
INTEGRATED ECOSYSTEM RESEARCH IN THE BERING SEA 
With Mike Sigler, NOAA Alaska Fisheries Science Center, Juneau  
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in the Bering Sea 
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Climate Scenarios 

Humans 

Humpback  

and fin whales 
Commercial/subsistence 

fish: Pollock, cod, 

arrowtooth flounder 

Kittiwakes and murres,  

fur seals, walrus 

Forage species:  

Juvenile pollock,  capelin, 

myctophids 

NPZ:                      Infauna:  

Ichthyoplankton,    Bivalves, 

euphausiids,          gastropods, 

copepods,             polychaetes 

phytoplankton 

Atmosphere/ocean 

Integration 



   Timeline           Study Area 

Eastern Bering Sea Shelf 

Fieldwork complete;  Analysis 

and Synthesis in full swing. 



24,205 
person-days 
of fieldwork 
completed 

ωNSF and NPRB in 

     partnership 
 

ωIn-kind support from 

     NOAA and USFWS 
 

ω100 PIs, dozens of institutions, small army of students, 
ŎƻƭƭŀōƻǊŀǘƻǊǎΣ ǘŜŎƘƴƛŎƛŀƴǎΣ ŦƛŜƭŘ ŀƴŘ ǎƘƛǇ ŎǊŜǿǎΧ 

 

 

 



Core program hypotheses 

ωPhysics structure trophic 
relationships 

ωBottom-up and top-down control 

ωLocation matters 



Recent runs of warm and then 

cold years 

Stabeno 



Are multi-year temperature 

deviations a new pattern? 

Saint Paul Island surface air temperature, time series analysis of low 

frequency variability (Overland, Wang, Wood, Percival, Bond) 

Å No 

Å Intervening years characterized by high variability 



March and 

April ice 

extent ï a 

decade of 

data 

The average number of days in which sea-ice was present in March 

and April during 2001-2010 (Stabeno, Farley, Kachel, Moore, Mordy, 

Napp, Overland, Pinchuk, Sigler) 

1  10    30     70 



Northern Bering Sea remains 

cold 

 

The anomalies of sea-ice coverage during March and April during warm 

years (2001-2005, left) and cold years (2007-2010, right) (Stabeno, Farley, 

Kachel, Moore, Mordy, Napp, Overland, Pinchuk, Sigler) 

-25    0      25 -25    0      25 



The cold pool will remain and 

determine habitat suitability  

 

The average number of days in which sea-ice was present in March 

and April during 2001-2010. Stabeno, Farley, Kachel, Moore, Mordy, 

Napp, Overland, Pinchuk, Sigler 

1  10    30     70 1  10    30     70 



How may warming affect phytoplankton 

biomass and production?   

o Warming may reduce nutrient 

inputs. 

 

o Warming may extend the low 

productivity/biomass summer 

period. 

 

o Warming favors a shift to 

faster growing smaller 

phytoplankton cells. 

 

o Warming will likely divert 

carbon and energy from large 

zooplankton (e.g., Calanus) to 

microzooplankton. 



mmol C/m2/d 

76 ± 93 
n = 6 

43 ± 23 
n = 11 

43 ± 17 
n = 5 

17 ± 5 
n = 3 

Spring 

Under Ice 

Spring 

MIZ Summer 

22 ± 12 
n = 6 

10 ± 2 
n = 14 

50 m Trap 

50 m SV-POC 

e-ratio: 0.08 - 0.92 e-ratio: 0.03 ï 3.7 

Will warming affect the flow of primary production? 

(smaller cells may boost pelagic recycling)  

102 ± 137 
n = 4 

10 ± 7 
n = 3 

11 ± 5 
n = 17 

Moran, Lomas 



Cold years may allow Calanus to increase 

ingestion rates by ice-associated feeding 

Campbell, 

Ashjian et al. 

Euphausiids show strong relationship  

between carbon and energy content 

Harvey, et al. 

r2 =0.93 



Ressler, De Robertis, Warren, Smith, Kotwicki 

Pollock 

recruitment 

Eventual top-

down control 



2.5

3.5

4.5

5.5

6.5

2002 2004 2006 2008 2010

kJ/g wet wt.

Warm

Cold

Critical value

YOY pollock start winter with low 

energy reserves in warm years 

Heintz, Farley 



Optimal conditions for juvenile pollock survival 
are associated with moderate temperatures 

Mueter 
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2050 pollock catch forecast 
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Hollowed, Bond, Haynie, Ianelli, Mueter 

Statistical downscaling: 

IPCC scenarios 

downscaled to local 

regions and ecosystem 

indicators incorporated 

into stock projection 

models 

Current Forecast 
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Fur seal foraging trips from Pribilof Islands are 
longer and pups weigh less 

Patch dynamics (fur seal): Trites, Bataille, Nordstrom 

Pribilof Islands 

Bogoslof Island 



Foraging time concentrated 

St. Paul 

St. George 

31Aug ï 02Sep 

Seal 14 

Seal 17 

Seal 15 

Seals 10 & 

12 (mixed) 

0 150 100 25 50 

Kilometers 

First passage time (hrs) 

Time in area (hr) 

 

<8 

8-16 

>16 

Patch dynamics (fur seal): Trites, Bataille, Nordstrom 



Seal 14 

Seal 17 

Seal 15 

Seals 10 & 

12 (mixed) 

Foraging concentrated at oceanographic fronts 

Patch dynamics (fur seal): Trites, Bataille, Nordstrom 


