (1997).  Potential electricity export cable landfall beaches are identified in grey.

The above notwithstanding, contaminant analysis of locally collected sediment was performed as a precaution against possible contaminants present locally.

10.2.1.2.1 Site-specific sediment quality

Due to the high energy nature of the area and continual reworking of surface sediments it is unlikely that there are sinks for contaminated fine sediments within the Wave Dragon Scheme area.  It is therefore reasonable to assume that the results from spot sampling of surface sediments should be representative of contaminant loading across the wider project area.  As finer grained sediments were actively selected for analysis, and contaminants tend to associate with finer sediments, it is considered reasonable to assume that the resultant data represent a ‘worst-case scenario’ for localised sediment contamination.
Two benthic samples were obtained for sediment contaminant analysis.  These were from the cable corridors proposed for Westdale Bay and Marloes Sands (Figure 10.3-1). A single sediment sample from each site was analysed for metals, tributyltins (TBTs), Polychlorinated Biphenyls (PCBs), Polycyclic Aromatic Hydrocarbons (PAHs), Extractable Petroleum Hydrocarbons (EPHs) and Organochlorine pesticides (OCPs).
There are currently no statutory guidelines for assessing the environmental quality of marine sediments.  However, the Habitats Directive Water Quality Technical Advisory Group (WRC, 1999) determined that in the absence of such guidelines in England and Wales, it is appropriate to use guidelines that have been developed and used elsewhere; this group specifically note the Canadian Interim Sediment Quality Guidelines (ISQGs).  These are set as quality guidelines to provide reference points for observing adverse biological effects in aquatic systems. The guidelines are derived from the available toxicological information according to the formal protocol established by the Canadian Council of Ministers of the Environment (CCME, 1999).  

The Threshold Effects Levels (TEL) represent the lower end of the range of concentrations at which biological effects are occasionally observed on the native fauna of Canada; they therefore represent only an indication of the concentrations that may occasionally cause effects within UK waters.  The Probable Effect Level (PEL) represents the level of contaminant within sediments, which would be likely to have an affect on a wider range of organisms.  

Comparisons of contaminant concentrations to sediment quality guidelines are important as where the contaminant concentrations are above the TEL levels they are a cause for concern and further inputs into the marine environment should therefore be minimised (Cole et al, 1999).  The results from the survey were therefore compared to the appropriate TEL and PEL levels of these Interim Marine Sediment Quality Guidelines to assess the levels of contamination within the surface sediments at the Wave Dragon installation area.  

The results (Table 10.2‑2) showed that the surface sediments from Marloes Sands (WD1) and Westdale Bay (WD3) contained very low levels of contaminants and only certain metals were present above limits of detection (but below TEL).  The limit of detection for several determinants were below TEL; thus for mercury, selenium and the PAHs Acenaphthene and Dibenzo(ah)anthracene it is not possible to state that they are below TEL in the sampled sediments.  However, none are at a level expected to have adverse biological effects (PEL).  No detectable levels of PCBs or OCPs were found.
Overall, it is not considered that the sediments within the Wave Dragon installation area contain significant contaminant loading.

	Contaminant
	Units
	Threshold Effect Level
	Probable Effect Level
	Method Detection Limit
	WD1
	WD3

	Arsenic
	mg/kg
	7.24
	41.6
	<3.0
	<LOD
	<LOD

	Cadmium
	mg/kg
	0.7
	41.6
	<0.3
	<LOD
	<LOD

	Chromium
	mg/kg
	52.3
	160
	<4.5
	<LOD
	<LOD

	Copper
	mg/kg
	18.7
	108
	<6
	<LOD
	<LOD

	Lead
	mg/kg
	30.2
	112
	<2
	2.0
	3.0

	Mercury
	mg/kg
	0.13
	0.7
	<0.6
	<LOD
	<LOD

	Nickel
	mg/kg
	15.9
	42.8
	<0.9
	1.3
	6.7

	Selenium
	mg/kg
	1.5*
	 
	<3
	<LOD
	<LOD

	Zinc
	mg/kg
	124
	271
	<2.5
	22
	30




Table 10.2‑2 Summary metals data from site-specific contaminants testing (LOD, limit of detection; WD1, Marloes Sands Route; WD3, Westdale Bay route)

10.2.2 Sensitivity of Water and Sediment Quality

Water and sediment quality would be adversely affected if the Scheme either directly added contaminants into the marine environment, mobilised existing contaminated sediments to an unusually high degree or increased localised turbidity levels by elevating suspended sediment levels significantly.

For the purposes of this assessment water and sediment quality are assumed to be high value receptors.

10.2.3 Impact Assessment

10.2.3.1 Construction

Given that the proposed deployment site for the Wave Dragon device is a coarse sediment dominated area, it is considered that the amount of sediment mobilised into suspension from installation activities such as the placement of mooring blocks and jack-up barge legs would be negligible and limited to the immediate vicinity of the construction activities.  Suspended sediment impacts are also the subject of the Coastal Process assessment (Section 9.2).  No impacts of a magnitude that could affect water quality are anticipated.

The surface sediments at the site also lack significant contaminant loads which could potentially be mobilised during installation.

The environment in question is also highly dispersive in nature which would contribute to minimize the magnitude of any impact.

As a result of this no impact through elevated suspended sediments or contaminant suspension on existing water or sediment quality is anticipated.

During the offshore installation phase there would be a low risk of accidental discharges of oils or lubricants from the Wave Dragon device itself or vessels associated with the installation process which could adversely affect sediment or water quality.  The Wave Dragon device would arrive on site complete and no fuels or lubricants would be added in situ.  There would therefore need to be a major structural failure for any contaminants to enter the marine environment from the device itself. Relatively small volumes of fluids are involved: 90 litres of turbine oil; 100 litres of hydraulic fluid (sea water and anti-freeze); and a few hundred litres of mineral oil enclosed and bunded within the transformer.

It is assumed that there would be an environmental management plan to minimise risk of spills and deal quickly with any incidents.  This is essentially standard best practice and is noted, along with other routine precautionary measures in Section 10.2.3.5.  The maximum possible volume of oil or lubricant that could be lost from the Wave Dragon Device is of the order of hundreds, rather than thousands, of litres.  Construction vessels would be well maintained and appropriately coded for their work and overall it is considered that the low risk of an impact, combined with the low severity of any impact, lead to negligible magnitude impact of overall minor significance. 

The overall impacts of the installation of the Wave Dragon device upon the existing sediment and water quality of the area are assessed as being of no more than minor significance.
10.2.3.2 Operation

During the operational phase there would be no planned releases of any contaminant into the marine environment; however, the device contains modest amounts of oil and other fluids. The hydraulic fluid is seawater and scheduled maintenance of the turbines will be done on land.  Some maintenance could occur on board but any waste products would be disposed of appropriately on land.  There is a low risk that spillage could occur which would impact upon water quality.  Vessels used during this period also pose a risk to sediment and water quality, however, similar (up to minor significance) impacts to construction phase only are anticipated and standard routine mitigation (Section 10.2.3.5) would be in place to minimise risk and magnitude as far as possible.

The presence of artificial structures on the sea bed may cause variations in the local current velocity, potentially increasing erosion forces around the base of these structures resulting in scour.  This effect is considered in the Coastal Processes assessment (Section 9.2).   A significant increase in suspended sediments could reduce water quality as a result of increased turbidity; however, no impacts are predicted because of the limited amount of fine material at the site and the low levels of contaminants identified during the site-specific survey.
The impacts of the Wave Dragon device upon the existing sediment and water quality of the area during its operational phase are assessed as being of no more than minor significance.

10.2.3.3 Decommissioning

It is currently assumed that the removal of the device would be undertaken by a similar method as installation and would therefore be short term (< 1 year).  Therefore the impacts to sediment and water quality are considered to be equivalent in all cases to the installation impacts identified.
Should the power export cable be left in place after the installation period is completed no immediate impacts to water or sediment quality would be anticipated since the cable itself is considered to be essentially inert over a short period of time.  The cable would break down over a very prolonged but indeterminate time period and therefore be dispersed in the marine environment; this is considered to be a low magnitude impact of overall minor significance.

10.2.3.4 Cumulative Impacts

It is not considered that the very small levels of suspended sediments generated during the installation of the Wave Dragon device could have a significant cumulative effect with other sediment generating activities occurring within the area, most notably navigational channel maintenance dredging and associated spoil dispersal for the nearby shipping channels into Milford Haven.

There is a potential for chemical discharges to occur from the current shipping, oil and gas industry and fishing vessels of the area. However, because of the low volumes of contaminants involved and the dilution and mixing properties of the receiving waters, any potential cumulative impacts upon water quality are considered to be of no more than minor significance.
There is an outline scheme to install a High Voltage Direct Current (HVDC) cable between Ireland and Wales, with a Welsh landfall in to Milford Haven or Freshwater West.  The installation of such a cable has potential to affect water quality via effects on sediment re-suspension or contaminants from vessels; however, there would be no overlap in the construction periods of the two schemes and no cumulative impacts are considered possible.
10.2.3.5 Mitigation

Based on the above impact assessments no specific mitigation is considered necessary. However, standard best practice procedures would be followed and the recommended approach is summarised here.

It is recommended that all plant be fully serviced and inspected before use to minimise risk of any discharges to the marine environment.  Standard waste generated by vessels must be treated according to MARPOL 73/78, the UK Merchant Shipping (prevention of pollution) Regulations 1983 and the Merchant Shipping (Prevention of Pollution by Garbage) Regulations (1988).  In addition, adequate systems must also be in place when refuelling so as to ensure minimum loss to the environment.  

A Pollution Control Plan (PCP) must be prepared setting out the procedures to be implemented prior to the installation phase with regard to the control and treatment of any accidental spillages or disposal of waste that may occur.  The PCP should be made a condition of contract.

A Site Environmental Management Plan (SEMP) should be prepared and should be managed and controlled by an appropriately qualified Environmental Manager.  This should detail methods for the recording and control of all wastes or spillages and should include provision for the training of all construction personnel in the proper control and disposal of waste material.  Adherence to the provisions of the SEMP must also be made a condition of contract.

10.2.3.6 Monitoring

Any loss of bearing or hydraulic fluid would be noticed quickly if this occurred while the device was operating.  In addition, the device would be visited regularly and its operation closely monitored during routine (scheduled) visits amounting to an estimated 15 visits each year.
No specific monitoring of water or sediment quality is considered necessary but routine inspection for signs of any fluid leaks should be incorporated into the SEMP and carried out on all visits to the device.
10.3 Subtidal benthic ecology

10.3.1 Existing Environment

10.3.1.1 Description of benthic habitats and communities 

There are many notable sublittoral habitats around south west Pembrokeshire.  As described by Irving (1995), Skomer Island in particular exhibits a wide range of sublittoral habitats in a small area, including undisturbed bedrock and large boulders of national marine nature conservation importance, while regionally important communities include those on disturbed bedrock and boulders, smaller boulders, cobble and wrecks, sponge dominated communities in strong tidal currents within Broad Sound, and sheltered sediment communities (Bunker and Hiscock, 1987).  A similar range of communities occurs around Grassholm and Skokholm islands, but the diversity is less high than around Skomer (Hiscock 1980, 1981).  Sublittoral sands in the region are limited, the nearest known extensive area being to the north of Skokholm, in the vicinity of the Knoll and Wild Goose Race (Burton, 2006; CCW, 2005).  

The proposed development location falls entirely within the Pembrokeshire Marine Special Area of Conservation (SAC).  The general area of the proposed Wave Dragon deployment, including all of the area surveyed as part of the survey for geophysical characteristics, and much of the two candidate cable routes, is described as “reef” according to the Pembrokeshire Marine Special Area of Conservation (PMSAC) Draft Management Scheme (Burton, 2006).  “Skokholm to St Ann’s Head and South St Brides Bay” is listed in CCW’s Regulation 33 advice (CCW, 2005) for the PMSAC as one of six geographically distinct areas of reef recognisable within the SAC.  The Skokholm to St Ann’s Head reef area is contiguous with that at the entrance to Milford Haven.  According to CCW (2005) the seabed in much of the PMSAC is composed of igneous rocks, but in places more friable sandstone and occasionally, limestone occurs (according to F. Bunker, pers. comm., the bedrock in the study area is dominated by sandstone).

JNCC provide generic information on reefs as Annex I Habitat features (JNCC 2006a) as listed under the Habitats Directive (92/43/EEC).  Reefs are defined as rocky substrates and biogenic concretions, which arise from the seafloor.  They are generally subtidal but may extend as unbroken transition into the intertidal zone”.  Intertidal areas may be included as Annex I features where they are connected to the subtidal reef.  Rocky reefs (as opposed to biogenic, i.e. created by aggregations of strongly colonial animals that may build calcareous skeletons forming hard substrate) are recognised where animal and plant communities develop on rock or stable boulders and cobbles.  Reefs within the study area are probably entirely composed of rocky, as opposed to biogenic, reefs.

Reefs are characterised by the communities of attached algae (where there is sufficient light to support algal growth such as on the shore and in the shallow subtidal waters), sessile invertebrates and usually with a range of associated mobile animals, including invertebrates and fish.  The specific communities that occur vary according to a number of factors including degree of water movement (waves and current), depth, and the nature of the substrate (size and mobility of sediment, including cobbles and boulders; degree of sand scour; roughness of bedrock which includes factors such as the amount of overhangs, gullies and crevices, vertical, sloping and horizontal faces etc; turbidity of the water).  Rock type can also be important, with particularly distinct communities occurring on limestone and chalk, for example.  Algal dominated communities are restricted to shallow areas, the depth of penetration depending to a large degree upon clarity of the water.  In shallow waters Laminaria (kelp) forest is often widespread, with dense stands of the kelp Laminaria hyperborea, and typically with an understory of dense red algae, but also associated with a range of animals, including many mobile invertebrates and fish.  Where the water is turbid algal distribution is limited to shallower, light penetrated waters but there is often a plentiful supply of food for suspension feeders such as many sponges, hydroids, bryozoans, soft corals and anemones.  Reef communities are often most varied where coastal topography provides a wide range of exposures to wave action and tidal streams, with extremely exposed habitats dominated by a robust turf of sponges, anemones and foliose red seaweeds.  

Sea caves are also a cited feature of the PMSAC but known examples are almost entirely limited to the intertidal zone.  The 4.5m deep cave at Payne’s Rock, Skomer, is probably the most significant of the presently known entirely submerged caves within the PMSAC.  Within the study area, the relatively uniform nature of the seabed, together with the fact that the bedrock around the proposed deployment area is of sandstone, makes it seem extremely unlikely that significant submerged sea caves would occur.  

The general seabed descriptions above have been confirmed by site specific geophysical surveys (Section 9.2) in early 2006.  These surveys make it clear that bedrock predominates over large areas of the site.  The south-eastern two-thirds of the survey area is composed almost entirely of bedrock, with numerous intersecting channels of varying sizes.  In general, it appears that this bedrock is generally of a relatively low and not particularly rough profile, with few, if any, very significant vertical or otherwise projecting faces, although clearly there are probably very numerous lower profile vertical or sloping faces. To some degree the rocks seem rougher in the shallower areas, particularly on the Dale candidate cable route.  Elsewhere, outcrops of bedrock of varying extent appear to be interspersed with areas more sedimentary in nature.  Sedimentary areas are most noticeable in the north-west corner of the survey area; at the proposed Wave Dragon deployment location itself; along parts of the Marloes Sands cable route; in a large “channel” towards the centre of the survey area; and for short stretches at the inshore end of each candidate cable route.  Given the general nature of the area it was to be expected that most of these sedimentary areas were likely to be coarse, comprising a mixture of sands, gravels, cobble and boulders, with the exception of the extreme inshore ends of the potential cable routes where there are fine sands.  These may reach up to 3.5m (West Dales Sands) or 8m (Marloes Sands) depth of sediment and become much sandier further inshore.

Following the geophysical investigations benthic grab surveys were carried out on 29 January 2006.  A standard Day Grab with the addition of a large amount of weight was used.  Attempts to grab were made at 14 sites (shown in Figure 10.3‑1).  These sites were chosen on the basis of the preliminary results from the geophysical survey, and were targeted at those areas that appeared most likely to contain sediment rather than bedrock and this is preferential to accommodate the Wave Dragon mooring block arrangement.  However, quantitative samples were obtained only at Sites 1 and 3 at the very inshore ends of the cable routes (from sandy sediment areas).  Much stonier or rocky substrate was encountered elsewhere, and on most attempts the grab was returned empty, with some cobbles, or with only one or two stones holding the jaws of the grab open. Very small amounts of coarse sand were occasionally retrieved (Table 10.3‑1) but given the amount of stones encountered any finer sediments taken by the grab would be expected to have been lost from the grabs during retrieval in most cases.

It was recognised during preparation of these surveys that grab sampling would be of limited value, and that more detailed visual surveys, either by diver, remote operated video and/or camera, would be required to provide detailed information on seabed communities prior to finalisation of anchor positions and cable routes as well as for monitoring purposes.  These surveys are planned for spring/summer 2007; however, the existing grab survey nevertheless provides some confirmation and a small degree of supplementary information, to existing knowledge on the biology of the subtidal area.

Where sufficient sample material was obtained and retained, a description of the fauna occurring on the stones was prepared and these descriptions are given in Table 10.3‑2.  With the exception of Sample 3c, these fauna generally seem to fit the biotope SS.SCS.CCS.PomB (“Pomatoceros triqueter with barnacles and bryozoan crusts on unstable circalittoral cobbles and pebbles”; the biotope description acknowledges that P. lamarcki may dominate instead of P. triqueter), except that there are probably many more barnacles present than are typical according to the biotope description (Connor et al., 2004).  This is a species poor biotope typical of mobile stony sediments, in which only a limited set of fauna (primarily barnacles, calcareous tubeworms and encrusting bryozoa) are able to tolerate the frequent scouring action to which the sediment is subjected, particularly in winter.  Long-lived and fragile species do not occur.  According to the results of the geophysical survey (Figure 9.2-3) sample Site 2 appears to be representative of the general area in which the mooring blocks would be laid, and thus PomB (barnacles and bryozoan crusts on unstable circalittoral cobbles and pebbles would appear to be the primary habitat upon which the moorings would be laid.  It seems likely that in places small areas of bedrock may protrude slightly from the sediment surface, but these are likely to be heavily scoured.  
The fauna at sample Site 11a was somewhat richer, presumably reflecting a sufficient degree of stability/shelter afforded by the sediments to provide a habitat for some additional fauna.  Examination of photographs of grab sample contents strongly suggest that broadly similar communities occur throughout the areas identified as coarse sediment.  Increases in richness such as observed at Site 11a may well occur frequently throughout the biotope wherever boulders of sufficient size to afford some stability/shelter occur, for example.  Site 3 was an essentially sandy area (see Figure 10.3-1) in which the mobility, and hence scouring action, of the sediment has presumably been severe enough to prevent settlement of any fauna on the larger stones.  

The fauna from the quantitatively sampled sands close inshore near the two potential cable landing sites (Sites 1, Marloes Sands and 3, Westdale Sands) were relatively poor both in terms of numbers of species and numbers of individuals.  The fauna are strongly dominated by burrowing amphipods, particularly Bathyporeia elegans, and the catworm Nephtys cirrosa.  This fauna fits the biotope SS.SSA.IfiSa.NcirBat (“Nephtys cirrosa and Bathyporeia spp. in infralittoral sand”).  The samples from Westdale Sands were particularly poor in fauna, and could be regarded as being to some degree transitional between this biotope and others, such as the SS.SSA.IfiSa.IMoSa (Infralittoral mobile clean sand with sparse fauna) or even some of the similar intertidal mobile sand habitats; however, on present evidence, the NcirBat biotope probably remains the best match.  

Communities on the bedrock reefs that surround the proposed deployment location can presently only be inferred from previous survey work in the surrounding area due to representative sampling not having been possible to date. The main communities close to the proposed development area that are known to cover what are thought to be broadly similar seabed types are those described in MNCR survey nos 467/2, 467/4, 467/23 and 467/27 (JNCC 2006a) and, more recently, dive surveys undertaken as part of the “Tidal Rapids survey” of Wales (Moore, 2004). This survey included three sites at West of Gateholm Island and two at St Ann’s Shoals near to St Ann’s Head.  The tidal rapids site surveys are particularly useful as the report includes coloured bathymetry images that indicate seabed habitat similar in topography to that seen around Wave Dragon deployment site, although the tidal rapids sites are generally shallower than the proposed development area.  Close inshore there are clearly areas dominated by kelp (Laminaria hyperborea) forest (MNCR surveys).  On steep and rugged bedrock with numerous vertical faces and boulders (467/2) the Laminaria was frequent and the understory was composed of red algae and bryozoan turf on most faces and bryozoan turf on vertical slopes; the predominant red alga was Delesseria sanguinea and the predominant bryozoan Crisia denticulata.  On bedrock ridges and large boulders at site 467/4 the understory was apparently more diverse, with red algae including Calliblepharis ciliata, Phycodrys rubens and Delesseria sanguinea, sponges including Dysidea fragilis and Cliona celata, and the sea squirt Stolonica socialis (“orange sea grapes”).  The Laminaria forest biotopes are thought generally only to extend a relatively short distance offshore, although given the depths involved are likely to extend further out along the Westdales Sands cable route than on the Marloes Sands cable route.  It is widely recognised that the fauna associated with Laminaria biotopes is often very rich; as well as the general understory type species mentioned above that occur on the rock, which may themselves have a rich associated fauna, there are rich communities of cryptic and encrusting fauna associated with the holdfasts, particularly of older plants, or with boulder and crevice habitats; numerous species associated with the kelp stipes; and there are a variety of mobile species including numerous fish and crustaceans, as well as sea urchins such as the edible sea urchin Echinus esculentus that may be very abundant.

In deeper water both the MNCR surveys and the tidal rapids surveys describe mostly animal dominated communities, with numerous sponges, hydrozoans, encrusting and foliose bryozoans, and tunicates (sea squirts), but with considerable variation in species composition between sites.  Even at depths of 15-20m, however, upward facing rocks sometimes also have a considerable cover of foliose red algae such as Delesseria sanguinea and Erythroglossum laciniatum.  MNCR site 467/23 is closest to the proposed deployment location and is very much the most similar in depth, exposure and, according to the site description, seabed habitat.  The seabed is described as irregular broken bedrock and mixed boulders and cobbles, and the community was dominated by Pycnoclavella aurilucens (a nationally scarce sea squirt, see later) and a large number of encrusting sponges together with short, fine hydroids and bryozoans, and patches of the bryozoan Flustra foliacea.  Site 467/23 is described as rich and interesting.

10.3.1.2 Important, rare and scarce species

Commercially important crustaceans, including edible crabs (Cancer pagurus), velvet swimming crabs (Necora puber), spider crabs (Maja squinado) and lobsters (Homarus gammarus) are widely caught in the area.  The European spiny lobster (Palinurus elephas), also known as the crawfish, which although fairly widespread is less abundant in Britain than any of the preceding species, is widely reported from the general area of West Pembroke, and is the subject of a commercial fishery in the general area extending out to considerable distances (e.g. Hunter et al., 1996; Jackson and Marshall, 2006) using pots.  This species has been caught in only small numbers in recent years, however.  The crawfish is reported to occur typically at depths of between 5 and 70 m (but can occasionally be found much deeper, and indeed Hunter et al. 1996 report that the Cornish fishery is based mainly in waters >80m deep) on bedrock and boulders.  The proposed study area is, therefore, likely to be a suitable habitat for this species, although the fishery may well be concentrated further offshore.  It is thought to be a highly migratory species, in many places being known to make active annual migrations into deeper water in the autumn following spawning.  It can feed on a variety of molluscs, crustaceans and other benthic animals but is thought to have a preference for echinoderms such as urchins.  

Nationally rare and/or scarce seabed species from the area are summarised in Sanderson (1995).  These are very numerous in the general area in comparison to most parts of the UK, but the great majority are from the well studied areas in the immediate vicinity of Skomer or from within Milford Haven.  Nationally rare and scarce species are defined on the basis of their frequency of occurrence within 10km OS squares within the three nautical mile territorial limit for Great Britain, “nationally rare” species occurring in eight or fewer, and “nationally scarce” species occurring in fifty-five or fewer.  Rare, scarce or otherwise important species listed by Sanderson (1995) from the rocky exposed coasts of West Pembrokeshire area (i.e. excluding species listed as being only from within Milford Haven) are given in Table 10.3‑3.  The majority of these species are presently reported from the Island of Skomer or similar tide swept, often sheer, rocky habitats; most of them are less likely to occur within the less tide swept and possibly more exposed study area with its much lower profile rocks, or if present are likely to be present at much lower abundances; however, in the absence of specific surveys it is impossible to be definitive about this.  Other species are associated with sediments (the two burrowing anemones plus Molgula oculata) and are therefore extremely unlikely to occur within the proposed development area.  Sanderson (1995) points out that many are rare simply because they are southern species at around their northern limit of distribution in the British Isles.  

The more recent surveys carried out in Pembrokeshire as part of the “Tidal Rapids survey” of Wales (Moore, 2004) that included three sites at West of Gateholm Island and two at St Ann’s Shoals near to St Ann’s Head, found only two nationally scarce species (c.f. one rare and five scarce species in the nineteen sites in West Pembroke as a whole).  These were the sponge Tethyspira spinosa at West Gateholm Island and the small ascidian Pycnoclavella aurilucens at St Ann’s Shoal.  Tethyspira spinosa is known only from a few sites around the west coast of the UK, particularly Wales, but Moore notes that it is easily misidentified and likely to be more common than the records suggest.  Pycnoclavella aurilucens is confined to south-west and west coasts as far north as south-west Scotland.  Although not in Sanderson’s list (Table 10.3‑3) it was recorded by the MNCR survey as being common in places on bedrock at sites 467/27 and 467/23 and appears to be moderately widespread in West Pembrokeshire according to the NBN Gateway.

Although no biodiversity action plan species are yet known from within the survey area, the pink sea fan Eunicella verrucosa (which is a BAP species and also protected under the Wildlife and Countryside Act 1981), has been reported from within a few hundred metres to the east and west of the surveyed area, and from numerous other locations within the general vicinity (Figure 10.3-1).  This species, which has a known distribution limited to the south-western U.K. (Hiscock, 2007), is commonly reported from elsewhere in West Pembrokeshire, particularly around Skomer and on the eastern side of Skokholm (data from NBN Gateway).  It tends to occur on upward facing surfaces on bedrock, and is therefore likely to occur in the general area of the proposed deployment, but not on the cobble and coarse sediments on which the mooring blocks would be placed.

	Site
	Position
	Fauna
	Sed
	Time
	Volume (L)
	Sediment description

	1
	F1
	Y
	Y
	09:25
	5
	1a Coarse sand/ some shell fragments

	
	F2
	Y
	Y
	
	4
	1b Coarse sand/ some shell fragments

	
	F3
	
	
	
	
	Grab did not close- no sample

	
	F4
	Y
	Y
	
	4
	1c Coarse sand/ some shell fragments

	
	F5
	N
	N
	
	4
	Chemical sample/ coarse sand

	2
	F6
	N
	N
	10:32
	-
	Cobbles in jaw of grab Photo "2"

	
	F7
	N
	N
	
	-
	No sediment, just cobbles and rock Photo "2b". Bucket sample taken

	
	F8
	N
	N
	
	-
	No sediment, just cobbles and few shell fragments Photo "2C". Bucket sample taken

	3
	F9
	Y
	Y
	11:50
	5
	3a Coarse sand and shell fragments

	
	F10
	Y
	Y
	
	5
	3b Coarse sand and shell fragments

	
	F11
	Y
	Y
	
	4
	3c Coarse sand and shell fragments/ some small cobbles

	
	F12
	N
	N
	
	4
	Chemical sample/ coarse sand

	4
	F13
	N
	N
	13:10
	-
	Jaws closed but just cobbles Photo "4a"

	
	F14
	N
	N
	
	-
	Jaws closed but just cobbles Photo "4b"

	
	F15
	N
	N
	
	-
	Jaws closed but just cobbles Photo "4c". Bucket sample taken

	5
	F16
	N
	N
	13:35
	-
	No sediment in sample, just cobbles and rock Photo "5"

	6
	F17
	N
	N
	13:45
	-
	Large cobbles/ no sediment Photo "6"

	7
	F18
	N
	N
	14:06
	-
	Large cobbles/ no sediment Photo "7"

	8
	F19
	N
	N
	14:21
	-
	Only thin veneer sediment, no sample Photo "8"

	
	F20
	N
	N
	
	-
	8b Grab closed but no sediment sample Photo "8b"

	
	F21
	N
	N
	
	-
	8c Grab closed, just cobbles Photo "8c"

	9
	F22
	N
	N
	14:47
	-
	No sediment in grab, closed correctly Photo "9"

	10
	F23
	N
	N
	14:55
	-
	Just cobbles, no sediment Photo "10"

	11
	F24
	N
	N
	15:04
	-
	Mainly cobbles, <1L coarse sand Photo "11a"

	
	F25
	N
	N
	
	-
	11b Cobbles, no sediment, Oph fra x1 Photo "11b"

	
	F26
	N
	N
	
	-
	11c Cobbles, no sediment Photo "11c"

	12
	F27
	
	
	15:25
	
	Cobble stuck in jaw, sample re-taken

	
	F28
	N
	N
	
	-
	No sediment in grab Photo "12"

	13
	F29
	N
	N
	15:41
	-
	Large cobbles Oph fra x1 Photo "13"

	14
	F30
	N
	N
	15:50
	-
	Large cobbles, no sediment Photo "14"


Table 10.3‑1  Field notes from attempted grabbing on 29 January 2006.

A) Quantitative data 

	
	
	
	Site    and     replicate

	Group
	Family
	Name
	 1A
	 1B
	 1C
	 3A
	 3B
	 3C

	Annelida
	Nephtyidae
	Nephtys cirrosa
	4
	1
	1
	3
	-
	-

	Annelida
	Opheliidae
	Ophelina acuminata
	1
	-
	-
	-
	-
	-

	Annelida
	Spionidae
	Scolelepis squamata
	-
	-
	-
	-
	1
	-

	Annelida
	Spionidae
	Spiophanes bombyx
	-
	-
	1
	-
	-
	-

	Annelida
	Serpulidae
	Pomatoceros sp.
	-
	-
	-
	-
	-
	1

	Crustacea
	Dexaminidae
	Atylus falcatus
	-
	-
	1
	-
	-
	-

	Crustacea
	Lysianassidae
	Hippomedon denticulatus
	1
	-
	-
	-
	-
	-

	Crustacea
	Oedicerotidae
	Pontocrates arenarius
	-
	1
	-
	-
	-
	-

	Crustacea
	Pontoporeiidae
	Bathyporeia elegans
	20
	7
	13
	1
	-
	1

	Crustacea
	Pontoporeiidae
	Bathyporeia guilliamsoniana
	1
	-
	-
	-
	-
	-

	Crustacea
	Urothoidae
	Urothoe brevicornis
	-
	-
	1
	4
	3
	1


B) Non-quantitative data 

	Sample
	Sediment
	Description of main fauna

	Site 2  rep b
	Pebbles and small stones, occasional shells.
	Very numerous barnacles Balanus crenatus, and numerous tubeworms dominated by Pomatoceros triqueter. There were occasional other fauna including a single small Psammechinus miliaris plus a few very small crustaceans and gastropods.  There were 2 individuals of Sabellaria spinulosa (one on a shell and one on a pebble).  There was a single dead corallite of the Devonshire cup coral Caryophyllia smithii which carried an example (again dead) of the characteristic barnacle Megatrema anglicum.  Occasional encrusting bryozoa Escharella variolosa.

	Site 2  rep c
	Small stones, gravel
	Mainly bare stone.  Occasional P. lamarckii and B. crenatus.

	Site 3  rep c 
	Bare stones
	No obvious megafauna

	Site 4  rep c
	Stones to circa 10 cm
	Dominated by P. lamarckii, B. crenatus and the encrusting bryozoan Escharella variolosa.

	Site 11 rep a
	Pebbles and small stones
	Very much dominated by the barnacle B. crenatus and the tubeworm P. lamarckii, with fairly numerous associated fauna including a cowrie Trivia sp, numerous small crabs (especially Pisidia longicornis) and other small crustacea, worms and gastropods.  Occasional encrusting bryozoa probably mainly E. variolosa.


In most cases there were very occasional examples of Balanus balanus amongst the B. crenatus.

Table 10.3‑2  Fauna in samples from surveyed sites from February 2006.  A) Quantitative data (sites 1 and 3 only).  B) Non-quantitative data - these are indicative descriptions of the more obvious fauna.

	Species
	Group / common name
	Distribution within SW Wales
	Status

	Stelletta grubii
	Sponge
	Skomer Island
	S

	Stryphnus ponderosus
	Sponge
	Skomer Island
	R

	Thymosia guernei
	Sponge
	N Pembrokeshire, Skomer Island, Skokholm island
	R

	Axinella damicornis
	Sponge
	Grassholm Island Skomer Island, St Ann’s Head
	S

	Tethyspira spinosa
	Sponge
	Skomer Island
	R

	Plocamilla coriacea
	Sponge
	Skomer Island
	R

	Laomedea angulata
	Hydroid
	Skomer Island
	S

	Aglaophenia kirchenpaueri
	Hydroid
	Skomer Island, Skokholm Island
	S

	Parerythropodium coralloides
	Soft coral
	N Pembrokeshire, Skomer Island
	S

	Eunicella verrucosa
	Sea Fan
	Skomer Island
	S, BAP, WCA

	Paraxoanthus axinellae
	Yellow trumpet anemone
	N Pembrokeshire, Skomer Islands
	S

	Isozoanthus sulcatus
	Anemone
	Skomer Island, SW Pembrokeshire
	S

	Halcampoides elngatus
	Burrowing anemone
	Skomer Island
	R

	Mesacmaea mitchelli
	Burrowing anemone
	Skomer Island
	S

	Caryophyllia inornata
	Cup Coral
	Skomer island
	R

	Hoplangia durotrix
	Carpet coral
	Skomer Island
	R

	Balanophyllia regia
	Godl and scarlet star coral
	N Pembrokeshire, Ramsey Island, Skomer Island
	S

	Trtitonia nilsodhneri
	Sea slug
	Skomer Island
	S

	Okenia elegans
	Sea slug
	Skomer Island
	R

	Greilada elegans
	Sea slug
	Skomer island, Milford Haven
	S

	Doris stricta 
	Sea slug
	Skomer Island
	S

	Polysyncraton lacazei
	Colonial sea squirt
	Skomer Island
	R

	Molgula oculata
	Sea Squirt
	SkomerIsland
	S

	Schmitzia hiscockiana
	Red Seaweed
	N Pembrokeshire, Skomer Island, Milford Haven
	S

	Gigartina pistillata
	Red Seaweed
	Skomer Island
	S

	Carpomitra costata
	Brown Seaweed
	Skomer Island
	S


R= nationally Rare

S= nationally scarce

BAP – biodiversity Action Plan Species

WCA – Wildlife & countryside Act 1981

Table 10.3‑3  Important seabed species in the area of West Pembrokeshire (excluding species reported only from Milford haven) after Sanderson (1995) and Sanderson (1996).

10.3.2 Importance of species and communities

A number of species known to occur in the immediate area are of commercial importance (see Section 11.2).  

Crawfish - HIGH IMPORTANCE. A declining species with limited distribution, commercially caught though recent commercial importance much reduced due to low catches.

Lobsters, spider crabs, edible crabs – HIGH IMPORTANCE.  Commercially very important, typical large crustacean members of reef community.

Pink sea san Eunicella verrucosa - HIGH IMPORTANCE. This nationally scarce and protected species is an important member of bedrock reef communities and, although surveys likely to detect it have not yet been carried out, it seems likely to occur in the bedrock surrounding the proposed Wave Dragon deployment location.  

Bedrock Reefs – HIGH IMPORTANCE.  This is a conservation feature of the PMSAC and in the absence of site specific survey information it must be assumed that those examples in the area around the potential deployment are good examples.  This is the habitat upon which pink sea fan, as well as a range of other sessile organisms, might be expected to occur.  This habitat would include communities dominated by sessile invertebrates such as sponges, hydroids and anemones in deeper water, including much of the potential cable routes and areas close to the proposed deployment location.  It would also include infralittoral kelp dominated communities that are likely to occur on bedrock in the shallower regions of the cable routes.  These communities are, therefore, likely to be of high importance.  Some areas of bedrock may prove to be of lower importance, for example in smaller areas may be exposed to frequent scouring by adjacent sediments during storms, but until this is proved by direct survey it must be conservatively assumed that all bedrock areas are potentially of high importance.
Cobble and pebble habitat – MEDIUM IMPORTANCE.  Reefs are defined in CCW’s Regulation 33 advice (CCW 2005) as “ranging from bedrock outcrops to aggregations of hard substrata (such as pebbles, boulders and biogenic reefs) sufficiently stable to support sessile epibiota”.  In the case of the cobble found in the immediate environs of the proposed deployment location, it clearly supports sessile epibiota but these constitute a very limited suite of species indicative of (and tolerant of) very unstable, mobile conditions (PomB biotope, discussed further below).  In CCW’s Regulation 33 advice (CCW 2005) it is clear that more stable habitats, and particularly larger stable boulders are arguably a conservation feature of the PMSAC.  However, the focus of the document is very much on bedrock reefs and larger boulders, and the status of unstable cobble is unclear.  The PomB biotope has, therefore, been conservatively accorded an importance of medium here.  Of course, it is possible that small areas of more stable “large-boulder” habitat may occur in places, particularly adjacent to bedrock.  Future site specific surveys will detect any significant areas of such habitat.  Presently such areas, if they exist, are effectively considered as part of the bedrock reef communities.

Mobile sands NCirBat – LOW IMPORTANCE.  Although in some places these communities are of wider importance for supply of food for benthic fish, especially flatfish, it is unlikely that such a limited area as occurs here is of any great importance.

10.3.3 Sensitivity of species and communities

The Regulation 33 advice provided by CCW gives conservation objectives for the important species and habitats within the PMSAC, including reefs and sea caves. These are broad statements that require the ecological and structural components of the species and habitats to remain within favourable status.  In particular, it gives generic requirements that distribution and extent of reefs, structure (geology; sedimentology; geomorphology and habitat structure and function), function (environmental processes, namely hydrography and meteorology; water and sediment chemistry; sediment processes; and biological interactions) and conservation status of typical species are maintained at a status whereby they are essentially are modified by natural processes and no more degraded than at the time the site was classified as an SAC.  However, in most cases it is acknowledged that present knowledge is insufficient to define the present status and the document does not give performance indicators or surveillance requirements (CCW, 2005).  The published advice lists a number of activities likely to occur as part of the Wave Dragon development as being potentially capable of having impacts upon reef habitat; notably, “Alternative energy production; coastal wave and tidal current” and lists the following possible impacts (not all of which are relevant to reefs):

· effects on Extent and Distribution: Potential habitat loss within footprint of generating structures;

· effects on Structure and Function: Potentially highly variable dependent upon nature construction and scale of structures.  Modification of habitat structure, sedimentology and sediment processes, hydrological regime;

· effects on conservation status of typical species and species features: modification of species variety, distribution, physiological health (collision, entrainment), modification of species ranges (disturbance, artificial reef effects).

In terms of actual examples of known or likely recent impacts on offshore reef habitats (i.e. outside of Milford Haven and excluding intertidal areas) the document is restricted to statements that: 

“there is reasonable evidence that reefs in the path of residual currents from spoil disposal sites and watercourses with elevated sediment loads have been subject to modified levels of deposits of, mostly, fine sediments for varying periods of time depending on the hydrodynamic regime at each reefs location.  Localised, transient modifications [of] reef sediment burdens are inferred to have been caused in the vicinity of other operations e.g. civil engineering modification of navigation channels, fishing.”

“Discarded and misplaced artificial materials are present throughout reef habitat.  Remains of shipwrecks, lost and discarded fishing gear and persistent rubbish forms a physical hazard to many species and some are a source of chemical contamination.  Modern synthetic materials are capable of ‘ghost fishing’ both commercial and non-commercial species for prolonged periods.”

“colonisation of many inert artificial materials by species assemblages comparable to adjacent reef suggests that impedance of recruitment and population dynamics for many species by such inert materials is limited.”  

Mobile sand communities such as the NcirBat biotope are very robust, being naturally tolerant of high energy conditions that are associated with conditions such as sediment disturbance, increased turbidity or increased levels of suspended sediments, and able to recover rapidly from physical disturbances where the habitat is not lost (e.g. Kaiser and Spencer, 1996; Elliot et al., 1998; Jones et al., 2000; Dernie et al, 2003; Connor et al, 2004).  Thus, the sandy communities at the inshore ends of the cable routes would be expected to have a very low sensitivity to changes in sediment characteristics, increased suspended sediment due to sediment plumes, or light to moderate burial by sediment.  

Infralittoral kelp dominated communities are likely to be sensitive to physical impacts that are severe enough to remove the kelp plants (Birkett et al 1998).  There are indications from several studies in UK and elsewhere in the North East Atlantic that biomass of the Laminaria themselves may often recover to levels similar to those prior to canopy removal within 3 or 4 years.  However, the associated communities, which are often very rich and diverse, may not recover fully for much longer periods, possibly of the order of a decade or so.  Given the wide range of potential associated organisms and the general lack of species specific information it is not possible to be more precise about this.  

The “PomB” biotope found on the deeper pebble and cobbles, dominated by scour tolerant encrusting organisms, is also extremely well adapted to physical disturbance and to periodic inundation by sand, and likely to be capable of rapid recovery in the unlikely event that damage does occur (Connor et al, 1984).  It will, of course, be subject to long term (but temporary) loss where habitat is lost (directly under the footprint of concrete anchors) but is expected to undergo substantial recovery within 1-2 years.  

The sensitivity of faunal “turf” communities such as are of importance on bedrock and boulder reefs is discussed in Hartnoll (1998) and on the Marlin website.  There is evidence that the majority of species are likely to be very tolerant of the sorts of minor changes in turbidity/suspended sediments that are likely to be encountered throughout the Wave Dragon device installation.  However, the more projecting species such as many of the branching sponges will be easily broken or dislodged and therefore sensitive to physical impacts.  This is true of the BAP (and WCA 1981 protected) species Pink Sea Fan Eunicella verrucosa, although the Marlin website points out that this species has a high body flexibility (greater than 45 degrees) and considers this species to be of only intermediate sensitivity to abrasion and physical disturbance (Hiscock, 2007).  Recovery times are likely to vary greatly between species.  For Eunicella recovery of damaged colonies will often not be possible as it will tend to be entirely dislodged.  Where damage occurs but the colony remains in place, recovery is likely in most cases to be slow, since the typical growth rate for this species is around 10mm per year, although it can sometimes grow faster than this (Hiscock, 2007).  Hartnoll (1998) considered that growth rates may often be more rapid in smaller colonies, and that many colonies under 20 cm are probably no more than five years old.  The pink sea fan has a typical life span of 20-100 years, and may take many years, or even decades, to reach a large size – colonies are typically up to 25 cm but may occasionally reach 50 cm.  Moreover it is possible that successful production, settlement and survival of larvae may not occur every year (Hiscock, 2007).  Overall, therefore, it must be assumed that recovery from loss is likely to be very slow.  

Recovery times of the various components of the general bedrock communities will probably vary widely, but, again, given the wide range of potential associated organisms and the general lack of species-specific information it is not possible to be more precise about this.  

Crawfish are clearly much less common than they once were within this area but this is almost certainly a result of overfishing, to which they are very vulnerable.  This species is likely to take many years to recover from population decline even in the absence of fishing.  However, the species is not likely to be sensitive to the types of impacts envisaged from this project except where large scale losses of habitat occur (which would not be case with this project).  Similar arguments will apply to the other commercially important crustaceans (crabs, lobsters).  In fact, edible crabs and velvet swimming crabs are likely to find the margins of the concrete blocks adjacent to the sediment an attractive habitat.  

In general, sensitivity of most species to potential changes in sediment regime is unlikely to be of significance (particularly in terms of the likely small scale changes anticipated here).  Direct physical damage during installation and losses due to emplacement of the mooring blocks are likely to be the more important impacts.

10.3.4 Impact Assessment

10.3.4.1 Construction

10.3.4.1.1 Deployment of device and associated anchors

Installation activities (other than work on the cable route) would affect cobble and pebble dominated habitat only.  The greatest impacts at the deployment location would come from jack up legs.  Each installation of a mooring block would entail a single jack up rig at each position involving the disturbance of an estimated 350 m2 of seabed in total.  There is a possibility that introduction of ballast to the caissons would also be carried out from a jack-up , in which case there would be a further jack-up visit to each mooring location.  Given the short term nature of these activities (two mooring blocks are anticipated to be installed each day, while introduction of ballast is also likely to be a relatively fast operation) it is possible that a proportion of the major epifauna (tubeworms and barnacles, both of which are somewhat resistant to physical impacts) may well survive the disturbance.  Perhaps more importantly, the area disturbed would be small in comparison to the amount of the habitat present, particularly since no seabed preparation is anticipated.  From the results of the geophysical survey, the area of these sediments in the immediate vicinity of the deployment, and extending part way along the cable route, can be conservatively estimated as in excess of 180,000 m2.  In the surveyed area as a whole, although bedrock is very much dominant, roughly a further 300,000 to 400,000 m2 appears to consist of sediment, and it seems likely that further areas of sediment would occur in the unsurveyed areas close to the deployment.  Thus the overall area subject to disturbance can be conservatively assessed (based on a worst case of nine blocks and two jack-up visits per block) as around 3.5% of the cobble and pebble biotope in the immediate area (and probably much less than this), and less than 1.4% of the surveyed area.  Recovery of these areas is expected to be rapid.  Thus the magnitude of the impact is conservatively considered to be low and the significance to be minor/moderate.
Care would be taken to avoid any setting of anchors or jack-up barge legs on areas of bedrock since this could lead to significant impacts.  Other installation activities, including installation of the Wave Dragon device itself, and of the mooring cables, would entail no jack up use, but use of barges and other vessels, perhaps aided by anchoring .  Realistically, it is impossible to completely guarantee that anchors will always avoid landing on rock.  However, the majority of activities smooth rock such as found in the study area offers poor anchoring potential, and contractors can therefore be expected to make every effort to anchor on sediment.  Information on known distribution of sediment will be provided to contractors, and they will be advised to take care to avoid placing anchors on rock wherever possible.  

Introduction of ballast (if used) to the caissons will introduce relatively minor amounts of suspended sediments into the water column for a very short period, but in the context of likely background levels locally this is considered to be a negligible impact.  The Developer has committed to use concrete ballast in order to ensure that following decommissioning it can be demonstrated that no ballast has been introduced (Section 6).
10.3.4.1.2 Cable installation

The main potential impacts of cable installation on subtidal communities are the ploughing action of cable burial where this occurs over sedimentary ground, pinning of the cable over areas of bedrock, and potential damage caused by anchors and anchor lines or, if used, walking jack up legs.  

The effect of the anchor plough would mainly be a lifting action, with relatively little direct damage or displacement of material, although the weight of the plough itself on the skids would be expected to cause some physical damage to the epifaunal communities in the deeper areas although this would be limited to a track a few tens of cm wide for each skid.  However, sediment communities identified in and the shallower areas at the inshore ends of the cable route (Mobile sands; NCirBat) are robust and very tolerant of physical disturbance and significant effects would not be expected, and with the capability of rapid recovery.  

Offshore in the cobble/pebble dominated areas burial of the cable is unlikely, it being more likely to be laid on the seabed.  The local biotopes provisionally identified here (PomB biotope on mobile cobble and pebbles) would be robust enough to tolerate the physical impacts during the installation.  

In , the amount of fine sediments expected to be released would also be expected to be both low, and very short term in nature, the installation being complete within a very short time scale, and negligible effects would be expected on these communities.  . 

On the Marloes Sands potential cable route option there appear to be sufficient sediments to allow careful positioning of anchors in order to avoid significant areas of bedrock in places, particularly in the region of the Wave Dragon device itself.  Deployment of anchors often leaves fairly discrete anchor mounds, but in the shallow inshore sediments particularly these can be expected to be very short term. In the offshore sediments anchor mounds can be expected to persist longer at each anchoring location than in the inshore sands, but even there, given the very exposed nature of the area these would be likely to disperse naturally over the following winter.  Given the nature of the local communities, anchor mounds are expected to have only small effects on communities, and given their small extent within the wider areas, this would be an impact of negligible (inshore sands) or low (offshore cobble/pebble dominated sediments) magnitude.  It is assumed for this assessment that contractors would confirm that, where possible, areas of bedrock would be avoided by anchors, lines and any other physical impact.  Thus the impact in these areas can be assessed as having minor (inshore sands) or minor/moderate (offshore cobble/pebble) significance.  

Elsewhere, the Marloes Sands potential cable route option goes over long stretches identified during geophysical surveys as relatively smooth, featureless rock, although the ridge of rock close to Marloes Sands is more rugged.  The nature of the communities on the rocks is unclear, although it is likely that the more rugged rocks near Marloes sands support kelp forest.  With an eight point anchoring system as the worst case scenario, and with the installation likely to involve a significant number of deployments of the anchors, there is the potential for damage of high magnitude and hence, (since bedrock communities are generally regarded as being of high importance, being a feature of the PMSAC) of major significance. Furthermore, it is not presently known whether the cable route would potentially go through any significant populations of protected species such as the Pink Sea Fan Eunicella verrucosa for example.  Since this remains a possibility, it must presently be considered the placement and pinning of the cable could affect such populations.Given their sensitivity to physical impacts, their protected status, and their importance within the reef features of PMSAC, this must be considered as a potential impact of high magnitude and hence major significance.  Possible mitigation is discussed below.  

Similarly, for the Westdale Bay cable route option it is difficult with present knowledge to see how the use of anchors for cable installation, and work associated with pinning the cable to bedrock, could realistically avoid impacting upon bedrock, and therefore areas that must presently be assumed to be of high value given the potential for occurrence of reef communities.  The use of large anchors on bedrock would probably involve a large degree of slippage and thus potentially long trails of anchor damage with significant removal of projecting species, such as certain sponges, soft corals, and species such as the pink sea fan if they occur there.  Furthermore, as outlined earlier, recovery times of many of the species associated with bedrock communities are likely to be very long. With an eight point anchoring system as the worst case scenario, and with the installation likely to involve a significant number of deployments of the anchors, this is likely to represent significant damage i.e. high magnitude and hence, (since the bedrock communities are regarded as being of high importance, being a feature of the PMSAC) of major significance.

Commitment to use Dynamic Positioning (DP) rather than physical anchoring would reduce the magnitude of potential impacts of cable installation by minimising the area affected and is reviewed as potential mitigation in Section 10.3.4.5.

10.3.4.2 Operation 

10.3.4.2.1 Medium term loss of habitat

The amount of sediment habitat lost for the operational phase of Wave Dragon is equal to 314 m2 per mooring block, or a total of 2,826 m2 for the worst case situation of nine blocks.  From the results of the geophysical survey, the area of sediment in the immediate area of the deployment, and extending part way along the cable route, can be conservatively estimated as in excess of 180,000 m2, so that less than 1.6% of the immediate local “sediment” environment (thought to be represented mainly by the PomB Pomatoceros and barnacle dominated biotope) would be lost for a five year period.  In the surveyed area as a whole roughly 3-4 times this area appears to consist of sediment as opposed to bedrock, and it seems likely that further areas of sediment would occur in the unsurveyed areas close to the deployment.  Thus the proportion of sediment habitats lost would be negligible even in the context of only the immediate environment.  Following removal of the mooring bocks after the five year test period the cobble community would be expected to recover relatively rapidly since species present are resilient and adapted to a high energy environment subject to frequent natural disturbance, e.g. during sediment turn-over during storm events.  Overall the magnitude of the impact on loss of cobble dominated sediment habitats is conservatively assessed as low and the resultant significance minor/moderate.  Since the caissons are to be filled with ballast a somewhat similar community to that originally existing might, in fact, be expected to develop on the top of the caisson but this possibility has, for the purposes of this assessment, been ignored as the nature of the resultant community would depend very much on the size and stability of the ballast and it would, in any case, be a temporary effect.  

It is anticipated that no significant areas of bedrock habitat would be lost to the emplacement of mooring blocks.  Areas of bedrock lost to cabling would be extremely minimal, and even where steel structures are needed to protect cables around uneven areas or span them across gulleys are expected to be very small.  Overall, the magnitude of the expected impact is low and due to the potentially high importance of bedrock the anticipated significance is moderate.  

The effect of the changes described above upon commercially important local species such as crabs, lobsters and crawfish will be negligible in the context of the extent of local fisheries and therefore of minor significance.

10.3.4.2.2 Introduction of new habitat

The concrete mooring blocks will represent new habitat that will be colonised by a variety of marine organisms.  Rapid and often dense colonisation has been reported from a variety of structures in the Irish and North seas, included artificial reefs of concrete, car tyres and other materials, deliberately or accidentally sunken ships, radio masts, meteorological monitoring masts, oil and gas drilling and production platforms and other structures and, increasingly, wind turbine foundations.  Abundant colonising species can include mussels, barnacles, tubeworms, hydroids, amphipods, sponges, soft corals, anemones and numerous other invertebrates, seaweeds, as well as more mobile fauna including starfish and crabs, especially around the bases of structures (e.g. Vella et al., 2001; Bio/consult 2000; Bio/consult 2004a).  Rock-based scour protection was reported to have a similar suite of species, but at different abundances (Bio/consult 2004b).  Fish are discussed in Section 10.4.

In the Northern Irish Sea, steel piles supporting an anemometry mast off North Wales Coast were rapidly colonised by large numbers of common mussel Mytilus edulis, dead-man's fingers Alcyonium digitatum, the anemone Metridium senile, seaweeds and barnacles (Innogy, 2002).  The common starfish Asterias rubens occurred in large numbers on the seabed at the base of the mast, possibly feeding on material falling from the structure.  

In general, filter feeders tend to dominate such situations, since they are exposed to high water flows, thus increasing their opportunities for feeding.  These in turn support a variety of predators and scavengers, such as the associated crabs, starfish and fish.  In many instances surveys have found a highly scoured zone near the seabed where colonisation is poor, the size and nature of which depends upon the local conditions such as the local sediment type, amount of water movement, and probably the degree of scour protection in place.

Concrete is a good substrate for colonisation (Figley, 2003) although it is possible that fresh concrete may require an initial period of time in seawater before substantial colonization occurs.  The concrete mooring will be are smoother than natural rock in the Pembrokeshire area would tend to be, and this will reduce the variety of organisms colonising.  On the other hand, the large size of the blocks could present habitats less subject to scouring by sands, and there will be differences in exposure to wave actions on different side of the blocks, which may also cause variation on the types and amounts of organisms growing.  
The attractiveness to colonising organisms increases with the degree of surface complexity, and the presence of nooks and crannies between stones (Pickering and Whitmarsh 1997; Hoffman et al. 2000).  Thus, the surface of the ballast could potentially result in a relatively diverse community compared to that at present, but this would depend very much on the size and shape, and hence stability, of the ballast used.  It is also possible that the community could be very similar to that on the existing sediments.  
The overall effect of installing the mooring blocks will be the replacement of small areas of the existing coarse sedimentary biotopes with communities typical of more stable rock.  This may result at a very local level in an increase in the overall productivity and species diversity (e.g. Wickens and Barker, 1996; Grossman et al. 1997). At the Horns Rev offshore wind farm off Denmark, where the amount of colonisation was strongly limited by scouring effects, the epifauna colonising the monopiles nevertheless reached a biomass eight times that of the typical fauna in the surrounding soft sediments (Bio/consult 2004a).  Other studies in temperate waters have shown that with fairly complex structures colonisation can result in an increase in biomass over surrounding sandy substrates between 23 and 2195 times the original within a few years (Figley, 2003).  At the Wave Dragon device location, the local cobble has high densities of tubeworms and barnacles, and biomass is therefore probably already quite high, so that dramatic increases in biomass are less likely.  

The mooring blocks will be located in deep water which will probably encourage them to develop relatively rich and diverse communities.  Seaweed growth is likely in all cases to be extremely limited due to a combination of the depth and the high turbidity of the local waters.  Encrusting or tube-dwelling animals such as mussels, barnacles, and perhaps fouling amphipods are likely to dominate, but larger mobile organisms such as starfish, crabs, prawns, and small fish can also be expected; crabs in particular may well find the edge of the structures where they bed into the sediments an attractive location.  However, they are unlikely to develop communities as rich and diverse as those on surrounding bedrock for two main reasons; firstly, they will be relatively smooth in comparison to natural rock, presenting a poorer range of niches and greater difficulties in remaining attached; and secondly they will only be in place for up to five years, after which they will be removed.  Overall, however, each structure would represent an increased area for epifaunal colonisation compared to the existing seabed, and it is therefore likely that the fouling community will be more productive. 

The effect of the addition of the nine mooring blocks would therefore be a small increase in the overall diversity, and possibly productivity, of the local seabed communities.  These would be extremely localised, medium-term positive changes, probably of negligible to low overall magnitude, and therefore probably of minor overall significance.

10.3.4.2.3 Anchor chain movements

Anchor chains will be subject to frequent rise and fall due to the tides and to some lateral movements, and a worst case estimate of the area of seabed affected is 562 m2 per chain (Wave Dragon, pers. comm.).  For nine mooring blocks this would represent a worst case estimate of less than 3% of the area of cobble/pebble dominated seabed in the immediate area of the Wave Dragon device.  Although the dominant fauna (encrusting tubeworms and barnacles) is physically robust the frequency of the impacts mean that damage is likely, although upon removal of the chains recovery would be rapid.  Overall, even if there were high mortalities of encrusting animals within the affected area, the potential magnitude of the damage is considered to be low, and the significance minor/moderate.  

10.3.4.2.4 Anchor block movements

There is possibly a very minor risk of drag of one or more mooring blocks such that it moves up against an area of bedrock.  In this case it is envisaged that minor “scraping” damage to the bedrock community would occur but it is probably that the mooring block would, upon reaching bedrock, be held firm and not be subject to further dragging.  Overall, the likelihood of such an event is very low, and the likely extent of any resultant damage is minimal and the overall impact is assessed to be of negligible magnitude and, hence, of minor significance.  

10.3.4.2.5 Changes to water movement

Wave Dragon is expected to cause reductions in wave energy in the lee of the device, although this has been quantified mainly for surface waves and at the shoreline.  There will be more significant effects upon small waves than high waves, and more effect upon short-period wave movements than longer period waves such as swell waves, while effects will decrease with distance towards the shore.  The water depth in the lee of the proposed device location is mostly in the range of 16- 26m below chart datum, although close to shore the rock ridge that is likely to support richer, kelp dominated communities is mainly in 10-14m, but as little as 6m in places, along the cable route where detailed surveys have been carried out.  In deep waters effects on the seabed are only caused by larger, longer wave-length waves, so that relative changes in water movement are likely to be both smaller and less frequent than at the surface.  The coastal processes assessment has concluded that the reduced leeside wave climate will reduce the stirring effect of waves on the seabed (although this may be counteracted by changes in current regimes in the immediate environs of the mooring blocks), but that there will be no significant effect upon seabed sediment processes.  

Changes to currents as a result of mooring blocks are likely to be very localised.  Overall, the changes are unlikely to be significant enough to have noticeable physical effects other than, perhaps, minor changes to sediments in the immediate environs of each block, and the coastal processes assessment has concluded that there will be no significant effect on local or far-field seabed or coastal processes.  

 Given the expectation of some reduction in stirring effects, the possibility that the changes will be sufficient to allow the development of a slightly more stable, and therefore diverse, community than the present scour tolerant encrusting tubeworms and barnacles on the cobble/pebble dominated sediments cannot be completely ruled out.  Given the very high degree of natural variability in wave action both seasonally and from year to year any changes may not be noticeable; however, at worst, this could arguably lead to a temporary change of medium magnitude (and therefore moderate significance) that would be reversible upon removal of the device.  Changes to communities on bedrock are unlikely to be detectable, i.e. of minor significance.  

10.3.4.3 Decommissioning

There are anticipated to be no major differences in methods between installation techniques and those of decommissioning.  Again, the most important potentially damaging impacts will be those of jack up rig legs in the case of removal of mooring blocks and anchoring activities in the case of removal of cable.

Again in terms of removal of the Wave Dragon device and the moorings the worst case disturbance is likely to involve nine visits of a jack up barge, involving disturbance of 350m2 each.  In the event that the communities that have developed on the mooring blocks turn out to be notable examples of reef communities, then consideration might be given to leaving them in place. However, it is presently assumed that removal will be required.

Recovery of seabed revealed back to a state similar to that prior to introduction of the blocks will probably depend largely upon the depth to which the blocks have settled during the operational period and the speed with which subsequently infilling sediment becomes similar to that of the surrounding areas.  Given the highly mobile nature of the seabed (as inferred from the nature of the communities presently found there) this is likely to be relatively quick.  Overall the impact is likely to be of low magnitude and the overall significance moderate.

Again in respect of removal of cables (where not left in situ) anchoring activities are likely to represent the main impact.  For the reasons outlined in section 10.3.4.1.2 the local sediment communities, whether in the inshore sands or the offshore cobble and pebble dominated sediments, are tolerant of physical impacts and anchor mounds would be expected to have only very minor, localised, and short term effects.  The overall magnitude of the impacts would be expected to be negligible and the overall significance minor.

As with installation, on both cable route options it is difficult with present knowledge to see how the use of anchors for cable installation could realistically avoid impacting upon bedrock.  The use of large anchors on bedrock would probably involve a large degree of slippage and thus potentially long trails of anchor damage with significant removal of projecting species, such as certain sponges, soft corals, and species such as the pink sea fan if they occur there.  Furthermore, as outlined earlier, recovery times of many of the species associated with bedrock communities are likely to be very long. With an nine point anchoring system as the worst case scenario, and with the installation likely to involve a significant number of deployments of the anchors, this is likely to represent significant damage i.e. HIGH magnitude and hence, (since the bedrock communities are regarded as being of high importance, being a feature of the PMSAC) of major significance.  DP would represent possible mitigation and is considered in Section 10.3.4.5.

On the Marloes Sands potential cable route there are sufficient sediments in places, particularly in the region of the installation itself, to allow careful positioning of anchors in order to avoid significant areas of bedrock.  It is assumed for this assessment that contractors would confirm that areas of bedrock would be avoided by anchors, lines and any other physical impact where possible.  Thus the impact can be assessed as having minor (inshore sands) or minor/moderate (offshore cobble/pebble) significance.

It is possible that the cable could be left in place, although it is understood that all other structures associated with the Scheme would be removed.  This is considered to represent an impact of low magnitude, and hence moderate significance.

10.3.4.4 Cumulative Impacts

There is an outline scheme to install a High Voltage Direct Current (HVDC) cable between Ireland and Wales, with a Welsh landfall in to Milford Haven or Freshwater West. The installation of such a cable has potential to affect water quality via effects on sediment re-suspension or contaminants from vessels; however, there would be no overlap in the construction periods of the two schemes and no cumulative impacts upon benthos are likely.  

There are no other proposed developments the developers are aware of that would have potential impacts that would result in potential cumulative impacts.

10.3.4.5 Mitigation

Impacts of potentially major significance have been identified on both potential cable routes as a result of cable installation and decommissioning activities if very sensitive and important communities or species, such as the pink sea fan, are found to occur there.  

A drop down camera and diver survey is planned for 2007 during which it will be confirmed whether or not there are ecological sensitivities on bedrock areas (including, but not limited to, the cable routes).  If any activities on areas of bedrock are proposed these would only proceed if mitigation of the potentially significant adverse impacts identified above proved possible following survey.  Mitigation would probably involve micro-siting of the cable and any anchors or jack up legs a safe distance away from identified sensitivities and within areas confirmed as low sensitivity.  

If possible, this would reduce the impact of installation from one of potentially Major significance to one of negligible or low magnitude and hence minor or moderate significance.

Use of dynamic positioning (DP) rather than physical anchoring would reduce the magnitude of impact by minimising the area of bedrock reef affected during both installation and removal of the cable.  However, in the absence of site-specific information on the nature and importance of reef communities on bedrock areas along this cable route option it must be assumed that cable pinning alone could have a significant adverse impact on receptors of high importance.  Use of DP would therefore only be of potential use as mitigation if it allowed sensitive areas adjacent to a low sensitivity corridor identified for cable installation to be protected.

10.3.4.6 Monitoring

A full site survey involving drop down camera and divers is planned for 2007 and following this it will be possible to prepare a detailed monitoring plan, in consultation with DTI and other Government departments/agencies.  It is presently expected that monitoring is likely to focus on: 

1) nearby extensive bedrock areas that might be affected during emplacement of the structures; in particular, if any significant colonies of pink sea fan Eunicella verrucosa, or other species of importance in their own right, were discovered in potentially vulnerable situations, for example on the edges of bedrock where dragging blocks could potentially cause damage, or where jack up legs are likely to be placed) then these would be the subject of specific monitoring plans.  

2) the mooring blocks themselves, in order to monitor the development of epifauna.  The monitoring should be carried out by divers and should cover both horizontal and vertical faces of the blocks.  Vertical faces should include examples facing in different directions to see if there are significant differences caused by variations in exposure to waves and currents.  The conjunction between he block and the sediment should be monitored as part of this exercise.  

3) areas of sedimentary habitat upon which the mooring blocks are placed, including any significant areas of bedrock or more stable boulders within this area.  Unless the site specific survey reveals any unexpected communities or species, monitoring of this habitat should take a relatively low priority since it is expected to be a scour tolerant community on mobile sediments with a large component of cobble.  

Following the site survey the relative merits of diver surveys and drop-down video/ROV will be considered before finalising survey methods in discussion with DTI and other Government departments/agencies.  

10.4 Fish
This section describes the distribution and ecology of fish species within and around the proposed development area and the waters of Pembrokeshire.  The impact assessment identifies fish of ecological, conservation or commercial importance although impacts to commercial fishing activities have been considered separately within Section 11.2.

10.4.1 Existing Environment

Most species of fish occurring in UK waters are not targeted by the commercial fishing industry although some are important in recreational fisheries and many species are important as prey items for other marine organisms and therefore form an integral part of the marine ecosystem.  Broad scale descriptions of the diversity of fish species within north-western European waters suggest that fish diversity is greatest in the southwest and along the western seaboard of the UK (Defra, 2005).  This is attributed to the influence of the North Atlantic Drift and the Lusitanian Current which give rise to a diverse range of marine habitats within this part of the UK supporting a variety of fish, including not only species native to the British Isles but also those perhaps more characteristic of southern and Mediterranean areas. 

10.4.1.1 Pelagic Species

Pelagic species are free-swimming fish that inhabit the mid-water column. They tend to have little association with the seabed and as a result are often distributed over widespread and indistinct grounds.  The main pelagic species found within this region are listed in Table 10.4‑1.  Mackerel is one of the most abundant pelagic species with herring also being locally abundant and found all along the entire Pembrokeshire coastline.  Sprat are also widely dispersed throughout the area and juvenile sprats are often found mixed with young herring in inshore areas, when they are known as ‘whitebait’ (Pawson & Robson, 1995).  

Sandeels are also present within the area and although described as a pelagic species this fish will have a greater interaction with the seabed than the other species described here, as they spend a large proportion of their time burrowed into sandy substratum.  Sandeels are an important component of the food web in North Atlantic waters, providing an important food source for many other fish species, including commercially important fish, and for seabirds (FRS, 2007). 
	Species
	Common name

	Clupea harengus
	Herring

	Sprattus (clupea) sprattus
	Sprat

	Trachurus trachurus
	Horse-mackerel (scad)

	Scomber scombrus
	(European) mackerel

	Hyperoplus lanceeolatus
	Great sandeel

	Ammodytidae
	Sandeels

	Belone bellone
	Garfish




Table 10.4‑1 Pelagic species recorded from the region (Pembrokeshire Marine Species Atlas, 2007)

10.4.1.2 Demersal Species

Demersal species include bottom-dwelling or mid-water fish that have a close association with the seabed. These include species such as flatfish, gadoids and some elasmobranch (shark and ray) species which are discussed below.  

The most abundant flatfish within this areas coastal waters are plaice Pleuronectes platessa and dab Limanda limanda which occur on sandy substratum throughout the area (Pawson & Robson, 1995). Sole Solea solea, turbot Psetta maxima and brill Scophthalmus rhombus are also present and recreational anglers catch flounder Platichthys flesus from the beach at Marloes Sands (Pembrokeshire Rivers Trust, 2007). Megrim Lepidorhombus whiffiagonis tend to be found only in the deepest waters of this region and it is more likely that the rocky benthic habitat of much of the proposed Wave Dragon device deployment area would be suitable for rough ground flat fish species such as top knot Zeugopterus punctatus (Defra, 2005).

Cod Gadus morhua and whiting Merlangius merlangus are the most abundant and widely distributed gadoids within the region with species such as ling Molva molva, pollack Pollachius pollachius and saithe Pollachius virens being less abundant and more locally distributed, being found particularly around rocky reefs (Pawson & Robson, 1995). 
Other demersal species, which are likely to be abundant amongst the rocky reefs and rock platforms of the development area, include conger eel, gurnards, wrasse (Labridae), clingfish and goby (Gobidae) (Defra, 2005). Bass and grey mullets are also seasonally abundant inshore and in estuaries, and move south along the coast in the autumn to overwintering areas and are also likely to be present. Marloes Sands is known to be a good beach fishing location for sea bass (Pembrokeshire Rivers Trust, 2007). 

Several vagrant species are also recorded from the area and these include the sunfish, Mola mola which has been sighted off Skomer and an Atlantic bonito, Sarda sarda which was caught by an angler off Marloes peninsula in 1996 (Marine Wildlife, 2007).

10.4.1.3 Elasmobranch Species

Elasmobranchs are fish which posses a cartilaginous skeleton and include sharks and rays.  Elasmobranch species are potentially vulnerable because they take a relatively long time to reach reproductive maturity and produce only small numbers of young. In the past few decades, elasmobranch species in general and benthic elasmobranchs in particular, have suffered dramatic reductions in their numbers due to unregulated fishing and habitat degradation (Camhi et al, 1998).

Records of a number of ray species exist for this area of west Wales with most species having a limited or patchy distribution. A list of the species previously recorded from the region is given in Table 10.4.2.  The thornback ray Raja clavata is one of the more common and widespread ray species in the North East Atlantic and they are found on a variety of sediment types including mud, sand and gravel but are less abundant on coarser grounds such as found at the proposed Wave Dragon device deployment area (ICES, 2003).  Rays are long-lived animals, which take approximately 5-10 years to reach sexual maturity and lay relatively few eggs (about 40 -150 a year), making them particularly vulnerable to impacts such as over fishing. The population status of ray species around the Welsh coastline is unclear, although there is evidence that the most common, the thornback ray, has declined in recent decades (Shark Trust, 2007).  The common skate, Raja batis is a national priority species under the UK Biodiversity Action Plan (BAP species) and is described as being all but extinct from the Irish Sea due to over fishing (JNCC, 2007a).
A list of the shark species encountered around the waters of this region is included in Table 10.4‑2.  Several benthic species are present as well as a number of larger pelagic sharks which are known to occur in low numbers during their summer migrations into waters off the west coast of Wales.  Pawson & Robson (1995) state that the spurdog Squalus acanthias is the most common species; however, rocky areas such as the habitat found within the Wave Dragon device deployment area would also likely be good habitat for the lesser spotted dogfish Scyliorhinus canicula.   

The seas off Pembrokeshire are considered by sea anglers to be productive for pelagic sharks; indeed, the World Wildlife Fund (WWF) have an initiative to tag blue sharks Prionace glauca off this coastline and tagged sharks have subsequently been recorded off the Spanish and Portuguese coastlines (WWF Cymru 2006).  The tope Galeorhinus galeus is a medium sized pelagic shark that is fairly common to all coasts of the UK, particularly during summer and would likely to be found at a number of rocky locations within the local area. Anglers target porbeagle sharks Lamna nasus in the seas off Pembrokeshire and there have been sightings of Thresher Alopius vulpinas and Mako Isurus oxyrinchus sharks off the Pembrokeshire Islands (Pembrokeshire Dive, 2007).  The basking shark, the second largest fish in the world and a heavily protected species (Section 10.4.1.6), is also a seasonal visitor to the Irish Sea with occasional sightings occurring off the Pembrokeshire coastline in summer.

	
	

	Common Name
	Species Name

	Benthic Elasmobranchs

	Lesser spotted dogfish
	Scyliorhinus canicula

	Bull Huss
	Scyliorhinus stellaris

	Spurdog
	Squalus acanthias

	Smooth hound
	Mustelus mustelus

	Starry smooth hound
	Mustelus asterias

	Nurse hound
	Scyliorhinus stellaris

	Spotted ray
	Raja montagui

	Thornback ray
	Raja clavata

	Painted ray
	Raja microocellata

	Blonde ray
	Raja brachyura

	Common Skate
	Raja batis

	Cuckoo ray
	Raja naevus

	Electric ray
	Torpedo nobiliana

	Pelagic Elasmobranchs

	Tope
	Galeorhinus galeus

	Basking shark
	Cetorhinus maximus

	Blue shark
	Prionace glauca

	Porbeagle
	Lamna nasus

	Mako
	Isurus oxyrinchus

	Thresher
	Alopius vulpinas


Table 10.4‑2 Elasmobranch species recorded as being present within the region (Pembrokeshire Marine Species Atlas, 2007)

10.4.1.4 Migratory Species

Migratory fish species are formally identified as being the anadromous (fish spawning in freshwater and feeding at sea) salmon Salmo salar and sea trout Salmo trutta, and the catadromous (fish spawning at sea and feeding in freshwater) European eel Anguilla anguilla. 

Within the local area the Environment Agency have identified the East and West Cleddau rivers, which run into Milford Haven, as supporting populations of salmon and sea trout (Environment Agency, 2003).  In the wider region a number of rivers support migratory fish and it should be assumed that fish from several or more of rivers such as the Taf and Gwendraeth which reach the sea at Carmarthen Bay or the Teifi to the north could occur within the study area at certain times of year.  It is generally considered that the European eel runs up most of the rivers throughout the UK and it is therefore more than likely that the local rivers within this area also support populations of this migratory species. 

Salmon spend a year or more at sea feeding before returning, in the case of most individuals, to the specific river of their birth to spawn.  Spawning occurs between November and January, though fish run up rivers for a number of months before spawning, often with a marked peak in late summer. Once they have spawned the majority die but a few survive to spawn a second or even a third time. Once hatched, the young fish (parr) spend 2 to 4 years in the river system before developing into smolts that swim downstream and migrate to sea between late April and early June. During the first year after leaving their natal river it appears that young salmon do not migrate any further than the west coast of Ireland but if they remain at sea for several years, they may migrate as far as the Faeroe Islands or Greenland.  The route by which they return through the Irish Sea in search of their natal river for spawning is unknown but it is generally acknowledged that they subsequently swim along the coast seeking olfactory clues that help identify the correct river.  The life cycle of the migratory sea trout is almost identical to that of salmon, although the majority of sea trout survive spawning and will return to their natal spawning river on numerous occasions during their lifetime. The other significant difference is that sea trout do not appear to undertake the same sea migration but remain in coastal waters, probably close to their natal river. 

Eels spawn in an area of the west-central Atlantic, east of the Caribbean, known as the Sargasso Sea.  The eggs and larvae are taken by the North Atlantic Drift to European waters, once in coastal waters; the larvae metamorphose to become elvers which then enter the estuaries of most UK rivers.  Eels spend many years in upper estuaries or freshwater and when they are ready to return to the spawning grounds they move downstream and on re-entering an estuary in late summer to early autumn they undergo a process of pigment change to become ‘silver eels’ ready for the return sea migration. Once the eels are at sea it is assumed that they leave coastal waters relatively rapidly.

Internationally, these migratory species are giving cause for concern, as stocks appear to be subject to long-term decline. Whilst fishing inevitably contributes to this decline, other environmental factors are also assumed to be causative.  Given the presence of these species within the rivers of the area and the nature of their life cycles, it is probable that some individuals would encounter the Wave Dragon device deployment area during their migratory phases.

10.4.1.5  Spawning and nursery grounds

The vast majority of fish spawn between late winter and early summer which enables the resulting larvae to take advantage of the spring phytoplankton bloom, and allows the juveniles time to feed and grow to a size that enables them to survive the winter drop in prey abundance. A high proportion of fish have pelagic (free-floating) eggs although some species such as herring (Clupea harengus), sandeels (Ammodytidae) and several of the non-commercial species, e.g. pogge (Agonus cataphractus), gobies (Gobiidae) and blennies (Blenniidae), deposit their eggs on the seabed where they remain until the larvae hatch. These demersal spawners are potentially more sensitive to offshore developments.  For the majority of species, the juvenile stage is spent in shallow coastal waters and within this area of Pembrokeshire, Milford Haven is considered to be an important nursery area for many species of fish including Bass which use the Haven as a nursery and spawning area and are protected under the Bass (Specified Sea Areas) (Prohibition of Fishing) Order 1990 between May and October (Barnes et al., 1995).
It may be assumed that eggs for the majority of pelagic spawners throughout the Irish Sea will be present in the vicinity of the proposed deployment and that certain habitats within the deployment area itself may well also be utilised by benthic spawning species.  The nearest identified spatially restricted spawning site to the proposed Wave Dragon device deployment area is for Herring within the outer Milford Haven Estuary which spawn there between January and March (CEFAS, 1998).  The outer Bristol Channel has pronounced spawning aggregations of species such as plaice, sole, cod and whiting but the proposed development area is not considered to be a spawning location for these species. Flounder are also identified as moving between inshore nursery areas and offshore spawning areas along this coastline. 

Elasmobranch species produce relatively small numbers of live young (10-100 per annum, sometimes fewer in large sharks) or lay large eggs on the sea bed close to their nursery areas.  Elasmobranch spawning is likely to be widespread throughout this area with rays and dogfish depositing eggs primarily in the spring in shallow areas of rough ground where the tendrils at each corner of the egg case help anchor the egg to stones or weed to keep it in situ. Tope (which bears live young) is likely to use the inshore areas of the coastline for pupping and nursery grounds.

10.4.1.6 Protected fish species

Protected fish species which are likely to be found off the Pembrokeshire coastline and may be encountered within the development area are listed within Table 10.4‑3 alongside the relevant legislation.

	
	

	Species
	Legislation

	Allis shad, Alosa alosa
	Appendix II & Appendix III of the Bern Convention

Annexes II and V of the Habitats directive

UK BAP species



	Twaite shad, Alosa fallax
	Appendix III of the Bern Convention

Recommended for addition to Schedule 5 of the Wildlife and

Countryside act 1981 under section 9-(4) (a).

Annexes II and V of the Habitats directive

UK BAP species



	Sea lamprey, Petromyzon marinus
	Appendix III of the Bern Convention

Annex II species of the EC species directive

	River lamprey, Lampetra fluviatilis
	Appendix III of the Bern Convention

Annex II species of the EC species directive

	Salmon, Salmo salar
	Appendix III of the Bern Convention but only protected under Annex II of the EC species directive when in freshwater.

	Common goby, Pomatoschistus

Microps
	Appendix III of the Bern Convention

	Sand goby, Pomatoschistus

Minutus
	Appendix III of the Bern Convention

	Basking shark, Cetorhinus maximus
	Appendix III of the Bern Convention

Wildlife and Countryside Act (1981)

Appendix II of the Convention on International Trade in Endangered Species (CITES).

UK BAP species


Table 10.4‑3 Protected fish species recorded from the region (Bern convention 1982, Council Directive 92/43/EEC, CITES 1963, Wildlife & Countryside Act 1981 (1985 as amended), UK Biodiversity Group, 1999)

The river lamprey (Lampetra fluviatilis) and sea lamprey (Lampetra fluviatilis) are both recorded from this area and Pembrokeshire Marine SAC is known to support a significant presence of both species which are listed under the EC Habitats Directive and the Bern Convention.  The two species have similar life cycles with upstream migrations for spawning occurring in early spring with the majority of adults dying immediately afterwards.  Larvae remain in rivers for 3-5 years before migrating downstream in the spring or summer where they then grow and mature in the sea becoming parasitic on other marine species such as gadoids, elasmobranchs and cetaceans.  The Pembrokeshire Marine SAC is also considered to support a significant presence of the protected allis (Alosa alosa) and twaite (Alosa fallax) shad.  These species migrate upstream in April-May, spawning in freshwaters around June. Downstream migrations are highly dependent on water temperature and little information of shad movements in coastal waters is available.  Both species were classed by Swaby & Potts (1990) as scarce in Britain, recent declines have been attributed to pollution, overfishing and migratory obstacles (Aprahamian & Aprahamian, 1990​).  Both shad species are protected under the Bern Convention on the Conservation of European Wildlife and Natural Habitats (1979), the EC Habitats Directive (1992) and are classed as “Data Deficient” in the IUCN Red List of Threatened Species (an indication that more information is required and acknowledgement that future research may highlight the species as threatened).
Other protected fish species which are likely to occur within the proposed development area include the Common and sand gobies (Pomatoschistus sp) which although abundant throughout UK waters are protected the Bern Convention due to their importance at the trophic level.   

10.4.2 Sensitivity of Fish

Fish are receptive to noise with hearing and the detection of vibrations being one of their most developed senses.  Different species of fish have different hearing abilities and the main reason for this is differences in physiology.  Teleost (bony) species of fish possess a gas-filled swimbladder and receive sound through this organ, which is sensitive to the pressure component of a sound wave converting the pressure waves to vibrations, thus allowing the fish to detect sound as well as vibration (Hawkins, 1993). The sensitivity to noise and vibration differs among fish species, especially according to the anatomy of the swimbladder and its proximity to the inner ear. Some species have a close coupling between the swimbladder and the inner ear allowing vibrations received by the swim bladder to be carried to the inner ear thus increasing hearing sensitivity. Those species having a fully functional swimbladder tend to be much more sensitive and are referred to as hearing-specialists. Within this group those species, which have some form of close coupling between the swim bladder and the inner ear e.g., Clupeids (herring family), have a high-sensitivity to noise. Hearing specialist identified as being present within this area are herring (Clupea harengus) and sprat (Sprattus sprattus). Such hearing specialists will have a broader hearing bandwidth and greater sensitivity than non-hearing specialists.  Other species present which possess a swim bladder (but without the inner ear coupling) and are thus considered to be hearing specialists with medium sensitivity to noise include gadoids such as cod (Gadus morhua) and whiting (Merlangius merlangus), shad (e.g. Allosa allosa and Allosa fallax), Mackerel (Scomber scombrus) and Salmon (Salmo salar).
Those species lacking a swim bladder altogether such as elasmobranchs (sharks and rays) and flatfish tend to be of relatively low auditory sensitivity and are classed as being non-hearing specialists relying instead on the detection of particle displacement from sound waves (Turnpenny & Nedwell, 1994).
The marine environment is considered as being relatively noisy where ambient noise arising from wave action, bubble formation, action of wind and rain on the sea surface will combine with noise generated from man-made activities such as shipping, fishing sonar and pleasure craft to produce background noise which varies with different locations due to the influences of the existing sea bed geology and the activity of the local environment.  Any noise associated with the construction, operational and decommissioning phases of the Wave Dragon Pre-Commercial Demonstrator project will add to this pre-existing back ground noise level and high level noise may result in physical damage, even death or some form of hearing impairment.
Many fish also produce sounds of their own usually crunches, grunts and popping sounds, which are low frequency in nature. These biological sounds are used by individuals to communicate with one another especially during activities such as spawning (Hawkins & Rasmussen, 1978) Fish also utilise sound to detect predators and prey and the presence of noise generated from extraneous sources such as construction and operational activities may mask the much weaker sounds of biological significance and may impair the behaviour and survival of the fish.
Elasmobranch species are potentially vulnerable because they take a relatively long time to reach reproductive maturity and produce only small numbers of young. In the past few decades, elasmobranch species in general, and benthic elasmobranchs in particular, have suffered dramatic reductions in their numbers due to unregulated fishing and habitat degradation.

Certain fish species may be sensitive to either magnetic or electrical fields associated with the electricity export cable.  The proposed cable is a standard 3-core, copper conductor, XPLE (or equivalent) insulated and armoured submarine cable, rated at 11kV. Such standard AC offshore cables do not generate an electric field directly; instead, an electromagnetic field (EMF) with two components is generated: an electric (E) field which is contained within the cable by armouring and a magnetic (B) field which can be detected outside of the cable.  The magnetic field is dynamic as a result of the fact that AC currents flowing in each conductor of the cable generate changing B fields around the conductor.  These changing B fields in turn generate an induced electric (iE) field in the surrounding medium.

Similar cables, rated at 33 kV or 132 kV and transmitting power generated by offshore wind farms, have been predicted to generate B fields of up to a few micro Tesla (µT) during maximum load which in turn induce electric fields in the region of 100 µV/m (CMACS 2003; Gill et al. 2005).  Because the power exported from the single Wave Dragon device would be lower than a full wind farm (up to 3MW compared to 90MW for the wind farms considered) it is anticipated that the resultant EMF would be lower; however, the precise specifications of the cable are not yet known and since it is not possible to be definitive it is conservatively assumed that an equivalent EMF would be produced under full load.
When the Wave Dragon export cable is loaded below capacity it would be expected that the resultant B and iE fields would be reduced in direct proportion to the power transmitted.  For approximately 90% of the time it is predicted that the Wave Dragon device would generate up to 1MW of power and therefore 33% of the maximum EMF.

If the resultant fields could be detected by electrically sensitive species (e.g. elasmobranchs) or magnetically sensitive species (e.g. salmonids, eels, mackerel and plaice) then there is potential for an impact to occur; this could be trivial, e.g. short-term change in swimming direction or more serious, e.g. a significant delay to migration.

Fish are sensitive to localised elevated suspended sediment concentrations which could temporarily displace them from the immediate area.  No sediment contamination impacts through mobilisation of contaminated sediments present on the seabed are predicted (see Section 10.2) and as a result this has not been considered further within the impact section below.  However, the potential for impacts due to spillages from vessels and machinery, including the Wave Dragon device itself, has been considered.

There would be a 50mm grill at the top of the wave ramp which will prevent larger fish from passing into the reservoir and subsequently through the turbines.  Smaller fish could pass through the grill and the potential for them to suffer physical harm, and the significance of any resultant impact, has been considered.

The placement of the device into the marine environment will also alter and/or remove habitat previously available to fish populations for feeding, spawning and for use as nursery areas.

10.4.3 Importance of Fish Species

Most of the fish found within this area are ubiquitous in British waters and common around the Pembrokeshire coastline and islands.  In addition, the proposed installation position for the Wave Dragon device is not within any spatially restricted fish spawning area. 

Most of the demersal and pelagic species are therefore considered as being of Low importance.  Exceptions are identified below.  
Because of their conservation status elasmobranch species are determined to be of Medium importance.

Those species with legislation afforded to them within section 10.4.1.6 are considered as being of High importance, with the following exceptions: gobies are ubiquitous whilst the protection of salmon extends only to their freshwater habitats; these species are considered as being of Medium importance.
10.4.4 Impact Assessment

10.4.4.1 Construction

All construction impacts would be short term (i.e. less than 1 year).

10.4.4.1.1 Loss of/disruption to habitat

Construction activities and the placement of the mooring blocks onto the seabed will disturb or remove benthic habitats which may be important for individual fish species and/or populations.  The amount of seabed habitat lost to the placement of the mooring blocks would be between 2.198-2,826m2 depending if 7-9 blocks were to be used.  In addition to this, 350m2 of the seabed would be occupied/disturbed by the feet of the jack-up rig should it be decided that one would be used for the installation of the device.  

The loss of this area of habitat does not represent a significant environmental effect spatially, and no spatially restricted spawning species are found within the Wave Dragon deployment area.  Impacts to any habitats would also be short term.  As a result of this the impact magnitude is considered as being negligible with an overall significance of negligible-minor.
10.4.4.1.2 Noise

Underwater noise associated with installation activities would arise from vessel traffic, the deployment of the mooring blocks and the power export cable installation (ploughing through sediment areas and bolting to the sea bed or directional drilling).  No activities are anticipated to generate sufficient noise levels to have injurial or lethal effects on marine species and there is considered to be a low risk of installation noise sources other than vessel activities having behavioural effects (Section 11.6).
Vessels operations, including use of dynamic positioning systems and echosounders, are predicted to be the ‘noisiest’ activity during the installation phase.  If underwater noise generated is of sufficient magnitude there is potential for fish (especially noise-sensitive species) to be startled and move away from the area temporarily.  High noise levels may also mask biologically important sounds within the immediate area.  Either impact could temporarily interrupt fish from biologically important activities such as feeding for the duration of the noise.

The underwater noise assessment (Section 11.6) concluded that there was a medium risk of such a behavioural impact but this included an assessment for the most sensitive marine species considered,  harbour porpoise, which were anticipated to be temporarily displaced a distance of up to several hundred metres during works.  The most sensitive fish species considered (herring) are less sensitive than harbour porpoise and it can be confidently predicted that no fish species would be temporarily displaced more than a few hundred metres.  The actual displacement distance is anticipated to be very much smaller, especially for sound insensitive species such as Dab.

It is also anticipated that although fish might initially move away from certain noise related installation activities they would resume normal activity either on habituation to the noise or on cessation of activity.

Due to the small spatial and temporal effects of any installation generated noise (especially as no high-energy installation methods are to be used) and the fact that the site has no spatially restrictive feeding or spawning areas, such impacts to the local fish populations are considered as being of negligible magnitude and no more than minor significance. 

10.4.4.1.3 Suspended sediments

Construction activities such as the placement of mooring blocks onto the sea bed and the placement of jack-up rig feet may generate increased suspended sediments which will impact upon fish behaviour as fish will temporarily move away from a sediment plume. 
Given that the deployment area for the Wave Dragon device is largely devoid of fine grained material, it is considered that the amount of sediment released into suspension would be negligible and limited to the immediate vicinity of the construction activities. The overall significance of the impact of elevated suspended sediments on the local fish communities is therefore assessed as being negligible-minor.
10.4.4.1.4 Contamination
During construction there would be a low risk of accidental discharges of oils or lubricants from the Wave Dragon device itself or vessels associated with the installation process.  This was determined to be a negligible magnitude impact on water and sediment quality in Section 10.2).  
Given the low risk, combined with the low severity of any impact, this is also considered to be a negligible magnitude impact of overall negligible-minor significance for fish receptors. 

10.4.4.2 Operation

Operational impacts would be medium term, i.e. 1 to 5 years.

10.4.4.2.1 Device related fish mortality

Waves will spill over the ramp into the reservoir and, in theory, fish could be trapped in the reservoir.  It would not be possible for them to escape from here of their own accord, although smaller fish may pass through the turbines if they are small enough to pass through a 50mm grill that would cover the turbines.  There would be no moving parts within the reservoir area and so trapped fish would be unlikely to be physically injured, although they would clearly be unable to feed and may be subject to predation by pisciverous birds.
The turbine design is a slow rotating Kaplan hydro turbine (100 to 270 rpm).  The maximum velocity of water through the turbines would be 2m/s and flow volume is predicted to be up to 75m3/s (when 3MW of power is generated, for an estimated 10% of the time) (Wave Dragon, pers. comm.).
For any fish passing through the turbines there is potential for injury or mortality if fish are subject to abrasion with moving or stationary parts, or sudden variations in pressure and cavitation which can damage their swim bladders (Cada et al, 1999).
Mortality rates may differ between species since some fish are able to regulate the pressure in the swim bladder relatively quickly through the air canal and the mouth will resist sudden changes in pressure e.g. salmonids and clupeids such as herring; however, those fish which rely on the slower gaseous exchange with the blood vessels in the wall of the swim bladder would be more vulnerable to variations in pressure within the turbines (Turnpenny et al., 2000).

It is considered likely that encounter rates of fish entering the reservoir area would be low as water passing through the turbine would be from waves at the top of the water column as they over-top the ramp.  Species such as salmon smolt which swim in the upper water column and pelagic juvenile species such as whitebait may be the most at risk from this impact.
It is considered highly unlikely that any high value species could be significantly affected. Shad are the only high value species that could conceivably become trapped.  They are pelagic whereas other species are either predominately benthic (e.g. lamprey) or too large to be affected (basking shark). Given the anticipated low encounter rates the overall impact to fish populations is assessed as being of low magnitude and therefore minor to minor/moderate significance.  However, because there is no information on likely fish entrapment rates it is recommended that precautionary monitoring be undertaken.  This is outlined in Section 10.4.4.6.
10.4.4.2.2 Creation of habitat
The mooring blocks will create new habitat on the sea bed in the form of an artificial reef which may be beneficial to fish for foraging purposes.  The free-floating Wave Dragon device may also act as a Fish Attracting Device (FAD).

Aggregation of fish around marine structures and man-made objects placed in the sea is a well known phenomenon and possible reasons for this attraction include the provision of shelter from currents and wave action, safety from predators, and food resources associated with the colonising invertebrate organisms, which is often very dense.  Some fish species are more attracted to underwater structures than others and research at oil and gas platforms within the North Sea has revealed particularly noticeable aggregations of gadoids such as whiting, cod and saithe (Cripps & Aabel, 1995).  Although the attractiveness of artificial structures to fish is not disputed, it is not yet clear to what degree artificial structures result in the mere aggregation of existing fish resources from the surrounding area, or a significant increase in fish biomass.  It is possible that these structures merely act to concentrate fish species from the wider area (Grossman et al., 1997).  It is, however, reasonable to assume that fish will aggregate from within a relatively small radius around the Wave Dragon device.

The provision of this new habitat from the mooring blocks will only be temporary (3-5 years) and may ameliorate any effects from the loss of the habitat to fish in terms of feeding but overall the provision of new habitat is considered to have a negligible-minor impact on the fish populations of the area.
10.4.4.2.3 Noise

Noise generated by the device during the operational phase could affect fish species either by masking of biologically important sounds or through disturbing fish leading to displacement from habitat such as feeding or breeding grounds.  The assessment of the potential operational noise impacts of the device (Section 11.6) has indicated a low risk to any marine species from the operation of the device itself but a medium risk of behavioral level effects for marine species from associated vessel activity.  Such effects would be very short-lived as only occasional maintenance visits are anticipated and would be trivial compared to the high volume of routine traffic in the area, notably associated with Milford Haven Port.

Any impact to the fish populations of the area is assessed as being of negligible magnitude and therefore no more than minor significance.
10.4.4.2.4 EMF

The Wave Dragon device power export cable would be no more than 3km in length and would therefore represent a very small linear feature within the existing marine environment.  The expected magnetic field from the cable (up to a few µT) is also very small especially when compared to the Earth’s magnetic field (approximately 50 µT).  Given both the small scale of the project and the low magnitude of the anticipated magnetic field it is not anticipated that there is any likelihood of a significant impact for magnetically sensitive fish species.

There is currently uncertainty about the significance of artificial electric fields for electrosensitive fish species and this matter is the subject of ongoing research sponsored by the offshore wind farm industry and Crown Estates through their COWRIE programme.  Given the small scale of the project (up to 3km single cable) and expected low magnitude electrical fields and the small proportion of time that the device would be generating full power (3MW) a repulsive effect for elasmobranchs, theoretically possible when iE fields exceed 100µV/m (CMACS 2003), is considered extremely unlikely.  Elasmobranchs are however theoretically sensitive to electrical fields as small as 0.5µV/m which could be generated by the Scheme and may be slightly attracted to such fields if, for example, they are perceived as similar to bioelectric fields emitted by prey organisms or other individuals from the same species.  This would be most likely to affect benthic species such as rays present close to the cable and less likely to affect pelagic species, such as basking shark.
It is considered that EMF effects present at most a potential low magnitude impact for elasmobranchs. This represents a minor-moderate significance impact.

It is worth noting that burial of the cable would not necessarily act to reduce the resultant EMF in the marine environment.  This has been suggested as precautionary mitigation in the past but modelling reported by Gill et al. (2005) has demonstrated that burial may have very little effect on the final EMF as the magnetic field is typically propagated through the substratum to the sediment/rock-water interface with negligible diminution.

10.4.4.2.5 Contamination
During operational phase there would be a low risk of accidental discharges of oils or lubricants from the Wave Dragon device itself or vessels associated with the installation process.  This was determined to be a negligible magnitude impact on water and sediment quality in Section 10.2).

Given the low risk, combined with the low severity of any impact, this is also considered to be a negligible magnitude impact of overall negligible-minor significance for fish receptors. 

10.4.4.3 Decommissioning

It is currently assumed that the removal of the device would be undertaken by a similar method as installation and would therefore be short term (< 1 year).

Therefore the impacts to fish are considered to be equivalent in all cases to the installation impacts stated.
If the electricity export cable were left in place a negligible magnitude impact for fish would be avoided (compared to removal of the cable from sediment and bedrock ground) and underwater noise impacts would also be minimised by reducing the number of vessels required during decommissioning.
10.4.4.4 Cumulative Impacts

Certain activities routinely undertaken within the surrounding area contribute to suspended sediment concentrations.  These include marine aggregate dredging, navigational maintenance dredging and spoil disposal and trawling.  However, it is considered highly unlikely that the installation/removal of the Wave Dragon device would contribute to any elevated suspended sediment levels which would have an impact upon the fish species of the area due to the lack of fine material at the installation site and the absence of any sediment generating activities such as drilling.  
Vessel activity associated with the installation, operation and decommissioning phases of the project would add to the overall vessel activity in the area.  However, this is considered to represent a relatively minor increase over background levels and considered very unlikely to have any effects such as increased underwater noise are highly unlikely to have any significant cumulative impact on fish species. 
IMERA Power are planning to install a high-voltage direct current link between the Republic of Ireland and south Wales with a Welsh landfall either at Milford Haven or Freshwater West.  Either option could pass relatively close to the Wave Dragon site and the potential for cumulative impacts through EMF effects has therefore been considered.  HVDC power cables pass a current in a single-conductor cable with the return current via the water/seabed or a second cable.  It is to be expected that an elevated magnetic field would be detected in the marine environment in the vicinity of the cable, though no information is available on the likely magnitude of such a field.  It is assumed that the IMERA project would be subject to a full environmental impact assessment; however, in terms of cumulative impacts with Wave Dragon it is considered highly unlikely that the < 3km cable run from the Wave Dragon device to shore would add significantly to any impacts that may arise from the 50km plus IMERA project.
It is concluded that the Wave Dragon device would have no cumulative impacts upon fish populations of the area.

10.4.4.5 Mitigation

No mitigation specifically for fish is proposed however, it is expected that suitable environmental management plans would be in place to prevent the spillage or leak of any pollutant from either vessels or the device itself to be in place.  Any noise mitigation proposed for marine mammals would be suitable for fish as they are less sensitive to underwater noise than the mammals and would therefore be sufficiently protected from any mitigation proposed for marine mammals.

10.4.4.6 Monitoring

A post-construction survey is recommended to monitor the effects of the Wave Dragon device on the fish species of the area.  It is suggested that this program considers the effect of the Wave Dragon structure as a Fish Aggregating Device (FAD), and of the mooring blocks as artificial reefs.  Such surveys may be undertaken by diver survey or ROV as part of any benthic monitoring programs suggested and should be developed using statutory guidance and after consultation with the relevant statutory authorities e.g. CCW and CEFAS.
The results of ongoing work through COWRIE to investigate potential EMF effects on elasmobranchs should be monitored and any appropriate best practice incorporated into the project design if practical.

Because of the uncertainty with regard to likely entrapment rates with fish it is recommended that basic monitoring is included in routine visits to the operational device.  This should include recording of any observations of fish within the reservoir area or of activity of fish eating birds.  If there is an indication of fish being trapped in the reservoir then a more thorough survey using a hand-deployed seine net (or similar) should be employed.
10.5 Marine Mammals and Sea Turtles
10.5.1 Existing Environment

10.5.1.1 Marine mammal species occurring
This section considers the distribution of marine mammal species in and around the proposed development area.  Marine mammals present in UK waters include cetaceans (whales, dolphins and porpoises) and pinnipeds (true seals, eared seals and walrus).  Another mammal which should be considered is the otter (Lutra lutra) since this species can spend significant time in the marine environment, though it must have access to freshwater for breeding.

The order Cetacea is divided into two sub-orders: the odontocetes and the mysticetes. The odontocetes, or toothed whales, is the sub-order to which dolphin and porpoise belong.  These animals are generally smaller than mysticetes and have adapted the use of very high frequency sounds for communication, orientation and feeding. Odontocete cetaceans are typically found in coastal waters inside the continental shelf.  The mysticetes, or baleen whales, are large oceanic whales that have adapted to use of low-frequency sounds to communicate over long distances.

Marine mammals are highly mobile and many species range over very large distances.  Their distribution is primarily driven by food resources and breeding (Northridge et al., 1995), although individuals or small groups occasionally visit areas outside of their typical distribution range.  It is therefore possible that animals from a very wide number of species may occur from time to time almost anywhere in UK coastal waters.  For example, a large group of six fin whales (Balaenoptera physalis) was sighted together with two minke whales (Balaenoptera acutorostrata) and around sixty short-beaked common dolphin (Delphinus delphis) approximately 10 miles west of Ramsey Island in August 2005.  The animals were feeding on large concentrations of fish (Marine Life News, 2005).  Fin whales are rare in UK waters and this was the largest group ever sighted.

Sightings of occasional visitors to nearshore waters off Pembrokeshire in recent years have included killer whales (Orcinus orca) off Milford Haven (ABPmer 2005), Strumble Head and Fishguard Bay (Earl et al. 2004) and pilot whales (Globicephala melas), also off Strumble Head (Earl et al. 2003).

Coastal waters around the UK are more commonly frequented by a smaller number of species that may be regarded as resident or regular seasonal visitors.  As part of the Department of Trade and Industry offshore energy Strategic Environmental Assessment (SEA) for oil and gas licensing, Hammond et al. (2005) reviewed the distribution of marine mammals in the northern and eastern Irish Sea (SEA 6).  The proposed site for Wave Dragon device lies at the very southern edge of the SEA 6 area which extends from central Scotland to Pembrokeshire and the authors reported that seven marine mammal species occurred regularly in SEA 6.  These were: grey seal (Halichoerus grypus); harbour seal (Phoca vitulina formerly called common seal); harbour porpoise (Phocoena phocoena); bottlenose dolphin (Tursiops truncatus); minke whale; Risso's dolphin (Grampus griseus) and short-beaked common dolphin.

Of these species, all but harbour seal and minke whale are either annually resident or occur regularly in Pembrokeshire coastal waters.  Minke whale are widely distributed worldwide but are not common in the Irish Sea, occurring mainly as summer visitors (May-September) in south-western parts in and around the Celtic Deep (Hammond et al., 2005).  It is worth noting, however, that Earl et al. (2003) do comment that minke whale are relatively regularly observed inshore from Strumble Head and around the Pembrokeshire Islands.

Although the UK supports an estimated 45% of the European population of harbour seal (JNCC 2006b) this species is found in low numbers around Irish Sea coasts (Hammond et al. 2005) and is not believed to breed around Pembrokeshire.  The main population centres of this species in the UK are in northern and eastern areas where harbour seal haul-outs are associated with shallow, sheltered waters. Harbour seal are not considered further in this assessment.

The sections below provide more detailed information on the ecology, distribution, importance and potential sensitivity of the remaining five marine mammal species that either live or occur regularly in Pembrokeshire coastal waters and would therefore be most likely to interact with the Scheme.  Otters are also considered as they are known to occur at a variety of coastal locations in Pembrokeshire.

10.5.1.1.1 Grey seal

Grey seals spend most of the year at sea, hauling out periodically on offshore islands, sand banks and exposed coasts between foraging trips, but are present for sustained periods on land for a moult in spring and pupping and mating in the autumn.  Breeding colonies form away from areas disturbed by humans both on the mainland and on offshore islands along rocky shores, beaches, in caves and occasionally on sandbanks that are not covered by high water.  In Wales, pupping has been recorded in all months of the year although there is generally a peak in September. Moulting occurs between February and April (Hammond et al. 2005).  Pups are understood to become independent of the mother after approximately 3 weeks but are totally dependant on the mother until weaned.

Grey seals feed predominantly on fish, notably sandeels, flatfish, gadoids such as cod, haddock and whiting but will also eat other groups including squid and crab.  All these prey species are predominantly associated with bottom waters and the seabed.  Studies of grey seal foraging using satellite-linked telemetry has shown than animals may forage over relatively large distances. Such studies also indicate that the southern Irish Sea and northern St George’s channel are important foraging areas for grey seals hauling out along the Welsh coastline (Hammond et al. 2005).

Grey seal are widely distributed around the UK (Figure 10.5‑1), although the primary breeding sites are relatively restricted to a few key areas, including Pembrokeshire (Figure 10.5‑1 inset map).  The UK grey seal population represents approximately 40% of the world and 95% of the EU population for this species which is restricted to the North Atlantic and adjacent seas.  As of 2002 it was estimated that there was a maximum population of 123,000 grey seals in the UK (Defra 2005; JNCC 2006b).  The north-east Atlantic population, of which British animals are a part, has been increasing by around 6% annually since the 1960s (Hammond et al. 2005).

Pembrokeshire is an important area for this species.  The breeding colonies here in west Wales are the largest on the west coast south of the Solway Firth, representing about 4% of the UK population (Pembrokeshire Biodiversity Partnership, no date) and accounting for more than 2% of the annual UK pup production (JNCC 2006b).  The majority of pup production in Pembrokeshire occurs on Ramsey Island and the North Pembrokeshire mainland coast, between St Davids Head and the Teify Estuary (i.e. much is outside the northern limit of the Pembrokeshire SAC), although there are also established pupping areas on Skokholm and Skomer Islands (Strong et al. 2006, and see Figure 10.5‑2).  Animals also forage widely and haul out at secluded spots throughout the area, as reflected in the inset map in Figure 10.5‑1.
10.5.1.1.2 Harbour porpoise

Harbour porpoise are widely distributed on the continental shelf in the eastern North Atlantic and is the most numerous cetacean found in north-western European continental shelf, eastern Irish Sea and Welsh waters (Reid et al., 2003; Evans, 1998; CCW and Sea Watch Foundation, 2003).  A spatio-temporal analysis of combined effort related sightings data from the SCANS survey, European Seabirds at Sea and Sea Watch Foundation’s databases suggested that an area of the southern Irish Sea from southern Cardigan Bay (West Wales) south to the St George’s Channel (west of Pembrokeshire) was one of particular importance for the species in the context of the rest of the British Isles (Evans & Wang, 2003).  The widespread distribution of this species is apparent in Figure 10.5‑3 which reports standardised sighting rates from these data sources.

Harbour porpoise are understood to be resident in eastern Irish Sea waters, including the study area, throughout the year, although peak numbers are typically recorded within coastal areas between July and September (Evans, 1992; Northridge et al., 1995 and Bjørge & Øien, 1995).  CCW and Sea Watch Foundation (2003) reported a comparable peak in harbour porpoise numbers in Wales in the months of July to October.  It is likely that some harbour porpoise individuals will remain in the same area for extended periods provided that sufficient prey is available.  The resident population is likely increased at certain times of year by the arrival of new animals following prey organisms and/or moving into breeding waters.  Both factors may be important in understanding the movements of harbour porpoise in Pembrokeshire coastal waters.

In winter the coastal population of harbour porpoise in UK waters in general is believed to be considerably reduced, and it is thought harbour porpoise movement is offshore towards the edge of the continental shelf, probably due to availability of prey (DETR et al., 2000).  This is not necessarily the situation around Pembrokeshire.  Visual data is more difficult to obtain through autumn and winter months because sighting conditions are affected by the weather and often reduced observer effort; however, Hammond et al. (2005) cite an acoustic monitoring study by Pierpoint et al. (1999) in west Wales which suggested that peak harbour porpoise abundance occurred in December.  Overwintering in Pembrokeshire coastal waters may be related to feeding activity, although newly born calves have been reported off Strumble Head over winter (Cliff Benson, Sea Trust, pers. comm.).
Harbour porpoise feed on a number of demersal (bottom-dwelling) and pelagic (mid-water column) fish species including pollack, mackerel, sandeels, whiting, sprat, gobies, flatfish and herring.  They may also target other prey, including cephalopods (octopus, squid and cuttlefish).  Porpoise tend to occur individually or in small groups though on occasions, particularly in prime feeding areas, larger groupings of ten or more animals may be seen together (ABPmer, 2005).  The mean group size reported by CCW and Sea Watch Foundation (2003) was five.  Irish sea waters are used for both feeding and breeding activities (mating, calving and nursing of young).
In UK waters newly born harbour porpoise calves have been observed between February and September, particularly during May to August with a peak in June (Evans 1992; Sea Watch, unpublished data).  This equates well with analyses performed on stranded and by-caught animals (Lockyer, 1995; Addink and Smeenk, 1999), although the reports of winter-born calves off Pembrokeshire noted above indicate that calving may actually occur at any time of year.  The gestation period of the harbour porpoise is around ten months (i.e. peak mating occurs in August). Evidence for social and sexual activity in late summer has been widely reported (Evans and Wang, 2003).  Females are believed to nurse their calves for between eight and twelve months, although weaning is a gradual process, and young probably start taking solid food after a month or two (Read, 1999).

In the Irish Sea, the most important area for breeding appears to be west of Pembrokeshire extending northwards to southern Cardigan Bay, an area encompassing the proposed deployment area (Evans & Wang, 2003).   During calf rearing porpoise tend to favour coastal areas with depths between 10 and 40 metres, and in several areas particularly 20-30 metres (Evans, 1997; Read 1999). CCW and Sea Watch Foundation (2003) note that several locations in Pembrokeshire, including the Island sounds of Skomer and Ramsay and off Strumble Head are ‘’hot-spots’’ for porpoise.  These areas are favoured by the animals which forage in the tidal races and peak activity is typically recorded a few hours either side of high tide.  It may well be that shoaling fish such as whiting or sandeel become concentrated in such tidal races.

Although clearly situated in an area of overall high importance for harbour porpoise, the actual site of the proposed installation for Wave Dragon does not appear to be of special importance.  Harbour porpoise were observed frequently during common dolphin surveys undertaken by Sea Trust in 2004 (Figure 10.5-4), although no individuals were sighted inshore of Skokholm Island when surveys were undertaken there.  This study reported more sightings in spring and early summer than in late summer-autumn, the number of sightings peaking in late June and early July; however, the authors cautioned that viewing conditions were relatively poor later in summer and harbour porpoise, which are difficult to spot, may have been missed. Few porpoise calves were seen during this study but again, the authors cautioned that calves are particularly difficult to spot and females with calves may be more wary of the survey vessel.

Information on cetacean population sizes is difficult to obtain.  It is clear that the population density of harbour porpoise in Pembrokeshire waters is relatively high as this is an important area for both feeding and breeding.  Some estimates of the harbour porpoise population are available for Cardigan Bay SAC to the north where a population of up to 122 animals was estimated between May and October 2001, but with three times as many in August-September compared with May-July (Baines et al., 2002). Between 2001 and 2004, summer population densities of harbour porpoises within the southern Cardigan Bay SAC varied between 0.2 and 0.5 per km2 (Sea Watch Foundation, unpublished data). It is likely that in Pembrokeshire population densities are at the upper end, and during peak season in excess of, this range.

10.5.1.1.3 Bottlenose dolphin

Bottlenose dolphin are globally distributed in both tropical and temperate seas (Hammond et al. 2005).  They are the second most commonly sighted cetacean species in Welsh waters; however, the distribution of this species is more restricted than harbour porpoise and although there are sightings in Pembrokeshire these are very limited given the high surveyor effort from locations such as Strumble Head and the Pembrokeshire Islands (CCW and Sea Watch Foundation 2003).  Cardigan Bay is one of two key locations in Britain for bottlenose dolphin, the other being the Moray Firth in Scotland.  In both these locations there is a population of dolphins centred on the site and although individuals and groups may move into and out of the area the same individuals occur regularly in the same areas.

The species occurs year round in Wales, the group centred on Cardigan Bay being a resident population, although there is some evidence that there is also an offshore population entering coastal waters seasonally and mixing with coastal animals (Hammond et al. 2005).  This would explain the peak in sightings between July and October in UK coastal waters (Reid et al. 2003). In Cardigan Bay the peak in both total numbers and group size occurs in late September and October (Cardigan Bay SAC Management Plan).

The bottlenose dolphin is a social animal, aggregations can be fluid but typically groups of 2-25 and occasionally more form.  A wide variety of prey is targeted, including many benthic and pelagic fish species, cephalopods and shellfish.  In coastal waters bottlenose dolphin often favour headlands, sandbanks and river mouth areas where there us uneven bottom relief and/or strong tidal currents (Reid et al. 2003).  Bottlenose dolphin have been known to attack smaller cetaceans and there are informal reports of harbour porpoise being killed in Cardigan Bay and other areas.

Females produce a calf every 2-6 years following a 12 month gestation. In Cardigan Bay new-born and very young calves have been reported from April to September, presumably taking advantage of seasonal increases in food availability since it seems that timing of birth varies greatly within the species between local populations (Cardigan Bay SAC Management Plan).

The scarcity of bottlenose dolphin in Pembrokeshire, given the importance of Cardigan Bay for this species, is striking.  For example, Sea Trust undertook 11 small boat surveys between May and September 2004, totalling more than 77 hours survey time, without recording a single individual (Earl et al. 2005).

10.5.1.1.4 Risso's dolphin

Like the bottlenose dolphin, this species is globally distributed in both tropical and temperate seas.  In the Irish Sea most sightings are off north Wales and in St George’s channel, including west of the Pembrokeshire Islands.  Risso’s dolphin are present in summer but, according to (Hammond et al., 2005), have not been observed at all between December and March.   In UK continental shelf seas Risso’s dolphin have primarily been recorded between the 50m and 100m water depth (Evans, 2003 cited in Reid et al., 2003).

Although this species clearly prefers deeper waters, and is normally regarded as oceanic, it is sometimes seen in nearshore coastal environments and six animals (4 adults, 1 juvenile and 1 calf) were recorded between Skokholm Island and St Ann’s Head during a Sea Trust survey in May 2004.

Reid et al. (2003) report that Risso’s dolphin feed mainly on cephalapods, although small fish may also be taken.  Little is known of the breeding habits of this species but given the relative scarcity of inshore sightings it seems unlikely that coastal habitats are important for breeding activities.  CRRU (2006) suggest that breeding off Britain is probably mainly between April and July.

10.5.1.1.5 Short-beaked common dolphin

This species is frequently called the common dolphin and this term is adopted here.  It should be noted that at least three separate species of common dolphin have been described, although in the temperate north Atlantic all individuals appear to be Delphis delphis, the short-beaked or offshore common dolphin.  The genus has a worldwide distribution in the Atlantic and Pacific Oceans, occurring in oceanic and shelf-edge waters of tropical, subtropical and temperate seas (Hammond et al., 2005).  The same authors describe the species as occurring regularly in the southern part of the eastern Irish Sea, immediately north of the area within which the proposed Waves Dragon site is located, particularly in summer.

In the northern and eastern Irish Sea common dolphin are believed to be second only to harbour porpoise in abundance in summer (Hammond et al., 2005) and large groups of 100 or more individuals are sometimes seen (CMACS, pers. obs.).  Reid et al. (2003) cited Hammond et al. (1995) who gave a population estimate of 75,500 individuals in the Celtic Sea (waters off southern Ireland and southwest Wales, including Pembrokeshire which represents the north eastern edge of the Cletic Sea).  In Welsh waters the common dolphin has been recorded as the third most commonly sighted cetacean after harbour porpoise and bottlenose dolphin (CCW and Sea Watch Foundation 2003), although it should be noted that very many of the bottlenose dolphin sightings will be repeat viewings of the same individuals resident within Cardigan Bay.  CCW and Sea Watch (2003) suggested that common dolphin is probably the most abundant dolphin species in Welsh seas during the peak season in late summer.

In Welsh waters common dolphin is mainly an offshore species (Figure 10.5‑5) and is rarely seen in winter, when it is believed to frequent offshore habitats.  Most coastal sightings are made between May and October with a strong peak in August-September (CCW and Sea Watch Foundation 2003).

The common dolphin is believed to feed on small pelagic schooling fishes, such as mackerel, and squid in the eastern Irish and northern Celtic seas (Hammond et al., 2005; Reid et al., 2003).

In recent years the common dolphin has been the subject of targeted surveys by the Sea Trust in Pembrokeshire who have undertaken vessel based surveys since November 2004 on behalf of CCW in order to learn more of its seasonal distribution and population status in Pembrokeshire coastal waters. The results of the first year of surveys are currently available (Earl et al., 2005). This work builds upon initial surveys between 2001 and 2003 (Earl et al., 2004).  The study area is shown in Figure 10.5‑6.  

Sightings were well spread throughout the survey area, generally close to the coast around headlands, islands and reefs and further offshore in deeper waters.  A distinct cluster of sightings was noted within 10 miles of the Smalls reef, to the west of the study area.  During the first year of surveys no common dolphin were sighted inshore of Skokholm Island (Figure 10.5‑7), although it should be noted that only around half of the eleven surveys for which data are available have passed inshore between Skokholm and the Pembrokeshire coast.  

The Sea Trust surveys also confirm that common dolphin are most likely to be present in late summer.  Large groups of up to 200 individuals were observed on occasions, the average group size being 31.  Just over half of common dolphin groups encountered included calves; some sightings included very small calves that the surveyors considered may have been born relatively recently in or near the study area. On one occasion sexual behaviour was noted.

Earl et al. (2005) state that common dolphin calves are regularly seen with groups of adults from spring through to autumn in Pembrokeshire coastal waters.  The surveys will ultimately provide population estimates for common dolphin in Pembrokeshire but these data are not yet available. The surveys do appear to strongly suggest that Pembrokeshire coastal waters may be of importance as breeding habitat for this species. However, there is no evidence that the actual site of the proposed installation for the Wave Dragon device is of particular importance.

10.5.1.1.6 Otter
The otter is a semi-aquatic mammal.  In coastal areas animals may use shallow inshore areas and the intertidal zone for feeding on prey such as fish, shellfish and crabs but they do require access to freshwater for bathing and terrestrial/riparian areas for resting and breeding (Burton 2006).  Coastal otters in Wales are not believed to use the marine environment to the same extent as coastal otters in Scotland, although Jones and Jones (2004) point out that as the otter population continues to expand in Wales, it is likely that the species will make increasing use of the marine environment.

In Pembrokeshire, otters use wide areas of the coast for foraging.  They occur where small river and stream valleys with sufficient wood cover provide access to the foreshore, although there is also evidence that animals move between different freshwater watercourses via the coast (Burton, 2006).

Lyles (2003, cited in Burton, 2006) assessed otter activity and habitat availability within the Pembrokeshire Marine SAC and produced an indicative map of otter feeding locations, Figure 10.5‑8.  Otter do not appear to make use of the south-west facing coast north of St Ann’s Head, including Marloes peninsula, for foraging. This is presumably due to a lack of suitable freshwater habitat in the immediate area.

10.5.1.2 Sea turtle species occurring
Sea turtles belong to the family Cheloniidae. There are 7 species of hard-shelled marine turtle, five of which have been recorded in British waters: leatherback turtle Dermochelys coriacea; loggerhead turtle Caretta caretta; Kemp Ridley’s turtle Lepidochelys kempii; green turtle Chelonia mydas; and hawksbill turtle Eretmochelys imbricata.  The majority of sightings have been recorded in west coast areas, the bulk of which have been identified as adult leatherbacks with loggerheads the next most frequently sighted.  Sightings are relatively rare; over the last 100 years there have been around 500 records from UK coastal waters.  Larger numbers of turtles are seen offshore in waters above the shelf break in the Celtic Sea (UK Biodiversity Action Plan, no date).

Leatherback turtles have a seasonal occurrence in UK waters and are mainly recorded between August and October. The appearance of most cheloniid species in UK waters is thought to be accidental, although the movement of leatherbacks is mostly regarded as a deliberate migration in response to food distribution, notably jellyfish, and this species may be at the extreme limit of its range in UK waters.  The nesting beaches of turtles present in British waters are in the tropics and sub-tropics (eastern American mainland coast and Caribbean islands).

Researchers at the University of Wales, Swansea and University College Cork studied the distribution of leatherback turtles in the Irish Sea between 2003 and 2006 using aerial surveys, satellite tracking and shoreline jellyfish surveys.  Results of the studies suggest that coastal aggregations of jellyfish prey are capable of driving the large-scale distribution and foraging activities of leatherback turtles (Houghton et al. 2006a). The distribution of leatherback turtle sightings in the Irish Sea between 1950 and 2005 is detailed in Figure 10.5‑9.
10.5.1.3 Importance and protection of marine mammals

All cetaceans are listed in Annex IV of the EC Habitats Directive (92/43/EEC). Under Article 12 of the Habitats Directive, it is an offence to deliberately capture, kill or disturb cetaceans; or to cause deterioration or destruction to their breeding or resting places.  Bottlenose dolphin and harbour porpoise are also listed in Annex II of the Directive and as such their conservation requires the designation of Special Areas of Conservation.

The Wildlife and Countryside Act 1981 provides for the protection of all cetaceans found within UK territorial waters. Under Section 9 of the Act, it is an offence to intentionally kill, injure or take cetaceans; and to cause damage or destruction to certain areas used by cetaceans for shelter and protection, or intentionally disturbing animals occupying such areas.
Furthermore, the UK is a signatory to the Agreement on the Conservation of Small Cetaceans of the Baltic and North Seas (ASCOBANS) and has applied its provisions in all UK waters, including the Irish Sea. These include the requirement that the signatories “work towards....the prevention of...disturbance, especially of an acoustic nature” and obliges signatories to apply a range of research and management measures aimed at the conservation of all cetaceans.

Bottlenose and common dolphin, harbour porpoise, grey and harbour seal and Risso’s dolphin are Pembrokeshire Biodiversity Action Plan (BAP) species.

The Conservation of Seals Act 1970 affords harbour and grey seals some protection during their respective moulting and breeding seasons.  However, under the Habitats Directive Special Areas of Conservation (SACs) must be designated for both the native seal species and in areas such as Pembrokeshire Marine SAC steps must be taken to protect the conservation status of grey seals which are a feature of this SAC and Skomer Marine Nature Reserve.

The otter is listed on Appendix 1 of CITES, Appendix II of the Bern Convention and Annexes II and IV of the Habitats Directive. It is protected under Schedule 5 of the WCA 1981 and Schedule 2 of the Conservation (Natural Habitats, etc.) Regulations, 1994 (Regulation 38). The European sub-species is considered globally threatened. Otter are also a UK BAP and Pembrokeshire Species Action Plan species.

10.5.1.4 Importance and protection of sea turtles

All sea turtles are regarded as globally threatened and legislative measures are in place to protect marine turtles occurring in British waters as well as to control the illegal trade of individuals and their by-products. All species are listed on Appendix I of the Convention on the International Trade in Endangered Species of Flora and Fauna (CITES) 1975, Appendix II of the Bern Convention 1979, Appendices I and II of the Bonn Convention 1979 and Annex IV of the EC Habitats Directive. The loggerhead turtle is also listed as a priority species on Annex II of the EC Habitats Directive. All five species receive full protection under Schedule 5 of the Wildlife and Countryside Act 1981 as amended, which prohibits intentional or reckless killing, injuring or taking (capture); possession; intentional or reckless disturbance whilst occupying a place used for shelter and protection from destruction of these places.

The Conservation (Natural habitats, &c) Regulations (1994) make it an offence to deliberately capture, kill or disturb sea turtles.

In the UK all five species are included in both species specific and a grouped Species Action Plan for marine turtles. Kemp’s Ridley, Leatherback and Loggerhead turtles are also included in the Pembrokeshire Biodiversity Action Plan.

10.5.1.5 Sensitivity of marine mammals

It is widely recognised that marine mammals, particularly cetaceans, are sensitive to underwater noise and that elevated levels of sound from anthropogenic activities can potentially have adverse impacts.  

Underwater sound is essential to marine mammals which produce a variety of noises that have been described as clicks, pops and whistles and they utilise such sounds during hunting, breeding and communicating.  Sound use includes echolocation by harbour porpoise for navigating and feeding.

The marine environment is noisy with natural ambient noise arising from wave action, bubble formation, action of wind and rain on the sea surface and noise from wildlife. This ambient noise combines with man-made noise produced from sources such as shipping, offshore installations and fishing sonar to produce background noise which varies with different locations due to the influences of the existing sea bed geology and the local environment, including depth characteristics.

The levels of underwater noise that would be generated by activities associated with construction (i.e. on site installation), operation and decommissioning of the Scheme were the subject of a detailed analysis in Section 11.6.  In summary, it was determined that the only noise source posing more than a low risk to marine species was vessel noise, including propulsion systems, echosounders and Directional Positioning (DP) systems.  It was concluded that sound pressure levels of up to 210 dB re 1µPa @ 1m could be expected. Such levels may cause a behavioural aversion response in harbour porpoise, species of dolphin and other marine mammals sensitive to high frequency underwater sound that may extend to a range of several hundred metres.
No injurial impacts were predicted from any noise-related effects; however, behavioural effects may be significant where the man-made noise source is in the vicinity of important areas such as breeding grounds, migratory routes or key feeding grounds for marine mammal populations.  The significance of the predicted behavioural level effects is considered here.
Marine mammals are also vulnerable to physical injury from surface vessels, particularly if these are moving quickly and animals do not have time to react.

Cetaceans may be sensitive to anthropogenically produced magnetic (B) fields since many species are believed to use the earth’s magnetic field for navigation.  If the electricity export cable produces a B field that cetaceans can detect there is potential for an impact.  The proposed cable is a standard 3-core, copper conductor, XPLE (or equivalent) insulated and armoured submarine cable, rated at 11kV.  Under full load this would be expected to produce a B field in the marine environment of a similar magnitude to cables widely used in the offshore wind industry.  Similar cables, rated at 33 kV and 132 kV, have been predicted to generate B fields of up to a few micro Tesla (µT) during maximum load (CMACS 2003; Gill et al. 2005).  Because the power exported from the single Wave Dragon device would be lower than a full wind farm (up to 3MW compared to 90MW for the wind farms considered) it is anticipated that the resultant B field would be lower; however, the precise specifications of the cable are not yet known and since it is not possible to be definitive it is conservatively assumed that an equivalent B field would be produced under full load.

Marine mammals are sensitive to anthropogenic contaminants, notably PCBs which can accumulate in top predators such as seals and cetaceans.  The Pembrokeshire area has experienced serious pollution incidents in the past in following oil tanker accidents and various studies have investigated the effects on local marine mammal populations. The scope of this assessment is limited to potential effects related to the Wave Dragon development.

Otter populations are recovering after long term decline but the species is sensitive to disturbance caused by the presence of humans.  However, the coast which would be affected by the scheme is not believed to provide important foraging habitat for otters (see Figure 10.5‑8) and whilst animals may range widely and therefore occasionally pass through the site it is not considered likely that otters would be significantly affected by the scheme.  This species is not considered further.

All marine mammals are considered to be of high importance on account of their conservation importance, legal protection and iconic status in terms of public perception of the marine environment.  Moderate impacts would therefore be significant.  Impacts to individuals are not likely to affect the population of any species of marine mammal; however, high severity impacts may be determined even if impacts are only predicted for individual animals given the high importance of marine mammals and the individual level of legislative protection that the group is afforded.

10.5.1.6 Sensitivity of sea turtles
Potential impacts to sea turtles are considered even though they occur relatively rarely in UK waters and the likelihood of an impact is therefore low.  This precautionary approach allows the risk of any impact to such high value receptors to be minimised.

Turtles lack an outer ear, but do possess the inner ear mechanisms, auditory nerve and brain centre for hearing. The anatomy of the sea turtle ear does not lend itself to the airborne conduction of sound, but does allow for sound conduction through bone and water. Sea turtles are therefore likely to be sensitive to sound underwater, although with their excellent sense of vision and smell, hearing may not be an important sense. 

Research undertaken by Bartol et al. (1999) on the loggerhead turtle suggests the range of effective hearing in this species to be between 250-750Hz, with the most sensitivity at the lower end of this spectrum.  Recent work at the Woods Hole Oceanographic Institute has investigated sea turtle hearing and reported a slightly broader hearing range of 100-800Hz in juvenile green sea turtles (highest sensitivity 600-700Hz) compared to sub-adults (100-500Hz).  Overall there has been a limited amount of research undertaken to investigate the importance of hearing in sea turtles and little is known about their hearing capabilities or how they are impacted by elevated noise levels underwater.

Sea turtles are understood to be capable of detecting magnetic fields using magnetite based materials in their brain (Gill et al. 2005). Magnetite deposits play an important role in geomagnetic field detection in many organisms including chelonians, and are often associated with a direction finding ability. Magneto-sensitive species respond directly to geomagnetic and/or other magnetic fields and several studies have investigated the sensitivity of sea turtles to electro-magnetic fields and their use of magnetic information to navigate open sea migration routes (Akesson et al. 2001; Hays et al. 2003 and 2004).  If sea turtles can detect magnetic fields associated with the power export cable laid between the Wave Dragon Pre-commercial Demonstrator and the shore there is potential for an impact to occur.  The potential for the Wave Dragon power export cable to produce B fields was considered in Section 10.5.1.5, above.

Turtles are relatively slow swimming and need to come to the surface to breath; they are therefore vulnerable to being hit by boats and injured or killed.

Potential for impacts to sea turtles are considered for the group generically, though it is recognised that leatherbacks would be most likely to be present in the vicinity of the device.  All sea turtles are considered to be of high importance.  Moderate impacts would therefore be significant.  As with marine mammals, population level effects are not considered necessary for an impact to be deemed high or medium severity due to the protected status and international importance of sea turtles.

10.5.2 Impact Assessment

10.5.2.1 Construction Impacts

All installation impacts would be short term, i.e. less than 1 year, and actually expected to take place over around 1 month.

10.5.2.1.1 Collision risk and construction vessel traffic

There would be an increase in the volume of marine traffic transporting materials and equipment to and from the deployment site during the construction phase of the project, including laying of moorings blocks, cables and deployment of the Wave device itself.  As with any vessel traffic there would be potential for collision between vessels and marine fauna, possibly leading to physical injury and, in the worst case, fatalities. 

Both sea turtles and marine mammals must surface periodically to breathe and may spend considerable time at or near the surface.  It is highly unlikely that sea turtles would encounter construction vessels during the short term installation period but moderately likely that marine mammals would, even though the proposed installation site is not believed to be especially important for marine mammals (low frequency of sightings compared to other areas locally).  Sea turtles probably have a relatively limited ability to avoid vessels compared to marine mammals, although young calves can not be expected to be as mobile as adult cetaceans; however, construction traffic would comprise slow moving vessels such as barges and it is therefore considered that there would be a low likelihood of any collisions at all.

A lethal collision would be a high severity impact but the likelihood of such an impact is considered so low that the overall magnitude of impact, for both sea turtles and marine mammals, is determined to be negligible and the significance minor.

Despite the non-significant impact predicted, it is recommended that any vessel operators be made aware that they are operating in a sensitive marine area and follow the advice below, adapted from the Pembrokeshire Marine Code (Swales 2005):
1. Keep alert for marine animals (dolphins, whales, porpoise, seals, turtles etc.)

2. Keep your distance from animals and maintain an even speed.

3. Be considerate

4. React to what is around you
The above should be incorporated into the Project Environmental Management Plan.

In addition, the possibility that sea turtles could encounter the operational wave device, and potentially be corralled by the reflector wings towards the ramp and have their passage impeded has been considered.  Any turtle encountering the device would have no difficulty swimming around or under it and there would be no possibility of an animal passing above the ramp into the reservoir with screening in place.  This impact is not considered further.

10.5.2.1.2 Disturbance due to underwater noise 

The only noise generating activity considered likely to affect marine mammals is vessel operations, including any use of echo sounders and Directional Positioning (DP) systems.  An avoidance response up to several hundred metres from the source of noise is possible but no injurial effects are anticipated.  Affected animals would be expected to move away from the noise.

The proposed Wave Dragon deployment site is relatively close (within 5km) to a very busy shipping area associated with traffic to and from Milford Haven.  Marine mammals will be accustomed to regular vessel traffic and the short term period of construction activity is not considered likely to present risk of a significant impact to marine mammals, especially for seals which are likely only to be foraging around the deployment area if present.  The most sensitive period for cetaceans is likely to be during calving, or when newly born calves are present.  Based on the reported sightings of harbour porpoise calves in winter (Section 10.5.1.1.2) this could be at any time of year, though most likely in summer for this species and other commonly encountered cetaceans.  

The immediate area of the proposed Wave Dragon installation site is not understood to be of especial importance for marine mammals in a local context, though Pembrokeshire coastal waters are recognised as being of relatively high importance regionally and nationally.  Disturbance of marine mammals up to several hundred metres from the noisiest activities for short periods of time within an estimated month long construction period is considered to represent a negligible magnitude and therefore minor significance impact.  The potential impact would be lower during winter; however, seasonal restriction of installation is not practical or safe because of the likely limited weather window for works outside summer months.

Any sea turtles present around the construction works would be foraging adults and not engaged in breeding activities.  Short term displacement, even if it occurred, would be a low severity impact and of negligible magnitude (also minor significance).

The magnitude of this impact would be minimised by ensuring that DP systems and echo sounders on any vessels operating in relation to the Wave Dragon scheme were turned off when not in use.

10.5.2.1.3 Contaminants
During construction there would be a low risk of accidental discharges of oils or lubricants from the Wave Dragon Device itself or vessels associated with the installation process.  This was determined to be a negligible magnitude impact on water and sediment quality in Section 10.2).

Marine mammals would not be expected to be present in the immediate vicinity of the Wave Dragon device or vessels during installation operations due to avoidance of vessel noise (see above)).  They would therefore be highly unlikely to be exposed to concentrated spills even if this did occur.

Given the low risk, combined with the low severity of any impact, this is considered to be a negligible magnitude impact of overall minor significance.
10.5.2.2 Operational Impacts

Operational impacts would be medium term, i.e. not more than 5 years (during the anticipated 3 to 5 year deployment).

10.5.2.2.1 Electromagnetic field effects

The Wave Dragon device power export cable would be up to 3km in length and therefore represents a very small linear feature in the marine environment.  Cetacean sightings data suggest that the area inshore of Skokholm is not regularly used by marine mammals while sea turtles occur only rarely and in low numbers in Welsh waters.  Given also the predicted small scale of any magnetic field (up to a few µT for only 10% of the time) in comparison to the earth’s magnetic field (approximately 50 µT) it is not anticipated that there is potential for more than a negligible magnitude impact of minor significance for either cetaceans or sea turtles.

10.5.2.2.2 Operational noise impacts

The only noise source anticipated to have more than a low risk of inducing behavioural responses (i.e. avoidance reactions) in marine mammals during the operation phase is vessel activities which were considered in Section 11.6 to represent a medium risk in this respect (equivalent to the construction phase).

The Wave device would be maintained in-situ, and is expected to require only periodic visits from a medium sized craft (anticipated four occasions annually) and by smaller pilot-vessel sized craft for routine maintenance and scientific visits on an estimated 15 occasions each year.  It is not expected that it would be necessary to use Dynamic Positioning (DP) during the operational phase.  DP was anticipated to be the ‘noisiest’ activity during the construction phase and so the underwater noise impacts during the 3 to 5 year operation of the device would be of a lower severity but occur (occasionally) over a longer period of time. On balance this is considered to represent at most a low magnitude impact of moderate significance for cetaceans and negligible magnitude and minor significance for grey seals (on account of their relative insensitivity to noise compared to cetaceans).
10.5.2.2.3 Risk of collision between sea turtles or marine mammals and construction vessel traffic

As noted above, small vessels such as local charter boats or a R.I.B. would be used to transport personnel and equipment to and from the Wave Dragon device during the operational phase.  Such craft, which can operate at relatively high speeds, have potential to likely to collide with marine mammals or sea turtles, although this is considered a low likelihood event and no higher risk than for any similar vessels, including wildlife tourism, dive-charter boats and even scientific survey vessels.

Although any incident would be serious, the overall conclusion is that this represents a low magnitude impact of moderate significance.  However, due to the potential for serious injury to important and protected species the simple precaution of adopting the code of conduct detailed in Section 10.5.2.1.1 is recommended.  The residual impact magnitude is considered to be negligible and the overall significance minor with this mitigation in place.

10.5.2.2.4 Contaminants

During operational phase there would be a low risk of accidental discharges of oils or lubricants from the Wave Dragon device itself or vessels associated with the installation process.  This was determined to be a negligible magnitude impact on water and sediment quality in Section 10.2).

The chance of marine mammals being exposed to significant concentrations of contaminants from the Wave Dragon device itself, or from visiting vessels, is extremely small since even in a perceived worst-case scenario where a spill of the order of several hundreds of litres of turbine and transformer oils occurred this volume of pollution would be rapidly dispersed in the marine environment.  Given the low risk, combined with the low severity of any impact, this is also considered to be a negligible magnitude impact of overall minor significance.
10.5.2.2.5 Entrapment within the device
It is considered extremely unlikely, but theoretically possible, that smaller marine mammals such as grey seal and harbour porpoise could enter the reservoir of the Wave Dragon device.  Waves will spill over the ramp into the open reservoir; it is therefore conceivable that seals could actively haul out on the ramp or that harbour porpoise could enter the reservoir accidentally during a period of high sea state.

There would be no moving parts in the reservoir and any mammal would be too large to pass through the turbines.  There is therefore minimal risk of physical injury but a possibility that any animals in the reservoir would be trapped without human intervention.
Given the extremely low likelihood of an impact this is considered to be a negligible magnitude impact of minor significance.  A trapped mammal would be obvious to any person visiting the device and routine visits should therefore include a check for signs of any trapped animal.  In the unlikely event that such an animal is present immediate arrangements should be made for assistance by specialist marine mammal rescuers.  Such routine visits are expected to take place at a rate of approximately 20 per year such that the device would be visited at approximately fortnightly intervals (weather permitting).
10.5.2.3 Decommissioning

Decommissioning impacts are considered to be equivalent in all cases to construction impacts if all infrastructure is removed from site.

Should the power export cable be left in situ the severity of vessel disturbance and underwater noise impacts would be diminished; however, it is considered unlikely that this would represent a drop in overall impact magnitude or significance for marine mammal or sea turtle receptors due to the low probability of any impact in the first place.

10.5.2.4 Cumulative Impacts

10.5.2.4.1 Electromagnetic field effects 

IMERA Power are planning to install a high-voltage direct current link between the Republic of Ireland and south Wales with a Welsh landfall either at Milford Haven or Freshwater West.  Either option could pass relatively close to the Wave Dragon site and the potential for cumulative impacts through EMF effects has therefore been considered.  HVDC power cables pass a current in a single-conductor cable with the return current via the water/seabed or a second cable.  It is to be expected that an elevated magnetic field would be detected in the marine environment in the vicinity of the cable, though no information is available on the likely magnitude of such a field.  It is assumed that the IMERA project would be subject to a full environmental impact assessment; however, in terms of cumulative impacts with Wave Dragon it is considered highly unlikely that the < 3km cable run from the Wave Dragon device to shore would add significantly to any impacts that may arise from the 50km plus IMERA project.
10.5.2.4.2 Vessel activity 

As indicated in the impact assessment above, vessel activity associated with construction, operation and decommissioning of the Wave Dragon device has potential to cause disturbance through underwater noise impacts and/or collisions with marine wildlife.  This could lead to cumulative impacts with existing commercial and leisure shipping activity in the area.  

The Wave Dragon device would be installed near very busy shipping lanes where marine mammals are accustomed to high levels of activity.  In addition, there is a significant amount of existing vessel activity in the local area.  The Pembrokeshire Outdoor Charter and Marine Code Project Plan identifies 14 charter vessels operators running wildlife trips and 5 dive boat operators, one of the larger of whom was planning 51 trips per day in the peak summer season. Local waters are also used for power boating and water skiing.
It is expected that Wave Dragon device will require around twenty vessel visits per annum.  This is considered a trivial addition to existing vessel activities.
10.5.2.5 Monitoring
No specific monitoring of marine mammals or sea turtles is considered necessary.  However, Wave Dragon Wales Ltd has expressed willingness to support ongoing marine mammal monitoring, notably common dolphin surveys, currently being undertaken in local Pembrokeshire waters by the Sea Trust.  Sea Trust have also indicated that their surveys could be tailored to take in a routine pass by the Wave Dragon deployment site, before, during and after construction, which would provide useful additional information on marine mammals usage of the immediate and surrounding area.  These surveys would be based on visual observation from a boat, in line with previous work in the area reported in Earl et al. 2004 and 2005.

It would also be beneficial if any visiting vessels could log marine mammal sightings on standard pro forma, for example those used by Sea Watch Foundation, or via reporting arrangements with the local Sea Trust.

10.6 Intertidal and Terrestrial Ecology
10.6.1 Introduction

The following sections provide detail on intertidal habitats and species in relation to potential cable landfall locations at Marloes Sands and Westdale Bay, and terrestrial habitats and species, other than birds, in the vicinity of candidate onshore cable routes.

The scope of terrestrial ecology site investigations included all ground up to connection to existing electrical infrastructure (e.g. overhead lines) or metalled road surface and in adjacent areas up to 500m from onshore activities if there is a risk of remote impacts.  We have also considered the possibility that mobile species, for example bats or badgers, could be affected if present within the vicinity of works during construction or decommissioning even if no core habitat, such as roosts or setts, is present in the immediate study area.

The results of the terrestrial ecology site investigations are reported here.  Any necessary site survey works and impact assessment for the remaining onshore cable route to a grid connection would be undertaken separately by appropriate specialists in relation to the onshore grid connection works which are to be the subject of a separate application. 
The core study areas are summarised in Figure 10.6‑1 and Figure 10.6‑2.
The potential impacts of installation, operation and decommissioning of the power export cable are considered.  A possible alternative to decommissioning is to leave the power export cable in situ; the environmental effects and potential impacts of this option are compared to removal.

Information on species and habitats has been collated through a combination of desk based study and field survey.  Field surveys were undertaken in January 2007; this is recognised as a sub-optimal time, particularly for terrestrial surveys, and recommendations have been made for appropriate follow up surveys where necessary.

10.6.2 Existing Environment (intertidal species and habitats)

This section describes the intertidal habitats and species occurring at the three cable landfall options.  It should be noted that this section only considers those habitats found up to the mean high water level and anything above this level, including habitats immediately above the strandline but below cliff faces, has been considered within Section 10.6.3 Terrestrial Ecology.

The Pembrokeshire coastline, including islands such as Skomer, Skokholm and Grassholm, has a diverse range of shoreline habitats from exposed bedrock on headlands to sheltered sandy coves, and sheltered mud in the estuaries.  Hard substrate areas, for example on bedrock or boulders outcropping from sand, typically support communities of algae such as Fucus vesiculosus, Enteromorpha, Pelvetia canaliculata and Catanella caespitosa alongside a number of molluscan species including barnacles, limpets and mussels (Bunker & Bunker, 1998).

Two intertidal locations are currently under consideration for the shore landfall of the electricity export cable from the Wave Dragon device.  These are located at Marloes Sands (see Figure 10.6-1) and Westdale Bay (see Figure 10.6-2). This area of the coastline has been previously mapped during 1999 using Phase I methodology by Countryside Council for Wales (CCW) and this information has been utilised to describe the existing biotopes (habitats and their associated species).  In addition, a walk over survey of each area was undertaken in January 2007.  It must be noted that winter is not an optimal time of year to undertake an intertidal survey due to the lack of biotope defining species such as algae; however, it is considered that the combined walk-over survey and existing biotope mapping provide sufficient information to support the impact assessment.
10.6.2.1 Marloes Sands

The intertidal area is mostly dominated by sand biotope communities (see Figure 10.6‑3 and related Table 10.6‑1).  The sands are relatively coarse and support the amphipod Bathyporeia spp. and the isopod Eurydice pulchra.  Polychaete worms such as Nephtys spp. and Scolelepis squamata are also present but less so in the more exposed areas and are more concentrated towards the north-western end of the beach.  Numerous boulders and cobbles are exposed above the sand but these are typically barren or support just lichens such as Verrucaria maura.  Barnacle cover on rocks increases further down the shore and fucoid and wrack algae also start to appear in lower shore areas.  During the walk-over survey of the Cable Option 1 area (see Figure 10.6-3) it was observed that many of the boulders had upper parts colonised by barnacles such as Chthamalus montagui, the limpet Patella spp. and the mussel Mytilus edulis.  The lower parts of these boulders were newly exposed (and therefore uncolonised) to due a drop in the level of sand (presumably due to winter beach levels being lowered as a result of storm action).  Towards the Gateholm end of the beach, outside the cable corridor, is a small area of the specialised biotope Rhodothamniella floridula on sand-scoured lower eulittoral rock.  This perennial red seaweed is listed as being relatively uncommon within the UK (Riley, 2005). 
The route of the cable corridor (see Figure 10.6‑3) passes through the coarse sand biotope and the exposed rock further up the eulittoral zone which supports biotopes dominated by barnacles, limpets and mussels with the algae Fucus vesiculosus, Enteromorpha and the lichen Verucaria maura (see Plate 10.6‑1).  Backing the shore at the mean high water mark is an area of barren shingle with a strandline biotope supporting talitrid amphipods.  The cable corridor does not pass through any specialised biotopes.
	Biotope code
	Biotope Description

	LR.L.Ver.B
	Verrucaria maura and sparse barnacles on exposed littoral fringe rock.

	LR.L.Ver.Ver
	Verrucaria maura on very exposed to very sheltered upper littoral fringe rock.

	ELR.MB.BPat.Cht
	Chthamalus spp. on exposed upper eulittoral rock.

	MLR.Eph.Rho
	Rhodothamniella floridula on sand-scoured lower eulittoral rock.

	MLR.BF.FvesB
	Fucus vesiculosus and barnacle mosaics on moderately exposed mid eulittoral rock.

	ELR.MB.BPat.Lic
	Barnacles and Lichina pygmaea on steep exposed upper eulittoral rock.

	LGS.S.Tal
	Talitrid amphipods in decomposing seaweed on the strand-line.

	LGS.Sh.BarSh
	Barren shingle or gravel shores.

	MLR.BF.Fser.R
	Fucus serratus and red seaweeds on moderately exposed lower eulittoral rock.

	LGS.S.AP.P
	Burrowing amphipods and polychaetes (often Arenicola marina) in clean sand shores.

	MLR.Eph.EntPor
	Porphyra purpurea or Enteromorpha spp. on sand-scoured mid or lower eulittoral rock.

	ELR.MB.MytB
	Mytilus edulis and barnacles on very exposed eulittoral rock.

	LGS.S.AEur
	Burrowing amphipods and Eurydice pulchra in well-drained clean sand shores.



Table 10.6‑1 Definition of biotope codes found within Figure 10.6-3 (CCW, 2007)
10.6.2.2 Westdale Bay

The intertidal area at this site is dominated by sand with rock and boulder outcrops (see Figure 10.6‑4, related Table 10.6‑2 and Plate 10.6-2).  The bedrock and boulders are dominated by barnacles, with rocks on the lower shore being dominated by barnacles and the algae Fucus vesiculosus. The beach is composed of relatively coarse sand supporting burrowing amphipods such as Bathyporeia and isopods such as Eurydice pulchra.  Numerous rock pools are present between the boulders and exposed eulittoral rock and these are algal dominated during the summer months (algae absent during the walk over survey undertaken January 2007).  Some of these rockpool biotopes located on the North West end of the bay are classified as being specialised biotopes (these are all located outside the cable corridor- see Figure 10.6-4).  The route for Cable Option 3 is currently proposed as being straight through the middle of this bay (see Figure 10.6‑4 and Plate 10.6‑2).  This would initially cross the main coarse sand biotope and then the Enteromorpha on sand-scoured eulittoral rock biotope further up the shore.  At the very top of the shore is an area of barren coarse sand and a strandline which supports tallitrid amphipods in decomposing seaweed.

	Biotope code
	Biotope description

	LR.L.Ver.Ver
	Verrucaria maura on very exposed to very sheltered upper littoral fringe rock.

	EIR.KfaR.Ala.Ldig
	Alaria esculenta and Laminaria digitata on exposed sublittoral fringe bedrock.

	LR.L.YG
	Yellow and grey lichens on supralittoral rock.

	ELR.FR.Him
	Himanthalia elongata and red seaweeds on exposed lower eulittoral rock.

	MLR.R.XR
	Mixed red seaweeds on moderately exposed lower eulittoral rock.

	ELR.MB.BPat.Fvesl
	Barnacles, Patella spp. and Fucus vesiculosusf. linearis on exposed eulittoral rock.

	MLR.BF.FvesB
	Fucus vesiculosus and barnacle mosaics on moderately exposed mid eulittoral rock.

	MLR.Eph.EntPor
	Porphyra purpurea or Enteromorpha spp. on sand-scoured mid or lower eulittoral rock.

	LGS.S.AEur
	Burrowing amphipods and Eurydice pulchra in well-drained clean sand shores.

	LGS.S.Tal
	Talitrid amphipods in decomposing seaweed on the strand-line.

	LGS.S.BarSnd
	Barren coarse sand shores.

	ELR.MB.BPat.Sem
	Semibalanus balanoides on exposed or moderately exposed, or vertical sheltered, eulittoral rock.

	MLR.BF.Fser.R
	Fucus serratus and red seaweeds on moderately exposed lower eulittoral rock.

	MIR.KR.Ldig.Ldig
	Laminaria digitata on moderately exposed sublittoral fringe rock.

	LR.Rkp.Fk
	Deep eulittoral rockpools with fucoids and kelps

	LR.Rkp.Cor.Bif
	Bifurcaria birfurcata in shallow eulittoral rockpools

	LR.Rkp.SwSed
	Seaweeds in sediment (sand or gravel)-floored eulittoral rockpools 

	LR.Rkp.Cor
	Deep eulittoral rockpools with coralline crusts and Corallina officinalis

	LR.CvOv.SByAs.Ov
	Sponges, bryozoans & ascidians on deeply overhanging lower shore bedrock



Table 10.6‑2 Definition of biotope codes found within Figure 10.6-4 (CCW, 2007)
10.6.3 Existing Environment (terrestrial species and habitats)

10.6.3.1 Site Overview

The area is profoundly influenced by its maritime setting.  The Marloes peninsula is characterised by 30 to 50m high cliffs of volcanic and sedimentary rock backed by gently sloping land.  Marloes Sands has a predominantly south westerly aspect and here, as in a number of locations on the peninsula, small streams cut through the coastal cliffs in narrow gulleys.   At Westdale Bay the cliffs are lower (20 to 40m) and more friable with prominent drift features visible.

The soils in this area would be naturally acidic and infertile but have been improved for agriculture over many years by liming, the addition of fertilisers and stone clearing.  Arable and sheep farming have become the dominant land uses, displacing maritime (or coastal) grassland to the offshore islands and a narrow fringe along the cliff edges and leaving only isolated pockets of coastal heath.

10.6.3.2 Terrestrial Habitats

Any cable route would pass through the Dale and Marloes SSSI.  The citation for this site (CCW, undated) identifies the following terrestrial habitats and associated key vegetation species:

Maritime grassland occurs in a fringe along the coastline in most places. Thrift Armeria maritima and red fescue Festuca rubra dominate with abundant kidney vetch Anthyllis vulneraria and locally common wild carrot Daucus_ssp.gummifer. Yorkshire fog Dactylis glomerata become more dominant in areas where grazing is less intense.

Maritime heath occurs in scattered areas, a relict of once more extensive habitat, with heather Caluna vulgaris, bell heather Erica cinerea and wild thyme Thymus polytrichus.

Maritime cliff crevice and ledge vegetation including rock samphire Crithrum maritimum and rock sea-spurrey Spergularia rupicola frequent along cliff ledges which are unstable in places.  Nationally scarce plants on the cliffs include rock sea-lavender Limonium procerum ssp. procerum, Portland spurge Euphorbia portlandica and chamomile Chamaemelum nobile.

Coastal scrub occurs on sheltered south-facing cliffs above Marloes Sands with much privet Ligustrum vulgare and blackthorn Prunus spinosa with occasional wild madder Rubia peregrine.

A site visit in January 2007 confirmed that all these habitats occurred in the study area (Figure 10.6‑1 and Figure 10.6‑2).  Grassland was not extensive at either location but present in patches as a thin strip immediately on top of the cliffs. Coastal scrub with patches of heath-type vegetation occupied much of the ground around the top of the cliffs above Marloes Sands (Plate 10.6-3) and is prominent on sheltered south facing cliff faces there.  Improved Grassland with sheep grazing was the dominant land use behind the cliffs at Westdale Bay; arable land use was also important at Marloes with sheep feeding on beet in one field and cereal crops in a number of others.  The cliff tops at Westdale Bay supported coastal grassland with patches of heath in places (Plate 10.6-4).
In one area at Marloes there is an ongoing coastal heath restoration project; the ground has been cleared and re-colonisation by coastal heath species is evident.  This is the Marloes Coast Project which is a major scheme to put some 70 hectares of land into environmental management (M. Sutton, pers. comm.).  The most ambitious aspect is an attempt to restore coastal heath habitat to five fields (13ha) through removal of top soil, soil acidification by the spreading of sulphur and seeding with cuttings of heathland vegetation from a ‘donor’ site.  The project is in its early stages but there is evidence of successful colonisation by a number of species indicative of a return to coastal heath habitat.  For the purposes of this assessment the 13ha under restoration management are considered as coastal heath.  The majority of land under the Marloes Coast Project is arable but managed to enhance conservation interest.  Field margins are unsprayed or uncultivated and stubbles are left into the winter.

Very little cliff crevice and ledge vegetation was evident but this is attributable to the timing of the survey and it should be assumed that such vegetation could occur on any of the cliffs.  There is a natural break in the cliffs at Marloes Sands (SM 783 074) where an easy angled crushed stone path comes down to the beach; either side of this break there are a series of bare (at time of survey) rock outcrops interspersed with grass and scrub vegetation.

The cliffs at Westdale Bay are predominantly comprised of Red Marl with fewer stable rock outcrops than at Marloes Sands ,with thick superficial deposits in the valley facing the landfall.  Many parts of the cliff faces at Westdale supported grassy vegetation at the time of survey in January and a variety of flowering plants are probably evident in spring through summer.  There is no obvious natural break in the cliffs at Westdale Bay, although a formal path has been established down to beach level at SM 798 058.

Several small streams drain onto Marloes Sands and wetland vegetation is present in their valleys cutting down through the cliffs.  Standing water is also present where a stream above Marloes Sands has been dammed and in a depression in a field above Westdale Bay.

Above Marloes Sands the main track leading to towards the beach is bordered on either side by earth mounds supporting scrub and grasses which are considered for the purposes of this assessment to be hedges (Plate 10.6-5).  Such field boundaries were probably once common in the area but were pulled down during the intensification of agriculture and have now been replaced mostly by fencing.  Around grid reference SM 7831 0774 a large quantity of spoil has been dumped which has partly impinged on a length of earth mound, causing some disturbance of the marginal grass and scrub vegetation.

A final terrestrial habitat is identified as littoral fringe (supra littoral) present below the base of cliffs but above mean high water (MHW).  There was very little obvious strandline material such as organic detritus, flotsam and jetsam when the site was visited but certain amounts of wood and finer plant material was present in places, notably beneath Matthew’s Slade and south of the access path at Westdale Bay.  Although above MHW this habitat is likely to be subject to periodic inundation during storm events.
10.6.3.3 Terrestrial Species

10.6.3.3.1 Vegetation

Characteristic species of the main vegetation types present were noted in Section 10.6.3.2.  This section considers important vegetation species known to occur, or potentially occurring, at the site.

Shore dock Rumex rupestris is nationally rare and one of Europe’s most threatened endemic vascular plants.  The plant grows on rocky, sandy and raised beaches, shore platforms and the lower slopes of cliffs. It also grows in isolation on the strand-line, through to tall-herb perennial communities at the base of flushed cliffs but occurs only where a constant source of freshwater, running or static, is available. Populations of shore dock are known to fluctuate according to the severity of winter storms.  The UK is the world stronghold for this species which is currently known from about 40 locations in south-west England and Wales JNCC (2007b).
The only extant population of shore dock in Pembrokeshire occurs in two locations at Marloes Sands (Figure 10.6‑5).  Both locations are more than 1km away from any proposed onshore cable route or works and no impacts to this species are considered possible if the distribution of the existing plants does not change.

Other important vascular plant species, such as the nationally rare prostrate broom Cytisus scoparius_ssp maritimus, are known to occur within the Dale and Marloes SSSI.  In addition, the Golden Hair Lichen Teloschistes flavicans, which is classified as vulnerable in Britain (Red Data Book 2), occurs in south Pembrokeshire, particularly on cliff tops.  None of these species are believed to occur close to either of the potential cable landfall routes.

A bryophyte, Wilson’s Pottia Tortula wilsonii, which is listed as endangered in the red data book, has been recorded at Westdale Bay, where grazing levels are still high (Bosanquet 2006).  This species is understood to be distributed amongst grasses at the top of the cliffs at Westdale (Figure 10.6‑6).  It is not believed to occur anywhere within the footprint of the proposed onshore cable route and no impacts to this species are considered possible.

Another moss, Bryum dunense, was found on the cliffs above Marloes Sands in 1980 during a field survey by the British Bryological Society (Perry 1980).  B. dunense is a nationally scarce species (occurring in 16 to 100 10km squares in Britain).  The precise location of the record is not known but certain cliff-top habitats at Marloes are apparently suitable for this species.
10.6.3.3.1.1 Mammals

The rare great horseshoe bat Rhinolophus ferrumequinum is known to use sea caves along the Castlemartin coast as winter hibernacula, although there is no evidence of any cave breeding colonies in Pembrokeshire (Haycock 2004).  There are caves south of Marloes Sands at Hooper’s Point and at either end of Westdale Bay and it is possible that these could be used by bats.

Other bat species are likely to forage around the area where the cable landfall and onshore cable would be routed.

Badgers are present in coastal Pembrokeshire (CMACS, pers. obs.) but no signs of activity or setts were noted around the potential onshore cable routes during survey. The species has however been recorded around Marloes (NBN Gateway) and it should be considered that individual animals could be present in the vicinity of works.

Brown hare is a local Biodiversity Action Plan species. No animals were seen on the site visit although it is likely that they do use area as the open grassland and arable habitats are suitable for them.

Polecat have been recorded around Marloes, records in the NBH Gateway database are more than 20 years old and it is not known if this species is still present in the area.

Otters are considered as marine mammals in Section 10.5.

10.6.3.3.1.2 Reptiles
Although the walk-over survey was carried out at a time when reptiles are dormant habitat suitability for reptiles is considered to be good and it is known that adders certainly occur around the site (CMACS, pers. obs.).  The NBN Gateway database indicates that slow worm Anguis fragilis, grass snake Natrix natrix and common lizard Zootoca vivipara have been recorded in the 10km grid square around Marloes. 

It should therefore be considered that reptile species may occur in the area.

10.6.3.3.1.3 Amphibians
A number of amphibian species have been recorded in and around Marloes, notably from Marloes Mere, including both palmate and smooth newt, common frog and common toad.  It should be assumed that any of these species could occur in and around freshwater habitats at the site, including standing water above Westdale Bay and the small dammed valley draining onto Marloes Sands.

There is no evidence that great crested newts occur within 10km and this species is largely absent from south west Wales (CCW 2003). 
10.6.3.3.1.4 Invertebrates

Marloes Sands is one of only four locations in the UK known to support scaly cricket Pseudomogoplistes squamiger (also known as P. vicentae).  It is listed as endangered in the red data book (RDB1).  The species is near the northern limit of its European distribution in Britain where for many years it was known only from Chesil Beach in Dorset (Sutton 1999).   The colony at Marloes Sands was discovered in 2000 and is the only one known in Wales.

At Marloes Sands scaly cricket have been found in a single restricted area within the littoral fringe, centred around SM 7841 0745; searches have been undertaken elsewhere but the species has not been found (M. Sutton, pers. comm.).  This site receives freshwater seepage from the cliffs above and there is detritus along a strandline (Plate 10.6‑6).  Scaly cricket have been discovered here dwelling under larger stones overlying smaller cobbles and gravels which provide good interstitial spaces.  Very similar habitat is present around SM 7995 0584 at Westdale Bay (Figure 10.6‑6), although without obvious freshwater seepage at the time of survey.  It is understood that scaly cricket have not been recorded there; however, it is not known to what extent surveys have been undertaken.

The nationally endangered (RDB1) ground spider Callilepis nocturna was found on bare rocks amongst kidney vetch and sea mayweed at SM 785 074, close to the location of the scaly cricket habitat (Figure 10.6‑5).  This is the third British site for this species; the other two localities are on the coast of southern England (Fowles 1994).

A wide range of other invertebrate species can be expected to occur in the habitats present.  There is an important population of the marsh fritillary butterfly Euphydryas aurinia at Yerbeston Tops SAC approximately 25km east of the site and the species has been recorded on the Marloes Peninsula (NBN Gateway, Butterfly Conservation Records).  This species is associated with grassland habitats and the devil’s-bit scabious plant Succisa pratensis which is eaten by the larvae.

The medicinal leech Hirudo medicinalis was historically present from Marloes Mere but has not been recorded in recent times following the draining of the water body. 
Potential impacts to invertebrate receptors are considered in terms of impacts to their supporting habitats.

10.6.4 Importance of intertidal and terrestrial habitats and species

10.6.4.1 Intertidal

All of the intertidal biotopes identified within each of the cable landfall option corridors are typical of the shores of this area and are considered as being relatively common within the context of Wales and the wider Irish Sea coastline.  No specialised biotopes or rare marine species were identified within any of the three cable corridor routes and as a result of this the intertidal habitats and species of the three cable route corridors are considered as being of Low importance. 

Intertidal rock platforms may be considered as Habitats Directive Annex 1 reef habitat when continuous with subtidal reef.  Although the areas of rock at the three cable options may not be considered as such due to the expanse of sand biotopes between them and the sublittoral zone, it is important to note that certain disturbances to rocky intertidal substrata may not be reversible. 

10.6.4.2 Terrestrial

Both coastal heath and grassland are present now as relicts of once more extensive tracts of habitat.  Coastal grassland can be rich in wild-flowers and both grasslands and heath provide valuable habitats for other groups, including invertebrates and birds.  Both are considered here to be of high value.

Coastal cliff crevice and ledge vegetation may include rare and important species such as rock sea lavender Limonium binervosum agg. and Portland spurge Euphorbia portlandica.  This habitat could occur on any of the more stable cliffs and until the composition of specific areas which may be affected by the works is confirmed it is assumed on a precautionary basis to be of high value.

Coastal scrub is relatively wide-spread along cliff-tops, in smaller valleys and on the faces of the cliffs in certain areas.  It can be relatively species rich and offers good habitat for a variety of species, notably birds.  It is considered likely to be of low importance; however, since the walk-over survey was undertaken at a sub-optimal time of year it is assumed here that the coastal scrub may be of up to medium importance.

Improved grassland is widespread throughout the local area, in Wales and the wider UK.  It is considered to be of relatively low value for wildlife and is determined here to be of low importance.

Arable land is relatively uncommon in Wales and Pembrokeshire holds a large proportion of the national total (M. Sutton, Pers. Comm.).  Although large areas of arable land are managed to produce monocultured crops there can be considerable botanical interest, especially at field margins of areas specifically managed for conservation interest, such as the Marloes Coast Project.  Arable land can also provide important habitat for birds, unploughed stubbles provide important foraging areas for chough over winter, for example.  Arable land is considered here to be of medium importance.

Earth mound hedge is present in the study area.  It is possible that such hedges may qualify as ancient hedgerow.  Unless site surveys at the appropriate time of year confirm otherwise this habitat should be assumed to be of high value.

Other hedges present, including scrubby vegetation associated with field boundaries and fence lines, offer structural habitat diversity in otherwise homogenous areas and are determined to be of medium importance. 
Supra littoral (littoral fringe) habitat between mean high water (MHW) and the base of cliffs is of variable importance. Where it affords opportunities to important species such as scaly cricket it should be considered to be of high importance; otherwise, the area between mean high water and the base of cliffs is of low importance for terrestrial ecology.

Bats and their habitats are afforded protection from intentional and reckless disturbance and damage under the Wildlife and Countryside Act, 1981 (as amended). All bat species are therefore determined to be of high importance.

Badgers are protected from wilful killing and injury under the Protection of Badgers Act 1992 and are determined to be of high importance.

Polecat have no specific protection (other than certain types of capture and killing being prohibited) but are a relatively rare species. Although their status on site is uncertain they are identified as being potentially present and of medium importance.

Brown hare have no specific protection but are a local Biodiversity Action Plan (BAP) species and determined to be of medium importance.

Rare plant and invertebrate species identified as potentially present, including those listed in the Red Data Book, have no specific legal protection; however, given their conservation importance, the moss Bryum dunense and the invertebrates Pseudomogoplistes squamiger  (scaly cricket) and Callilepis nocturna are determined to be of high importance.  Scaly cricket are a feature of Dale and Marloes SSSI and their conservation would therefore be considered material to the protection of this site.

All native reptile and amphibian species receive some degree of protection through the Wildlife and Countryside Act 1981 (as amended). Common lizard, slow-worm, grass snake and adder are protected from killing and injuring and are therefore considered to be of high importance.  The four widespread species of amphibian, the smooth and palmate newts, the common frog and common toad, are protected only by Section 9(5) of the Wildlife and Countryside Act 1981 which prohibits sale, barter, exchange, etc.  These amphibian species are considered to be of low importance.
10.6.5 Sensitivity of intertidal and terrestrial habitats and species

10.6.5.1 Intertidal

Cable installation would comprise directional drilling under rock platforms and trenching through sand habitat.  Therefore, only sand habitat would be subject to direct physical disturbance.  Sedimentary biotopes may be sensitive to such physical disturbance and the potential for a significant impact is considered below.

It is assumed that it would be possible for all installation (and any decommissioning) activities and associated plant to avoid rocky areas and that no direct physical impacts to hard substrate biotopes need be considered.

It is known that beach levels vary considerably on an annual basis and may drop by a metre or more during individual storm events.  As a precaution in case the cable should become exposed during the operational phase we have considered the potential for this to impact upon adjacent benthic communities through scour action or direct physical disturbance.
Benthic organisms can be sensitive to elevated temperatures. Power cables have been linked to elevated temperatures in surrounding sediments and the possibility for an impact is therefore considered.

10.6.5.2 Terrestrial

Potential impacts to terrestrial ecology receptors (habitats and species) are considered in relation to the onshore cable reception pit and cable route options outlined in Chapter 6.  Impacts could arise through:
· physical damage to habitats;

· disturbance of species;

· injurial effects on plants or animals.

For the purposes of the impact assessment it is assumed that:

· a single reception pit would be located on the beach, above mean high water (MHW).  Should this be sited below MHW there would be no related terrestrial ecology impacts;

· all plant and equipment for the reception pit works would be brought in by sea;

· directional drilling would mean that there is no potential for any impact to cliff habitats and species (or to the fringe of coastal grassland and scrub vegetation often present along the top of the cliffs);

· a single drill pit would be located at the top of and behind the cliff and works to construct the pit would be limited to within 10m of the pit without damage to any adjacent habitats;
· all plant and machinery for the directional drill pit would be brought to site along the line of the onshore cable route (a 5m corridor), without damage to any adjacent habitats, and removed along the same corridor.
The above is based on the indicative onshore cable route options described in Chapter 6.
10.6.6 Intertidal Impact Assessment

10.6.6.1 Construction

10.6.6.1.1 Disturbance of habitat 

The installation of the cable within the intertidal zone would be undertaken by ploughing through sand and directionally drilling under rock.  

Sand sediments would be temporarily disturbed as the plough passed through but the trench would re-fill immediately since the plough effectively slices through sediment, allowing the substrate to fold back once it has passed.

Following this disturbance to the intertidal sand habitats it is likely that there would be a localised reduction in species abundance and biomass, but this would be limited to the area immediately affected by the plough. This is expected to be a corridor of up to 1m width and 2m depth.  However, the area would be rapidly recolonised by polychaete worm, amphipod and isopod species from neighbouring unaffected sediments which support the same biotope as the affected areas.  These species reproduce rapidly and populations thus have high resilience to such disturbance.
This impact is spatially and temporally very small.  Given this, the prevalence of these biotope communities around the Pembrokeshire coastline and their high resilience; the impact of cable installation within the intertidal zone is assessed as being of negligible significance.

Although this is predicted to be a negligible impact, it is still considered prudent to minimise the impact magnitude by adopting simple mitigation which would also work to reduce risk of impacts to adjacent habitats. This is set out in Section 10.6.6.5, below.

10.6.6.2 Operation 

10.6.6.2.1 Physical disturbance
As previously identified, it is necessary to consider the impact on intertidal ecology should dramatic changes in beach level expose the buried cable.  The exposed cable would move in wave and tidal currents, disturbing adjacent sediments and an exposed cable would also be subjected to scour action and further undermining.  

This would cause a disturbance to the intertidal species and habitat present and the erosional impact would spread along the beach affecting an increasingly wider area of habitat as the impact continued.  Although the coarse sand biotope which would be affected by this is common across the region, the temporal and spatial realities of this impact have caused it to be assessed as being of minor significance. 

The coastal processes assessment has predicted that deployment of the Wave Dragon device would cause changes to the annual wave climate at Marloes Sands causing the beach to shift slightly towards Hooper’s Point.  This beach realignment may potentially increase the width of the mid-tide beach by a maximum of 10m near to Hooper’s Point with a corresponding decrease of 10m towards Gateholm Island.  Such changes to the beach would be temporary (5 years) with levels reverting to its present alignment once the device is removed.  There are no predicted alterations in beach alignment for Westdale Bay.

Although such beach movement does not result in any net loss of habitat when considering Marloes Sands as a whole, it will impact upon localised biotopes.  The majority of the biotopes found at Marloes are common throughout the region and currently experience seasonal fluctuations in beach levels.  The beach realignment would be gradual across the area and is expected to have a negligible impact upon these intertidal biotopes.  The exception to this is the presence of the red algae (Rhodothamniella floridula) biotope located towards the Gateholm Island end of the beach.  This specialised biotope is found upon sand scoured environments and it may well be that a loss of sediment from this area may act to increase available habitat.  However, this is speculative and even though this impact is reversible upon completion of the project, it is still considered as being a direct loss of habitat from an area supporting an uncommon intertidal species.  As a result of this, the impact has been assessed as being of moderate significance.
10.6.6.2.2 Temperature

A potential impact from the laying of an electricity cable in intertidal sediments arises from the possible heating effect of a cable under load which could cause warming and drying of sediments in the immediate vicinity of the cable.  Such changes could theoretically affect intertidal infaunal communities.  

The heating effect, if any, from the export cable would be both extremely small, and highly localised and it is expected that it would be impossible to detect temperature changes against natural fluctuations.  Certainly, for higher capacity cables of otherwise equivalent design it has not been possible to measure changes in surface sediments 1m above a buried cable using a standard mercury thermometer (CMACS, pers. obs.).
For any intertidal species to be affected it would presumably have to be highly sensitive to temperature increases and none of the species identified at the cable option sites are thought to be sensitive in this respect.  As a result the significance of this impact is considered to be negligible.

10.6.6.3 Decommissioning

Removal of the cable after the end of the operational phase of the Wave Dragon Scheme would result in equivalent impacts to intertidal ecology receptors as during the installation phase.

If the cable were to be left in situ such impacts would be avoided; however, there would still be a risk that changing beach levels could uncover it.  There would presumably be a greater risk that this could occur during an indeterminately long post-operation period than during the medium duration operational phase.  It would be necessary to intervene by removing exposed (or all) cable if this occurred and for this reason it is considered that there would be no benefits of leaving the cable in situ unless cable burial depth was sufficient to effectively guarantee that it would remain buried.
There would clearly be no possible impact in relation to heating effects after decommissioning.

10.6.6.4 Cumulative Impacts

There is an outline scheme to install a High Voltage Direct Current (HVDC) cable between Ireland and Wales, with a Welsh landfall in to Milford Haven or Freshwater West. The installation of such a cable has potential to affect water quality via effects on sediment re-suspension or contaminants from vessels; however, there is anticipated to be no overlap in the construction (or decommissioning) periods of the two schemes and no cumulative impacts upon benthos are likely. 

Given that there are no other known developments in the area; the installation of the electricity export cable within the intertidal zone is not expected to have any cumulative impact.

10.6.6.5 Mitigation

To minimise the area of the intertidal zone affected, and hence also to facilitate recovery of affected areas, it is suggested that the area of beach used for installation, including the movement of any plant up the beach onto site from the sea, should be minimised as far as practical within a clearly delineated area. This would also serve to maximise confidence that adjacent habitats, including rocky areas, would not be affected by works. Guidance should be built into the Environmental Management Plan and disseminated to contractors.  This mitigation should apply during both construction and decommissioning phases (if appropriate).

10.6.6.6 Monitoring

Monitoring of the impacts to, and recovery of, the intertidal areas affected as a result of export cable installation should be included as part of a benthic monitoring plan detailed within the preceding sections.  These surveys should be developed following statutory guidance and after consultation with the relevant statutory authorities, notably CCW and CEFAS.
10.6.7 Terrestrial Impact Assessment

10.6.7.1 Construction

10.6.7.1.1 Physical damage to habitats

10.6.7.1.1.1 Marloes Option 1
The reception pit would be located below mean high water (MHW) and no physical damage to terrestrial habitat (i.e. above MHW) is anticipated for this part of the works. Potential drill pit locations A and B are both in improved grass fields and both cable route options would pass through improved grass habitat as far as the metalled road west of Marloes Court Farm.  Cable route A would divert around Green Mire Cottage and cross a hedge at this point. Both cable routes would have to cross a field boundary (fence and scrub vegetation) immediately before joining the road west of Marloes Court Farm.
Improved grassland was determined to be of low importance.  The trench would be back-filled and surface vegetation re-instated such that no visible sign of the disturbance should be present in the fields after approximately 12 months.  This is considered to be a low severity impact of negligible magnitude and significance.
Neither cable route would impinge on the earth mound hedge either side of Sandy Lane and it is assumed that this potentially high value habitat would not be affected in any way.  There would be temporary damage to short sections of other field boundary hedge which would be re-instated with full recovery anticipated within 5 years (medium term impact).  An estimated 10m of hedge would be so affected by cable route A and 5m by cable route B.  Neither is considered more than a low severity impact of low magnitude and overall minor significance.
10.6.7.1.1.2 Marloes Option 2

Reception pit A is proposed at the westernmost end of Matthew’s Slade, above MHW and immediately below the cliffs. It is understood that beach sediment (shingle) would be excavated and the drill pit abutted to the base of the cliffs below current shore level.  The lower few metres of cliff are scoured by storms and support only occasional lichens and no damage to terrestrial habitats on the cliff face is anticipated.

High value littoral fringe habitat (defined broadly here as the area between MHW and cliff) is present within 50m of reception pit A where scaly cricket have been recorded and it is considered possible (as a precautionary measure) that the littoral fringe habitat at the position of reception pit A could support scaly cricket and therefore also be of high importance.  Although the habitat would be expected to recover quickly (< 1 year) this is a highly restricted habitat and therefore relatively sensitive. Unless surveys (detailed under mitigation in Section 10.6.7.5) demonstrated that no scaly cricket occurred in this area there would be a moderate magnitude impact of overall moderate/major significance.  Further mitigation is identified to cover the eventuality that littoral fringe habitat at reception pit A is shown to support scaly cricket.
Drill pit A is in an arable field. The field within which drill pit B would sit was outside of the core survey area visited in January 2006; however, phase 1 habitat mapping supplied by CCW suggests that this is an improved grass field.  Both cable routes would pass predominately (and route B entirely) through this habitat before joining a track towards Little Marloes Farm.  There would be rapid recovery (<1 year) of affected habitats and drill pit and cable route works for options A and B are both considered to represent no more than negligible magnitude impacts for terrestrial habitats, of minor significance for cable route A and negligible significance for cable route B.  It is assumed in this determination that no damage would befall any habitats adjacent to the track leading to Little Marloes Farm. If this could not be assured it would be necessary to survey these habitats (using phase 1 methods initially) and re-evaluate the impact assessment.
10.6.7.1.1.3 Westdale Bay

The potential reception pit position is within littoral fringe habitat above MHW and immediately below the cliffs. It is understood that beach sediment (shingle) would be excavated and the drill pit abutted to the base of the cliffs below current shore level.  The lower few metres of cliff are scoured by storms and support only occasional lichens and no damage to terrestrial habitats on the cliff face is anticipated.

Potentially high value littoral fringe habitat is present within approximately 30m of the reception pit.  Although scaly cricket has not been recorded there it is considered that the habitat may be suitable and therefore (as a precautionary measure) that the strandline habitat adjacent to the position of the reception pit could support scaly cricket and therefore be of high importance.  
Other littoral fringe habitat, including at the reception pit, is of low importance.  Impacts here would be of negligible magnitude and significance.  Any adverse impacts to sensitive high value habitat in adjacent areas would be potentially significant (moderate/major significance) and should therefore be avoided.  In order to avoid such impacts it would be necessary to survey to confirm presence/absence of scaly cricket (Section 10.6.7.5) and, if necessary, to invoke mitigation.
The drill pit would be positioned within an improved grass field through which the cable route would pass up to the track south of Dale Castle.  Equivalent impacts to Marloes Option 2 drill pit B are therefore predicted (negligible significance) but with the caution that it is assumed in this determination that no damage would befall any habitats adjacent to the track south of Dale Castle. If this could not be assured it would be necessary to survey these habitats (using phase 1 methods initially) and re-evaluate the impact assessment.
10.6.7.1.2 Disturbance of species

10.6.7.1.2.1 All options
No bat habitat would be affected by the works but there is potential for lighting, if used during any works at night, to affect bat foraging activity outside of winter months.  Although daylight working is anticipated in exceptional technical circumstances it may be necessary to work 24 hours and this would require lighting.

Artificial lighting can delay bat emergence from roosts (although this is considered unlikely as no roosts are believed to be present in the vicinity of works) and thus limit time available for foraging.  More importantly in terms of this project bright lights may interfere with bat flight activity and cause bats to fly to darker areas which reduces habitat availability for foraging.
This is not anticipated to be more than a low magnitude impact of moderate significance for this high value receptor; however, should construction take place (as anticipated) outside of winter months the impact magnitude can be readily reduced by straight forward mitigation which is recommended in Section 10.6.7.5.

Certain other species could be disturbed by noise associated with construction works and the presence of personnel, plant and machinery.  These include brown hare, badger and any other mobile species.  There are no obvious seasonal sensitivities.  This is an area where there is a moderate level of background disturbance from agricultural activities (e.g. field ploughing), roads and leisure activities (e.g. dog walking) and it is not considered that the spatially restricted and short term disturbance from construction would represent more than a negligible magnitude impact of up to minor significance.
10.6.7.1.3 Injurial effects on plants or animals

10.6.7.1.3.1 Marloes Option 1

No damage to important (including protected) plant species is considered likely, although the limited damage to hedgerow habitat was identified above.
It is recognised that one or more reptile species could be present in the vicinity of the works and therefore adversely affected with potential for injurial or lethal effects on individuals.  This is considered a low likelihood event since most habitat (improved grass) is likely to be unsuitable but reptiles could be present around field margins and hedges.  As an identified high value receptor with legal protection injurial effects must be avoided by all reasonable means and overall this must be considered a potentially significant moderate/major impact which could readily be reduced through mitigation recommended in Section 10.6.7.5.
Reptiles hibernate between around October and March; however, no potential hibernation sites were noted along the proposed cable route corridor during the walk-over survey and it is not considered that undertaking works during winter would represent any threat to reptiles.
The potential reception pit position is well clear (approximately 150m) of known scaly cricket habitat below Matthew’s Slade and no impacts to this high value species are anticipated.

10.6.7.1.3.2 Marloes Option 2

No damage to important (including protected) plant species is considered likely, although the need to survey habitats adjacent to the track leading to Little Marloes Farm if it could not be guaranteed that they would be undamaged was identified above.  Should such surveys reveal any protected or sensitive species then suitable mitigation would need to be developed and adopted.
It is recognised that one or more reptile species could be present in the vicinity of the works and therefore adversely affected with potential for injurial or lethal effects on individuals.  This is considered a low likelihood event since most habitat (improved grass) is likely to be unsuitable but reptiles could be present around field margins and hedges.  As an identified high value receptor with legal protection injurial effects must be avoided by all reasonable means and overall this must be considered a potentially significant moderate/major impact which could readily be reduced through mitigation recommended in Section 10.6.7.5.

Reptiles hibernate between around October and March; however, no potential hibernation sites were noted along the proposed cable route corridor during the walk-over survey and it is not considered that undertaking works during winter would represent any threat to reptiles.
The potential for injury or harm to scaly crickets is considered in relation to the potential for damage to their habitat which was assessed in Section 10.6.7.1.1.2.

10.6.7.1.3.3 Westdale Bay

No damage to important (including protected) plant species is considered likely, although the need to survey habitats adjacent to the track south of Dale Castle if it could not be guaranteed that they would be undamaged was identified above.  Should such surveys reveal any protected or sensitive species then suitable mitigation would need to be developed and adopted.

It is recognised that one or more reptile species could be present in the vicinity of the works and therefore adversely affected with potential for injurial or lethal effects on individuals.  This is considered a low likelihood event since most habitat (improved grass) is likely to be unsuitable but reptiles could be present around field margins and hedges.  As an identified high value receptor with legal protection injurial effects must be avoided by all reasonable means and overall this must be considered a potentially significant moderate/major impact which could readily be reduced through mitigation recommended in Section 10.6.7.5.

Reptiles hibernate between around October and March; however, no potential hibernation sites were noted along the proposed cable route corridor during the walk-over survey and it is not considered that undertaking works during winter would represent any threat to reptiles.
The potential for injury or harm to scaly crickets is considered in relation to the potential for damage to their habitat which was assessed in Section 10.6.7.1.1.3.

The Westdale Bay works access and cable corridor would pass close to small waterbodies.  Although the waterbodies would not be directly affected by the works it is likely that they support amphibians that could be present in adjacent terrestrial habitats.  There is considered to be a low risk of an impact (equivalent to routine agricultural activities such as heavy vehicle access) with only a few individuals likely to be affected.  Amphibians that could be present were determined to be of low importance and it is concluded that this would represent a negligible magnitude, negligible significance impact.

10.6.7.2 Operation

It is not considered that there would be any impacts during the operational phase.

10.6.7.3 Decommissioning

If the electricity export cable were to be removed impacts would be equivalent to the construction phase.

Such impacts would be avoided if installed items were left in situ.  There are anticipated to be no visible signs of the cable or installation works by the time of decommissioning and it would therefore be preferable to leave the cable buried unless it can be removed without disturbing or damaging terrestrial habitats and species.
10.6.7.4 Cumulative Impacts

Given that there are no other known developments in the area; the installation of the electricity export cable is not expected to have any cumulative impact to terrestrial ecology receptors.

10.6.7.5 Mitigation

In order to reduce the magnitude of impact to nocturnally foraging bats from lighting (should this be required for 24 hour working in exceptional circumstances) it is recommended that all lighting be directional and unnecessary glare away from the required zone of illumination is avoided.  The residual short term impact would be of low severity, negligible magnitude and overall minor significance. 

A simple pre-works inspection by an ecologist hand searching in front of excavation works to ensure that any reptiles, which are mobile during spring through to autumn months, have an opportunity to move away should be carried if works are undertaken outside of October to March. Such mitigation would reduce the likelihood of an impact to low and impact magnitude to negligible. The residual impact would therefore be of minor significance.
It is important that scaly cricket habitat present within 50m of the possible reception pit position A at Marloes (Option 2) is not damaged and that a check is made that scaly cricket do not occur at the actual position of the reception pit works.  If this option is to be pursued a thorough hand search should be made in summer (no earlier than June) by an experienced ecologist at the potential reception pit position and around the area to the east from where scaly cricket has been recorded previously.  If scaly cricket are found at reception pit position A then an alternative reception pit (B) on intertidal sands over bedrock should be pursued.
Should scaly cricket be clearly demonstrated as absent from the position of reception pit A then as a precaution against accidental disturbance to adjacent habitat any sensitive area (based on results of hand searching described above) should be temporarily marked using stakes and tape during the duration of works and contractors excluded from the area.
Equivalent hand searching and, if appropriate, marking of any sensitive areas, should be undertaken if the Westdale Bay option is pursued.  From the results of the site visit in January 2007 it is considered unlikely that scaly cricket would be present at the position of the reception pit at Westdale and probable that it would be practical to safely protect their habitat if indeed they do occur to the south of the pit area.  This would result in no more than negligible magnitude residual impact of minor significance.
10.6.7.6 Monitoring

No monitoring is considered necessary.
10.7 Designated Sites

10.7.1 Relevant Sites

This section provides an overview of sites of nature conservation interest in the vicinity of the Scheme.  Both statutory and non-statutory designations in and around the proposed development area are included, based on a review focused on the Marloes peninsula and nearby islands, although other locations were included if they supported interest features that could conceivably be affected by the Scheme.

Maps of conservation areas discussed in this section are provided as Figures 10.7‑1 (international designations), 10.7-2 (national designations), 10.7-3 (heritage coast).
10.7.2 Legislation

10.7.2.1 International Legislation

The European Community has adopted two Directives in response to international obligations to maintain and encourage biodiversity: the Birds Directive (Council Directive 79/409/EEC on the conservation of wild birds) and the Habitat Directive (Council Directive 92/43/EEC on the conservation of natural habitats and of wild fauna and flora). These Directives provide for the protection of animal and plant species of European importance and the habitats which support them, particularly through the establishment of a network of protected sites (Natura 2000), termed designated Special Conservation Areas (SACs) under the Habitat Directive and Special Protection Areas (SPAs) under the Birds Directive.
10.7.2.2 National Legislation

The Wildlife Countryside Act 1981 (WCA) encompasses the protection of wildlife, countryside, National Parks, the designation of protected sites and public rights of way.  A number of species are afforded specific protection under the Act, including, for example, the otter (Lutra lutra), all bat species, all Cetacea (dolphins, porpoises and whales), several reptiles (including slow worm, smooth and grass snakes, adder and all turtles) and many insect and plant species.

The Countryside Rights of Way Act (CRoW 2000) amends the WCA in a number of important ways, notably it increases the protection afforded to Sites of Special Scientific Interest (SSSI) and introduces a new offence of ‘reckless disturbance’ of protected species. 

The Conservation (Natural Habitats, &c.) Regulations 1994 transpose the EC Habitats Directive into national law and ensure that the fundamental objectives of the Directive are complied with.  These regulations also complement the WCA, as amended, which is the fundamental nature conservation legislation for the UK.
10.7.3 Sites Designated Under International Conventions and Directives

10.7.3.1 Pembrokeshire Marine SAC

The proposed installation lies within the Pembrokeshire Marine SAC, which covers an area of nearly 140,000ha designated in 2004. The SAC extends from north of St David’s Head as far as St Govan Head and Trewent Point in the south, including St Brides Head, Milford Haven, the Daugleddau estuary and the Castlemartin Peninsula. 

The SAC supports three habitats which qualify under Annex 1 of the Directive as primary reasons for the site’s designation (JNCC 2006c): neither ‘large shallow inlets and bays’ or estuaries are present in the immediate vicinity of the proposed installation site for Wave Dragon device; however, ‘reefs’ are widespread and there are stretches of sublittoral rocky reef offshore from the west Pembrokeshire coast and between the Pembrokeshire islands, through Milford Haven and the Daugleddau estuary. Limestone reefs occur to the south, with broad areas of tide swept rock colonised by colonials and anemones offshore and diverse species-rich sponge and ascidian communities on more sheltered patches of reef.

Several other important habitats have been listed under Annex I, however, they are not considered primary reasons for the marine area’s considerable conservation status:

· sandbanks which are slightly covered by seawater at all times;

· mudflats and sandflats uncovered by seawater at low tide;

· coastal lagoons;

· Atlantic salt meadows;

· submerged or partially submerged sea caves. 

Of these habitats only sea caves may be present within or adjacent to the proposed site for Wave Dragon but, as noted in Section 10.3, it is considered very unlikely that any are present or could be affected.

Two species qualify under Annex II as primary reasons for the designation of Pembrokeshire as a marine SAC and these are summarised below (JNCC 2006d):

Grey seal (Halichoerus grypus): The grey seal colonies in Pembrokeshire are in the south-western part of their UK breeding range and support over 2% of the annual UK pup production. It is the largest breeding colony on the west coast south of the Solway Firth.

Shore Dock (Rumex rupestris): Shore Dock is one of Europe’s most threatened endemic vascular plants. The UK is the world stronghold for this species. It grows on raised beaches, shore platforms and on the lower slopes of cliffs and is currently known in 40 locations in south-west England and Wales. This species is listed under EC Habitats Directive and is given protection under the Conservation Regulation 1994 and the Wildlife Countryside Act 1981.

Several other Annex II species are identified as important features of the marine SAC but are not primary reasons for its selection.  All could occur at the proposed Wave Dragon deployment area, they are as follows:

· Allis shad (Alosa alosa)

· Twaite shad (Alosa fallax)

· Otter (Lutra lutra)

· River lamprey (Lampetra fluviatilis)

· Sea lamprey (Petromyzon marinus)

10.7.3.2 Special Areas of Protection (SPA)

A total of 17 SPAs are currently designated in Wales, three of which are located in Pembrokeshire (Keddie 1995). These are Grassholm (11ha), Skokholm and Skomer (428ha) and Ramseys and St Davids Peninsula coast (846ha). 

Grassholm: Counts by the Joint Nature Conservation Committee (JNCC) in 1994/5 totalled 33,000 pairs of Northern gannet (Morus bassanus) representative of 12.5% of the internationally important breeding population.

Skokholm and Skomer: The coastal areas of the SPA support an important resident population of chough. Considerable numbers of Manx shearwater (Puffinus puffinus) are also known to frequent the shingled sea cliffs of these Pembrokeshire islands (150,968 pairs according to JNCC counts in the late 1990s), representative of over 50% of the internationally important breeding population. The islands also support populations of European importance of short-eared owl (Asio flammeus), lesser black-backed gull (Larus fuscus), Atlantic puffin (Hydrobates pelagicus), razorbill (Alca torda) and European storm-petrel (Fratercula arctica). 

Ramsey and St David’s Peninsula coast: Significant numbers of red-billed chough (Pyrrhocorax pyrrhocorax) are supported on the coast, which is home to approximately 3% of this species internationally and an important breeding population.

10.7.3.3 Environmentally Sensitive Areas (ESA)

These are statutory areas authorised and adopted through the European Community and are sites where the government encourages biodiversity conservation through the promotion of safe farming and development practises (Keddie 1995). There is a single ESA in Pembrokeshire located at Preseli (120,000ha) near Fishguard (i.e. more than 35 km away to the north) which could not be affected by the Scheme.

10.7.4 Sites Designated under National Statute

Approximately 6% of the total land area in Pembrokeshire is within SSSIs (Pembrokeshire Biodiversity Partnership, 2000). Many of these sites are coastal and include Marloes Mere and the Dale and South Marloes coast. The islands of Skomer and Middleholm, Skokholm and Grassholm are also designated SSSIs (CCW 2006).  

10.7.4.1 Marloes Mere SSSI (SM775082)

Marloes Mere is located on the Marloes peninsula and is an important site for wet acidic pastureland. The site supports the rare plants species three-lobed crowfoot (Ranunculus tripartitus), which is listed as vulnerable on the GB Red List and several wintering wildfowl including widgeon (Anas penelope), shoveler (A. clypeata), pintail (A. acuta), mallard (A. platyrhynchos) and teal (A. crecca). Several important insect species have also been recorded at the site, the most notable being the great green bush cricket (Tettigonia viridissima), marsh fritillary butterfly (Euphydryas aurinia) and the emperor dragonfly (Anax imperator).

The impact assessment for birds is the subject of Section 10.8.  It is not anticipated that any of the other interest features of this site could be affected by the Scheme.  There would be no direct impacts in the SSSI as all works would be undertaken outside its boundary and there is considered to be no mechanism for any indirect impacts.

10.7.4.2 Dale and South Marloes Coast SSSI (SM761092 – SM825052)

This site is notable for its rocky and sandy shore communities. Habitats and species of considerable conservation importance are present and include maritime heath, cliff crevice and grassland, coastal scrub and ledge vegetation. Important species are a nationally scarce red alga (Gigartina pistillata), nationally rare and scare lichens, grey seals, otters and the nationally rare shore dock plant. The area is also an important feeding and roosting area for chough.  The candidate cable landfalls and parts of the candidate onshore cable routes lie within this SSSI which extends to the mean low water mark. The site also supports the nationally rare scaly cricket and a variety of other interesting invertebrate species.

There is considered to be no potential for the Scheme to adversely affect sensitive vegetation habitats and species in the SSSI as directional drilling would be used to pass the cliffs at each of the candidate landfall sites.  Appropriate caveats to ensure that the interest features are safeguarded were made in Section 10.6.6.  Grey seals are also an interest feature of Pembrokeshire Marine SAC and do occur in the vicinity of the Scheme Proposal Area (Section 10.5.1.1.1).  No other interest features of the SSSI are considered likely to be affected.

10.7.4.3 Other SSSI Sites

Several other SSSIs are present in the vicinity of the Scheme Proposal Area and are described below.  There would be no direct physical impacts and so only highly mobile species could theoretically be affected.  The only species considered relevant in this respect is the grey seal.

10.7.4.3.1 Skomer and Middleholm SSSI (SM725095 and SM747091)

Skomer island and Middleholm together support the largest population of breeding seabirds in England and Wales. This area is of great importance to the conservation status of several seabirds including Manx shearwater, puffin, breeding chough and others. The majority of these birds occupy the cliff habitats; however, ponds on Skomer support the only breeding gadwall (Anas strepera) in Pembrokeshire. The site is also of special interest as it provides breeding ground and haul out areas for grey seal on the many beaches and caves. Approximately 10% of grey seal pup production in southwest Wales occurs on Skomer island and Middleholm. The bank vole (Clethrionomys glareolus skomerensis) is also found on Skomer, as are various scarce invertebrate assemblages (mainly beetles and moths).
10.7.4.3.2 Skokholm SSSI (SM736050)

This site is also notable for its breeding seabird population. Grey seals also haul out onto the island’s beaches all year round and breed in small numbers during the autumn. The resident invertebrate population is composed of several nationally scarce butterflies and moths with a discrete coastal distribution, including the silver-studded blue (Plebejus argus), Barrett’s marbled coronet (Hadena luteago barrettii) and the black-banded moth (Polymixis xanthomista).   

10.7.4.3.3 Grassholm SSSI (SM598093)

This site supports an internationally important population of breeding gannets; nearly 17% of the UK and 12.5% of the North Atlantic population breed on the island between January and October. The island also provides nesting sites for several other seabirds, including guillemot (Uria aalge), shag (Phalacrocorax aristotelis) and kittiwake (Rissa tridactyla), as well lesser black-backed gull (Larus fuscus) and great black-backed gull (Larus marinus). The area is also of special interest because of its intertidal communities and the numbers of grey seal that haul out on the island’s foreshore (2-3% of the west Wales grey seal population). The intertidal is very exposed to both wave and tidal action and is characterised by mussels and coralline algae and a dense community of barnacles and limpets further up the shore. Rockpools also occur on the south-eastern side of the island.

10.7.4.4 National Parks: Pembrokeshire Coast National Park

Pembrokeshire Coast National Park is Britain’s only national park designated primarily for its coastal scenery (Pembrokeshire Coast National Park Authority 2003). The park covers 225 square miles of west Wales from Cemaes Head to Marros, including the islands of Skomer and Middleholm, Skokholm and Grassholm, and was designated in 1952 (Keddie, 1995).

The seascape impact assessment is the subject of Section 11.1.
The park is of considerable conservation status and encompasses many designated sites: 7 SACs; 3 SPAs; 1 Marine Nature Reserve; 6 National Nature Reserves and 75 SSSIs.  The Pembrokeshire Coast National Park Management Plan 2003-2007 has been introduced to encourage and maintain the current conservation status of the park by reviewing the current condition of the site, presenting a vision for the future of the national park and setting out objectives to achieve that vision. It also aims to promote public enjoyment of the park whilst taking into account the social and economic interests of those living within the park and nearby (Pembrokeshire Coast National Park Authority 2003).    

10.7.4.5 Skomer Marine Nature Reserve (MNR)

MNRs are designated to protect and promote the conservation status of nationally important marine areas and marine flora and fauna of special interest (JNCC 2006e). Pembrokeshire supports one of only three designated MNRs in the UK, which was established in 1990 around Skomer island and Marloes Peninsula. The island of Skomer is approximately 4.5km northwest of the proposed deployment position and lies within the Pembrokeshire Coast National Park. The area is of notable nature conservation status as it contains a broad range of biodiversity, supporting many different species of marine animals and plants within a relatively small area.

It is considered that all of the interest features of Skomer MNR that could potentially be affected by the Scheme are features of other designated sites, notably Pembrokeshire Marine SAC.

10.7.4.6 Skomer National Nature Reserve (NNR)

NNRs contain some of the best examples of natural and semi-natural terrestrial and coastal ecosystems in Great Britain and are therefore of considerable conservation status. Skomer island is designated a NNR mainly by virtue of its resident and migrant seabird populations that utilise the island for feeding, nesting and breeding (CCW 2006). Skomer is also renowned for the considerable number of grey seal pups born on the island each year. 

10.7.4.7 Sites Identified by Statutory Agencies 

Heritage coast now covers considerable stretches of coastline in England and Wales (Keddie 1995). These areas are highly regarded for their exceptional scenic quality and commonly contain several features of special interest and/or importance. The Marloes and Dale heritage coast begins in Dale, at the Head of the Milford Haven Estuary, and extends along the Marloes Peninsula (SM815055-SM852128). The coastline contains several sites of historical interest including an Iron Age fort at the tip of Great Castle Head and a mesolithic flint factory at St Bride's (CCW 2006). The islands of Skomer and Middleholm, Skokholm and Grassholm are also identified within the Marloes and Dale heritage coast. The islands support a number of conservation designations, which aim to protect and conserve many of the inhabiting animals and plants, including the resident and migrant seabird populations, grey seal and Cetacea, insects and other invertebrate fauna.
10.7.5 Other Protected Sites

10.7.5.1 The Royal Society for the Protection of Birds Reserves

The RSPB manages a large number of reserves, several of which occur in Pembrokeshire (Keddie 1995). Reserves are located on Grassholm (SM599093) and Ramsey Island (SM700237). 

10.7.5.2 Wildlife Trust Sites

The Wildlife Trust promotes nature conservation at a local level and establishes nature reserves in both marine and terrestrial environments. Several Wildlife Trust reserves are located in Pembrokeshire, including sites on Skokholm and Skomer Island and at Marloes Mere (Keddie, 1995). 

10.7.6 Protection of Designated Sites

Sites designated under national and international statute, and there component species and habitats, are afforded considerable levels of protection which is provided through enforcement by competent authorities through use of powers provided by national legislation, notably the Wildlife and Countryside Act 1981 as amended.

The protected status of individual species and habitats is considered in more detail in specific sections; however, it is worth noting that:

· there is a duty on the National Assembly for Wales to have regard for the conservation of biodiversity and maintain lists of species and habitats for which conservation steps should be taken or promoted, in accordance with the Convention on Biological Diversity;

· Schedule 9 of the Countryside and Rights of Way Act provides increased powers for the protection and management of SSSIs. The provisions extend powers for entering into management agreements, place a duty on public bodies to further the conservation and enhancement of SSSIs, and increase penalties on conviction where the provision are breached.  Third parties may be convicted for damaging SSSIs;

· Schedule 12 of the Countryside and Rights of Way Act strengthens the legal protection for threatened species. The provisions make certain offences 'arrestable', create a new offence of reckless disturbance, confer greater powers to police and wildlife inspectors, and enable heavier penalties on conviction of wildlife offences;

The Water Framework Directive (WFD) (Directive 2000/60/EC) came into force in England and Wales as The Water Environment (Water Framework Directive) Regulations 2003 in January 2004.  The Directive is not used to designate sites, however, it should be recognised that this legislation requires that all inland and coastal waters reach "good status" by 2015.  The Directive is enacted through the establishment of a river basin district structure within which demanding environmental objectives will be set, including ecological targets for surface waters.  The proposed site for Wave Dragon device is in the Western Wales River Basin District (RBD) which covers an area of 16,653 km2 extending across the entire western half of Wales from the Vale of Glamorgan in the south, to Denbighshire in the north.

10.7.7 Sensitivity of designated sites

The integrity of all designated sites is dependent upon the condition of their interest features, i.e. habitats and species.  The species and habitat sensitivities for each major group of receptors were discussed in the preceding sections (10.2 to 10.6).

Where a designated site has interest features that might be affected by the Scheme there is potential for an impact to that site.  When this concerns a European site (e.g. SAC) it is necessary for an ‘appropriate assessment’ to be undertaken.  It is anticipated that a separate appropriate assessment would be taken after submission of this Environmental Statement.
10.7.8 Impact Assessment

The potential for interest features of designated sites identified in Sections 10.7.3 to 10.7.5 above to be affected by the Scheme was considered in relation to each designated site.  In most cases there is considered no potential for an impact because of the lack of mechanisms by which the Scheme could have effects.  Where such potential does exist this is identified below and reference made to the relevant impact assessments.

No further consideration is given here to SPA sites or ornithological interest features of other sites as the impact assessment for birds is the subject of Section 10.8.

The potential for grey seals to be affected by the Scheme was considered in Section 10.5.2. No more than minor significance impacts were predicted and it is therefore considered that there is no risk that the integrity of any designated site could be affected by impacts to grey seal.

Similarly, individual risk assessments have concluded that there would be no significant impacts to a range of other interest features of designated sites, including: shore dock; allis and twaite shad; otter; river and sea lamprey.

Potentially significant impacts to subtidal rocky reef habitats were predicted in Section 10.3.  This conclusion was reached through the precautionary assumption that this habitat could be present and affected by the Scheme; however, appropriate surveys are planned for 2007 following which the Scheme could only progress if adequate mitigation could be developed, for example by micro-siting of the electricity export cable.

It is concluded that the only designated site that could be affected by the Scheme is Pembrokeshire Marine SAC.  At this stage there is insufficient information to confirm that this would be the case, or to develop appropriate mitigation if required.  Further information is provided in relation to key benthic ecology receptors in Section 10.3.


