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Change in the nation’s “fish basket”

Rising temperatures are transforming Alaska’s Bering Sea, the source of half of America's seafood and the
mainstay of Seattle’s fishing industry. Crab, flatfish, walrus and seal populations are suffering while pollock and
cod are on the rise.

A FROZEN WORLD THAWING OUT
ice provides habitat for mammals and birds and nurtures a food An lce-free sea lavors species that live and feed in the water
chain that favors bottom-feeding species like crab, flatfish and column, like pollock, cod and orcas.
gray whales: it also creates a deep pool of nearfreering water
that ¢rab prefer and 1. When the water doesn't freeze, or the ice melts early,
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3. Because the

water is still very 3. In the warmer
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populations are
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5. Less food reaches
the bottom for crab
and other
bottom-feeders.

Seattle Times Oct. 1, 2006



BSIERP - BEST Field

Research Structure
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Humpback
and fin whales

'\ Commercial/subsistence

fish: Pollock, cod,
arrowtooth flounder

Kittiwakes and murres,
fur seals, walrus

Forage spdgies:
Juvenile pollock|| capelin,
myctophigls

fiit

NPZ: Infauna:
Ichthyoplanktof], Bivalves,
euphausiids, gastropods,
Copepods polychaetes
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South to north pelagic to benthic ecosystem transition

Scenario 1. Open Water Blooms

I Scenario 2. Marginal Ice Edge Blooms

February March April May June

Graphic courtesy of Brad Moran and Mike Lomas Key - Diatoms, Zooplankton, Flagellates



Integrated
water
column
chlorophyll

11-1053 mg
m-2

Mean
chlorophyll
In surface
sediments

<1to 40 mg
m-2
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Juvenile Sockeye Salmon Distribution and Seaward Migration Pathway change

in Bristol Bay sockeye salmon distribution and seaward migration pathways in
relation to warming sea surface temperatures
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10 Million new Salmon in the N. Bering Sea in 2004; coincident

with increased northward movement of pollock
[courtesy Jack Helle/NOAA]




Change in sediment oxygen uptake (indicator of carbon supply to

benthos) and benthic macrofaunal biomass SW of St. Lawrence Island
(trend lines through mean)
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Significantly changing taxa

C2003 MBARI

Ampeliscidae " Haustoriidae Leuconidae

Orbiniidae




Significantly changing taxa

0.5 mm

D203 MBARI
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SLIPPO1 (2001)  HLY0601 (2006)



M. calcarea N. radiata N. radiata
1 9?0-1 974 1993-1994 1999-2001
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B 20- 700
12-18 mm ‘
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Lovvorn et al. manuscript submitted




Fish/prey photos:
. Xuehua Cui
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Shorthorn sculpin: 352mm, 599¢g

Live ampharetid worm

Photo:Art Howard/
PolarPalooza




Ecological impacts
Most biologically productive sector of the
Arctic marine system is the Bering and
Chukchi Seas

180

RNy r

[courtesy Gay Sheffield, ADFG]

2006 tagged walrus locations (green dots,
courtesy of Chad Jay, USGC) overlain on
~35 year composite of benthic infaunal
biomass (Grebmeier et al. 2006)*

« different black symbols differentiate
different collectors (Grebmeier et al.
2006)*

*note general location walrus in regions of
high benthic prey biomass

*Progress in Oceanography 71: 331-361




Walrus tagging

clip courtesy of
4 Tony
W Fischbach,
. Alaska Science
Center, USGS




Helicopter tracks
flown as part of
walrus and spectacled
elder surveys




5| ©  “Walrus-prey” Patch Dynamics ‘
Study (BSIERP and BEST)

Objectives Pls: Chad Jay (Alaska Science Center, USGS,
Jackie Grebmeier and Lee Cooper, University of
Maryland Center for Environmental Science)

« fleld/retrospective evaluation
of benthic infauna, sediments,

and oceanographic conditions in 2.0\ 022
context of walrus feeding sites, | L’“
both historical and tagged = = = | | Ney”
T — - » e, T / Y/

e grid of benthic infaunain = === == Tl [ S A
walrus feeding area at various - st = = . £ A\
spatial scales (<5-20 nautical e = N had P s ey ER
miles) to evaluate variable prey # = = e BN R =

patches and food quality; == R |/ |

videographic evaluation of IR
epifauna
S

* helo survey and tagging of
walruses

- predator/prey caloric content, s
stable isotopes, and pilot et
predator/prey DNA studies

e
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Seawater temperature extending from the Aleutian
Islands, Alaska (top left) to Barrow, Alaska (top right) in i ocean |
July 2001 from the CCGS Sir Wilfrid Laurier. Bottom “Annual July cruises on
panel is time series of bottom water temperatures (<0°C)  CCGS Sir Wilfrid Laurier
in cold pool SW of St. Lawrence Island. [Grebmeier et al., 2006, Science 311]




Canada’s Three Oceans Program
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Canadian work planned in Bering Sea through 2050




International participation BEST-
BSIERP cruise March 2008
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Jinping Zhao and
Yutian Jiao, Ocean

Saint Petersburg . University of China
Christian Morel photos

Boris Sirenko,
Zoological Institute,



NOAA GFDL CM2.| Model Simulation: SRES AIB Scenario

Fractional Arctic Wide
Sea Ice Concentration

1981-2000 Avg
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9, 0o o
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Mis-match of models vs.
seasonal sea ice retreat 2007-
2008
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Arctic sea ice loss compared to IPCC models

Arcic i exien loss io September 2007 companed W IPCC modaled changes
using the SRES A2 CO2 scenario {(IPCC high CO2 sconario). Seplomber loss data
Iram salellie abssenvations. Dath smoothed with & $1h onder polynomial 10 smoath
ol the yoar-lo-yoar variabiity. Chart courtesy Dr Asgesr Sorteberg, Binknos
Canire by Chmale Resaarch and Unnaamily Camor 80 Svalbard, Norsvy.

Date: 23 Septamber 2007 www cabonequity infolimagessaniosl? jpg




Russia

| Percentage Multi-year Ice

May 19, 2008
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Source: U.S. National Show and Ice Data Center

"I think we're going to beat last year's record melt, though I'd love
to be wrong."

"If we do, then | don't think 2013 is far off any more. If what we
think is going to happen does happen, then it'll be within a decade

anyway."

Julienne Stroeve, NSIDC, quoted by BBC, 18 June 2008




Bering Sea Ice Trends
(1978-2007)

SMMR and SSM/I Satellite Passive
Microwave Sea Ice Concentrations
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Bering Sea Ice Trends
(1978-2007)

SMMR and SSM/I Satellite Passive
Microwave Sea Ice Concentrations
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Satellite vs. /n Situ Chl-a Concentrations
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Integrated Water
Column Chlorophyli
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Sediment
Chlorophyli
2006: Pass One

Sediment
Chlorophyll
2007: Pass One
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Nitrate (LM) surface (top panel) and bottom water (lower panel)
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Ammonium (1M) surface (top panel) and bottom wate
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High salinity (>33) water observed in 2007 (but
not in 2006) from April brine injection events

Results: better water column ventilation, possibly more intense
spring bloom development than in 2006
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Short-term particle accumulation tracer

Beryllium-7 (53 d half-life) distributions on surface (0-1 cm)
sediments

18-29 May 2007 6-15 June 2007
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Sampling Dates | Mean Mean Significant
Alpha Helix 1994 |Integrated bottom paired t-test

Healy 2006 chlorophyll  |water differences
Healy 2007 (mg m2 £SE) |nitrate (UM |(<0.05)
+ SE)

26 May-6 June 556.6+52.5 |10.7+£1.0 |n=30
1994 .

11-19 May 2006 |246.0+50.0 | |{6.4 +0.8 | [n=30

28 May-2 June 395.2+61.8| (/8.3 £1.0 Pass 2 (11
2006 stations)

19-27 May 2007 |400.4+21.3] |[|12.0 £0.6 |{n=30

6-13 June 2007 |256.1x74.3 |12.3t1.4 |Pass 2 (13
stations)




Op
BSIERP

Slgnlflcant b
changes since 19 0

Chlorophyll biomass S|gn|f|ca ‘different in each of three
years during ice-melt (1994, 2086, 2007) that had similar
Ice retreat timing but S|gn|f|can1;|;( dlfferent oceanographic
eonditions = =

Repeat sampling shows that even within-season variation is
large and blooms.highly. localized

Water mass and nutrient variation, wind-mixing and late
winter brine formation are potentially important variables
that will also impact sprlng productivity in addition to the
timing of ice retreat '

ructure




	Results from BEST, BSIERP, and other IPY-relevant research in the northern Bering Sea
	Acknowledgments�
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Significantly changing taxa
	Significantly changing taxa
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Walrus tagging
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Conclusions

