P
¥
N “‘f’ ~o\-

¥ -

Rk o g

SLU

P

| SR FOR
SUSTAINABLE
LIFE

s RS



Impact of OWF on migrating fish

what we know & how to study it
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OWEF have a net positive effect on fish?

SCIENCE

ILLUSTRATED

CLIMATE SPACE NATURE HUMANS HEALTH TECHNOLOGY PHYSICS

TECHNOLOGY

Offshore wind turbines become animal

A Increase in biodiversity of demersal fish paradise

A Ban on destructive bottom trawling improve habitat

designing wind turbines which are to generate an explosion of life
around them.

A Artificial reef effect

A Increased production (or just spatial relocation?)
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But what about migrating fis

A Lots of research on impact on migrating birds and flyw,
A Very little known about impact on migrating fish

A Most fish migrate, some are highly migratory :
A More and more evidence for distinct migration routes/corridors for fish in the sea
A Migration timing and routes are thought to be adaptive
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Types of migration:

A Spawning Migration
A Feeding migration
A Refuge Migration

A Diel Vertical Migration
A Range expansion/exploration
A Active vs. Passive/drift

ﬂmi FEEDING MIGRATIONS
(1 IN SEA
{usually 1-3 years)



Factors effecting migration & navigation

A Seasonal changes in Light & Temperature
A Hydrology

A Water quality

A Food availability
A Tidal dynamics
A Moon Phases

A Ontogenetic & Statelependent

y

WORLD FISH
MIGRATION DAY
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A Obstacles/Barriers
A Fisheries

A Temperature

A Water quality

A Flow conditions

A Predation

A Food availability

A Noise

A Vibrations

A Artificial light

A Electromagnetic disturbances




How do migrating fish find their way?

Cues:

A Geomagnetic Fields

A Celestial

A Currents

A Auditory

A Chemical (Olfaction, Gustation)
A Hydrological gradients

A Landmarks & topology

A Social learning




Potential effects of OWF on fish migration

Is the OWF area spawning/feeding ground or a fhssugh area?

A Prey& Predationenvironment b
(the bloomingdeserthypothesis

A Noise/ Vibration pollution D

A Habitatdestruction

A Electromagnetidields

— - hydrographic changes




Potential effects of OWF on fish migration

consequences

A Delays
A Change in migration route
A Forcedto abort

A Increasedredation
A Alteredfeeding/ reproductionsuccess
A Primehabitat lower incentivefor migration

A Cummulativémpact
A Impactmayvarydependingon life-stage

A IncreasedHydropeakindn regulatedrivers

Contents lists available at
Renewable and Sustainable Energy Reviews

journal homepage:

Wind energy’s bycatch: Offshore wind deployment impacts on hydropower
operation and migratory fish

Olivia Pfeiffer ", Destenie Nock, PhD ™ , Erin Baker, PhD

Table 1. Potential causative factors of OSW and likely effects on HMS for ecological considerations. @ = at
least one related reference; © = no published studies but likely effect; @ = unknown status or not applicable.

Potentially Affected HMS

Groups

Potential Causative Factor Potential Ecological Effect Billfishes Tunas

Elasmobranchs

Introduction of novel structure Artificial reef effect (+/-) o (1] (1]
— altered habitat use 1] L} L}
— altered migratory patterns o O O
— altered trophic dynamics © L1} ©
— altered fitness © LY LY
— altered spawning behavior © L] L]
— attraction versus production @ @ @
Avoidance © LY LY
— altered habitat use © O O
— altered migratory patterns © L] L]
— altered fitness O LY LY

Electromagnetic fields Behavioral and physiological responses o © L}

(electroreception)

Behavioral and physiological responses o © L}
(magnetoreception)
Altered migratory patterns © L] L]
Ecosystem shifts o O O
Heat Behavioral and physiological responses © L] L]
Altered migratory patterns © L] L]
Ecosystem shifts © L] L]
Sound pressure Behavioral and physiological responses © L] L]
Altered migratory patterns L)) LY LY
Ecosystem shafts O LY LY
Altered hydrodynamics Changes in water column stratification @] © ©
Altered migratory patterns o O O
Ecosystem shifts © © ©
Changes in trophic interactions © © ©
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Study impact of OWF on migration

Before studies important to establish baseline

What is the natural migration season and pathway?

How long do migrating species spent in the OWF area?

Is the OWF area important feeding and reproduction habitat for migrating fish?
What is the natural survival for migrating fish in the OWF area?

What factors are causing mortality and delay during migration?

Laboratory studies€.greaction to nois¢



Monitoring methods:

Historical fisheries catch records
Gillnet & Trawl surveys
Conventional tageporting

eDNA

Telemetry

To oo o o o

Type of data :

A Prescence in the OWF area over seasons and years
A Survival inside and outside the OFW area over time
A Spatial data on locations over time (telemetry)

A Behavior in the OWF area

A Catch data CPU / Biomass estimates

ICES Journal of Marine Science, 2024, Vol. 0, Issue 0, 1-18 I c E S nnnnnnnnnnnnnnnnnnnnn
https:/fdoi.org/10.1093/icesjms/fsae017 the Exploration of the Sea
Received: 31 May 2023; revised: 15 January 2024; accepted: 16 January 2024 CI EM ansall International pour
Food for Thought xpiaration de

Ecological indicators to monitor offshore wind interactions
with fisheries resources

Elizabeth T. Methratta

NOAA Fisheries, Northeast Fisheries Science Center, Narragansett, Rl 02882, United States
“Corresponding author. NOAA Fisheries, Northeast Fisheries Science Center, Narragansett, Rl 02882. E-mail: elizabeth.methratta@noaa.gov

A. Sidescan Sonar
B. Trawl

C.ROV
D. Vertical Longline
E. Bottom Longline










QOCS Study
BOEM 2022-059

Passive Acoustic Telemetry as a Tool to
Monitor the Baseline Presence and
Persistence of Highly Migratory Fish
Species in Popular Recreational Fishing
Grounds within the Southern New
England Wind Energy Area

September 2022

Authors:
Brian Gervelis'

Jeff Kneebone, PhD’
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Figure 1. Map of the study site showing the location of the 15 acoustic receiver stations in relation
to existing wind energy lease areas and three popular HMS recreational fishing locations in
southern New England as identified in Kneebone and Capizzano (2020).
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RESEARCH ARTICLE

Comparative migration ecology of striped
bass and Atlantic sturgeon in the US Southern
mid-Atlantic bight flyway

Ella R. Rothermel ' *, Matthew T. Balazik®?, Jessica E. Best*>, Matthew W. Breece®,

Dewayne A. Fox’, Benjamin |. Gahagan®, Danielle E. Haulsee®, Amanda L. Higgs**,
Michael H. P. O’Brien', Matthew J. Oliver®, lan A. Park'®, David H. Secor’
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Fig 1. Mid-Atlantic bight study region and acoustic telemetry receiver array design. Delaware (nonh) and Maryland (sou!h) Wlnd Energy Areas with respective
receiver locations and depth contours are shown. Circles around each receiver rep the expected ~1000 meter maxi radius.
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& Full Access

Sub-sea power cables and the migration behaviour of the
European eel

H. WESTERBERG, |. LAGENFELT

First published: 22 October 2008 | https://doi.org/10.1111/j.1365-2400.2008.00630.x | Citations: 54
Go here for Primo

X4 Hakan Westerberg, Swedish Board of Fisheries, PO Box 324, SE 40126 Goteborg, Sweden (e-mail:
Hakan.westerberg@fiskeriverket.se)
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Rev Fish Biol Fisheries (2020) 30:405-422 ®
hitps:/fdoi.org/10.1007/511160-020-09605-2 Gheck for

Potential impacts of oil production platforms and their
function as fish aggregating devices on the biology of highly _
migratory fish species Ll

(FP)
Derke J. G. Snodgrass (0 « Eric S. Orbesen - John F. Walter III -
John P. Hoolihan - Craig A. Brown

A Negligible impact on populations

A Prime feeding habitat skipped migration
A Increased production

A Potential spawning grounds

SPAR
Platform
(SP)

Compliant
Tower
(CT)

Tension Leg
Platform

Floating Production
Systems
(FPS)

Iy

Mini-Tension
Leg Platform
(Mini-TLP)

Production,

Storage &

Offloading
(FPSO)

Subsea
System
(SS)




ALEVINS

(spring)

4 SEXUALLY MATURE
PRECOCIOUS MALE PARR

(1-5 years)

SMOLTS

FEEDING MIGRATIONS
IN SEA
{usually 1-3 years)

Baltic Salmon migration
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The Swedish

Fish Tracking Network
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BALTIC SEA TRACKING NETWORK
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Ongoing projects on fish migration and OWF In
North-East Atlantic

NdrTgack

R

Improving Marine Habitat Status by Digital Twin of the Ocean Northeast Atlantic Tracking
Considering Ecosystem Dynamics Animal Tracking Marine Tracking Network

Rymdstyrelsen
Swedish National Space Agency

Co-funded by trj\\c E A N AT

the European Union

ET

EUROPE Sustainable Blue @ biodiversa+
Economy Partnership curopean Bacversity Portnersio

TRACKING NETWORK
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Studying migrating fish inthe sea

Opportunitets & Challengeath regardso offshorewind power

AquaticEcology
UmeaFishTelemetryGroup

Department of Wildlife, Fish, and Environmental Studies S L u
Swedish University of Agricultural Science




Potentialimpactingfactors
A Noise

A Turbidity

A Electromagnetidield /
A Habitat /Regulations

Potential generagffects

A Behaviour

A Mortality 1
A Residency P —

A Spawning ( ( (((

Potentialeffectson migration Acoustic disturbance ()

!
!
>§

A Delay " Fisheries

4 exclusion (+
A Reroute Electromagneticfields(-) &
A Abort ' ‘

A Predation
Bergstrom et al 2014



FishTrackingTechnologies

A Sizeof animal

A Trackingenvironment

A Sizeandlocationof trackingarea

A Spatial and temporal resolution of data
A Lengthof trackingperiod

A Samplesize
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1 LakeTrout 97cm Depth (m) 4 (1.3) Temp (C) 7 6
2 LakeTrow 80cm Depth (m) 16 (3.4) Temp (C) 7 .4

4 LakeTrout 80cm Depth (m) 0 (5.5) Temp (C) 7.5

7 LakeTrow 73cm Depth (m) 0 (6.8) Temp (C) 7.5
8 LakeTrout 67cm Depth () 10 (0.5) Temp (C) 76
9 LakeTrout S6cm Depth (m) 8 (1) Temp (C) 7.6
10 LakeTrout 78cm Depth (m) 13 (0.5) Temp (C) 7 4

Date 2014-10-03 01:10:00

Atm. pressure (hPa) 1027 5

Air Temp (C)
Wind speed (mfs) 1.1 13 LakeTrout 78cm Depth (m) 1 (0.5) Temp (C) 7.2
wWind direction (deg.) 169 14 LakeTrout 64cm Depth (m) 13 (0.5) Temp (C) 73
Precipitation {mm) 0 15 LakeTrout 73cm Depth (m) 18 (0.5) Temp (C) 7.1

16 LakeTrout 76cm Depth (m) 3 (4.6) Temp (C) 7.7
17 LakeTrout 84cm Depth (m) 3(4) Temp (C) 7.7
18 Charr(Wild) 45cm Depth (m) 0 (10.8) Temp (C) 7.7

24 Charr(Wild) 48cm Depth (m) 2 (2.9) Temp (C) 7.7
25 Charr(Wild) S2cm Depth (m) 3 (13.4) Temp (C) 7.5
26 Pike 85cm Depth (m) 0 (3.4) Temp (C) 7.7
27 Graying 42cm Depth (m) 0 (1) Temp (C) 66

30 Charr(Wild) 40cm Depth (m) 0 (37) Temp (C) 7.2
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