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Can we plan more 
sensibly 

in the marine 
environment? 

River Deltas used for 
habitation

Most fertile areas of 
the terrestrial world 



RSPB Judicial Review in 2014  for Firth of Forth Wind farms -won/ Scot Gov appealed -won
3 Year Delay

SHOW STOPPERS:  Laws  and Process



Horrendrogram of laws that can effect offshore renewables 



The 3 D’s of Environmental Impacts

Disturbance                 Displacement                     Death  

Collision,
Entanglement,
Seabed habitat 

destroyed

Reactions to boats, 
noise, etc. leads to 

more energy use and 
lack of ability of feed. 

Large scale (permanent) 
changes in 

movement/dispersal: 
daily foraging routes, 

annual migrations, ability 
of larvae to disperse  

Thou shalt not!   Laws= Habitat & Bird Directives (Natura 2000) + MSFD 



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

Outline: 
Why is it important for engineers 

to consider ecological effects:

• What about the FISH? 
• State of the art approaches predictably 

connecting  animal behaviour to physics 

• What about climate change? 
• What about a new Framework for EIA 

/ post consent process?



What can be done?
Ecologist working with Engineer in the designing 

stages of all elements of development 



Array 
Design

. 

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 

What can be done?

Installation 

. 

Noise: Hearing damage
Boats (dynamic positioning) 
Disturbance for days, months
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What can be done?

Operation

. 

Noise 
Collison risk 
Permanent displacement
Change in flows (water & air) 
leading to changes in ecosystem  

Noise / Disturbance  

Maintenance 

. 

Decom
Design

. 

Lots of unknowns?  
Noise?  
Changes in local habitat  



Lots of prioritising lists of what needs doing – but only some 
research going – as very low levels of funding 

https://www2.gov.scot/Topics/marine/marineenergy/mre/research/maps



Biofouling: Subsea's dirty little secret 

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

Photos from Adrian Macleod, SAMS



Multi –use of site: Aquaculture 



• 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

WRB – Biilia Croo BioFREE frame - EMEC

• Dr Andrew Want 
(SuperGen III PhD)

• Dr Joanne Porter

WEC mooring – Billia Croo (EMEC)



Installation – most animals return, so impacts but are they ‘effects’  

Installation 

. 



Marine Mammals: change foraging patterns 
Russell et al 2014 Current Biology 24: R638–R639



Seabirds: Empirical Avoidance Rate (EAR) high



Array 
Design

Array 
Design

Array 
Design

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

Multi arrays and cumulative effects 



Physical changes from large scale wind farms 



Some species of forage fish may not return?

From  M. Perrow, ECON Ecological Consultancy Ltd 

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



What about the fish? 

FISH EFFECTS

In models they are the most sensitive 
parameter



Fine Scale issues: are animals using  physical 
aspects of high energy sites to forage?

Linking predictable physical attributes of 
water column directly to behaviour of both 
predator and prey

• 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) 

Williamson et al 2017 IEEE JOE 42: 948-965 
Williamson et al 2016  IEEE JOE 41: 67-81.

FLOWBEC 4D 
+

RESPONSE KTP with MeyGen



Shaun Fraser
s.fraser@abdn.ac.uk

Active acoustic monitoring in extreme turbulence around 
marine renewable energy devices

Target distribution results: Fish Change Behaviour at Turbines
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• Aggregation and school density clearly also related to tidal phase

• Change in behaviour in wake of structure, particularly during slowing flow
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There are changes in  behaviour: But not quite as expected….

The Norman Heaps 
Prize:  For the best 
presentation by an 
early-career 
researcher at The 
Challenger Society 
for Marine Science 
September 2016 

Fraser et al 2018 Energy Reports, Fraser et al 2017 Energy Procedia, 
Fraser et al 2017 Limnology and Oceanography 

Shaun Fraser 
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Target 
detected

Adaptive processing approach:
Turbulence delineation
Additional scale-dependent filtering
Target morphology requirements
Multi-frequency validation



Statistical Model (GLMM) Predictions of increased      
Atlantic puffin foraging in areas with fast upwelled water)

Flood                   Ebb

Max speed 
and 

turbulence 
(particular 
turbulent 

water with 
upward 
motion) 

Benjamins et al. (2015) Oceanography and Marine Biology: An Annual Review
Waggitt et al (2016) ICES, Waggitt et al (2016) Marine Policy

Yes – there are differences between how species 
use the physical aspects of the water column: 

Evidence of fine scale niche separation  

James Waggitt
NERC CASE  



Drones to replace surveys 
Co-registered EK60, visual analysis of 

hydrodynamic features, prey and seabirds



Behavioural classification – from Accelerometer Data
with ‘unsupervised’ machine learning 

Depth

Heave

Pitch

Floating

Descending

Searching Prey Chasing/Catching

Ascending

Prey 
Capture

Attempts

NO Prey 
Capture 

AttemptsMarianna 
Chimienti 
NERC CASE
2013-17
With RSPB

Chimienti et al. (2016) Ecology and Evolution



Chimienti et al (2017). Ecology and Evolution

Using Prey capture 
attempts  - can find the 
areas with most 
available prey 

Can  find the very important areas for successful feeding



https://www.energy.gov/eere/office-energy-efficiency-renewable-energy

There is a lot going on out there 

Fox et al 2008                        JNCC Report 431                Gilles et al. 2016                           Scottish fishing 

Individuals

Populations

Meta-
populations



Climate change will have major effects on populations

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

Climate change effects 

Ecological 
Change 

Time /Cumulative Effects

Effects of Renewables 
from today’s climate

Dampening effects of 
Renewables on climate 
change effects 



Large Scale issues: EcoWatt2050 
Common Spatial Trends: 

Predators and prey have different relationships with 
critical habitat variables

Net Primary Production(NPP) 

+
Potential Energy  Anomaly (PEA) 

High levels of common spatial trend = 
deeper purple.  

Areas highly unlikely to occur together = 
deeper green. 

+ ~



Large Scale issues: EcoWatt2050
Future Predictions of common spatial trend of mobile 
predators & prey

NOW                 FUTURE with CC & EE        DIFFERENCE
Kittiwake: 
predicted 
density

Sandeels: 
predicted 
density

Kittiwake: 
current 
density

Sandeels: 
current 
density

Climate change 101

more effect than 6GW 
of Energy Extraction



Is current SEA, EIA /post consent process fit for purpose? 
An alternative method using ecosystem indicators

~



Biomass Food web models show complex winners and losers 

So far only BIOMASS transfer models   (who eats who)

need MODELS WITH MECHANISTIC LINKS to predict 
effects via physical aspects through food webs 



Ecosystem Services: Impacts for OWF mostly positive 



Social and Policy Aspects: CORPORATES 
http://corporates.moonfruit.com/
Cooperative Participatory Evaluation of Renewable 
Technologies on Ecosystem Services 

To design, with Stakeholders, methods (a decision-support framework)  
which address potential ecological  trade-offs  such as, climate change, 
marine renewable developments and MPAs

The Firth of Forth 
Windfarms and 
primary stakeholders

http://corporates.moonfruit.com/


Let’s work together for a safer future.

b.e.scott@abdn.ac.uk
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