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1 INTRODUCTION

Marine renewable energy is still at an early stafgdevelopment and therefore little data has bedleated from monitoring that
can aid our understanding of the potential envirental impacts of future developments. Much ledsmwvn about marine biota
and ecosystems compared to terrestrial ecosystachsfer example, high energy tidal stream enviromtméhave been little
studied, in part due to the limited access and obstorking in these areas. The limited data froracgical examples make it
difficult to predict the potential impacts and thenagnitude, which are also likely to have site @adhnology specific
components. The assessment of the potential em@otal impacts of wave and tidal energy shoulddreéied out to determine
what is known and unknown and this information $&ful to support the permitting process as weltcasnake responsible
decisions to site facilities and to minimize enwingental impacts.

Furthermore, partly due to the non-existence ofrapeg farms the magnitude of environmental effeastdar from being
quantified, especially for the cumulative impactsnaultiple devices. However, tools and methodolsgised on field and
laboratory experiments and modelling results aradeleveloped to address impact uncertainties. éx@mple, the risk of
collision between marine animals (fish and marirsemmals) and marine renewable energy generatingeetias been addressed
through the development and application of a mattieal modelling which simulates both the risk oEeunter and the potential
for animals to avoid encounter or to evade colfisiBome other methodologies for impact assessmerthaught to be adapted
from the offshore wind technology.

Uncertainties regarding the socio-economic topé&aso of concern particularly when space-use mpaftan exist. Experiences
from wind offshore energy can help on the iderdifiion of the critical issues on space-use conflitthagement and on pathways
to gain public acceptance towards wave and tidetgnimplementation.

In this report the main uncertainties regarding pb&ential effects of ocean energy schemes arempres considering the main
components of the marine wild life and its inteiats$ with the physico-chemical environmental aliera/ disturbance provided
by the deployment of ocean energy power devicagu(Eil). Future socio-economic uncertainties ase discussed considering
the experiences of other offshore technologies.

¢ ]

Figure 1 Components to consider in environmental impachyaisgof ocean energy.

2 ALTERATION IN WATER CIRCULATION PATTERNS

2.1 CURRENTS AND WAVES

The potential impacts on currents and tides inckltinged mixing properties in the near field, miedifsediment transport in the
near and far-fields and the potential to reduceeturpower generation capability of the neighbagianea. Modification of wave-
current interaction can result in wave-structureriactions (diffraction, reflection, breaking arnttklering) and current regime
modifications (less than the wave-structure compts)e This type of alteration can change navigaiaonditions in the near-
field, wave loads of adjacent structures and sediifransport under waves. At a far-field level, walimate modification could
affect the recreational potential of nearby shoedi (e.g. surfing and swimming beaches), sedintansport along adjacent
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shorelines, possibly altering patterns and rateshofeline erosion and deposition as well as threep@eneration capability from
waves in the neighbouring area that was mentionedqusly.

The effects of operating ocean energy devices oenarculation have not yet been measured. Thusesancertainty is

recognized in this field although model resultsgagy that reductions in water circulation patteresprobably small (Table 1). It
is also accepted that the impacts on currents amsvare strongly dependant on technology anditocaf the projects with

maximum effects closest to the installation and tiea shoreline [1].

Table 1Predicted wave height and current velocity redunstio

Study s ite Reduction values Source
Wave:  Wave Hut 1% in wave heigt [2]
3% (maximum decrease in wa [3]

height with a 90% energy
transmitting wave farm)

Wave Hut 3 to 13% reduction at tF [4]
shoreline
Wave Hut 3 to 6% [5]
- 3to 15% [1]
Coastal California  3to 13% [6]
Currents Wave Hub 1.5 to 2.0 m meduction in tidal [7

currents and an increase of about
0.6 m & elsewhere

The alteration of water circulation patterns casodle responsible for a number of indirect effectaquatic flora and fauna such
as richness and density of benthic and pelagic nisges due to e.g. changes in tidal range, sedirgesin size or food
availability. Although the occurrence of such eféeit's a real possibility the extent or even tlrection of change of such effects
can be difficult to predict. For a small nhumber dgvices the changes are expected to be localiz=ipdiing quickly with
distance. However, it can be expected that the tative effects extend to a greater area if a langmber of arrays are operating.

2.2 SEDIMENT DYNAMICS

As mentioned above disturbance on sediment dynaaainsoccur indirectly due to modifications on watéculation patterns
promoted by device operation. Direct effects orireedt dynamics can occur during installation, €iging the attachment of the
devices to the bottom through piling, anchors diies, or during deployment e.g. if there are calagmg on the seabed and are
not anchored to it. The effects which occurred mtyiinstallation are usually temporary and theingigance is proportional to
the amount and type of bottom substrate disturbed.

During device operation, the alteration of sedimeabsport due to potential changes in currentoités or wave heights can
have a role in erosion and sedimentation pattemoseasing both scour and deposition on both local far-field scales.
Deposition of sediments is expected to cause stgalnd a shift to a finer sediment grain size anlde side of wave energy
arrays [1]. However, there are uncertainties reldtethe areal extent that can be deposited sinegllidepend on the local
topography, sediment types and the characteristittse currents and the projects [7]. At a fardistale, there is a possibility for
changes in beach sand erosion and deposition pati€he wave climate was modelled in the Wave Huinection [2] which
would be located 20 km off the coast in water depth 50-60 m. The predictions indicated that armyamf wave energy
converters would potentially affect the wave climain the nearby coast by about a 1 to 2 cm decraseave heights. It is
unknown whether these small changes in the avesage height would measurably alter sediment dynsralong the shore,
considering the normal variations in waves due ittdvand storms. Changes in scour and depositionncaurn alter the habitats
for bottom-dwelling plants and animals (see topic 3

3 |INTERFERENCE WITH BENTHIC HABITATS

The installation and operation of ocean energy edeys can directly displace bottom plants and afsnor can alter their
habitats through changes in water flows, structfineaves or substrate composition. During the ifetan process, disturbances
in the bottom habitats will result from temporamchoring of the construction vessels, digging afiling the trenches of the
power cables and installation of permanent anchpalisigs or other mooring systems. At this stagetilmarganisms will be
displaced and sessile organisms destroyed in dasaffected by the activities referred. The ireeeaf suspended sediments and
sedimentation down-current from the constructiceaaare expected to affect benthic organisms threugithering and decrease
of light availability which can increase plant nadity and/or growth rate decrease of plant shoetg.(seagrasses and
macroalgae).

When installation is completed, disturbed areasapposed to re-colonize by the same organismsrasguhat the substrate and
habitats are restored to a similar state. Unceiggirfrom the indirect impacts of sediment trangperosion and deposition
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changes can be stronger than direct effects (eghaas and cable installation) and may be morenskte and long-lasting
interferences with benthic habitats. These effapesdifficult to predict but the analysis of modesults can help to identify most
sensitive areas.

4 ARTIFICIAL REEF EFFECTS

Due to fishing and navigation limitations or prakitns, ocean energy parks are comparable to mamiotected areas where
enhancements in local fish species richness, sidebéomass have been demonstrated [8] [9] [10]. &kensive and rapid
colonization of ocean energy structures by macrbercommunities has been also established, péatiguon the device
foundations installed in coastal sandy areas. Tiktallation of artificial reefs on the seabed tomigi some characteristics of a
natural reef has been introduced as a coastal rear&ay tool to e.g. enhance species biodiversitrease fisheries yield and
production, promote recreational diving and preuesling. When a hard substrate is added to amaasubstrate great change
can occur due to the introduction of a new kindhabitat that in turn can lead to new trophic opyaittes and changes to local
food web interactions. It is important to determihéhis change is beneficial or not for the exigtilocal conditions. However,
although questions arise regarding the value ofrttieduction of artificial reefs in specific coastreas, it is generally accepted
that its success ultimately reflects the qualitypabr planning and ongoing management. The sdlidctires placed on the
seabed to support or as a part of, the offshoreggnenits should be regarded as artificial reefd as such its design can play a
critical role in species establishment.

There is some uncertainty regarding whether thel lbiomass enhancement is a result of mere aggmedabm the surroundings
or a true increase in biomass since it dependgecies and on a number of environmental factorsndst cases, site specific
input data only allows for general assumptions [12].

Model results supported by field measurements atomimd offshore foundations in Nysted, Denmark, gegj that they are

particularly favourable for blue mussel growth lie twestern Baltic Sea and that the artificial feattion depends upon how the
blue mussels interact with their local pelagic &edthic environment (grazing control and local déph of phytoplankton and

zooplankton above mussel beds [10]).

A comprehensive review of literature on the comtiora between wave power foundations and artificeef technology is

available [13]. In this work, wave power foundasodesign is discussed considering their potenti@l on sustainable coastal
resource development. Results of this analysis ghatva large complex structure such as a decorioness ship is favourable

for highest diversity of species. In terms of irasieg population numbers, fishing industries tlagét bottom-dwelling fish

would benefit most from low lying reefs such aseassled from concrete pipes while wave energy bteysred by hose pumps
or hydraulic cylinders would imitate ships or Fisggregating Device (FAD) used in fisheries. The bamtion of the buoys and
a benthic or larger reef structure would therefomate a type of “super reef” habitat, by combinimgjtiple effective components
for aggregating marine life [13].

First investigations on wave power devices weredaoted in the test park of Lysekil, Sweeden, toysgathe colonisation of

foundations by invertebrates and fish, as welloagifig assemblages on buoys. The influence of fatiod surface orientation of
on epibenthic colonisation was also examined arsgmfations of the use by fish and crustaceans waréed out during three

years. Results indicate a high degree of coverageedical surfaces dominated by blue mussklgti{us edulig and a higher

average abundance of crustaceans (mainly cZabbser pagurusand some lobstetdomarus gammaryson foundations than in

controls. In this study the biofouling on wave povegjuipment (buoys acting as point absorbers onstliéace) was also

examined and calculations indicate no significdfgat in the energy absorption of a buoy [9].

5 WATER QUALITY INTERFERENCE

When addressing the chemical effects of the oceangg devices, it is important to distinguish bedwespills as a source of
chemical, low probability but high impact, versustinuous release of chemicals for example in faupaints. Uncertainties of

such effects on biological communities are conagméth the toxicity of the chemicals to the marineganisms and the

probability of its passage through trophic levéi®émplification). Furthermore, chemicals can mover a large area, depending
on the site circulation pattern. Although this typfeeffects are, like others, strongly site-specifnformation is needed on the
toxic compounds to be used, potential amounts ¢oatd be released, responses of the biologicalptec®e and the fate of

contaminants.

In a scientific workshop conducted by the Uniteét& National Oceanic and Atmospheric Organiza(M®AA) on the

ecological effects of wave energy development i Blacific Northwest [1], the potential chemicalsdised toxics from wave
power devices were considered stressor factorshennatural physical and biological receptors (catidg to the results
presented in Table 2. High impacts of such “press(including some uncertainty regarding this cifésation due to information
scarceness) have been identified for pelagic faslage fish and invertebrates and seabirds.

The rapid and heavy growth of marine fouling of waenergy devices is considered of particular consémnce it has to be
removed or avoided to prevent or reduce equipmenbsion and fatigue as well as to maintain efficie of most types of
devices. There are currently only three optionddal with marine fouling: use of antifouling coainin situ cleaning using high
pressure jet spray by divers or remotely operagddcles and removal of the device from the watefase for cleaning on site or
onshore and reapplication of antifouling coatingstifouling coatings can reduce the frequency ofintemance by the slow
release of a biocide at the surface. Most prodhate been developed for the shipping industry &ty on the movement of
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water to accomplish the self-polishing that expase®w layer of the coating. Historically antifowgi coatings used tri-butyl tin
or copper as the biocide, which are very harmfuhpounds for several marine animals. Nowadays tkee afistri-butyl tin
compounds on coatings have been proposed to phasgnd research have been carried out to deveksptéxic antifouling
coatings [7]. In the demonstrations buoys off Malgdy, the results of the test of different typesaotifouling coatings is
expected to determine their effectiveness, asqiamh agreement with the Olympic Coast NationaliMaSanctuary [14].

Table 2 Stressor-specific effects table for chemical affecegend: L = low impact, M= medium impact, H = higtpact, ? =
some uncertainty associated with the estimate [1].

Receptors
;_é
%) 2} ° g
" = [ c - 8
Activity (agent or stressor) g g | = co & = g
Y (@ s 3 £ . £ 2 8z g2 3 4, 8 ¢
= © o § o932 o w2 TE L € 8 §
g g = = £E o of o @9 = 5 2 o
g & 5 & 35 ¢ 5¢5 28 § § £ %
6 6 @& a &8 & gfE&8 de & & =& &
) Hydraulic fluids L L L? M? L L
Organics - -
Spills (fuel, oil) L L L? M?
Metals Sacrificial anodes (Z1) L L M M? M?
Sy Tributyltin (Sn™) L L M M? M? M? M M? L
oxics
Antifouling coatings (Cti) L L M M? M? M? M M? | L

6 NOISE DISTURBANCE

6.1 NOISE DISTURBANCE ON MARINE MAMMALS

Construction and operation of large mechanicalcstnes will inevitably produce sound that may distar even cause physical
damage to wildlife in the vicinity. Physical/phykigical effects may include hearing threshold sh#hd auditory damage. For
sensitive species such as marine mammals, effeaysaocur at short to moderate ranges. Behavigesglonses, including
fright, avoidance and changes in behaviour and ligadBon patterns have been observed in baleeneshaldontocetes and
pinnipeds; in some cases at range of tens or hdadrekilometres from loud industrial noises.

The biological significance of these effects hasbeen measured. However, where feeding, migratimhsocial behaviour are
affected, it is feasible that populations coulddutversely effected. There may also be long-terns@guences due to chronic
exposure, and sound could affect marine mammaieeictty by changing the accessibility of their pispecies.

There are important gaps in our knowledge. For genhe characteristics of the sound signaturth@fe new and developing
technologies are poorly known and how they propagstdifferent ranges and depths are poorly unosdsand there are
insufficient data to identify appropriate propagatimodels for particular conditions. This coulddeto orders of magnitude
differences in predictions of the number of aninafected by sound sources.

While such large degrees of uncertainty continuprexautionary approach to management and regulatiould be pursued.
This has direct financial and operational consegesrihat tend to make operations more expensiveortess efficient. Noise
effects can be split into a number of categoriésflgrdescribed below.

6.1.1 Physical damage

Ears, that have been adapted to be sensitive talsave also likely to be susceptible to being dgadaby it. Exposure to noise of
sufficiently high intensity causes a reduction gating sensitivity (an upward shift in the thresholThis can be a temporary
threshold shift (TTS), with recovery after minutegshours, or a permanent threshold shift (PTS) withrecovery. PTS may result
from chronic exposure, and sounds that can cau§ uBUally cause PTS if the subjects are exposéueto repeatedly and for
long enough. However, very intense sounds can careseersible cellular damage and instantaneous. AT $resent we have
little information on the levels of exposure to @hic noise pollution that are required to causeegiT TS or PTS. Work is needed
to estimate safe levels of exposure for differeatime mammal species.

6.1.2 Auditory masking

Background noise will reduce an animal’s abilitydetect certain other sounds. Masking in humansraadne mammals has
been reviewed [15]. Generally, noise will only kassignal if it is sufficiently close to it in fggiency, i.e. within that signal’s
‘masking band’. At low frequencies, masking bandslaroad and have a constant bandwidth. At higlegjuencies, bandwidths
are narrower and their width scales with frequefdgtine mammals might be expected to be most stibtepo masking of low

frequency sounds by low frequency turbine and e¢ansbn noise. The effects of masking can be redwadeen the noise and the
signal come from different directions and the reeeiis able to directionalise one or both. In efféle signal to noise ratio is
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reduced in the direction from which the signal ésning. Directional hearing has not been investi@aemarine mammals at the
low frequencies where most industrial energy igreeh

It is not possible, given the current state of kiealge, to properly assess the potential for biclady significant masking by
noise from construction and operation of marineegation systems.

6.1.3 Behavioural responses

Many studies have measured changes in behaviaasponse to exposure to industrial noise sourcggcilly seismic noise.

However, the behavioural responses are likely tdnigély variable and site, device and species §ipedio date we have no

reliable ways of predicting behavioural respongesange of factors may affect an animal’'s respotts@ particular sound

including previous experience, its auditory semiitj its biological and social status and its bebaral state. By their nature,

behavioural responses are likely to be unpredietadbbituation occurs when an animal’s responsa stimulus wanes with

repeated exposure to predictable stimuli. The dpp@socess is sensitisation, when experience sifj@al leads to an increased
response. Neither of these aspects is well urmeish marine mammals.

There have been no directed studies to investightther or not wet renewable construction or opanatan lead to long-term
disturbance and exclusion from habitat. Howeveerghare examples where repeated seismic survey®tdappear to have
caused animals to desert areas of preferred habitatgrey whales [16] bowheads [17]; and bottendolphins [18] [19]. It is
risky to extrapolate from these to other speciekdifferent sound sources.

6.1.4 Chronic Stress

The stress of having to remain within a habitatjectbto a harmful or aversive signal could have agimg physiological and
behavioural effects and leave animals vulnerabligease. Such effects need to be studied. In méansteess is often associated
with release of the hormones that may be associaitbdchanges in behaviour, e.g. increased aggmnesshanges in respiration
patterns or social behaviour and may lead to actemuin the effectiveness of the immune systenthSeffects have not been
shown in marine mammals and will be difficult tondenstrate, but the potential for noise-inducedsstit® have effects on so
many aspects of the health of individuals and pepuris makes it a matter of real concern.

Noise may indirectly impact cetacean and pinnipeplutations through its effects on prey abundanebakbiour and distribution.
See below for effects on fish.

Three approaches can be used to assess the effacise on marine mammals:
1) Direct observations of marine mammals exposeduod®in the field;
2) Extrapolation from work on marine mammals heldaptivity or from better-studied animals;
3) Physical-psycho-physiological modelling of hearmgchanisms and processing;

Approaches 2 & 3 involve extrapolation from othpesies and have some scope for predicting the mome of trauma and
threshold shift but are of limited vale in predigfidisturbance reactions, which are likely to vgrgatly, depending on species
and context.

Behavioural responses to sound can be difficusteidy. Observation from ships, aircraft and cdagtatage points have all been
recommended as methods for assessing the likelibbedposure and the responses of animals to tBach has its own set of
advantages and problems, but in many cases theveetdfectiveness of different methods is poontpwn.

For the more vocal species, acoustic monitoringmanide researchers with a variety of behavioateds. Acoustic monitoring is
usually combined with visual observations and the approaches should be seen as complimentary. ¥#wweot all marine

mammals are vocal, and the significance of chamgescal behaviour can be hard to interpret. Furtiverk is needed to

determine the effectiveness of the monitoring, eati to more species and investigate the meaniwigsggnificance of changes
in acoustic signal output.

Telemetry techniques, particularly satellite linkedcking systems can provide large quantities edfable data, including
information on underwater behaviour, physiologioegponses and on the physical and acoustic env@onnihese methods
allow animals to be tracked over extended periodd facilitate the collection of detailed behavidurphysiological and
environmental data. Such methods need to be dese@limr a wider range of species and applied indg@mrange of conditions.

6.2 NOISE DISTURBANCE ON FISH

Noise disturbance may occur in all phases of marar@ewable energy devices construction / instalfatioperation and
decommissioning. The construction phase is of @aleti concern if pile driving is required. Theeaffs of pile driving operations
on fish have received little attention [20] but oty work is being conducted by CEFAS and Cranfigidversity funded by
COWRIE. Sound levels above 180 dB re to 1 pPaansidered to risk damage to or death of marinmalsi and that source
levels during pile driving operations can be u2@2 dB re to 1 pPa, without bubble curtain mitigat[20]. Lethal noise levels
are very uncertain. Early work that demonstrated tie rise and decay time is very important aatl dhcombination of rapid rise
and decay (~1 ms) and a sound pressure of ~22®dB t pPa are required to be lethal (see [21dfecussion). Thus it is
unlikely that piling operations will cause mortadi directly.

There could, however, be physiological damage eittmporary or permanent that could seriously affetbsequent survival.
Sudden increases in pressure of more than 1*1{BdRavalent to 220 dB re to 1 pPa) can ruptureotiebulla membranes in the
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inner ears of herring [22], impairing their heariaugd thus increasing vulnerability to predatiommi&r results were reported for

the Atlantic menhaden [23] indicating the likeliltbof similar vulnerability of all clupeid fish. Thexperiences with herring [22]

only used fish up to 17 cm long and found thatl#rger fish were more vulnerable to otic bulla wpt Relatively large steps

(0.5 ATA) in pressure change were used in thesdietland, since the pressure pulse required teaamage is close to sound
pressures from pile driving it is clear that furtihesearch is required.

Even if physiological damage is unlikely to be czdidy marine renewable energy devices construchehaviour may be
disturbed. Many species of fish use sound botledonmunication and for detecting prey and predatdrstudy on the effects of
seismic air guns on fish behaviour [21] reportedt,ttalthough gadoid fish responded to air gun blagth C-start escape
responses, their subsequent behaviour and distibobt affected. Their work did not include clupdish (e.g. herring) that are
hearing specialists with a very low threshold aeds#ivity extending into the ultrasonic [24] whdsehaviour and distribution
are more likely to be affected. Herring, for exdengre known to emit sounds by using their swimthbado release streams of
bubbles through their anal dugtro! A origem da referéncia néo foi encontradal that may have a role in communication.
Temporary exclusion from a spawning ground or disince of behaviour during spawning would haveosericonsequences.
Sound communication is an essential component dbidafish spawning behaviour, which has been extefys studied,
commencing with [26]. It is not known if pile drivg or other noise pollution would disturb this bébar. The possible
deleterious effects of transient sounds from imtiéoa of fish with turbine blades are covered ict8m 8, below.

7 ELECTROMAGNETIC FIELDS

7.1 WHAT ARE ELECTROMAGNETIC FIELDS AND WHY ARE THEY IMPORTANT?

To understand why electromagnetic fields (EMF) nbayan important factor in assessing the environahémtpacts of wave
energy converters (WEC) we will first explain howey arise and define a standard nomenclature tmhgistent throughout this
report. The Electromagnetic field (EMF in upperecéetters) is a broader term that includes thetkteEield (E Field), measured
in pV/m, which is usually contained within the cakihsulation and the magnetic (B- Field) measurequTeslas which is
detectable on the outside of the cable. In ture, BHfield can create an Induced Electrical FieH Field) when conductive
animals move through it.

As the offshore renewable energies have been dawgland maturing it became clear that the mosttjmal way to transport the
energy produced is to wire it to land through umgger cables. However cables are also expectethktodkevices between
themselves and possibly a common hub, dependingepark design. Therefore a significant proportbrseabed in offshore
parks is expected to have the presence of cables. pbtential environmental impact derives from faet that the earth
geomagnetic field strength ranges from 20 to 7527 find there is abundant evidence that some mapieeies have the ability
to detect and some use EMF fields for orientatiod detection of other animals (predator-prey irdéoas). Therefore the
question is to what degree anthropogenic sourc&d fields can affect marine organisms.

7.2 RESEARCH TO DATE

One very important aspect which must be considesteeh observing the results to date is the compledd high costs implied

in carrying out in-situ monitoring of sub-sea cabl€onsequently the vast majority of the data aségl on this topic has been
obtained through laboratory studies although sotteangts have been made to create mesocosms afdaia m-situ data. As

methodologies improve and offshore monitoring eigrere amounts more field data is expected. Foptinposes of this review it
will be assumed that the cables used in the fWMEC devices will have similar characteristics togé used in wind farms at
present.

The offshore wind industry in the UK, which has hegowing consistently, has been funding importamtironmental work
through the Collaborative Offshore Wind Researdb [Fhe Environment (COWRIE) including a compreheastudy on EMF
fields comprising of two reports. The first [28]dsbroad literature review of existing informatiom the effects of EMF on marine
fauna while the second [29] published in March loistyear presents the results of a mesocosm stadyirasitu EMF
measurements at wind farms. Both these reportdreety available on-line for consultation and offervery complete set of
information.

The COWIE 1.5 report concluded that, with the infation available, an interaction between electrsitive species and the
EMF fields caused by offshore wind cables is likelyoccur. However it also stated that althoughaitygmnisms could possibly be
affected from the cellular to the behavioural leal this point, it is not possible to determineawvkind of responses may be
expected and in turn whether they may be positiv@egative. The COWRIE 2.0 report, with the resafshe mesocosm

experiment found evidence that some benthic, elasanch fish species can respond to the presenEdéfthat is of the type

and intensity associated with sub-sea cables. Hemthe responses registered were not predictaltieappear to be species
specific and perhaps individual specific.

There is a large amount of literature that docuséné ability of marine organisms to detect andaffected by EMF. These

species can be divided into two types. The mairugrevhich is known to be electroreceptive are ther@hichthyes (the

Elasmobranchii and their relatives the Holocephdlhey include sharks, rays and skates. These ep@cissess Ampullae of
Lorenzini (AoL), which are special electrorecepttirat enable the detection and location of verghslsources of E-fields, and
are used especially in foraging [30].
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The other species that are electrosensitive, dgposses specialized electroreceptors but can deideted voltage gradients
which can result from water movement and geomagrsatiissions. A list of species which have been donbe able to detect
EMF fields can be found in the COWRIE 1.5 Report.

Therefore at this point it is known that the sub-sable emissions can be detected by the sensgan®rnof several marine
organisms although very little can be predictedutlmhat kind of interaction this may trigger. Itviery hard, with current data, to
estimate if there can be a species or an ecologigsct from EMF.

7.3 EXISTING KNOWLEDGE GAPS

There are several unanswered questions regardirfg iEldacts which need to be addressed in order tbleto understand the
impacts that can arise. For example migration usiagnetic field may be disturbed by EMFs but, sioteer cues are also used,
EMFs from cables may only disturb migration routes a small scale relative to the large migratiostatices over which

magnetic field cues are used. It will be diffictdt carry out laboratory experiments on an apprépricale to establish a
significant effect. Field tagging (acoustic tags &xample) may be the way forward. The table bessunmarizes the main

knowledge gaps that have been identified.

Table 3Predicted wave height and current velocity redungtio

Knowledge gaps Source
EMF impacts on other species [1]

While there is some literature on the sensitivitfEasmobranchs and some other species to EMF
there is a general lack of information of many aaigroups. Particular concern has been given to
salmon, pinnipeds, cetaceans, seabirds, sturgqoidl, $aitfish, flatfish, rockfish, lingcod and
plankton. Obtaining this background informationlwi crucial to identify the most susceptible
species and therefore assess the suitability obgoged site accordingly. It is also essential to
devise monitoring plans that may have to be spegesific. It is recognized that laboratory
experiments are limited in assessing EMF effectspmties migration. Field tagging of individuals
(i.e. acousitc tags) can play an important roleriproving our understanding on migrations in
future in-situ monitoring.

EMF impacts at different life stages [28]

The information available regarding species resgeiis mostly based on experiments conducted
with adult specimens. It is of particular importarto address the impacts that EMF may have on
early life stages as individuals tend to be moleenable and many species move in-shore to breed.

Mitigation measures [28] [1]

Although cable burial has been often presented pssaible mitigation measure, and is likely to
help avoid the strongest B and iE fields owingtte physical barrier of the substratum, there is
evidence to suggest that it is ineffective in ‘damipg’ the overall B field. Conversion of electtici

to 60 Hertz synchronous AC and cable armoring @ expected to mitigate EMF. Faraday caging
of the generation devices and sub-sea pods camalsonsidered.

Cable properties and WEC park design [28]

The likely electric and magnetic field strengthsasated with recent cable designs and the
arrangement/design of WEC arrays and parks areawkiand can have a large influence on the
overall EMF produced.

8 INTERFERENCE WITH MARINE ANIMAL MOVEMENTS

8.1 COLLISION AND STRIKE

8.1.1 Defining the process of interaction and collision

For the purposes of this report, we consider astofl to be an interaction between a marine veateband a marine renewable
energy device that may result in physical injurycdllision may, therefore, involve actual contaetvieen the organism and
device or the effects of the pressure field arotneddevice. We will not consider the physical impaaf sound, which are dealt
with in section 4, above. The marine vertebrates e will consider are marine mammals (pinnipedd eetaceans), seabirds
and fish.

A better understanding of the problem and the datgres that require further research can be glliiyeconsidering and defining

the processes that may lead to collisions. If &stoh is to occur then there must be an encourgéreen an animal and part of a
device. We define an encounter as an event whetrdfectories of an animal and part of a devioed dimensional space, are
expected to occupy the same point in space and Tihis, for example, does not equate to passagedhrthe disc swept by the

blades of a tidal stream turbine but to a collisionrse between an animal and a blade.
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Animals will perceive the presence of a device assalt of visual and/or auditory cues. They magpond to these cues, either
directly or as a result of a learnt response. Resgm by animals to sensory cues may be on varietyates but responses can be
placed into either of two categories depending uperperceived threat; avoidance or evasion. hegsd, avoidance occurs on a
larger scale relative to the size of the respondimighal. Avoidance will be on such a scale thatahienal will be kept away from
all parts of a device. By excluding themselves fitbmregion of the device collisions do not oc@&ifectively reducing encounter
rate to zero. If avoidance does not occur animalg evade collision at close range. Evasion is defis the direct response to an
attack or perceived attack. Fish, higher vertelsraied also many invertebrates perform escape respdn such sensory cues,
often mediated neurologically as reflex respongegrder to evade capture by predators or, we agsawoid collision with
submerged objects. In the context of marine renénarergy devices such responses would occur daraigse encounter with a
moving part such as a turbine blade and lead tmua df maximum speed swimming away from the stirauirection.

Taking offshore wind power as an example of thee@f of ocean energy on marine birds, disturbamzk allision are
considered the most concerned issues since biad$ t@ disturbance effects by avoiding the sitéboagh their less ability to
avoid a site provides a higher collision risk. Tiemanent loss of habitat due to displacement ¢avaie), barrier effects (e.qg.
fragmentation effects on units of the ecologicdited network such as breeding or feeding areag)imereased consumption of
energy reserves during migration due to avoidaeaetions, are other referred issues.

8.1.2 Estimating encounter rate

Encounter models have been used in ecology for rgaass to predict rates of predation in predaterpnteractions and there is
a large literature including 3 dimensional modeds the aquatic environment such as that derived34y. This model was
modified and extended by [32] and applied to priedabetween medusae and fish that depend uporsicalli In a strategic
environmental assessment for the Scottish Goverfyritéa model was used to predict encounter rate/den marine vertebrates
and tidal stream turbine blades [33]. By combirtimg encounter model with prediction of routinerswiing speed based on size
it was predicted that encounter rate increases aiimal size due to increased swimming activitywdeer, by also including
densities predicted from a size-density spectr@8] [t was shown that, as a proportion of a spepigsulation, encounter rate
would increase with size of species (Figure 2).
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Figure 2 The theoretical effect of animal body length onamter ratez dependant on expected size spectra and on retigkre
to populations of animals independent of densityn(f[33]).

The predictions (at the population scale) made33y fssumed random distribution of animals bueglity animal distribution is
far from random, varying both spatially and temfigra=or specific marine energy developments latiatributions of species at
risk will be required. Actual encounter rate widipend on spatial and temporal variation in behawigthin the locality.
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8.1.2.1 Spatial and temporal variation in animal distributi on and behaviour

Although certain species may be present in an tea interaction with marine energy generatingides will depend on their

vertical and spatial distribution and how that garon different temporal scales (diurnally, tidatyd seasonally for example). To
a large extent this is or should be a generic issuenot require detailed monitoring at proposésksiThe vertical distribution of

fish species has been extensively studied, inctudilirnal vertical migration behaviour. Vertical weganent of mammals and
birds are less well known and need further reseiaronder to be able to estimate potential encoutes.

All marine animals have tidally synchronised bebavidriven by an internal tidal clock. This beharidas been extensively
studied in the intertidal environment and, relevantdal stream energy generation, for tidal stremigration [34]. Zooplankton
and fish become concentrated at tidal fronts [3] eetaceans and birds are known to be attractatetts around tidal streams.
How use of tidal streams varies with state of ttie &s received little attention. One study of seltidal stream use [36] showed
considerable variation between guilds (defineddsdfng behaviour) and species in behaviour witte sibthe tide; some species
feeding mainly at slack water others at peak flohe water depths and spatial variation of flow eéloused were also found to
vary by species.

The use of tidal streams by all marine vertebratgsires further research in order to fully undamstand predict collision risk.
Some work on pinniped behaviour that will help tarify this is being done by SMRU as part of themtaring of the MCT
Strangford Loch demonstration project. Further igsicdbf seabird, fish and cetacean behaviour in gdaironments are also
required. Such studies would be of value in thein right as contributions to a neglected areacofagy.

There is anecdotal evidence that it is likely thett may avoid the more intense tidal streams akgkow either by moving into
sheltered areas (bays), areas of lower velocitwimgoclose to the sea bed or exploiting back eddiéss is likely to affect the
distribution and behaviour of fish predators (ppeds, cetaceans and birds) in tidal streams. We toeknow how this type of
behaviour varies between demersal and pelagicespe€iurther work is necessary to ascertain whetgr responses are directly
to velocity, to shear or to turbulence. Behavitherefore, may not be simply predicted from tideéam velocity.

8.1.3 Avoidance and Evasion

Both avoidance and evasion depend on detectiomaigbpropriate response. The sensory capabilitiesoine animals and their
behavioural responses to sensory cues have beiemwesl/[33].

8.1.3.1 Avoidance

On the scale that avoidance responses will octig,not likely that visual detection will play miueole. The sounds emitted by
devices may, however, be detected at an adequstendé for avoidance to be possible. The rangehathwdevices may be

detected will depend on intensity of noise that/temit, the background noise level and the auditayabilities of the species of
interest. A model for estimating the range, in teraf distance and time before encounter, at whiahnima mammals could

perceive tidal stream turbines has been developgd Detection range could be up to 1 km or less1thO metres depending on
background noise and the noise level from the @evoise pollution from devices is considered iotise 4, above but it is

essential that a device emits an appropriate lefveloise above the background for the locationv&ys of background noise
level and device specific sound outputs in typtickl streams will help to guide device design.

Although devices may be perceived by animals thelavioural responses are not known. Animals masepelled by device

noise but conversely they may be attracted. Fielthd playback experiments are necessary in ordanswer this question. If,
however, animals are not repelled by the soundsrifey still learn to associate characteristic ssunith devices and thus avoid
subsequent encounters.

8.1.3.2 Evasion

The responses of fish to predator attack are weldlva [38] and provide a good basis for predictingsive responses to marine
energy devices. An evasion model based visual resgsoto looming objects has been developed by SA#S contribution to
Equimar. This will be a useful tool to estimate gnebability of evasion for fish but can only beplied with caution to mammals
and birds whose behavioural responses underwadess well known. A preliminary result from the agebindicate that for fish
the probability of evasion increases with fish siae maximum swimming speed increases but is alfoally dependent on
blade thickness. Thin blades present a smaller ilogitarget that will only exceed the animal’s loogithreshold at too close a
range allowing insufficient time for evasion. Thalative velocity of the blade to the water is atsitical. Below 6 m § the
probability of evasion is near to 1 but declingsidly above that velocity. Blade tip velocity m@f{relative to stream velocity) is
usually about 3.5. Risk of collision will increasspidly at tidal stream velocities above 2 th gt is essential, therefore, that we
obtain a better understanding of animal’s usedafl tstream environments above this velocity.

Visual responses depend on contrast between ttmairigoobject and the background. In order to maxénitee probability of
evasion it is essential that devices are have aesféhat are appropriately painted to maximiser thisibility underwater with
particular reference to the spectral compositionligifit at the depth of deployment, animal spectahsitivities and their
responses.

Visual cues are only available during the day inditions of low turbidity but low frequency transiesound stimuli can also
evoke evasive responses by animals (e.g. [39])eaadble evasion when visual cues are not availdlile.transient sounds that
evoke such responses result from the pressure pslige bow wave of a predator approaches. Furitendisciplinary work is
required to derive a model to predict evasion gpomse to the pressure field around moving partieeices.



Workpackage 6 EquiMar D6.3.1

Intuitively, one expects that very small partictesorganisms possessing less inertia will follow gtream-line flow around both
fixed and moving parts of a device. They will hawsufficient inertia to penetrate the boundary taged collide. The question
that remains is at what size and hydrodynamic sgsife and velocity of the blade for example) vaillimals have sufficient
inertia to result in collision?

8.1.4 Near Misses, Pressure effects (cavitation) and shear stress

Although transient low frequency sounds (or pulsépressure) may evoke evasive responses, theyhalg® the potential to
cause damage to animals. A rapid increase inymredsllowed by a rapid decrease in pressure asbine blade passes close by
will occur. There are three possible effects omeats.

The rapid decrease in pressure may draw gasses eatution forming bubbles within tissues and bdllyds; this is cavitation
but occurring within an animal. Since device designwill seek to minimise cavitation, which will cse surface damage to
turbine blades, this is not likely to be a seripusblem but this opinion should be confirmed objegty by further research. Fish
swim bladders would not be damaged by a rapid asgrén pressure, causing volume reduction, butdcstill be damaged by
rapid expansion during pressure reduction. Expansfahe swim bladder will be damped by elastigitythe wall and there will
be variation in risk between species and body skzether experimental work is necessary to restlisequestion.

The second possible effect is on hearing. For nsqegies of fish, hearing depends on particle digplent rather than pressure
and they are unlikely to be harmed. Clupeid fisériiing, sardines, etc.) have gas filled structuties,otic bullae, within their
labyrinth that transduces pressure to displacenTdrgse delicate structures can be damaged by capidges in pressure [23],
rendering these “hearing-specialists” much lessitiga to sound. Their subsequent behaviour andopeance in evading
predator attack will be impaired, leading to desezhsurvival.

Animals may also be damaged by shear stress atog®ving parts. The effects of shear stress withyidro-electric Kaplan
turbines have been studied using a combinationiadssay and computational fluid dynamics [40]. $t&eess may lead to
mortality as a result of bruising and tearing sfties or to scale loss. Susceptibility to sheesstdamage varies considerably
between fish species. Those species vulnerablgate kss (such as herring) may be the most vubterahese studies need to be
extended to consider the effects shear stress @talal stream turbine blades. CFD models shoulthbdirst step in this process
since sheer stress is likely to be somewhat lohen in the more extreme environment of a Kaplahitar where exit velocities
can be over 20 m’s

8.1.5 Monitoring

Encounter models combined with avoidance estimatesextensively used for assessing the risk of @ftdsion with onshore
wind farms. For simplicity evasion is subsumed witthe avoidance estimate which is estimated froenrtumbers of dead birds
collected and the numbers seen flying in the affethe turbines. Avoidance estimates continue tadfmed with values for
individual species, season and weather conditibms.simple approach used with birds and onshore gimot an option for tidal
stream and wave energy devices.

Monitoring animal interactions with marine energngrating devices will be very difficult. We arelikely to find the injured or
killed animals, or to reliably attribute their imjes without, for example, intensively monitoringdaconducting autopsies on
marine mammal strandings near deployments. Dinadase observation from the shore, boats or depiadorms is limited by
available light and weather conditions and reveathing about behaviour under the water. Underweaideo observation is
limited in range by water clarity but may be of sowalue for observing interaction close to deviaed, if encounters occur
outside slack water, evasive responses. Sonamsystacluding DIDSON, are being used but it candbéicult to distinguish
inanimate objects from fish or marine mammals. Teggeals can provide a lot of information on dg/ibehaviour but only
gives a location when the animal surfaces unlessi8ement logging tags are used. Ultrasonic taggidytracking of fish may
also be considered in order to assess habitahus#al stream environments and responses to teepce of turbines. By using
all these monitoring methods and pooling data lit & possible to obtain a more complete picturédzl stream habitat use and
ultimately be able to obtain better estimates ofoemnter, avoidance and evasion. This will not beanf benefit to the
development of this industry unless the data aelyravailable in the public domain.

8.2 |INTERFERENCE WITH MARINE ANIMAL MIGRATIONS

Many marine organisms migrate on both long andtsfime scales and over distances of 10s to 1000slahetres. The term
migrations is here be used to describe both loaalement between foraging sites and haulout/resisandiich may occur on an
hourly, daily or weekly temporal scale and largeals migrations between remote breeding and feedingnds which are
usually on larger temporal and spatial scales.

Construction of large industrial scale generatigstesms could potentially disrupt the movement pagef marine wildlife. In

terms of the potential effects of offshore generasystems on such movements, the questions artiedly the same as those
posed by the effects of sound. Any avoidance be&athat requires or causes an animal to changeigsation route may have a
long term effect on that individual's fitness. Wadance requires increased swimming or flying atises there will be direct
energetic costs, if avoidance requires swimminfiyimg in less favourable conditions, e.g. gregiegdation risks, lower foraging
opportunities, there may again be direct fitnesg<tor individuals. Considering offshore wind povwessible loss or impairment
of migrating orientation and disturbance at impoirtaigrating stopover-sites are additional effécticated to affect bird fauna.
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At present we have little information with whichdqoantify the likelihood of any developments cagsthanges in marine animal
movement patterns. In addition we currently hattkelinformation with which to quantify the effeats individuals and even less
with which to extrapolate to population scale capsces.

In order to provide informed estimates of the pt&dmeffects of developments on particular speeieneed to know:
*  What are their movement patterns relative to deprakmt sites?
* How will they react to the presence of devices?
* What are the energetic consequences in terms i&dsed costs and/or reduced food intake?
*  What are the survival consequences and/or effectserding performance of any changes in movenete¢ms?

These issues will require extensive studies usimg $ame techniques described above for measuriagbéhavioural
consequences of exposure to sound. Ecological himoglehay be useful in order to estimate the effemftsdisturbance to
migration at the individual and population level.

Figure 3 Killer whales, Tysfjord, Norway.

9 SOCIO-ECONOMIC ISSUES

9.1 PuUBLIC OPINION, ACCEPTANCE AND PARTICIPATION

Opinion studies conducted in Europe and UnitedeStatdicate that the public is generally support¥eleveloping alternative
energy sources specifically onshore and offshomedveinergy ([43], [44], [45] and [46]). A review gublic acceptance of
offshore wind energy in Denmark and United Kingdordicates some fairly strong trends in public opmiwhich can be
resumed in the following topics [7]:

1) The public is in favour of offshore wind energyais the region where they reside;

2) Visual impacts appear to be the primary issue blipewoncern;

3) Offshore wind park development appears to gainipagproval as the community is exposed to oparatiprojects
4) Early local input to the planning process is caitito gain public acceptance.

Although there is uncertainty on the public supgortwave power, it is reasonable to assume tmailasi conclusions would be
obtained for wave and tidal energy installatiomsgéneral, public opinion depends on the awareabsst environmental and
socio-economic impacts. People tend to accept reblevenergy due to environmental issues (reductiguollution by producing
clean energy) but questions arise about envirorehé@mpacts mainly those related with marine mamrlalsdscape / seascape
changes and noise. The installation of ocean erdggiges, particularly onshore, may create a “Mani backyard effect” which
means that while people generally accepts the @bnoé ocean energy, they prefer devices to opefatefrom their
neighbourhoods.
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From a socio-economic point of view wave energynfaimay induce negative attitudes and create ctsfivith other activities

such as fishing (subsistence and commercial), adioreal use (boating, surfing, diving etc), navigaf sand and gravel extraction
etc. On the other hand ocean energy farms can éntlamourable approval from the public as it repnesean employment
opportunity.

A comparison of the public acceptability within esvable energy has been carried out in 1995 totémimologies including tidal
energy [49]. At that time, this study concludedtthiavas difficult to assess the impact of publizncerns on tidal decisions
because this is still a developing industry andethe little experience on environmental and soicigdacts and, consequently, a
lack of public awareness on the subject [49]. Exgmeres from wind energy shows the importance ofigiog information and
public dialogues avoiding technical descriptionattbannot be understand and further accepted bjoda¢ public. The main
recommendation is dialogue instead of defenceithglies an early public consultation and involvemignthe project planning
[48]. A more recent article on the public involvemén decision-making for marine resource use edpahe discussion on the
public participation characteristics in EIA of dffsre projects [50]. This work recognize the neednfmre research on public
participation, since it is limited, and raise sedeguestions about the unique characteristics ofipinvolvement in offshore
projects, regarding the willingness or capacityhef public to take part in an EIA, which need tcaldlelressed:

- Is the distance of the projects from shore rel&etie level of public interest?
- Are priorities placed on marine environmental impatifferent from those on land?
- Are stakeholders familiar enough with the marineimmment for them to contribute to the EIA procgss

A framework for further analysis based on a reviefvempirical and theoretical research is providedhis study and the
relevance of such framework and possible applinatiis explored. Finally public interest in marinevieonmental issues is
significant and has increased, although the avilitlabf independent information is limited as isawn in a survey made in a the
UK'’s National Maritime Museum [51].

9.2 SPACE-USE CONFLICTS

The potential space-use conflicts common to alesypf offshore alternative energy facilities indudommercial fisheries,
subsistence fishing, marine recreational activigsh as boating, fishing, scuba diving and surfsagnd and gravel extraction, oil
and gas infrastructure, navigation, aquaculturexiprity of designated conservation areas and dlternative energy facilities.
Wave energy installations are thought to have sgeslditional conflicts not specifically relatedtivspace conflicts: reduction of
wave energy that could affect recreational surfadpgher potential for an exclusive area aroumditistallation and a potential
interference with kelp harvesting [7].

Although some potential conflicts e.g. with navigat oil and gas infrastructure, aquaculture, proki of designated
conservation areas and sand and gravel extracttonbe avoided during the site selection phaser alignificant conflicts with
commercial or subsistence fishing and recreatiasal cannot always be avoided since these actidtesr in most marine
coastal areas. Some various restrictions may besatpto limit public access. For instances, althasmme wind parks have no
restrictions on access, others have already impas@e rules for its construction and operation phas

Restrictions to the public access around wave grieggallations may be established not only becafisbe possible interference
with the device performance but mainly for safetiygmses because the devices can move accordingvesvand wind and have
moving parts and mooring systems that could pogarha to fishing, navigation and / or the publibe®extension of such safety /
exclusion zones is supposed to change accordinlget@roject characteristics. For example, duringrapons at the six-buoy
demonstration project in Hawaii the recreationa (fishing, boating and diving) will not be rested [48] but, around the Makah
Bay demonstration project a fishing and navigatioclusion zone is planned which will affect thebali crab and long-line

commercial and recreational fishing [14]. In thew&adub project in United Kingdom there will be nackision zone along the

cable route to shore because the plan is to etisaréshermen are aware of the cable locationthedisk of snagging, as well as
using proper installation methods to reduce them@l for cable to span above irregularities i@ eafloor [4]. Since no studies
have been conducted on stakeholder’s opinion eethdes, their impacts on stakeholder’s reactieruacertain.

Newly created habitat due to e.g. wave installatiomooring systems could attract both commercidlefies and recreational
fishers and thereby potential conflicts can arAe.argument is often made on the benefits of ne-takd no-trawl zones to
fishery resources in the vicinity of the instaltetti This argument was used to offset the moderdative impacts to fisheries at
the Wave Hub project [4]. However, a lot of uncety exists regarding the efficiency of such bensiince it is not yet well
studied (see above topic 4 on artificial reef effc

The evaluation of catch data, vessel humbers gmesfyand temporal fishing patterns in the projeeaand its comparison with
fishing loss due to the space occupation by oceangy installations can help in the quantificatmfnthe potential impacts on
fisheries. This approach is more difficult for reational fishing because reporting requirementyvakentary [7].

The identification of sites with no use conflicts difficult. Research on the impacts assessmemwasfe and tidal project
occupation on other uses is needed in order to tfredmethodological approaches and if it is theecalscuss reasonable
compensation measures.

10 CONCLUSIONS

The environmental and socio-economic effects ofratpey ocean energy devices are strongly depermfatihe technology and
location of the project. However, since wave addltenergy technologies are still in developmeér, uncertainties regarding the
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most part of the potential impacts are still asstiomg or predictions which need to be evaluatedugh monitoring. A lack in
methodological approaches for environmental andoseconomic impacts evaluation of marine projedsaiso recognized
because these projects have unique characterigiffesent from the most well known types of lanebjects. A new approach for
environmental analysis is needed for on and offstearergy projects particularly, wave and tidal ggesrojects and this can
include a revision of methods and tools used forirenmental impact analysis of land projects. A suwany of the main
uncertainties regarding environmental and socigkicts is presented in Table 4.

Table 4 Summary of the uncertainties identified regardingimnmental and social impacts of wave and ticergy projects.

Issues Uncertainties

Water circulation patterns  -Alteration on water circulation and sediment tramspatterns: localized effects of a
few number of devices versus cumulative effectsrodys of devices

Effects of sediment transport changes on shoreline
Effects on wave characteristics

Extent and direction of indirect effects on aqudtara and fauna (richness and
density)

Benthic habitats - Extent of the effects of suspended sediments adithsatation of sessile organisms
during the installation process

Indirect impacts of sediment transport, erosion amgosition changes can be
stronger than direct effects (e.g. anchors ancedaltallation)

Biological recovery of disturbed areas after ifatadn process
Extent of the laying cable effects on benthic retbit

Effect of solid structure(and its designplaced on the seak as promoters c
biodiversity and abundance of marine organisms

The local biomass enhancement is a result of nggeegation from the surroundings
or a true increase in biomass? — Effects on fiskeri

Water quality - Effects of the chemicals toxicity used in the deviequipment or spills during
operation on biological communities

Effects of antifouling coatings of the equipment
Effects of antifouling removal operations

Characteristics of the devices sound signaturepaiogdagation (ranges and dept
versus number of species affected by sound sources

Levels of exposure to chronic noise pollution tlee required to cause either
temporary TTS and PTS

Effects of masking noise

Biological significance of behavioural responsesdand sources

Indirect impacts of noise on prey accessibility

Effects of noise pollution (e.g. pile driving) oarse fish species spawning behaviour

Impacts on other species than elasmobranchs particusalmon, pinnipeds,
cetaceans, seabirds, sturgeon, squid, baitfidfisfiarockfish, lingcod and plankton

Impacts at different life cycle stages
Effects of some mitigation measures such as cabialb
Effects of recent cable design and arrangememisigd of WEC arrays

Patterns of tidal stream turbines perceive and mhyeg of avoidance / evasion and
collision of marine animals with the devices

Animal movement patterns relative to deploymemssit
Reaction to the presence of devices

Energetic consequences in terms of increased andfsr reduced food intake (if the
animal avoid the site)

Survival consequences and/or effects on breedimfprpeance of any changes in
movement patterns

Willingness and capacity of the stakeholders tdrimute to the EIA proce
Benefits of ocean energy parks, as fishery proteateas, to fishery resources in the

Artificial reef effects

Noise disturbare

Electromagnetic fields

Animal movements

Socic-economic isue:
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vicinity of the installations

- Methodological approaches to evaluate social ingacbrder to discuss and approve
reasonable compensation measures
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