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>100 year old bowhead whale ’
Photo: C. George




SEPTEMBER 2012 = New Sea Ice Minimum
50 % Reduction in Surface Area

- ' Arctic Sea Ice Extent
{Area of ocean with af least 15% sea ice)

— 2015
-- 2012
— 1981-2010 Average
+2 Standard Deviations
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National Snow and lIce Data Center, Boulder CO

September 2015: 4™ lowest sea ice extent
4.41 million square km

[Data products: http://nsidc.org]



Loss of Sea Ice Volume ~75%
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Added Ocean Heat Storage and Heat Flux from
New Sea Ice Free Areas = More Storms

*Mega-Storms in Pacific Arctic
24 Sep 2010 & 7 Aug 2012
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O New Nor mRhysics Headbnes

A Record Seasonal Retreats in 2007 & 2012

A Sea Ice Loss - 50 %by area; 75% by volume
S1=.0 (&= A Strong regional differences  in seasonal Ice - free areas

A Big Storms in High Arctic - deep mixing & upwelling

HEAT & A + 50% Bering Strait Inflow & Mackenzie Plume = warm & fresh
STORMS Chukchi and Beaufort seas
A Primary Production up by an average 20%, to 135% regionally
A Massive under - ice phytoplankton blooms
PRIMARY

PRODUCTION Alce algal deposition to central Arctic basins
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Marine Mammals as Ecosystem Sentinels

Intrinsic

Responses:

<

changes in
diet, body
condition &
chemistry

Extrinsic
Responses:
shifts in range,
phenology &/or
hotspots

Marine Mammal Ecology

Climate

Change: shifts
in UTL habitats

due to biophysical
forcing

Moore et a l

Marine Mammal Health

2014:

(



Marine Mammal Ecology & Sea Ice
Losers & Winners

ICE OBLIGATE SPECIES
5 ded se-
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pelagic community '
- human subsistence activities >
+ human commercial activities >
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MIGRANT SPECIES </-D
' Fin whale
Minke whale

Moore & Huntington 2008



Marine Mammals in the New Normal’

Walruses, Ice
Seals & Polar
Bears no longer
have seaice
platform for
resting and
hunti ngéeé

Photo: K. Stafford

é w h i Whales may be finding new feeding
opportunities, which in some cases can be
assessed based on 30y+ research partnerships




*Research OPartnershi pso:

Local Ecosystem Observers & Samplers

photoby SueMoore Bowhead whaling nutritional &
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Ad- hoc* Partnership formed via
Bowhead Whale Co - Management

~1980: AEWC forms

Alaska Eskimo Whaling
Commission

AEWG NOAA- IWC forms basis
for ~30year research partnership

Document population growth,
habitat use, diet, body condition,
response to underwater noise
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* NSB Ice-based Census, in support of AEWC quota

o

*Government. -

government : \ _
+a_more formal http://eli-ocean.org/arctic/consultation/


http://aewc-alaska.com/

Bowhead Whale Ecology in Pacific Arctic

Arctic Ocean

NSF 1T SNACS Program
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I surmmer feeding ares 3
Vicki B

E@%@\MNOAA i Aerial Survey Program
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Bowheads are not supposed to eat krill, but
they doe.a O0discoveryo*

Euphausiids (krill) in whale
stomachs, * since 1980s

Copepods are common
prey too

Copepods = local prey ,
expected in Pacific Arctic

Krill = advected prey and
unexpected in Pacific Arctic

Photos: C. George



Sampling Tools - , Tagging, UAVs
Bio- Chemistry (lipids & toxins), DNA

ARCTIC OCEAN

Phato: K. L. Laidre
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Shipping, Tourism, Fishing

s Anthropogenic Footprint

O&G Development

Frequency (kHz)

> Ship Strikes

> Increased Underwater Noise
> Exposure to Contaminants

> New Vectors for Disease

Airguns & Bowhead calls
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Sound Pollution Fin whale call masking

Bay of Fundy
Quiet i no ship
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Marine Mammal and@\irgun
Sounds in the High Arctic
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Holistic Adaptive Management
the Pacinc A-@ic Triad: exanipe: o

AEcosystem Sentinels ASynthesis of DBO and Auxiliary
ALong - term, Multi - disciplinary Sampling Data Sources

Framework i :
ACommunity Observing Networks AHypothesis Generation

AResearch Partnerships

ALinks to Auxiliary Data (acoustics)

AData Integration, Availability &
Collaboration

e ceffective adaptive-policy requires new ways of learning about and
governing uman i-nteracteéoOMse kvi € h ManiePoliégyp |




SOAR: Synthesis of Arctic Research

Includes results from *

his ssue Completas Volume 13
Volume 136, gust 2095

PROGRESS IN
OCEANOGRAPHY

Spe

cial Issue
Synthesis of Arctic Research (SOAR)
sis 9 :
- \

Research Partnerships*

Bio- physical Responses
to the ONew N
Arrigo, Frey, Mathis, Wood, Wang

Marine Bird & Mammal
Prey Responses

Grebmeier, Logerwell , Crawford,
Divoky , Lovvorn

Marine Bird & Mammal

Responses

*Citta , Clark, George , Harwood,
Kuletz , Maclintyre

http://arctic.noaa.gov/soar/




*Bowhead Whale Core - Use Areas -
54 tagged whales 2006 -12 (cita etal.2015) ¥
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For marine mammals to be effective
~wWe need to keep.in mind

Sampling Scale is based
on speciesod ecology

Integration of Bio -
Chemo - Physical
sampling is essential

Routine Inclusion of
marine mammals in
ecosystem models and
management plans is the
goal

In.the Pacific Arctic we have started the DBO



