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• What is the USGS Changing Arctic Ecosystem (CAE) 
initiative?

• Current and future plans for work in the Arctic



USGS science trajectory

Mission of USGS is to provide science information:
• Natural hazards
• Water
• Energy & Minerals
• Climate & Land Use
• Core Science Systems
• Environmental Health
• Ecosystems (Wildlife)



USGS science

But, not on autopilot:
• Responsive – to new issues and 

new information needs
• Innovative – seek new tools to 

supply timely, relevant, and 
useful information about the 
Earth and its processes

• Integrated – and more than one 
initiative



CAE is not all that USGS does in the Arctic

Robbins (2012) USGS Fact Sheet

Ocean acidification



CAE is not all that USGS does in the Arctic

Gibbs and Richmond (2015) USGS Open File Report
Ravens et al. (2012)

Coastal erosion



CAE is not all that USGS does in the Arctic

Farquharson et al. (2016) Geomorphology

Thermokarst



CAE is not all that USGS does in the Arctic

Houseknecht et al. (2010) USGS Fact Sheet

Energy 
assessments
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History of the CAE Initiative

2007 – Secretary of the Interior asked USGS to conduct 
analyses to reduce uncertainty around the future status of 
polar bears for the USFWS listing decision



History of the CAE Initiative

2007 – Secretary of the Interior asked USGS to conduct 
analyses to reduce uncertainty around the future status of 
polar bears for the USFWS listing decision

• Decline in sea ice 
drives model

• Large decline of 
bears in some 
areas by 2075-2095

Amstrup et al. (2008)



Forecasting the relative influence of environmental and anthropogenic 
stressors on polar bears

Ecosphere
Volume 7, Issue 6, 29 JUN 2016 DOI: 10.1002/ecs2.1370
http://onlinelibrary.wiley.com/doi/10.1002/ecs2.1370/full#ecs21370-fig-0004

Atwood et al. (2016)

http://onlinelibrary.wiley.com/doi/10.1111/ecs2.2016.7.issue-6/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/ecs2.1370/full#ecs21370-fig-0004
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2010 – Directive from the 
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use similar approaches for 
other high priority species 
and their habitats in 
terrestrial and marine 
ecosystems of the Arctic



History of the CAE Initiative

2010 – Directive from the 
Department of Interior to 
use similar approaches for 
other high priority species 
and their habitats in 
terrestrial and marine 
ecosystems of the Arctic



A similar modeling approach?



A model for wildlife response

Van Hemert et al. 
(2015) BioScience



Goals of CAE (since 2010)
• Quantify wildlife and habitat 

response to arctic changes

• Determine how and why of 
these responses

• Forecast future responses to 
inform to inform decision 
making

Van Hemert et al. (2015) BioScience



Where we are working



Wildlife response and research directions:

• 2007 onshore haul out
• Forage and energetics?

• Increase in goose populations
• What are the mechanisms?

Stehn et al. (2013) 
USFWS Alaska



Wildlife response and research directions :

Forage and 
energetics

What are the 
mechanisms?



Wildlife response and research directions :

• Coastal erosion and 
changes in hydrology, 
habitats

• Earlier arrival and more 
time onshore

• Forage and health?
• Implications?



Wildlife response and research directions :

Coastal 
changes

On shore 
bears

Ken Wright

Atwood et al. (2016)

Laske et al. 
(2016)

Hupp et al. 
(2015)Haynes et 

al. (2015)



Wildlife response and research directions :

• New species 
communities

• Wildlife disease 
transfer?

• Disease prevalence
• Health of subsistence resources

*Alaska Department of Fish and Game



Why is this important? 

• Work focused on Department of 
Interior ‘trust species’

• Natural resource changes and 
decisions are often many years in 
the making:
• Offshore and onshore development
• Wildlife management plans
• Different patterns across a variable 

environment



Hasn’t this been done before? 

• Molting Black Brant in and around Teshekpuk Lake



Research timeline in the NPR-A

1979 – Abundance and Distribution of Molting Geese

2008 – Abundance and Distribution of Molting Geese

2014 – Distribution of Geese              



1979 – Abundance and Distribution of Molting Geese

1981 – Use of Wetland Habitats by Birds

1992– Effects of Aircraft on Black Brant

2008 – Abundance and Distribution of Molting Geese

2010 – Habitat Use by Molting Geese

2011 – Evidence for Ecological Change

2013 – Sea Ice Decline, Permafrost Thaw

1994 – Shoreline Vegetation used by Brant

2014 – Distribution of Geese              

and Benefits for Geese              

Research timeline in the NPR-A



Changes in:
Temperature
Permafrost thaw 
Habitats
Bird behavior

1979 – Abundance and Distribution of Molting Geese

1981 – Use of Wetland Habitats by Birds

1992– Effects of Aircraft on Black Brant
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2011 – Evidence for Ecological Change

2013 – Sea Ice Decline, Permafrost Thaw

1994 – Shoreline Vegetation used by Brant

2014 – Distribution of Geese              

and Benefits for Geese              

Research timeline in the NPR-A



Shifts in Black Brant distribution  
• In 2008 study, five 

new molting areas 
identified

• In 2011-2013, 
USFWS added 
these areas to 
annual survey

• Counted an 
additional 7,000 –
15,000 molting 
birds Lewis et al. (2009, 2011), Flint et al. (2014a, 2014b)



1979 – Abundance and Distribution of Molting Geese

1981 – Use of Wetland Habitats by Birds
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Changes in:
Temperature
Permafrost thaw 
Habitats
Bird behavior

Land use planning

Research timeline in the NPR-A



Development timeline in the NPR-A

1979 – Abundance and Distribution of Molting Geese

1981 – Use of Wetland Habitats by Birds

1992– Effects of Aircraft on Black Brant

2008 – Abundance and Distribution of Molting Geese

2010 – Habitat Use by Molting Geese

2011 – Evidence for Ecological Change

2013 – Sea Ice Decline, Permafrost Thaw

1994 – Shoreline Vegetation used by Brant

2014 – Distribution of Geese              

and Benefits for Geese              

2006 – Renewed oil and gas leasing

2008 – Leasing deferred

2013 – Expansion of TLSA & ConocoPhillips GMT-1

1977 – Teshekpuk Lake Special Area (TLSA) designated

2012 – Shell Oil drilling in Arctic

2016 – Caelus Smith Bay find

1980’s – Open for leasing



Changes in:
Temperature
Permafrost thaw 
Habitats
Bird behavior

Land use planning

Hasn’t this been done before?

1979 – Abundance and Distribution of Molting Geese

2008 – Abundance and Distribution of Molting Geese

2014 – Distribution of Geese              
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Observational science  



Observational science  

Fischbach et al. (2016)



Hypothesis-driven science: Why?

Van Hemert et al. (2015)



Current and future plans: communication

• Active communication with 
the public about our work

• Involvement and dialogue 
with people in communities 
where work takes place 

• Communities in the Arctic are 
also responding to climate 
change

ADN, September 2016



Recommendations from NPR-A subsistence panel

• Studies on the North Slope 
should be delayed for two 
years to reduce aircraft traffic

• Conduct an inventory of water quality

• Conduct caribou surveys annually in light of declining herds

• Provide information on diseases and parasites in subsistence 
species



Current and future plans: Emerging issues
• Coastal erosion and Alaska village infrastructure

• Equip communities with monitoring tools to establish 
long-term baselines

• Provide information on diseases and parasites in 
subsistence species

• Arctic science as STEM educational platform



Future research areas



Closing thoughts
• CAE and other USGS science will remain flexible and 

responsive to agency and public needs to inform decisions

• Producing quality science across a changing landscape of 
temperature and land use takes time

• Communication and soliciting feedback remains a priority



Upcoming seminars in this series
November 10th, 2016 – Karyn Rode
The role of polar bear behavior in defining resiliency and limitations to sea 
ice loss

January 26th, 2017 – Steve Matsuoka & Sarah Thompson
Avian adaptations to climate change in the boreal forest – Arctic transition 
zone

February 16th, 2017 – Iris Cato & Paul Flint
Differences between arctic and sub-arctic grazing systems for geese



Upcoming seminars in this series
March 9th, 2016 – Rachael Loehman
Climate impacts to plant, animal, and human communities on the Yukon-
Kuskokwim Delta 

April 6th, 2017 – Molly McDermott
Diet of migratory songbirds across a range of changing habitats in western 
Alaska

May 11th, 2017 – Vanessa Von Biela
Bivalve growth in response to changing sea ice conditions in the Chukchi Sea



The Trajectory of the USGS Changing 
Arctic Ecosystems Initiative

Questions?
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