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Linking Biology to Physics in an Arctic Ocean 

Observing System:  

Workshop Outcomes and Way Forward 

 
Development of a Distributed Biological Observatory (DBO) in the 

Pacific Arctic and potential for pan-Arctic system studies 

 



The Goal of the Workshop 
 

The workshop is organized by the Pacific Arctic Group and 

the AOSB/Marine Working Group of IASC.  During the 

workshop we will: 

 

ü review the data collected during the 2010 and 2011 

DBO pilot project and analyses 

ü discuss the potential expansion of the program to a 

pan-Arctic biological observation network 

ü data management issues 

ü plans for DBO occupation in 2012 onwards 

 

[http://www.arctic.noaa.gov/dbo/] 



}2007 sea ice retreat 

called ócatastrophic ô 
(Shimada 2007)  

}Nearly ice - free 
September now 
predicted for 2037 
(Wang & Overland 2009)  

}Biggest change is loss 
of multi - year ice  + 
delay  in fall freeze - up  



Frontiers in Understanding Climate Change and Polar Ecosystems: 

Report of a Workshop, U.S. Polar Research Board, National Academies 

(published May 2011; free pdf download) 

 
Committee: Jacqueline M. Grebmeier and John C. Priscu (co-chair), Rosanne dôArrigo, Hugh W. 

Ducklow, Craig Fleener, Karen E. Frey, and Cheryl Rosa 

 
 

It highlights the need for biologically-oriented, time-series, long-term 

observations in the polar marine environment to track ecosystem 

response to climate forcing 



[courtesy Tom Weingartner 

and Seth Danielson] 



Pathways: Pacific water into the Arctic 

  

Pacific Water  

[courtesy R. Pickart] 

Russia USA 



Shifts in sea ice persistence and Chl -a concentration from 

2003-2009  

Based on SSM/I Sea Ice Concentrations and the GlobColour (SeaWiFS, MODIS, MERIS) satellite time series, courtesy Karen Frey 



Rich benthic communities on the western side of the 

Bering/Chukchi Sea system 1970-2010 

[updated from Grebmeier et al. 2006] 

ǒ  ñfoot printsò of high 

benthic biomass reflect  

pelagic-benthic coupling 

and export of carbon to 

sediments  

ǒ infaunal dominated by 

amphipods, bivalves, 

polychaetes, and sipunculids 

Weingartner et al. 2005 [Carin Ashjian] 



} Pacific zooplankton in Beaufort Sea 

} Commercially fished óBering 
speciesô & snow crab in the 
western Beaufort Sea  

} Seabird declines with drop in clam 
biomass [eiders] & access to ice -
associated cod [guillemots]  

} Gray whale feeding - focus shift 
from N. Bering to Chukchi  

} Walrus hauling out on land in 
unprecedented numbers  

} Polar bears reported drowned at 
sea, scavenging & denning on land  



Linking Physics to Biology : the Distributed Biological 

Observatory (DBO)  

ÅDBO sites (red boxes) are 
regional ñhotspotò transect 
lines and stations located 
along a latitudinal gradient 
 

ÅDBO sites are considered to 
exhibit high productivity, 
biodiversity, and overall 
rates of change 
 

ÅDBO sites will serve as a 
change detection array for 
the identification and 
consistent monitoring of 
biophysical responses 
 

ÅSites occuppied by national 
and international entities 
with shared data plan 
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[modified by Karen Frey from Grebmeier et al. 2010, EOS 91] 



Core standardized ship-based sampling: 

 CTD 

 Chlorophyll 

 Nutrients 

 Ice algae/Phytoplankton (size, biomass and composition) 

 Zooplankton (size, biomass and composition) 

 Benthos (size, biomass and composition) 

 Seabird (standard transects, no additional shiptime) 

 Marine mammal observations (no additional ship time) 

 

ñChange detection arrayò ï same measurements every year, process 

information in near real time <6 mos; detect regime shifts in rapid changes 

 

Second tier ship-based sampling: 

 Fishery acoustics (less effort than standardized bottom trawling) 

 Bottom trawling (every 3-5 years) 

 

DBO occupations by national and international science programs 

Distributed Biological Observatory:  

Linking Physics to Biology 
 



Endorsements 

[http://www.arctic.noaa.gov/dbo/] 

Å Marine Working Group of the International Arctic Science Committee (IASC) 

has endorsed the DBO (2010), is supporting similar activities in the Atlantic 

sector of the Arctic, and co-sponsored the DBO workshops in Seoul, Korea 

March 2011 and Sidney, BC, Canada in November 2011 

Å the IASC-SCAR bipolar action group for the Arctic and Antarctic recently 

identified the DBO concept of latitudinal transects and stations as a possible 

mode for biological observations in the Antarctic 

Å In the USA DBO identified in US Polar Research Board report 

Å several U.S. agencies have endorsed the DBO concept in the Arctic 

research planning documents, including: (1) the 2010 NOAA Arctic Strategic 

Plan, (2) aspects in the BOEMRE Alaska Region planning efforts in the 

Chukchi Sea (COMIDA-Hanna Shoal), (3) statements in the recent USGS 

Science ñNeeds to Inform Decisions on Outer Continental Shelf Energy 

Development in the Chukchi and Beaufort Seas Alaskaò document, and (4) 

discussions Shell-ConocoPhillips-StatOil environmental program. Perhaps 

most importantly, the DBO is specifically included in the draft US National 

Ocean Policy Strategic Plan.  

http://iasc.arcticportal.org/index.php/home/groups/working-groups/marineaosb/activities
http://iasc.arcticportal.org/index.php/home/groups/working-groups/marineaosb/activities
http://iasc.arcticportal.org/
http://www.scar.org/about/
http://www.arctic.noaa.gov/dbo/publications.html
http://www.arctic.noaa.gov/dbo/publications.html
http://www.arctic.noaa.gov/docs/NOAAArctic_V_S_2011.pdf
http://www.arctic.noaa.gov/docs/NOAAArctic_V_S_2011.pdf


ASSW 2010= IASC/AOSB Endorsement  [April 

2010] Arctic Ocean Sciences Board: Marine Working Group  

}ACTION: The Board supports the 

DBO pilot program in the Pacific Arctic 
Sector, and willé  

} Co- sponsor a workshop w/ PAG to 
identify ways to expand the program 
to a pan - Arctic DBO  

} AOSB Steering Group will consult with 
ICES to determine their interest in the 
DBO concept.  

 

 



 

 

ü 2008 Discussions within PAG for observations and synthesis activities 

ü May 2009: NOAA Biology workshop, Seattle, WA; also NSF/NOAA Bering Strait 

workshop, both in May 
ü Feb. 2010: Open session on the Distributed Biological Observatory (DBO) planning 

effort, Feb. 2010, Ocean Science Meeting, ~40 participants 

ü April 2010: DBO discussion at ASSW, Nuuk, Greenland:,AOSB:MWG 

ü May 2010: Feature article in EOS on NOAA Biology workshop and DBO 

ü June-October 2010 DBO field pilot project: multiple DBO occupations 
ü Dec. 2010: Update on DBO 2010 pilot project at PAG meeting in Tokyo, Japan 

ü Jan 2011: DBO poster at the Alaska Marine Science Symposium Anchorage, AK 

ü Jan 2011: DBO workshop at the AMSS, ~50 participants 

ü Jan 2011: Presentation to AOSB/MWG in Potsdam, Germany 

ü Continued interest by multiple US agencies in DBO planning effort, listed in NOAA 
strategic plans, discussions with US NSF SEARCH, USGS, BOEM, NOAA 

ü Mar 2011: DBO workshop at ASSW, Seoul, Korea, status & 2011 plans, ~90 people 

ü Mar 2011: PAG meeting discuss 2011 DBO plans, future direction 

ü June-October 2011 DBO field pilot project: multiple DBO occupations 

ü Nov 2011: DBO Workshop in Sidney, BC and PAG meeting, ~35 people 
ü Dec 2011: Open DBO information session at AGU 

ü Feb 2012: Open DBO information session at Oceans meeting in Salt Lake City 

ü April 2012: DBO updates and discussion PAG and IASC AOSB/MWG Montreal IPY 

 

Introduction: The DBO 2010 and 2011 Pilot Program and 

Beyond 



DBO 2010 and 2011 ñPilotò Season: International 

cruises to Pacific Arctic (**both years) 

Vessel Country  PI 

Moana  Wave USA Grebmeier  

Healy (**)  USA Arrigo  

Xue Long  China  He 

Mirai  
 
Laurier (**)  

Japan 
 
Canada  

Itoh  
 
Vagle  

Khromov  (**)  Russia 
and USA 

Woodgate  

Alaskan 
Enterprise  

USA Napp  

Annika Marie 
(**)  

USA Ashjian  

Healy (**)  
 

USA 
 

Pickart  

http://pag.arcticportal.org 

Barrow Canyon 
άƘƻǘǎǇƻǘέ  

{/{ άƘƻǘǎǇƻǘέ  



DBO 2 0 1 0  Dat a Par am et er  Mat r i x  ( SE Ch u k ch i  Sea-S ECS)  an d  Bar r ow  Can y on  ( BC)

Cr u is e ( DBO  PI 

Lead )

Period 

(DB O 

lin es )

CTD * Ch l-

ex t r ac t s

Nu trien ts A lg ae -

Ic e/ Ph yto-

p lan k t on :  

si ze, 

b iom as s, 

co mpo si t ion

Zoop lan k t on :  

si ze, 

b iom as s, 

co mpo si t ion

Ben th os :   

si ze, 

b iom as s, 

co mpo si t ion

Seab i r d  

surveys

Mar in e 

Mam m al  

surveys

Healy 1001 (Pickart) June- July 

(bo th )

x x x x x

Sir Wilfr id Laurier 

(Vagle)

July (bo th ) x x- SECS 

onl y

x x** x** x

Moana W ave** 

(Grebm eier)

July-Aug 

(bo th * * )

x x x x x x x x

Xuelong (He) July-Aug x x x x x x***

Anni ka Mari e 

(Ashj ian)

Augu st 

(B C)

x x x x x x x

Alaskan Ente rpr ise 

(Napp/ CHAOZ)

Aug- Sept 

(BC)

x x

Khrom ov (Woodga te )  

(RUSALCA CS line)

Aug 

(S ECS)

x x x x x x

Healy 1003 (Pickart) Sept (BC) x x x x

Mirai ( I to h) Oct (BC;  

one stn  

SECS)

x x x x (1 stn )

Su m  d at a set s 9 7 8 5 6 3 5 5

* = T, S, plus some cruises tr ansm issivity, fluorescence (chlorophyll) ,  CDOM, di ssolved oxygen, pH

* * = all wate r colum n, plankto n and benth ic data  at "h otspo t" site s bo th  areas,  plus nearshore stn  SECS line;  seabi rd/ m arine m am mals all 

* * * = 3 sta ti ons per tr ansect

2010 DBO International Pilot Project 



2011 DBO International Pilot Project-UPDATE 

DBO 201 1  Dat a Par am et er  Mat r i x  ( SCh u k ch i  Sea-S CS)  an d  Bar r ow  Can y on  ( BC)

Cr u is e ( DBO  PI 

Lead )

Period 

(DB O l ines)

CTD * Ch lor op h yll-

ex t r ac t ion s

Nu trien ts Alg ae -

Ic e/ Ph yto-

p lan k t on :  

si ze, 

b iom as s, 

co mpo si t ion

Zoop lan k t on :  

si ze, 

b iom as s, 

co mpo si t ion

Ben th os :   

si ze, 

b iom as s, 

co mpo si t ion

Seab i r d  

surveys

Mar in e 

Mam m al  

surveys

Healy 1101 (Pickart 

and Arrigo)

June 15- July 

25 (bo th )

x x x x

Sir Wilfr id Laurier  

(Vagle and 

Grebm eier)

July 6- 21 

(bo th )

x x x x x x x x

Khrom ov (Woodga te ) July 9- 25 

(SECS)=RUS

ALCA CS l ine

x x x x x x

Anni ka Mari e 

(Ashj ian)

Augu st (BC) x x x x x

Alaskan Ente rpr ise 

(Napp/ CHAOZ)

Aug- Sept 

(B C)

x x x

Healy 1103 (Pickart) Sept (BC) x x x

Healy 1104 (Ashj ian) Nov (BC) x x x

Su m  d at a set s 7 4 5 3 5 1 2 5

* = T, S, plus some cruises tr ansm issivity, fluorescence (chlorophyll) ,  CDOM, di ssolved oxygen, pH





1030-1200  

ü Continued DBO data analysis and integration (10 min talks) 

·  Zooplankton collections 

o ñZooplankton collections within the DBO effortò (John Nelson) 

o ñRUSALCA and industry zooplankton study effortsò (Russ Hopcroft) 

·  Benthic collections 

o ñBenthic time series collections within the DBO effortò (Jackie Grebmeier) 

o ñBenthic species diversity and dynamics along the DBO sitesò (Monika 
Kedra) 

·  Marine mammal, seabird and fish observations 

o ñFish, seabird and marine mammal observations during the 2010-2011 
pilot DBOò (Sue Moore) 

·  Other data sets from DBO participants? 

ü Open discussion period 

 

1200-1330 Lunch Break -IOS cafetria  

 

1330-1430 

ü DBO Plans for 2012 onwards 

o ñNew Japanese project on sea ice reduction/variability and its impact to 
Arctic marine ecosystem" (Takashi Kikuchi/JAMSTEC)  

o ñPlanned US and international DBO effortsò (Jackie Grebmeier) 

o Other country plans related to DBO? 

ü Open discussion period for collaborations and publication planning 

 

1430-1500 Coffee Break  





A Climatology of the DBO Sites  

Sea Surface Temperature (AVHRR) 

Sea Ice Concentration (SMMR/SSMI) 

Sea Ice Breakup/Formation Timing (SMMR/SSMI) 

Chlorophyll-a Biomass (Globcolour) 

Surface Nitrate (World Ocean Atlas) 

Solar Insolation (NASA) 

[Karen Frey] 



Recent Shifts in Sea Ice Persistence vs. Chlorophyll -a  Biomass  

(2003 -2009, AMSR -E/MODIS era) [Karen Frey]  

Ҩ {Ŝŀ LŎŜ No Change 
Chl-a 

Ҩ {Ŝŀ LŎŜ ҧ Chl-a 

ҧ {Ŝŀ LŎŜ 
Ҩ Chl-a 



Trends in SST, Sea Ice Cover, Chl -a  Biomass (Mann -Kendall, p<0.1)  

[Karen Frey] 



Column integrate daily 
primary productivity 

in July 2002 
(mg C m-2 d-1) 

Absorption-based 

VGPM 

[Toru Hirawake] 



Inter-annual variation in PP 

Aug. 

Sep. 

[Toru Hirawake] 



Since 1990 

1-4 nearïbottom moorings 

Your  

instrument 

here!!!! 

Bering Strait Moorings 

Since 2007  

(International Polar Year) 

8 moorings with upper and lower 

sensors 

Now also with 

- Whale Recorders ï Kate Stafford and Carter Esch 

- pH and pCO2 sensors ï  Fred Prahl, OSU 

Annual CTD sections 

ACC=Alaskan Coastal Current 

[Rebecca Woodgate] 



27 

RUSALCA 2010 Khromov Cruise 

Mauve = clearance box 

Blue = ship track 

Black dots = moorings 

Red dots = CTDS 

Green dots = nets 

+ 4 Primary productivity  

stations 

31st July  

ï 11th Aug 2010 

Nome to Nome 

[Rebecca Woodgate] 



28 

Land Sat ï CH6H ï Jul18th 2003, from R Lindsay 

similar features in SAR imagery from Lavrova et al 2002 

High resolution mooring 

array in the strait + CTD 

until 2013  

ï RUSALCA-NOAA & NSF 

Time and space scales of 

change are FAST (hours) 

and SMALL (kms or less) 

 

NEED TO WORRY ABOUT 
- lack of synopticity of 

sections 

- how representative a 

snap shot section is 

of what we really want 
to know 

- what DO we really 

want to know? 

psc.apl.washington.edu/BeringStrait.html 

WAYS FORWARD 

- Comparing section data with Mooring data 

- Comparing section data with satellite data 

[Rebecca Woodgate] 



Vertical Sections  

  

Individual Sections: Salinity   

Winter water is saltiest early in the season  

2010: Pickart, Vagle, He, Ashjian, Pickart, Itoh 



Vertical Sections  

  

Individual Sections: Potential Temperature (oC)    

2010: Pickart, Vagle, He, Ashjian, Pickart, Itoh 



Vertical Sections  

  

Individual Sections: Potential Temperature (oC)    

    ACC is warmest in early September    

2010: Pickart, Vagle, He, Ashjian, Pickart, Itoh 

 



Comparison between July 2010 and July 2011   

  
Temp (oC) 

Salinity 

2010  2011  

In early 2011 the ACC was warmer and the subsurface winter-remnant water was colder.  

However, the winter water was pronouncedly less dense. Why ??  

[Bob Pickart] 



[Svein Vagle] 



Comparison between Sept 2010 and Oct 2011   

  
Temp (oC) 

Salinity 

8 Sep 2010  7 Oct 2011  

The ACC is absent in the 2011 crossing.  Is this a seasonal difference or an inter-annual  

change (or both)? We need more data to sort out such issues!  

[Bob Pickart] 



T, S, nutrient and chlorophyll profiles collected in 2011 on the 

DBO-SCS line 

data courtesy ICESCAPE program (Kevin Arrigo) and the C30 program (Jackie Grebmeier/Lee Cooper)  



SWL2011 Barrow Canyon: 

Grebmeier/Cooper 


