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• Animation of arctic ice cover

Animation: NASA Scientific Visualization Studio
https://climate.nasa.gov/vital-signs/arctic-sea-ice/





Sea ice structures localized productivity 
and fuels short food chains

Wassmann. 2011. Prog. Oceanography

Moore & Stabeno. 2015. Prog. 
Oceanography



Arctic marine mammals: 
sentinel, ice-adapted, 
culturally and ecologically 
critical species

Photos: K Laidre, J Ross, P 
Nicklen, K Stafford, J Lindsay

Photos: K Laidre, J Ross, P Nicklen, 
K Stafford, J Lindsay



Predicting climate impacts with 
limited baselines

P. NicklenV. BeaverK. Laidre

Ice-obligate: Ice is a platform for foraging, reproduction, rest

Ice-associated: Ice indirectly affects foraging and access

Photos: JE RossPhoto: NOAA



Increasing potential human influences

Smith & Stephenson 2013. PNAS



How are AK marine 
mammals 
responding to ice 
loss?
• Beluga whales 

New risks with 
increasing open 
water

Future resilience

Photo: P Nicklen 
Illustration: U Gorter



K. Laidre

Reeves et al. 2014. Marine Policy

• Ice-associated, long-
lived
•Wide, discontinuous 

Arctic & sub-Arctic 
range
• Exhibit summer 

philopatry & follow 
matrilineal 
migration paths

Beluga whales: a pan-Arctic marine predator
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Images: L. Pierce, G. O’Corry-Crowe, 
NOAA, ARGOS, U. Gorter

Satellite-linked tags for location & 
diving data

Research permitted by DFO & NMFS 
(permits 14610, 782-1438, & 782-1719)



Tagged beluga 
whales (1993-2012)

Russia Alaska

Chukchi Sea Beaufort Sea



CHUKCHI Sea belugas 
1998,  1999,  2001, 2002, 
2007, 2010, 2012
n = 27 whales

BEAUFORT Sea belugas 
1993, 1995, 1997, 2004, 
2005
n = 40 whales

Beluga locations from tags, 
July - November

Hauser et al. 2014. Polar Biology

home range

core area

Summer (July-Aug)

Russia
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• Most tagged in 
early July

• Tags last 1 - 18 
months

L. Pierce



Shifting beluga habitat, behavior, 
and migration with changing ice?

• Sea ice structures habitat: Has habitat use or 
foraging behavior changed through time?
• Sea ice affects access to preferred habitat: Has 

fall migration timing changed as the timing of 
sea ice cover has shifted?

Photo: K. Laidre
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Daily sea ice habitat: 2001

0     15   50   90
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SSM/I sea ice data 
(National Snow & Ice 

Data Center)
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Courtesy Harry Stern (UW APL)

Daily sea ice habitat: 2012

SSM/I sea ice data 
(National Snow & Ice 

Data Center)

Sea ice concentration (%)



What environmental factors affect 
habitat selection?

• Important habitat predictors 
vary seasonally 

• Sea ice is one, but not the 
primary, predictor of habitat 
selection

• Proximity to ‘hotspots’ and 
bathymetry are typically 
stronger predictors

• Importance of recent sea ice 
loss?

Beaufort female
July habitat selection

Hauser et al. 2017. Plos One



Are belugas responding to changing 
sea ice habitat?

• Changes in resource selection
• Trends in optimal habitat 1990-2014

K. Laidre

Beaufort female
July habitat selection



No change in sea ice habitat 
selection
• Few significant changes in sea ice 

selection between 1990s & 2000s
• Few shifts in spatial distribution of 

predicted habitat, 1990-2014
• Few significant trends in amount of 

optimal habitat
• Suggests limited effect of sea ice 

declines on beluga habitat use

July mean predicted habitat
Chukchi male
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Year Hauser et al. 2018. Diversity & Distributions 



Habitat selection has not 
changed

Photo: K. Laidre

Belugas appear to flexibly respond to changing sea 
ice habitat conditions

Are there other indirect effects of changing sea ice 
habitat on foraging?



Shifts in productivity?

Open water duration
Thinner ice

Storms, winds
Atmospheric & upper ocean heat 

Freshwater 

Ardyna et al. 2014 Geophys. Res. Lett.
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Has diving behavior changed?

Photo: K. Laidre

Shifting foraging opportunities = behavioral changes?
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Chukchi belugas spend more time 
at depth in recent years
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• More long duration 
dives

• Fewer short dives, 
less shallow dives, 
deeper dives

• Corresponds to 
regional 
oceanographic 
shifts in productive 
depths

1990s
2000s

Hauser et al. 2018. Diversity & Distributions 



Changes in foraging behavior

Photo: K. Laidre

Sea ice structures habitat
Loss of sea ice cover did not affect habitat selection, 
but there are indirect behavioral effects presumably 
related to foraging
Sea ice affects access to preferred habitat
Has migration timing shifted in response to delayed 
freeze-up?



Is fall migration related to 
freeze-up timing?

Laidre et al. 2015. Cons Biol
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Timing of regional sea 
ice freeze-up is 7-8 days 
later per decade



Fall passage points: 
Southbound migration

First day south of 70°N

Hauser et al. 2017. Global Change Biol.



Fall passage points: Southbound 
migration

Beaufort belugas: First day south of 70°N
• No difference between periods 
• Not correlated with freeze-up timing
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Chukchi belugas: First day south of 70°N
• Delayed during late period
• Correlated with freeze-up timing
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Fall passage points: Southbound 
migration



Distinct responses at decadal 
scales in fall migration timing

Photo: K. Laidre

Migration timing appears to have shifted for Chukchi 
belugas in response to delayed fall sea ice freeze-up

No response was detected for Beaufort belugas



Conclusions: Pacific Arctic 
belugas

Balancing socially-maintained site fidelity and 
behavioral plasticity in habitat and migration

Photos: K. Laidre



Photos:
V. Beaver (NSB, NOAA)

• Good time to be a 
beluga?

• Making the best of 
it?

• Need population 
level metrics

• Not all populations 
respond the same

Conclusions: Responses to ice 
loss by Pacific Arctic belugas



How are AK marine 
mammals 
responding to ice 
loss?
• Beluga whales 

New risks with 
increasing open 
water

Future resilience

Photo: P Nicklen 
Illustration: U Gorter



Vulnerability of Arctic marine 
mammals to vessel traffic in 

Arctic sea routes

Donna D.W. Hauser, Kristin L. Laidre, Harry L. Stern
Photo: K Laidre



No longer Amundsen’s 
Northwest Passage

Roald Amundsen, first to traverse 
Northwest Passage during 1903-1906 

aboard 21 m wooden Gjøa



250 m, 1700 
person Crystal 
Serenity in 
Ulukhaktok, 
Canada
August 2016

Photos: K Orlinsky, Y Maltsev

200 m container 
ship Venta
Maersk in 
Vladivostok, 
Russia
August 2018

Northwest 
Passage

Northern Sea 
Route

≤ 20 m > 20 m ≤ 20 m > 20 m
66 39 0 247

2011-2016 transits

Sources: Headland 2017, CHNL 2017



Right whale and ship 
Photo: Florida Fish & Wildlife Conservation Commission
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Sea North Tours



Vulnerability measures the risk of a 
population to impact, defined as the 

combined effect of exposure and sensitivity
Vulnerability = Exposure x Sensitivity

Photo: K. Sheldon, NOAA



Population-specific exposure

Spatial overlap of NWP & 
NSR and the September 
range for each of the 80 

populations Photo: K Laidre



Population-specific sensitivity

• Seven variables that 
consider:
• Vessel effects
• Frequency of 

exposure
• Ecological factors 

that affect 
population 
responses to 
vessels

Sensitivity variables Score for 
Beaufort 
Sea belugas

Effect of behavioral
disturbance

3

Effect of vessel collision 3

Acoustic impacts 3

Frequency of vessel 
exposure (2011-2016)

2.5

Susceptibility to ice loss 
(Laidre et al. 2008)

2

Relative abundance (CAFF 
2017)

1

Population trend (CAFF 2017) 2

Mean Sensitivity Score 2.38
Photo: K Laidre



53% of 
populations 
exposed

Hauser et al. 2018. PNAS
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Photo: K Laidre



Hauser et al. 2018. PNAS

Arctic 
gateways have 
the most 
vulnerable 
populations –
obligate 
pathways for 
vessels and 
migratory 
mammals

Low

High



Hauser et al. 2018. PNAS

Uncertainty 
varies 

regionally

Low

High



Uncertainty also varies by 
species

Photo: J Lindsay



The Arctic is & will be increasingly 
navigable

Photo: JE Ross



• Detailed case studies
• Examine broader 

regions and seasons
• Transparent, 

accessible vessel data
• Learn from vessel 

measures elsewhere

Photo: JE Ross

The Arctic is & will be increasingly 
navigable



How are AK marine 
mammals 
responding to ice 
loss?
• Beluga whales 

New risks with 
increasing open 
water

Future resilience

Photo: P Nicklen 
Illustration: U Gorter



What about ice-obligate marine 
mammals?

Photo: J. Lindsay



Contrasting responses by adjacent 
populations

Crawford et al. 2015. Prog. Oceanography



Photo: E. Regehr
Figure: Rode et al. (2014) Global Change Biol
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Responses can be diverse, flexible, and 
sometimes positive…at least in the short 
term.

Moore & Reeves. 2018. Plos Biology



Population trend
increasing
stable
declining
unknown

Data: Laidre et al. 2015. Cons. Biol.



NEW PARTNERSHIPS

Photo: Sarah Betcher
Figure: Moore & Hauser. In Revision. 
Environmental Research Letters



FIELD AND DATA ASSISTANCE

Chukchi belugas: Village of Point Lay, L. Lowry, K.Frost, G. O’Corry-Crowe, D. Pikok, B. Small, J. Tazruk, G. 

VanBlaricom, J. Orr, A. Ashby, V. Dollarhide, L. Ferreira, R. Hobbs, T. Nukapigak, T. Romano, M. Sparck, S. 

Speckman, D. Susook, C. Aniskette, N. Hank, L. Hansen, L. Hoberecht, L. Quakenbush, T. Robeck, A. Simon, 

H. Smith, K. VanBlaricom, B. & M. Tracey, J. Rexford, J. Taylor, J. Edwards, D. Ramey, B. Achootchook, J. 

Citta

Beaufort belugas: J. Orr, A. Martin, B. Leblanc, Inuvialuit HTCs of Inuvik, Aklavik, & Tuktoyaktuk, Polar 

Continental Shelf Project

FIELD FUNDING: Alaska Beluga Whale Committee, North Slope Borough, National Marine Fisheries 

Service, Alaska Dept. Fish & Game, Minerals Management Service, Village of Point Lay, National Fish & 

Wildlife Foundation, Fisheries & Oceans Canada, Fisheries Joint Management Committee, Environmental 

Studies Revolving Fund, National Marine Mammal Lab (NMFS)

ANALYSIS FUNDING: UW School of Aquatic & Fishery Sciences, UW IGERT Program on Ocean Change (NSF)

NASA Climate Indicators Program Grant NNX13AN28G

BELUGA ILLUSTRATIONS: Uko Gorter
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Questions?

Photos: K Laidre, J Ross, P 
Nicklen, K Stafford, J Lindsay

Photos: K Laidre, J Ross, P Nicklen, 
K Stafford, J Lindsay



Background photo by Ute Kaden

#ARCUSwebinar

Thank You!
v The next Arctic Research Seminar will be:

§ 10 April 2019, 8:00-9:00 a.m. AKDT in Fairbanks, AK: Civic Participation in 
Arctic Research and Observing: Where We Are and Where We’re Going

v Please visit ARCUS online to find:

• ARCUS Seminar recordings: 

https://www.arcus.org/research-seminar-series/archive

• Information on how to become an ARCUS member:

https://www.arcus.org/arcus/member-information

https://www.arcus.org/research-seminar-series/archive
https://www.arcus.org/arcus/member-information


Background photo by Ute Kaden

We welcome your feedback!
Please help us improve the Arctic Research Seminar Series by  taking 

our short seminar evaluation survey at:

https://goo.gl/YZ3QsT

• This link is available for webinar participants in the chat window.

• This link will also be included in the follow-up email you will 
receive once the seminar video recording has been posted  online.

#ARCUSwebinar

https://goo.gl/YZ3QsT

