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Environmental effects framework
(from Boehlert & Gill 2010)
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Fish (eels & salmonids)
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ElectroMagnetic Fields

* Focus - migration behaviour
- behaviour In relation
to the cable(s)



http://www.ices.dk/marineworld/images/spurdog_graph.gif

Shark response to E -field
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EMF emissions from AC windfarm cables

20m

m

Cable x-section (internal) Cable x-section (external)
Magnetic field Induced electric field

» Approximates to E field of 0.9uV/cm (50 Hz) at surface of seabed
(ie. within range of detection by EM-sensitive species)



Measured E and B field of operational
wind farm cable

Electric field variation moving away from feeder 1
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Pile Driving Operations

* Very high sound pressures
generated (260 dB re. 1 uPa @ 1m)

from Offshore Windfarm & Environment
Conference 2004, Denmark



Zones of noise influence

- : Herring and
Audibility/Detection > cod: ~ 80 km

: Dab and
Masking salmon: many
kilometres
Response
Hearing loss, >Close to
discomfort, injury, source (up ~
200 m)

y

(Thomsen et al. 2006))
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Specificresearch question to answer (e.g.) <" University

* Q. Do electromagnetic sensitive fish respond to EMF emitted by offsinace
farm cables?
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Q. Does pile driving affect theehaviourof marine fish

Mesocosm(large fish pen) based study
Focus on semiealismbut study control
Remote coastal site away from background EMF & noise

Relevant species with different attributes
Behaviouralktudy with remote methods
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COWRIBesocosnstudies
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Note: not to scale
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8 rays, 8 sharks, 2-3 weeks (X
4), 1-2 hour tests (day & night)




Fine scale movement of ray during 3 hour event

| Fine scale tracks - ArcMap - ArcView
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« Benthic catshark non-random distribution more likely in cable zone when
energised.



Pile driving study

@ Loudspeaker position
@ Hydrophone
[0 Working platform
/\ VRAP buoy
O A O Current meter
O Particle motion sensor

A A

High quality recordings from real pile driving collectedthp (20062008)
PlaybacKeft or right side(gradien) 20km received sound level

Trial 10 min playback and 10 min paad post playback

Trialwith taggedfishin eachmesocosm62 trials, 50 Individuals

Recordings of position, speed and direction of movemeriitsbfevery 480 secs



Movement response
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* ~50% of cod and 30% of sole showed movement response



Swimming speed increase in sole

Wil
Sole mean speed lcoxontest
near mesocosm p = 0.03
2-5 exposure (n=14,8) far mesocosm not significant
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(RL =144 — 156 dB re 1puPa Peak 6.5 x103 to 8.6 X104 m/s? peak)
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Moving forward

- Investigating potential ecologically relevant interactions
between marine organisms and offshore wind energy
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