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RSPB Judicial Review in 2014 for Firth of Forth Wind farms -won/ Scot Gov appealed -won
3 Year Delay
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¥ or ABERDEEN The 3 D’s of Environmental Impacts

Disturbance Displacement Death

7 Large scale (permanent) ¥ / .
changes in CO”ISIOI‘],

movement/dispersal: Entanglement,
daily foraging routes, Seabed habitat

annual migrations, ability destroyed
of larvae to disperse
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Example of gap in

flight activity in area

! surrounding turbine,
reflecting meso-

response

Thou shalt not! Laws= Habitat & Bird Directives (Natura 2000) + MSFD
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Why is it important for engineers
to consider ecological effects:

* Single turbine,
 Array design and location
e Cumulative effects of multiple arrays

e \What about the FISH?

e State of the art approaches predictably
connecting animal behaviour to physics

* What about climate change?
e What about a new Framework for EIA
/ post consent process?
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" OF ABERDEEN What can be done?

Ecologist working with Engineer in the designing
_stages of all elements of de

Installation | Operation ' Maintenance



< b
S<EY UNIVERSITY
=¥ oF ABERDEEN

What can be done?

Material
Design
/power

Noise

Blade/moving part design &
hardness & speed

Shapes of components (attach-
ability /growth)

Moorings: effects on benthos

Noise (effects on prey and predator)
Lines/ fences (barriers or cluster):

Changes in prey availability
Changes in flow — dispersal of
larvae

Changes in sedimentation

Installation

Noise: Hearing damage
Boats (dynamic positioning)
Disturbance for days, months



<P UNIVERSITY What can be done?

Operation Maintenance

Noise Noise / Disturbance Lots of unknowns?
Collison risk Noise?
Permanent displacement Changes in local habitat

Change in flows (water & air)
leading to changes in ecosystem
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university - | ots of prioritising lists of what needs doing — but only some

research going — as very low levels of funding
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Home Offshore Wind Accelerator Floating Offshore Wind ORJIP Dffshore Wind

ORJIP Offshore Wind

Reducing the consenting risk for offshore wind
farm developments to better inform consenting
authorities on the true environmental risk of
offshore wind

Offshore Wind
Bird Cellision Aveldance - il
Suriy About the Programme orj1p
Efficacy of Acoustic G hoe
Detarrent Devices o 3 oA farm o euralnmne "

'iﬁ_ -__—:' = —
Offshore Renewables Joint |
(ORJIP) Ocean Energy

with tf

Offshare Wind Consullancy

THESTATEOF &
KNOWLEDGE FOR

ENVIRONMENTAL
EFFECTS

DRIVING CONSENTING/PERMITTING FOR THE
MARINE RENEWABLE ENERGY INDUSTRY

Scottish Government
Riaghaltas na h-Alba
gov.scot

marinescotland ‘vi
g N

FIRST SCOTTISH MARINE ENERGY RESEARCH (SCOTMER) PROGRAMME SYMPOSIUM:

PoTENTIAL INTERACTIONS OF MARINE RENEWABLES AND SEABIRDS — STRATEGIC RESEARCH
FOR SCOTLAND

https://www2.gov.scot/Topics/marine/marineenergy/mre/research/maps
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ot ABERDEEN Biofouling: Subsea's dirty little secret

The need to deal with biofouling head on:
know your enemy......
GROW your enemy?

International Journal of Marine Energy 19 (2017) 292-303

Contents lists available at ScienceDirect

Accelerated corrosion Environmental loading E _ _
! International Journal of Marine Energy
B _ L ELSEVIER journal homepage: www.elsevier.com/locate/ijome —
i
Setting an agenda for biofouling research for the marine @Cmmm

renewable energy industry

J. Loxton **, A K. Macleod °, C.R. Nall ®, T. McCollin &, I. Machado®, T. Simas®, T. Vance &, C. Kenny |,
A. Want®, R.G. Miller®

Photos from Adrian Macleod, SAMS
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PP UNIVERSITY Multi —use of site: Aquaculture

Bela H. Buck - Richard Langar | Editors

Aquaculture
Perspective of
Multi-Use Sites in
the Open Ocean

The Untapped Potential for
Marine Resources in the Anthropocene

Cpen space for
the installation
of a fish cage

@ Springer Open
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THE EUROPEAN MARINE ENERGY CENTRE LTD
ORKNEY

Dr Andrew Want
(SuperGen Ill PhD)

Dr Joanne Porter

WE@ mooring 2 Billia Croo (EMEC) BioF REEfranmie =EVIEC

Working with technology developers and test centre engineers towards best practice and
standardised operating procedures for monitoring and sensor systems used to detect fouling
organisms at different depths and energy levels

Integrated system development to allow testing of different materials with anti-fouling and
corrosion coatings

Providing guidance to the offshore renewable energy sector to lower electricity generating
costs through anti-fouling/corrosion mitigation strategies



Yoaseroeen  INStallation — most animals return, so impacts but are they ‘effects’

S of Apphed Ecolayy DR

Installation

ORIGINAL RESEARCH

farm

Avoidance of wind farms by harbour seals is limited
to pile driving activities

WILEY Exalogy and Evolution i

Responses of two marine top predators to an offshore wind

Gillian C. Vallejo! | Kate Grellier' | Emily ). Nelson® | Ross M. McGregor® |
Sarah J. Canning® | Fiona M. Caryl® | Nancy McLean®
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Pile-Driving Noise Impairs Antipredator
Behavior of the European Sea Bass

Debbie J.F. Russell'**, Gordon D. Hastle', David Thompson', Vincent M. Janik’, Dicentrarchus labrax
Philip S. Hammond', Lindesay A S. Scott-Hayward®, Jason Matthiopoulos®,
Esther L. Jones'~ and Bernie J. McConnell'

Kirsty A. Everley. Andrew N. Radford, and Stephen D. Simpson

Impacts on fish from piling at
offshore wind sites

A study to improve understanding and
acceptance of the risk of offshore wind
construction on fish spawning grounds

S ™

working to accelerate
N coffshore consenting B
N

Efficacy of Acoustic Deterrent
Devices

A two phase project to investigate mitigation
methods that could deter marine mammals
from an offshore wind construction site and in
turn, safeguard them from piling noise
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=5 Marine Mammals: change foraging patterns

Russell et al 2014 Current Biology 24: R638—R639

6.58 ¢ R 662"
y o e =

Lagn
G402 =

Correspondences

Marine mammals
trace anthropogenic
structures at sea

Deborah J.F. Russalll-2*,

Sophie M..J.M. Brasseur,

Dave Thompson',

Gordon D. Hastie', Vincent M. Janik?,
Geert Aarts™*, Brett T. McClintock®,
Jason Matthiopoulos®,

Simon E.W. Moss?,

and Bernie McConnall’

ann"

Fiqure 1. The tracks of a harbour seal around Alpha Ventus windfam.



By universiry Seabirds: Empirical Avoidance Rate (EAR) high

Bird Collision Avoidance Study

Pioneering study finds seabirds avoid offshore wind turbines much more than previously predicted

Figure 4.1. Examples of radar (left) and rangefinder (right} tracks collected from turbine G011
identified as Northern Gannets.

40

Table 5.11. Estimated overall EAR and standard deviations [SD)], which reflect the propagated
variability estimated based on the bootstrap samples.
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or ABERDEEN Multi arrays and cumulative effects

Journal of Environmental Management 231 (2019) 429-438

Contents lists available at ScienceDirect

The most sensitive seabirds
(loons/divers) are showing
some drastic changes in
foraging distributions

Journal of Environmental Management

journal homepage: www.elsevier.com/locate/jenvman

Research article

Operational offshore wind farms and associated ship traffic cause profound |

A

0.0

changes in distribution patterns of Loons (Gavia spp.) |
Bettina Mendel®, Philipp Schwemmer™”, Verena Peschko”, Sabine Miiller?,
Henriette Schwemmer®, Moritz Mercker”, Stefan Garthe® -
2 Research and Technology Gentre (FTZ), University of Kiel, Hafentom 1, 25761 Biisum, Germany before density
® BIONUM - Biiro fiir Biostatistik, Finkenwerder Norderdeich 15 A, 21129 Hamburg, Germany
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¥ or ABERDEEN Physical changes from large scale wind farms

Progress in Oceanography 145 (2016) 25-41

Contents lists available at ScienceDirect

Progress in Oceanography

ELSEVIER journal homepage: www.elsevier.com/locate/pocean

— Sediment plume

Unstructured grid modelling of offshore wind farm impacts
on seasonally stratified shelf seas

Pierre William Cazenave *, Ricardo Torres, ]. Icarus Allen

Plymouth Marine Laboratory, Prospect Place, The Hoe, Plymouth PL1 3DH, United Kingdom

2011-01-10 13:00 2011-01-10 16:00

54.125°N 0.125 54.125°N 0.125 — Boat wake
0100 T 0100 —
54.1094°N 0.075 E 54.1094°N 0.075 E
0.050 — 0.050 =
. 0025 = . 0025 =
54.0938°N 0.000 E 54.0938°N 0.000 g
—-0.025 g 9 —-0.025 %
54.0781°N —-0.050 4 54.0781°N —-0.050 ¢
-0.075 @ -0.075
54,0625°N —0:190 % 54.0625°N =00 l%
—0.125 -0.125

3.45833°W 3.41667°W 3.45833°W 3.41667°W



=<F¥ UNIVERSITY

We need to
understand
the effects
on fish —
they drive
the system

Operation

oraperpEeN — Some species of forage fish may not return?

Sandwich tern foraging

Significant reduction in
foraging attempts
within the wind farm
as construction
advanced persisting
into operation

As birds concentrating
on crossing the site?

Or are fewer preferred
prey now present?

Foraging rate (attempts hr')

=®=(utside WF

=®=Inside WF

Pre-const.  Initial const. Final const. Operation Yr 1 Operation Yr Operation Yr
2 3



et What about the fish?

RESEARCH ARTICLE In mOdeIS they are the mOSt SenSItIVe

Predicting the impacts of wind farms on seabirds: p aram ete I
An individual-based model FISH EFFECTS

Victoria Warwick-Evans’ | Phil W. Atkinson® | lan Walkington® | Jonathan A. Green®

204
Ecological Modelling 273 (2014) 31-43
):%;‘ Contents lists available at ScienceDirect SCOLOCRACAL ] .Mm +10%
(“f‘x', ) 1 1 A e
PN Etologlcal Modelllng i .Mm 109
Bl 0- s g ]
FILSEVIFR journal homepage: www.elsevier.com/locate/ecolmodel [ ‘ .f:hi.;j_ +10%
I e - 10%
A simulation model coupling the behaviour and energetics ®CWW&
of a breeding central place forager to assess the impact
of environmental changes 204
R. Langton®*, LM. Davies", B.E. Scott**
A Institute of Bioks al Sc gy Building. University of Aberdeen, Tillydrone Ave, Aberdeen AB24 2TZ, UK
S ad, Al
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FIGURE 7 Sensitvity analysiz of adult and chick body mass. Each of the model parameters were varied singly and seguentially by a standand
vanability of = 10% and their effect on adult and chick body mass caloulated as 3 percentage of the baseline model [Colour figure can be viewed
at wileyonlinelibrary.com)




S ABEROEEN Fine Scale issues: are animals using physical

aspects of high energy sites to forage?

" FLOWBEC 4D
+
RESPONSE

Linking predictable physical attributes of
water column directly to behaviour of both

predator and prey

e Use of multiple acoustic instruments

* Working towards the use of physical
trigger for mitigation measures
(i.e. signs of herring migration —occur
for few weeks — to slow turbines so low
collision risk to seals)

Volume Backscatter (dB re 1 m™)

P s
< Tonlon s Sea surface MeyGenZUlS EK60 data -
," g P —- 2\ -YOURG PROFESSIONALS
| f;(% _ ¢ GREEN ENERGY
MBES _ \\ AWARDS AR )
Williamson et al 2017 IEEE JOE 42: 948-965
Vi Williamson et al 2016 |IEEE JOE 41: 67-81.

Time



There are changes in behaviour: But not quite as expected....

LIMNOLOGY

,,,,, , ASLO
OCEANOGRAPHY: METHODS o i i o i

Automatic active acoustic target detection in turbulent aquatic
environments

Shaun Fraser,'* Viadimir Mikora,' Benjamin |, Williamson,® Beth £ Scott®

S,(dBrelm™)
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Time (minutes)
Adaptive processing approach:
Turbulence delineation
Additional scale-dependent filtering
Target morphology requirements
Multi-frequency validation

Shaun Fraser

Active acoustic monitoring in extreme turbulence around
marine renewable energy devices

Shaun Fraser
s.fraser@abdn.ac.uk

%UNIVERSITY
oF ABERDEEN

Target distribution results: Fish Change Behaviour at Turbines
Control data

Device present

iy Fy
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g g
2 2
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35
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Tidal phase Tidal phase H H
\ ) P for Marine Science

September 2016

* Aggregation and school density clearly also related to tidal phase

* Change in behaviour in wake of structure, particularly during slowing flow

Fraser et al 2018 Energy Reports, Fraser et al 2017 Energy Procedia,
Fraser et al 2017 Limnology and Oceanography
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PGS Statistical Model (GLMM) Predictions of increased

Atlantic puffin foraging in areas with fast upwelled water)

James Waggitt
NERC CASE

Max speed
and
turbulence
(particular
turbulent
water with
upward
motion)

Yes — there are differences between how species
use the physical aspects of the water column:
Evidence of fine scale niche separation



P UNIVERSITY Drones to replace surveys

Co-registered EK60, visual analysis of
hydrodynamlc features prey and seahirdc

Kittiwake

20160624 080132.JPG

-

—— .

- 2457 m_

Oystercatcher
20160624 111102.JPG

“ WAV height: 55 m’ 4#:
Water depth: 37 m V

Gannets |
20160624 _124323.JPG H

S (dBreim™)
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Behavioura

classification — from Accelerometer Data

Marianna
Chimienti
NERC CASE
2013-17
With RSPB

Wit

n ‘unsupervised” machine learning

Dynamic Acceleration

>

Ecology and Evolution

The use of an un

supervised learning approach for

characterizing latent behaviors in accelerometer data

Marianna Chimienti™, Thomas Cornulier’, Ellie Owen', Mark Bok

n ML Tranvds' & Beth E Scomt

on®, lan M. Davier,

Ly
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Chimienti et al. (2016) Ecology and Evolution




TP Can find the very important areas for successful feeding

598 Bathymetry (m)

0
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150 Using Prey capture

w0 attempts - can find the
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© RAZO4 available prey
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ORIGINAL RESEARCH WILEY Secloq v bucbition

Taking movement data to new depths: Inferring prey
availability and patch profitability from seabird foraging
behavior

Marianna Chimienti*?>® | Thomas Cornulier® | Ellie Owen® | Mark Bolton® |
lan M. Davies® | JustinM.J. Travis® | Beth E. Scott®
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or ABERDEEN There is a lot going on out there

Individuals

Populations

£ Filch & horm Emiers Emars o 2m

Meta-

I t [} Scottish vessels VMS fishing data 2008 (where speed 4 knots or less)
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tps://www.energy.gov/eére/office-energy-efficiency-renewabIe-energy Fox'et al 2008 INCC Report 431 Gilles et al. 2016 Scottish fishing



55:%;’5&3.;{{, Climate change will have major effects on populations

Should our laws/policies include effects of climate?
Should we change approach to ElAs ?

Ecological
Change

Time /Cumulative Effects
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Resecarch Council

. EPSRC
AINRERSIEY Large Scale issues: EcoWatt2050

Common Spatial Trends:
Predators and prey have different relationships with
critical habitat variables
o i i.;-;s;t',‘-f? ! Net Primary Production(NPP)
Potential Energy Anomaly (PEA)

Kittiwake and sandeels 1989-2014
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Bayesian joint models with INLA exploring marine mobile
predator-prey and competitor species habitat overlap
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Ponseroeen  Large Scale issues: EcoWatt2050

Future Predictions of common spatial trend of mobile
predators & prey

NOW FUTURE with CC & EE DIFFERENCE

. Kittiwake: Sandeels: %
Kittiwake: Sandeels: , . Climate change 101 Hep
current current predicted predicted “e 3
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Renewable Energy

density density more effect than 6GW
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\ / \ / of Energy EXtraCtlon .’\.:llltlv\t'.lli' ocean response to a large tidal stream turbine array
Michela De Dominicis *°, Rory O'Hara Murray ”, Judith Wolf

o Kittiwake and sandeels 2037-2062 i
Kittiwake and sandeels 1980-2014 Difference
&0
60 _ &0
&
S6- - .._.EE = ot -
L 1 R L
a o
1 § - 4
53- =2 52
487 . . 4918 _ 45
A0 -5 ] g 10 -10 -5 a 3 10 A0 -5 0 5 10
Lon Lar Lon

b
[ 214¢
o
i
¢
L-\.
[ g
EEN - 5
P
. 4
R 3
S6"N
2
" 5ol 1
Wey Firth
. Islay | Y "
M MNow ew 4w 2w 0°

National
Oceanography Centre
NATURAL ENVIRONMENT RESE,

ARCH COUNCIL

average power density [kW/m*]



9 UNIVERSITY
oF ABERDEEN

Is current SEA, EIA /post consent process fit for purpose?

An alternative method using ecosystem indicators

Offshore Energy Industry
Wind, Tidal, Wave, Decommissioning

EIA + HRA Post Consent '
(what species/ (population level | N :
effects) : Bird/Habitat Directives

Regulators / Advisors

habitats/distributions)
Cumulative Issues & Natura 2000 & OSPAR

COMET: Innovative Monitoring Methods & Instruments MSFD (GES): Good
Deliberate standardisation of focused questions and methods. Environmental Status
Data products based on agreed questions need to consistently build on 11 Descriptors

information from EIA to Post Consent and Cumulative issues.

EIA/Post Consent data products also used for national needs for GES -
allowing simpler/rapid assessment by Regulators as same data types. '
Use of integrated autonomous vessels and platforms for both offshore

energy industry (Bird/Habitat/Natura) and national MSFD (GES) data.

Instrumentation Companies/Integrated Instruments
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Biomass Food web models show complex winners and losers

Original Articles

Ecological Indicators
Volume 72, January 2017, Pages 33-46

Benthic and fish aggregation inside an offshore wind farm:
Which effects on the trophic web functioning?
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So far only BIOMASS transfer models (who eats who)

need MODELS WITH MECHANISTIC LINKS to predict
effects via physical aspects through food webs
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UNIVERSITY Ecosystem Services: Impacts for OWF mostly positive

¥ oF ABERDEEN

Impact direction: []Positve [lNegative [ |Nochange [ ]Uncertain
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Social and Policy Aspects: CORPORATES By wessiry
http://corporates.moonfruit.com/
Cooperative Participatory Evaluation of Renewable

m The James Py
i e S SAMS

marinescotland P4

Technologies on Ecosystem Services s
To design, with Stakeholders, methods (a decision-support framework) e

which address potential ecological trade-offs such as, climate change,

marine renewable developments and MPAs

The Firth of Forth
Windfarms and
primary stakeholders =«

mmmmmmmm

= P Gowernment
The Cooperative Participatory S
Evaluation of Renewable Technologies

on Ecosystem Services (CORPORATES)
Scottish Marine and Freshwater Science Vol 7 No 1

Scott, B, Irvine, K., Byg, A_, Gubbins, M., Kafas, A., Kenter, J, MacDonaid, A., O'Hara
Murray, R., Potts, T., Siater, AM., Tweddle, J.F, Wright, K., Davies, | M.

~

marinescotland



http://corporates.moonfruit.com/
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P UNIERSITY, Let’s work together for a safer future.
OPENaACCESS Freely available online I;': PLOS one

Win-Win for Wind and Wildlife: A Vision to Facilitate
Sustainable Development

Supergen
@ Offshore

Renewable
Energy

b.e.scott@abdn.ac.uk 2T o
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