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IWC Initiatives addressing key
threats to cetaceans today

Threat-based work

Whale Watching

Online handbook with advice for industry,
guides, regulators and whale watchers
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/ Ship Strikes
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Developing a global database of ship
Res ponse Network strikes to pinpoint collision hotspots
Training, apprenticeship programmes,
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Climate Change
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The Whale-Climate
Connection

Migratory Baleen Whales

Seasonal movements between feeding and
breeding grounds

Timing evolved to match prey availability and
breeding requirements

Historical fidelity to specific routes and regions

Key species examples: Humpback, Gray, Blue,
and Fin whales

Ocean Changes

Rising sea temperatures
Changing distribution and abundance of prey

Sea ice extent reduction in polar feeding
grounds

Shifts in timing of spring phytoplankton blooms
Altered upwelling patterns in productive regions




Observed Effects —
Migration, Habitat,
Distribution

Physical Distribution

— Changes in migration timing, distribution
patterns

— Expansions into novel areas (e.g., arctic ice-free)
Physiological
— Reduced body condition in some populations

— Nutritional stress resulting in increased
mortality

Reproductive

— Altered breeding schedules and breeding
success

— Decreased calving associated with low prey
availability
Examples

. Pacific Gray whales;
. Humpback whales arriving in Antarctica;
. Bowhead whales in the Arctic, crossing Pacific/Atlantic

AGY Bowhead migration
Szesciorka et al. 2024
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Arctic Ocean

Pacific
Ocean

Gray Whale [ Eastern North Pacific Population
(Eschrichtius robustus) [ | Western North Pacific Population
Global Distribution [f777] overlapping Ranges

4= Trans-Pacific Population

IWC — grey whale range

Observed Impacts

maximum latitude
habitat availability
migration dates
visual/acoustic detections
strandings

time spent in high latitude

Species

~ Bowheadwhale |

Humpback whale
Common minke whale

Sperm whale
Killer whale
Grey whale
North Pacific right whale
North Atlantic right whale
Bryde's whale
Humpback whale
Fin whale
Blue whale
Antarctic minke whale

Killer whale

Van Weelden et al. 2021



Bottom-up Pathways of Climate Impacts
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Prey impacts

e Shifts in plankton communities (geographical and
seasonals)

— Changes in timing of peak zooplankton abundance
— Alterations in copepod community composition

e Changes in krill abundance and distribution, shifts
northwards

e Alterations in timing of peak productivity

Whale impacts

*  Migratory routes, critical habitat changes, energetic
considerations

* Localised depletion?
*  Competition for prey
*  Prey switching, diet changes

*  Examples: Changes in North Atlantic right whale distribution
relative to prey shifts; Southern Pacific Humpback Whales




Future Pathways and Predicted Impacts

*Differs across species, oceans, latitudes

Habitat availability changes

Changes in migration
patterns

Expected shifts in prey
availability - likely impacts on
energetics, reproduction rates
Potential new connectivity

between populations (e.g.,
ice-free regions)

Increased predation in novel
habitats

2
kY
2
H
2
s
£
&
k]
2
2
€
H
2

Total

. Fin
 Humpback

1890 1910 1930 1950 1970 1990 2010 2030 2050 2070 2090 Rish( \

Tulloch et al. 2019

*Prey-mediated responses dominate
Southern Hemisphere observations
and predictions



Migratory baleen whale populations most
vulnerable to climate change

Arctic and Subarctic Whales




Cumulative Impacts - Potential
Avenues for action

Observed and expected impacts = ~
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Case Study: North Atlantic Right
Whales, Shipping, Climate Change

«  Shifting prey distribution affecting traditional feeding grounds

*  Regime shifts in Gulf of Maine/Scotian Shelf from warming
WEIES

* Increased whale movement into shipping lanes
*  Vessel strikes, reduced calving rates
«  Population impacts and recovery challenges

Problem: Mismatches in novel distributions under climate
change with shipping lanes and vessel traffic

«  Climate-informed solutions:
—  Vessel speed limits

NUMBERS

— Seasonal and dynamic management areas
—  Precautionary vessel routing changes
— Mandatory ship reporting

in
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Meyer-Gutbrod et al.
2021



Case Study: Climate Change and
Whale-Fishery Interactions

California Case Study

Climate Change Impact

*  Ocean warming shifts whale migration

* Increased overlap with crab fishing zones
*  Higher entanglement risk

Management Innovations

*  Dynamic time-area closures

*  Gear modification requirements

*  Real-time whale detection systems

Key Intervention Outcomes

*  40% reduction in whale entanglements

»  Collaborative fishery-conservation approach
«  Adaptive seasonal fishing restrictions




Research Gaps

Endangered Species: Studies on vulnerable and/or data-
deficient species e.g., North Pacific right whales and sei whales;
Southern Hemisphere populations

Geographic Coverage: understudied regions — Southern Ocean,
Indian Ocean and South Atlantic

Migration pattern dynamics: tracking route changes,
reproductive success

Physiological adaptation mechanisms: metabolic responses,
genetic adaptation

Ecosystem interaction uncertainties: predator-prey studies,
food web structure changes

AG 2 g 10,000 Kilometers ¥
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® Observed impacts ° Predicted impacts © Both observed and predicted impacts

Van Weelden et al. 2021

Species

Tulloch et al. in press
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services and functioning %

Whales-Ecosystem services-Climate change

— climate regulation through carbon sequestration
(“whale falls”)

— nutrient cycling contributing to primary
productivity (“whale pump”)

— food web stability
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Conservation Implications: Durfort et al. 2022

— Protecting whale populations = Natural climate
solution

\_
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— Estimated value: S1 trillion in ecosystem services

— Recovery could increase ocean carbon capture by
1.7 billion tons UN® . ontion on the Conservation of S

programme  Migratory Species of Wild Animals CMS
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Climate Change Mitigation and Adaptation

 Protect and restore marine
ecosystems that support whale
food webs

« Monitor shifting prey distribution
and create adaptive marine
conservation corridors

« Support research on whale
population response to changing
ocean conditions
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Climate Change Effects on Habitats



Hillslope erosion
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© Geomorphic responses of fluvial systems to climate cha
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Climate Change Effects on Habitats

Impacts to River Dolphins

Irrawaddy Dolphin, Mekong River, Cambodia Nam Tha 1, Bokeo Province, Laos.
© Lindsay Porter/SEAMAR © Taylor Weidman/Bloomberg via Getty Images



Climate Change Effects on Habitats
Impact to Coastal Dolphins




Climate Change Effects on Habitats

Impacts to River Dolphins

Indo-Pacific Humpback Dolphin, Hong Kong SAR
© Lindsay Porter/SEAMAR



Climate Change Effects on Habltats
Prey shifts

Herr, H., et al. 2020.
Injuries, Malformations,
and Epidermal
Conditions in Cetaceans
of the Strait of

Gibraltar. Aquatic
Mammals, 46(2).




River Dolphins: Case Study

© Fernando Trujillo/OMACHA




IWC Recommendations
Attention: SC, CC, CG-Brazil, CG-Colombia, CG-Ecuador, CG-Peru

Considering the serious climate situation in the central Amazon in 2023
and the possibility that it will continue to occur, the Committee
recommends

 anew line of work be included in the CMP [Conservation Management
Plan] focused on climate impacts on river dolphins, in the generation
of an early warning system, management protocols, and the training of
fishers, veterinarians and biologists.

The Committee reiterates the following, including:

* taxonomic revision to interpret the impact of the population decline
across the extent of the distributions.
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Regional Case Study — The Mediterranean



Case study: The Mediterranean as a
_climate change hotspot
ope s i \!; R4 v ,m;




Mediterranean Sea Surface
Temperature (SST)

Mediterranean

SST warmed
Mediterranean Sea SST Cumulatlve Trend (1982 2023) s r\;\fé of

0.041 + 0.001
°C per year
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Longitude Ref: EU Copernicus
Marine Service
Information (2024)




Mediterranean Marine Heat Waves

Observed

Category IV

Extreme
ax Category lll Severe
o Category |l Strong
2 Category | / Moderate
gg‘rhcentile / \ .
Climatology Figure from Hobday et al. (2018)
-

Time

»
>

1982 — 2022 = 20 major events in the Mediterranean, 5 of which were extreme
(Martinez et al., 2023)



Fin whale range change

« Fin whale — range change scenarios between present & future scenarios

« Reduction of range between 55% and 70% & loss of suitable habitat in
range of 57% to 71%
D’Amen et al., 2024
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Management implications and recommendations



IWC recommendations

IWC research recommendations:
1. Research to inform switch focus for management from sustainability to building resilience

Research to identify priorities, including: high impact stressors, regions under the greatest threat,
vulnerability windows and at-risk populations or species
2.  Work on cumulative effects of multiple stressors to support conservation and management

The 2021 workshop recommended that work on how climate change affects cetacean populations and
species should:

*  Prioritise regions known to be experiencing intense climate change impacts (esp. key habitats

 Improve methods, including developing best practice guidance for studies, and power analysis for
detection of significant effects.

*  Conduct analyses to identify most significant vulnerabilities for species/populations

Maximise survey effort through additional partnerships to co-monitor species and environmental
parameters.



Matching Scales -
Processes, Research, Actions

e Climate processes occurring at vast spatiotemporal
scales

* Mismatches between physical vs ecological

processes, vs research/management ' o " e patiscln
10000re Tulloch et al. in press
One solution: Long-term Population Studies: Prioritize o e
research across larger temporal and spatial scales
- Scale up small scale studies to make wider o Py e
inferences 1 Mpas :
- Transnational research and collaboration :
- Capture processes and cause-effect relationships — ) i

Regional
scale

requires mechanistic studies  wgemaes SO

Sub-regional Regional Global
1072 103 10”5
Spatial scale (km)




Research and Methodological
Improvements

Experimental observation

Predictive Process-Based Models: Develop more ~|
mechanistic models that incorporate both S

environmental conditions and biological processes —
— ecosystem-based approaches
8
c 5k - “ § !
. . 9 s 7 E u!
Integrated Approaches: Combine multiple data B A ﬂ
. . . . . o} i i A
sources including physiological data, environmental | = s
variables, and population dynamics ‘ e Nehe dmensen
Proposed mechanism
observation ‘ ‘
N . ope ti ] L—
Comprehensive climate vulnerability assessments o= ‘ -

. . Maino et al. 2016
for different baleen whale species '

Climate Variables: Include understudied factors like
ocean acidification, sea-level rise, and extreme
weather events

Biomass

= High-diversity model
» Low-diversity model

Time

Pilowsky et al. 2022 Process-explicit model




Management Implications & Recommendations

*  Spatial Protection: integrated transnational approaches that
consider migration, protect critical feeding/breeding habitats

*  Dynamic Management: Implement more rapid and adaptive
management measures to address unexpected climate impacts

*  Multiple Stressors: Address concurrent and cumulative threats
including fishing gear entanglement, vessel strikes, noise pollution,
and toxins

*  Ecosystem Approach: Consider both direct climate impacts and
indirect effects through prey availability and habitat changes to
inform management

*  Ongoing research and monitoring

* International transboundary cooperation and collaboration
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Concluding Comments
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Ten years ago —

Range expansions and contractions

Changes in location and the nature of human
activities

New interactions with human activities
Increased Eutrophication and toxic algal blooms
Inundation and loss of viable breeding and other
habitat

Displacement of populations

New competition between species



What has changed in the last decade?

Huge increase in published information — importance of long term monitoring apparent
Clear climate-related concerns for some taxa — e.g. North Atlantic right whales

More concerns about changes to fluvial regimes and riverine and near-shore impacts
Threat from marine heat waves more in focus

Modelling is increasingly underpinned by evidence and changes are happening faster than
predicted

New approaches needed to ensure conservation — action on threats that can be addressed
more urgent — both site-related (e.g. IMMAS) and non-site-related e.g. bycatch, pollution,
vessel strikes etc.
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Simmonds MP, Eliott WJ (2009) Climate change and cetaceans: concerns and recent developments. J Mar Biol Ass UK

Simmonds MP (2016) Impacts and effects of ocean warming on marine mammals In: Laffoley D & Baxter JM (eds.) Explaining Ocean
Warming: Causes, scale, effects and consequences. Full report. Gland, Switzerland IUCN. pp 303-321
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Thank you
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With thanks to the UK government and CMS for the opportunity to present at this workshop and looking
forward to further collaboration!
Viv Tulloch thanks Basin Scale Events and Coastal Impacts, North Pacific Marine Science Organisation,

Sidney, BC, Canada, www.beci.info

Thanks also to the IWC Conservation Committee for support and also to OceanCare


http://www.beci.info/
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