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Background
• PrePARED aims to improve evidence base:
• how offshore wind structures alter species 

distribution and behaviour
• advance links between prey + predators
• improving impact assessments and potential for 

marine net gain.
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Effects of introduced subsea structures on marine fish

• Long history of research

• Many types of structures
• Shipwrecks
• Oil and gas platforms
• Pipelines
• Artificial reefs
• FADS (fishing)
• Renewable energy

• Various sampling methods

• Species, time, structure type and/or 
location specific effects

• Aggregation and/or production?

• Effect on predators?
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Do offshore wind farm sites effect benthic fish distribution?

“Reefing”?

Aggregation and/or
production?

Residency?

Redistribution?

➢ Species, time, structure type and/or location 
specific effects

North Sea studies (Belgium, Denmark, Netherlands and 
Germany):

• Flatfish (Pleuronectiformes)
• Sole show no affinity to turbines or sites
• Plaice showed some residency during feeding 

season

• Gadoid fish (Gadiformes)
• Cod show attraction & seasonal residency
• Local cod populations enhanced with more food
• Increase in pouting close to turbines
• No effect on whitingWerner et al. 2023 The impact of turbine foundation type 

on catch rates of Atlantic cod in the southern North Sea 
ICES Conference poster
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Do Moray Firth offshore wind farm sites effect benthic fish distribution?

“Reefing”?

Aggregation and/or
production?

Residency?

Redistribution?

Beatrice

Moray EastMoray West

Caledonia

Moray Firth
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Moray East (MEOW)

100 turbines

Jackets installed 
by end of 2020

3 legged jacket 
turbines

Different spacing 
with gaps

>12nm

Beatrice (BOWL)

84 turbines

4 legged jacket 
turbines

Jackets installed by 
mid 2018

Consistent 
spacing

<12nm
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• Stereo baited remote underwater video systems
• Deployed close to turbine jackets and in reference locations
• Attraction to structures? Wind farm age/structure effects?
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Camera surveys for fine-scale benthic fish distribution
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• Relative abundance (MaxN) (conservative estimate)
• Individual length measurements

• Relative diversity & community composition
10

What do they give us?What can BRUVS provide?
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Total deployments  = 108

Three replicates at each location:

• Turbine sites  = 21 (x3)
 (Turbine deployment ~30m of structure)

• Inside OWF References =  6 (x3)
o 500m from turbines

• Outside OWF References =  9 (x3)
o >2km from turbines
  

~81 hours of video footage collected
First 30mins of footage analysed

➢ Designed to be a self contained study
➢ Not assessing annual variation (very aware)
➢ Snapshot in time (summer 2022)
➢ Daytime sampling

Moray Firth August 2022 Survey
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13 fish species recorded

By far the most abundant:

Flatfish = Common dab 
Limanda limanda

(with flounder spp.)
Difficult to distinguish on horizontal video

Haddock

Abundance= 556

78%

Species observed

&

Haddock
Melanogrammus aeglefinus

BOWL post construction trawls



Flatfish 
abundance
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• Increase in abundance at 
turbines compared to 
outside OWF references

Environmental variables tested as fixed effects: current speed, current direction and depth | Random effects: habitat and location
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Environmental variables tested as fixed effects: current speed, current direction and depth | Random effects: habitat and location

Flatfish 
abundance
(BOWL | MEOW)

~2.5x more 
flatfish at 
turbines
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• Increase in abundance at 
turbines compared to 
both reference groups

Environmental variables tested as fixed effects: current speed, current direction and depth | Random effects: habitat and location

Haddock 
abundance
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Haddock 
abundance
(BOWL | MEOW)

Environmental variables tested as fixed effects: current speed, current direction and depth | Random effects: habitat and location

~3x more 
haddock at 
turbines

~2x more 
haddock at 
turbines



Relative biomass calculation
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BIOMASS
ESTIMATE

Length

BRUV data

Abundance

BRUV data

Weight

W=a*Lb

Species conversion 
factors

Total length (cm)
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Lengths 

Environmental variables tested as fixed effects: current speed, current direction and depth | Random effects: habitat and location

Relatively small increase in size at turbines but this can be important?
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Environmental variables tested as fixed effects: current speed, current direction and depth | Random effects: habitat and location

Flatfish 
biomass

(BOWL | MEOW)

~2-3x more 
biomass at 
turbines
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Haddock biomass
(BOWL | MEOW)

Environmental variables tested as fixed effects: current speed, current direction and depth | Random effects: habitat and location

~3x more 
biomass at 
turbines

~2x more 
biomass at 
turbines



From biomass to energy
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ESTIMATE
OF ENERGY
AVAILABLE

TO PREDATORS

Length

BRUV data

Weight

W=a*Lb

Species conversion 
factors

Total length (cm)

Energy



Prey & prey quality
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Size matters!!!
• 10 cm ‘average’ fish = 37 kJ
• 8 cm ‘average’ fish = 19 kJ

• = half the energy



Current Cumulative Impact Assessment tools

• Porpoises (and other MM species)
• DEPONS

• Interim PCoD

• Seabirds
• SeabORD

23 29/05/2024



• Samples from 2019, 2021, 2022, 2023

• More surveys in 2024
• PrePARED sampling

• Moray East post-construction surveys
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Fish samples in PrePARED

Species
Bull-rout
Cod
Common dab
Corbin's sandeel
European squid
Flounder
Grey gurnard
Haddock
Herring
Lemon sole

Long rough dab
Mackerel
Northern squid
Norway Pout
Plaice
Poor Cod
Scaldfish
Sprat
Thickbacked sole
Viviparous eelpout
Whiting



Bomb calorimetry

Since start of PrePARED project:

• 500 fish samples processed

• 247 new energy density estimates

• 21 prey species

• Size range across species: 7.0 – 47 cm
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Total energy
(BOWL | MEOW)

Flatfish
+

Haddock
+

Poor cod

Each BRUV 
monitors 
~0.03 km2 

vs 

BOWL 
~131 km2 

84 turbines

MEOW area
~295 km2

100 turbines

 

Mean “total energy” per at 
foundation BRUV site

2 x

2-3 x

3 x



How PrePARED could support CIA 
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How PrePARED could support MNG
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Summary
• Summer daytime BRUV survey 
• higher haddock and flatfish abundance and biomass close 

to turbines in BOWL, compared to references

• The turbine effect is consistent for haddock at 
MEOW, but effect size is smaller.

• Some evidence of ‘Age’ or ‘Structure’ effect

• Able to quantify observations in terms of energy
• Common currency linking predators and prey

• Demonstrated how these points can support
• CIA tools

• Marine Net Gain
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Next steps
• 2024 summer BRUV survey planned in 

Moray Firth

• Integrate with Firth of Forth BRUV data

• Future efforts (beyond PrePARED plans)
•Expand spatial and temporal coverage
•Effect of age and structure type?
• cf Seagreen + NnG?

•Understand within/between year variations in 
species assemblages
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2022      2023         2024 2025       2026……



Thank you!
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