New risk assessment methods to understand
vulnerability of marine mammals and sea turtles
to offshore sustainable energy development
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OVERVIEW

Objective: Adapt elements of earlier risk assessment methods to
evaluate potential vulnerability of marine mammal and sea turtles to
development in a spatially, temporally explicit manner

— What this 1s:

» First step in a continuing process informed by other parallel efforts

« Relativistic, simple, consistent

* Very broad spatial and taxonomic scales

« Common assumptions and treatment of uncertainty

» Gap analysis based on uncertainty

* INntended to provide guidance for baseline monitoring, strategic research,

IMmpact assessment, mitigation
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OVERVIEW

— What this 1sn’t:

 Presumed to be a final or full assessment
» Fully parameterized guantitative impact assessment

Entire risk assessment

 Focused on a specific lease area or type and pattern of

development/operation



ECOLOGICALRISK ASSESSMENT METHODS FOR EVALUATING
MARINE MAMMAL NOISE IMPACTS

Wood, J., Southall, B.L. and Tollit, D.J. (2012). PG&E offshore 3-D Seismic
Survey Project EIR — Marine Mammal Technical Report. SMRU Ltd.

Ellison, W.T,, Clark, CW., Mann, D.A,, Southall, B., and Tollit, D.J. (2015). A risk
assessment framework to assess the biological significance of noise exposure on
marine mammals. 21st Biennial Conference on the Biology of Marine Mammals
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Managing human activity & frontiers | Frontiers in Marine Science
and marine mammals: A
biologically based, relativistic

Species Vulnerability
Methods
27 February 2023

riSk assessment framework 10.3389 /fmars.2023.1090132

Aggregate Exposure Index Values - Variable Scenarios

4, 19065%

« Spatial-temporal-spectral calculation of severity: ol
“exposure index” |

D!IS’H

 Multiple sources and cumulative effects

Predicted % Impacted in Zone

« Quantitative markers for species vulnerability

. 1010%
0 1443%

« Applied to seismic surveys offshore wind development .
1 pile/day 2 piles/day Difference

H Right Whale (1 March start) H Right Whale (1 May start) @Right Whale (1 July start)

« Scalable, adaptable to different industrial scenarios

B Humpback Whale (1 March start) @ Humpback Whale {1 May start) EHumpback Whale (1 July start)




VULNERABILITY
RISK ASSESSMENT

SCORING METHODS

OVERALL APPROACH:

Spatially-temporally-taxonomically
explicit risk assessment

Semi-quantitative, expert elicitation
approach tuned to west-coast context

» Spatial Segregation: Focal Areas
« Temporal Windows: Oceanographic “Seasons”
* Vulnerability Scoring Criteria: Factors, Ratings

» Species and Groups Evaluated (42)



METHODS:
SPATIAL SEGREGATION (FOCAL AREAS)

Overvie

=,

5 |atitudinal regions defined
based on human-based
boundaries and ecological
COHSlderaUOﬂS Zone 1: Central California

« 5 depth regimes definead
based on ecological
considerations

o Shelf (<100m)
o Slope (100-1000m)
o Oceanic (1000-2500m)

e 15 total "zones”

34.0 N
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METHODS:
VULNERABILITY
SCORING
CRITERIA

Total Vulnerability Score
29-36
22-28
15-21

8-14

1-7

Total Risk Probability

(% of total possible)
80-100%
60-79%
40-59%
20-39%

0-19%

Relative Vulnerability
Rating

Highest

High

Moderate

Lowest

Four Vulnerability Factors:
Equally Weighted (9 points each = 36
point total)

a. Population Factor
b. Species Habitat and Temporal Factor

c. PhysicalInteractions Factor
->masking, entanglement, vessel-
strike, electromagnetic

d. Other Stressors Factor
-> existing human and biological risks



METHODS: VULNERABILITY
SCORING CRITERIA

Species, Species Group, DPS/stock distinctions: Example Mysticete Cetaceans (10)

SPECIES CONSERVATION
STATUS

BLUE WHALE Eastern N Pacific ESA-listed (endangered)
FIN WHALE CA/OR/WA ESA-listed (endangered)
SEl WHALE Eastern N Pacific ESA-listed (endangered)

N. PACIFIC RIGHT Not specified (AK., W coast) ESA-listed (endangered)
WHALE

GRAY WHALE Western N Pacific ESA-listed (endangered)
GRAY WHALE Eastern N Pacific MMPA-listed
HUMPBACK WHALE Central American DPS ESA-listed (endangered)

HUMPBACK WHALE Mexico DPS ESA-listed (threatened)

HUMPBACK WHALE Hawaii DPS MMPA-listed

BRYDE’S WHALE Eastern Tropical Pacific MMPA-listed

MINKE WHALE CA/OR/WA MMPA-listed




RESULTS: VULNERABILITY SCORES
(BY SPECIES)

All Zones, All Seasons: Blue Whale

Oceanographic
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RESULTS: VULNERABILITY SCORES

(ZONE 1A)

ZONE 1A
POST-UPWELLING

Zone 1: Central California

UPWELLING WINTER

Humpback whale (Central American DPS) 29

Blue whale 24

Humpback whale (Mexican DPS) Humpback whale {Mexican DPS) Coastal bottlenose dolphin 24

Blue whale 25 Gray whale (Western N. Pacific) 24 Humpback whale {Mexican DPS) 24

Bottlenose dolphin 22 Bottlenose dolphin 22 Leatherback sea turtle 23

Gray whale (Eastern N. Pacific) 21 Loggerhead sea turtle 21 Gray whale (Eastern N. Pacific) 20

Loggerhead sea turtle 21 Minke whale 20 Harbor Porpoise (Morro Bay) 20

Harbor Porpoise [Morro Bay) 20 Harbor Porpoise (Marro Bay) 20 Harbor Porpoise (Monterey Bay) 20

Harbor Porpoise (Monterey Bay) 20 Harbor Porpoise (Monterey Bay) 20 Loggerhead sea turtle 20

Harbor Porpoise (5F/Russian River) 19 Fin whale 20 Harbor Porpoise (SF/Russian River) 19

Fin whale 18 Harbor Porpoise (SF/Russian River) 19 Fin whale 17

Harbor seal (CA) 18 Green sea turtle 18 Olive Ridley sea turtle 16

Humpback whale (Howaii DPS) 18 Sei whale 17 Humpback whale (Hawaii DPS) 16

Olive Ridley sea turtle 17 Olive Ridley sea turtle 17 Bryde's whale 15

Bryde's whale 16 Humpback whale (Hawaii DPS) 17 Minke whale 15

Minke whale 16 Sperm whale 17 Sperm whale 16

Sperm whale 17 Northern fur seal {CA) 16 Killer whale {Offshore) 15

Killer whale (Offshore) 16 Killer whale (Offshore) 16 Northern elephant seal 15

California sea lion 16 California sea lion 16 Green sea turtle 15

Green sea turtle 16 Bryde's whale 16 Killer Whale (Transient) 13

Killer Whale (Transient) 15 Stellar sea lion 15 Risso's dolphin 13

Stellar sea lion 15 Killer Whale (Transient) 14 Long-beaked common dolphin 13

Risso’s dolphin 14 Harbor seal (CA) 14 Northern fur seal (CA) 13

Northern fur seal (CA) 14 Gray whale (Eastern N. Pacific) 14 Harbor seal (CA) 13

Long-beaked common dolphin 13 Short-beaked common dolphin 13 Harbor seal (OR/WA) 13

Harbor seal (OR/WA) 13 Risso's dolphin 13 Short-finned pilot whale 11

Short-finned pilot whale 12 Long-beaked common dolphin 13 Baird's beaked whale 11

Baird's beaked whale 12 Harbor seal {OR/WA) 13 Other beaked whales 11

Other beaked whales 12 Short-finned pilot whale 12 California sea lion 11

Northern elephant seal 12 Northern elephant seal 12 Stellar sea lion 10

Pacific White-sided dolphin 10 Baird's beaked whale 12 Dall's Porpoise 8

Northern fur seal (Eastern N. Pacific) 10 Other beaked whales 11 Northern fur seal (Eastern N. Pacific) 8
Dall's Porpoise 9 Pacific White-sided dolphin 10

Guadalupe fur seal Northern fur seal (Eastern N. Pacific) 9

Dall's Porpoise
Guadalupe fur seal

Sei whale Sei whale
N. Pacific right whale n/a N. Pacific right whale N. Pacific rightwhale n/a
Harbor Porpoise (N CA/S OR) n/a Harbor Porpoise (N OR/WA Coast) n/a Harbor Porpoise (N CA/S OR) n/a
Harbor Porpoise (N OR/WA Couast) nfa Harbor Porpoise (N CA/S OR) nfa Harbor Porpoise (N OR/WA Coast) n/a

1240 W 123.0 W 122.0 W 1210 W 120.0 W




UPWELLING

Humpback whale (Mexican DPS)
Blue whale
Hottlenose dofphin
Gray whale (Eattern N. Pocific)
Loggerhead sea turtie
Horbor Porpolse (Moo Boy)
Harbor Povpaiie [Manterey Bay)
Harbor Porpalse [SF/Russian River)
Fin whale
Horbor sewl [CA)
Humpback whale [Hawall OFS]
Olive Ridley seq turtle
Bryde's whale
Minke wihale
Sperm whale
Killer wiale [Offshore)
California sea lion
Green sea furtle
Kitler Wihale [Transient)
Stellor sea Non
Rissa’s dolphin
Naorthern fur seal (CA)
Long-beaked commaon dolphin
Harbor seal [OR/WA)
Shevt-fimaed pilat whale
Baird's beaked whale
Other beaked wholes
Morthern elephant secl
Paclfic White.sided dolpkin
Narthern fur seal [Eastern N. Pocific)
Dall's Porpoise
Guodoiupe fur seol

Sei urhale
N, Pacific right whale
Harbor Porpoise (N CA/S OR)
Harbor Porpoise (N OR/WA Coast)
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RESULTS: VULNERABILITY SCORES

ZONE 1A
POST-UPWELLING

Humphock whale (Mexican DPS)
Groy whale [Waestern N. Pacific)
Bottlenose dolphin
Loggerhead sea turtle
Ak whale
Hartor Porpoise {Aorro Bay)
Horbor Parpoiie [Monterey Bay)
Fin whale
Horbor Porpolse (SF/Russion River]
Green seq hurtle
Sel whale
OWve Ridley sea turtie
Hum pbock wiale [Hewail DPS)
Sperm whole
MNorthern fur seal {CA)
Killer whale [Offshore)
Colifornia sea lon
Bryde's whale
Steftar seq lion
Killer Whale (Transient]
Harbor seaf (CA]

Gray whale (Eastern M. Pacific)
Short-beaked common dolphin
Risso's dolphin
Long-beaked common dalphin
Haorbor seol [0/, WA)
Shart-finmed pilot whale
Neorthern elephant seal
Boirg"s beoked whale
Other beoked whales
Pacific White-sided dolphin
MNorthern fur seol (Eostern N. Pocific)
Dall’s Parpoise
Guadalupe fur swal

N. Pacific right wihale
Harbor Porpaise [N OR/WA Coast)
Horbor Porpoise [N CA/S OR)

WINTER

Humpback whale (Ceatrol Americon DPS)
Biue whole
Coaital bottlenose dolphin
Humpback whale (Mexicon DPS)
Lectherbock seo turtle
Groy wikale [Ecitern N Pocific)
Harbor Porpolse (Moo Bay)
Marbor Porpoise [Morterey Baoy)
Loggerhead iéa turtle
Harbor Porpoise (SF/Russlon River)
Fin whaie
Qiive Ridley sea turtle
Humpback whole [Howall DFS)
Bryde’s whaie
Make wisale
Sperm wiale
Killer whate (Offshore)
Naorthevn éiephant seal
Green sea turtle
Killer What'e [Tronsient)
Risio's dalphin
Long-beaked common dolphin
Northern fur seal [CA)
Horbor seal (CA)

Harbor seal [ORWA)
Shart-finned pilot whale
Faivd’s braked whole
Other beoked whales
Californio tea fon
Srellar sea Non
Dol's Porpoise
Northern fur seal (Eastern M. Pacific)

Sei whaie
M. Pacific rightwhale
Harbor Porpalse [N CASS OR)
Horbor Parpoise [N OR/WA Coait)
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UPWELLING

Gray whale (Western N. Pocific]
Bl whole
Sperm wiale
Loggerhead sea furthe
Horbor Porpoise (Monterey Bay)
Fim whaie
Adinke whale
Gray whale [Eastern N. Pacific]
Humpbock whale [Howoll DPS)
Harbor Porpolse [Marro Bay)
Olive Ridley sea turtle
Harbor Parpoise [SF/Russion River)
Bryde's whale
Killer whale [Offshore)
Colifornda sea Hon
Gresn sea tuntle
Long-besked common dolphin
Boird"s beoked whals
Other beraked whales
Battlenose dolphin
Harbor seal (CA)

Kilier Wikale [Trantient]
Short-finned pitot whale
Risgsa's dalphin
Northern fur seal [CA)
Harbor seal [ORWA)
Pocific White-sided dolphin
Naorthern fur seal [Eastern M. Pocific)
Dall's Porpoise
Stellar sea Non
Naorthern right wivale dolphin
Short-beaked common dolphin
Morthern elephant seal
[ fur deal

Sl whale
. Pocific rightwhale
Harbor Porpoize [N CA/S OF)
Horbor Porpoise (N OR/WA Coast)

ZONE 1B
POST-UPWELLING

Fin whale
Sparm whole
Gray whale [Western N. Pocific)

Harbor Porpoise [Monterey Bay)
Horbor Porpaise [Morro Boy)
Oiiwe Ridiey sea furtle
Humpback whale [Howail DFS)
Harbor Porpoise (5F/Russian River]
Greén sea furtle
Northern fur seal [CA)
Kitter whale [Offshane)
Califarnia sea lion
Bryde's wiale
Short-beaked common dofphin
Long-beaked comman dolphin
Baird's beaked whaole
Bottlenase dolphin
Short-finned pilat whale
Diher beoked whales
Killer Whale (Transient)
Harbor seal (CA)

Risso's dolphin
Harbor seal (OR/WA)
Gray whale [Eastern N. Pocific)
Sreflar fea lian
Pocific Wihite-sided dolpisin
Narthern elephant seal
Morthern fur seal (Eostern M, Pocific)
Dall’s Porpolse
Guadalupe fur seal

Sel whale
Harbor Porpoise (N OR/WA Coast)
Harbor Porpoise [N CA/S OR)
N. Pocific right whate

(ZONE 1)

WINTER

Humpbock whale (Mexican DPS)
Blue whale
Groy whole [Western N. Pocific]
Leatherback sea turtie
Sperm whale
Horbor Porpolse (Monterey Bay)
Loggerheod seo turtle
Fin whale
Minke whale
Harbar Parpolse (Moo Bay)
Coastal bottignose dolphin
Horhar Porpoize (SF/Russion River)
Dlive Ridley sea turtle
Long-beaked common dolphin
Humpback whale [Hewall DPS)
Bryde's whale
Killer whale (Offshore)
Green teq turtle
Baird's beaked wiale
Other beaked whales
Shovt-finned pilot whale
Gray whale [Eastern N. Pocific]
Kilber Whale (Transient]
Rizsos dofiphin
Northern fur seal fCA)
Harbor seal [CA)

Horbor seal [OR/WA)
Pacific White-sided dolphin
Morthern elephant seal
Californin sea lion
Dail's Porpoise
Stellar sea lon
Short-beoked common dalphin
Movthern fur seal {Eastern N. Pocific)

Sel whale
N. Pacific right whale
Harbor Porpoize [N CA/S OR)
Harbor Porpoise (N OR/WA Coast)

UPWELLING
Leatherback sea turtle
Humpback whale [Mexicon DPE)
Humpback whale {Central American DFS)
Kilter whale [5. Resident)
e whale
Fir whaie
Sperm whale
Gray whale (Western N. Pacific)
Loggerhead sea twitle
Minke whale
Boird’s beoked whale
OWve Rigley seo furtlhe
Humpback whale (Howsll DPS)
Bryde's whaole
Killer whale [Offshore)
Green sea turtle
Other beaked wikales
Killer Whale (Transieat]
Short-finned pilot whale
Merthern fur seal (CA)
Harbar seal [OR/WA)
Northern fur seal (Eastern N. Pacific)
Rigso's dolphin
Long-beaked common dolphin
Bottlenose dolphin
Pocific White-sided dalphin
Narthern right whale dolphin
Groy whale [Eastern N. Pocific)
Harbor seal {CA)

Dall's Porpoise
Northern efephant seal
Stellar i6a Nan
Short-beaked common dolphin

Sei whale
N. Pacific rightwihale
Harbar Parpoise (N CA/S OR)
Harbor Porpolse [N OR/WA Coast]
Harbor Porpoise (Monterey Bay)
Harbor Porpoise [Marmo Bay)
Harbor Porpolie [SF/Russion River)

ERRSEHERENEERRY

nfa
nfa
nfa
nfa
nfa
nfa
nfa

ZONE 1C
POST-UPWELLING

Biue whale
Fin whale
Hum phock whole {Central Americon DPS)
Hum pback whale {Mexican DPS)
Killer whale 5. Residert)
Loggerheod seo turthe
Sperm whole
Gray whale [Western M. Pocific)
Ainke whale
Oive Rigley 2ea turle
Baird’s Beaked whale
Humpback whale [Haowail DPS)
Green seo turtie
Naorthern fur seal [CA)}
Kilter whole [Offshare)
Bryde’s whale
Shart-beaked common dodphin
Short-fiamed pilat whole
Dther beoked whales
Harbor seal [ORSWA)
Killer Whale [Transient)
Lomg-beaked common dolphin
Bottienase dolphin
Risso's dolphin
Pacific White-sided dolphin
Gray whale |Eastern N. Poacific)
Harbor seal {CA)

Steflar sea lion
Northern fur seal [Eostern N. Pocific]
Guodalupe fur seal
Pygry ond dwarf sperm whale
Novthern right whale dodphin

Sei whale
N. Pacific rigist whale
Harbar Parpoise (N OR/WA Coast]
Harbor Porpoise (N CA/S OR)
Harbor Porpolse (Monterey Bay)
Horbor Porpoise (Moo Bay]
Harbor Porpoise [5F/Russian River]

nfa
nfs
nfa

nfa
nfa
nfa

WINTER

RN  iumpack whale [Centrol American DPS)

Humpback whale [Mexican DPS)
Blve whale
Kitler whale [§. Resident)
Leatherboack se0 turtle
Groy whale [Western N. Pocific]
Leggerhead seg turtle
Fim whale
Minke whole
Sperm whale
Baird's beaked wihale
Dlive Ridley sea turtle
Humpbock whole (Howall DPS)
Bryde’s whale
Killer whale (Offshore]
Green sea furtle
Other beaked whales
Short-finned pliot whale
Northern fur seaf (CA)
Harbor seal [ORWA)
Comstal bottlenose dolpiin
Kitter Wihale [Trandient)
Rizsso's dodphin
Long-beaked common dolphin
Pacific White-sided dolphin
Short-beaked common dalphin
Gray whale [Eastern M. Pacific]
Novthern elephart seal
Doil's Porpolse
Harbaor seal (CA)
Stellor seo lion
Northern right whale dalphin
Guadaiupe fur seal

Guodalupe fur seal Pygmiy and dworf sperm whole
Pygemy and dwarf sperm whaie

Sei whale
N. Paeific right wihale
Harbor Porpoise (N CASS OR)
Harbor Povpolse [N OR/WA Coast)
Horbor Porpoise (Monterey Say)
Harbor Porpolie {Marro Bay)
Marbor Porpoise (5F/Russion fBiver)




MORRO BAY
LEASE AREA
EXAMPLE

How should assessed vulnerability be
Interpreted relative to baseline data
collection, evaluation of impacts,
monitoring and mitigation?

Zone 1: Central California
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Synthesis Comparisons:
Seasonaland Spatial
Differences

Vulnerability Scores by Season
16.5 All species

16
15.5
15

14.5

14
Upwelling Post-Upwelling

Winter

18
17
16
15
14
13
12
11
10

Vulnerability Scores by Depth Regime (all zones)

Shelf Slope

21
20.5
20
19.5
13
18.5
18

7.5

fonel

Vulnerability Scores by Zone
Mysticete Cetaceans

I

lone 2 Zone 3 loned lones

Pinnipeds

Oceanic

Odontocete Cetaceans

Tonel

fone 2 Jone 3 foned Zone S5

Zone 1l

lone 2 Zone 3 loned lones

Sea Turtles

Zone 2 Zone 3 Zone 4 Zone 5




SYNTHESIS

Results intended to provide:

gap analyses, guide strategic baseline
data collection, impact assessments,
and inform effective monitoring and
mitigation

DIFFERENCES IN RELATIVE
VULNERABILITY DUE TO:

« Species-specific population, life history factors
« Spatial (depth and latitude) context
 Temporal (seasonal) context

* Existing stressors already in environment

SOURCES OF UNCERTAINTY (DATA GAPS):

« Systematic, reliable distribution and density
« Susceptibility to specific impacts (vessel
strike, entanglement, electomagnetic)

* Variable data in SARs (marine mammals)
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DISCUSSION

« VERY BROAD spatial scale initial comparison across many species
o Finer-scale strategic monitoring and full risk assessment
» Don't necessarily focus on most common — balance w/ highest risk

« "Constant” factors (population, human impact) can keep overall
scores high even where very low probability of species occurring.

o Finer-scale data needed:; decide where occurrence low enough for n/a (O score)
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Passive Acoustic Monitoring Collaborations

SanctSound

FISHERIES
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https://sanctsound.ioos.us/

Coordinating biological monitoring and behavioral
response studies with full-scale industrial operations

WILDLIFE AND OFFSHORE WIND:

A Systems Approach to Research and Risk Assessment For
OFfFshore Wind Development From Maine to North Carolina

DATA SYNTHESIS

. i Regional Gap Analysis +

Framework Construction

SPECIES-HABITAT
INTERACTIONS

HABITAT AND ECOSYSTEM
ANMNALYSIS

. ey
Iintegrated Regional
Ecosystem Study (IRES) 1 & 2

PRIORITIZE RISK
DRIVERS

STATISTICS AND MODELING
FRAMEWORK

INFORM IRES

DECREASE IMPACT

Maodels:
run,
validate,
0 generate Forecasts/
predictions

R!.J IGERS . 5 c:ha'ma-m ‘ qlnrw;lﬁd

.mww%ﬁ ﬂwew-‘-u @ sea

O st ﬁPenn ﬂ RWSC

Project WOW Research Team

IRES locations chosen for
progress of construction
timelines, different
oceanographic qualities,
and the taxa present



Cross-disciplinary partnerships in acoustics and ecology

to monitor marme mammals and predlct occurrence
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SPEAKER LINEUP

IMPACTS OF !
OFFSHORE WIN
ON MARINE
MAMMALS A
SEABIRDS:
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GANVe®N GLOBALALLIANCE FOR MANAGING OCEAN NOISE

Global Alliasce for Managing Qcean Malpe

https://www.globalallianceoceannoise.org/

OFFSHORE RENEWABLE ENERGY

orkshop One

Workshop One: ‘Practical Approaches for Reducing Ocean Noise
Associated with Offshore Renewable Energy Development’ intends
to foster a productive setting for stakeholders ac nternational
governing bodies, industry leaders, non- governmental
organizations, and academia to debate, break down barriers, and
ultimately develop data-informed and technologically advanced
solutions that fit within a realistic business model and continue to
benefit a sustainable blue economy. The focal topics of this
workshop will include lessons learned from different projects and
experiences and pairing monitoring and mitigation requirements for
ongoing developments in science and research. This workshop will
culminate by identifying and proposing opportunities for actionable

next step.

ATCH THE RECORDIN

Spring 2023 Newsletter

Thank you for being engaged with the Global Alliance for Managing Ocean Nolse
(GAMeON]. The GAMeON Scunding Board s thrilled to share the first edition of the
GAMeON MNewsletter, which will include upcoming events, recent publications, and
opportunities to get involved,

The Quieting Workshop Series continues to foster collaborative comversations
between strategically-invited, multi-sectoral attendees. In November 2 G
on practical approaches to reduce oCean nolse
¢ exploration and will be redeasing the subsequent report 500n.

The third workshop will focus on three key toplcs around the theme of practical
approaches for reducing ocean nolse assoclated with shipping. In the interim before the
IMO guidelines are released, we would 0 provide information on the status of
ocean nolse associated with human activity in the ocean and opportunities to engage
further. See below for upcoming events.
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