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Average scenarios in the Arctic Climate Impact Assessment (ACIA) for the Arctic sea ice extent (permanent ice) 
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• Joint NSF-NPRB 
$52 illi t d
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– 2007-2012

• MultidisciplinaryMultidisciplinary
• >100 scientists
• ‘Seeks to understand 
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http://bsierp.nprb.org/index.html
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Scenario 1 Open Water Blooms
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Scenario 1. Open Water Blooms
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Scenario 2. MIZ Blooms

D FZ
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Hypotheses. Changes in sea-ice extent shifts the autotrophic community between;
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1. Open-water blooms characterized by lower biomass, flagellate blooms, low
pelagic export, and reduced pelagic-benthic coupling.

2. Marginal ice-zone (MIZ) blooms, characterized by high biomass, diatom-
dominated blooms, high pelagic export and tighter pelagic-benthic coupling.



ea
 P
ro
je
ct

1 Q tif th it d d i bilit f PP d NCP i t d MIZ bl

Objectives and Methods
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2. Quantify the 1° floristic patterns & autotrophic cell size distributions in open-water & MIZ blooms.

3. Quantify the export flux of particulate organic carbon in shelf/slope waters.
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Phytoplankton Community CompositionPrimary & Export Production
- δ17O,  δ18O, [O2]; Th/U, traps

y p p g p

- 14C & 13C-bicarbonate

Size-fractionated NPP:
>20um diatoms

Size-fractionated Chl:
- Fluorometry
- HPLC

Flow cytometry:
- Cyanobacteria
- pico-eukaryotes
- nano-eukaryotes
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>20um – diatoms
5 – 20um – nanoplktn.
(Coccolithophores)

<5um – ‘picoplankton’

- CHEMTAX

Inverted microscopy:
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Flow-SIP NPP:
- non-chain diatoms
- Coccolithophores

Cyanobacteria

py
- Diatoms
- Coccolithophores
- other microplankton

NCP, GPP, Export

- Cyanobacteria

- other populations
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6 cruises (2/yr), 70 d/yr: spring/summer 2008, 2009, 2010
Healy, Knorr, Thompson
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45 ± 74
n = 9

62 ± 114
n = 7

43 ± 24
n = 11

Under-ice MIZ
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19 ± 22
n = 10

394 ± 214
n = 5

150 ± 146
n = 9

Under-ice MIZ
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POCgroup distribution on MN line - Spring 2008
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Chlorophyll-a in >5 µm - 2008, 2009
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- Reduction in mean size of Chl.-a containing particles from spring to summer 
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POC/234Th Ratios - 2009
RP
 B
er
in
g 
Se

BE
ST
-B
SI
ER

b.
or
g

bs
ie
rp
.n
pr
b



ea
 P
ro
je
ct

Sediment Trap POC Fluxes - 2008
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Sediment Trap POC Fluxes - 2009
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234Th and POC Export Comparison - 2008
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234Th - Trap vs. 234Th/238U POC - Trap vs. 234Th/238U
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234Th and POC Export Comparison - 2009
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234Th - Trap vs. 234Th/238U POC - Trap vs. 234Th/238U
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5 8 ± 1 3 13 ± 4 450 T5.8 ± 1.3
n = 3

13 ± 4.4
n = 3

5.7 ± 6.0
n = 3

10 ± 3.8
n = 12

50 m Trap

50 m SV-POC
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43 ± 17 5 8 ± 1 3 13 ± 4 420 I T 50 T43 ± 17
n = 5

5.8 ± 1.3
n = 3

13 ± 4.4
n = 3

7.9 ± 3.6
n = 15

5.7 ± 6.0
n = 3

10 ± 3.8
n = 12

20 m Ice Trap

25 m SV-POC

50 m Trap

50 m SV-POC
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40 ± 26 27 ± 170 T40 ± 26
n = 4

27 ± 17
n = 5

22 ± 12
n = 6

45 ± 15
n = 27

50 m Trap

50 m SV-POC
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88 ± 58 40 ± 26 27 ± 1720 m Ice Trap 0 Tn = 5
40 ± 26

n = 4
27 ± 17

n = 5

16 ± 3.5
n = 15

22 ± 12
n = 6

45 ± 15
n = 27

20 m Ice Trap

25 m SV-POC

50 m Trap

50 m SV-POC
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Ave. NCP = 28 mmol C m-2 d-1 on inner, middle and outer shelf.
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Spring 2008
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Ave NCP = 36 mmol C m-2 d-1Ave GPP = 115 mmol C m-2 d-1

Prokopenko, Sigman et al., (in prep)

Ave. NCP = 36 mmol C m dAve. GPP = 115 mmol C m d



2008 shelf oxygen uptake rates
mmol/m2/d

SummerSpring

1.64

0.80

7.38

6.05

2.02 4.82
3.20

5.64

1.29

3.20

2.15 ± 1.50 4.09 ± 1.52Average:

1.50 ± 1.04 2.85 ± 1.06OCave: OCave:

Courtesy of Al Devol



2009 shelf oxygen uptake rates
mmol/m2/d

SummerSpring

4.48

h t b d f b thi
2.54

5.68

6 23hot bed of benthic 
critters (& walrus)

6.07
2.95

3.78

11.746.23

7.19

7.57

1.00
6.38

3.84

Average: 3.42 ± 1.47 6.06 ± 2.27

Courtesy of Al Devol

2.38 ± 1.02 4.22 ± 1.58OCave: OCave:
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45 ± 74
n = 9

62 ± 114
n = 7

43 ± 24
n = 11n  7 n  11

43 ± 17
n = 5

5.8 ± 1.3
n = 3

13 ± 4.4
n = 3

20 m Ice Trap 50 m Trap
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5.7 ± 6.0
n = 3

10 ± 3.8
n = 1225 m SV-POC 50 m SV-POC

bs
ie
rp
.n
pr
b

i 0 23 0 30i 0 09i 0 1

mmol C/m2/d

e-ratio ~0.23-0.30e-ratio ~0.09e-ratio ~0.17
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45 ± 74
n = 9

62 ± 114
n = 7

43 ± 24
n = 11n  7 n  11

43 ± 17
n = 5

5.8 ± 1.3
n = 3

13 ± 4.4
n = 3
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n = 3
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n = 1225 m SV-POC 50 m SV-POC

bs
ie
rp
.n
pr
b

i 0 23 0 30i 0 09i 0 1

mmol C/m2/d

e-ratio ~0.23-0.30e-ratio ~0.09e-ratio ~0.17

1.50 ± 1.04 2.85 ± 1.06
SedimentSediment
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45 ± 74
n = 9

62 ± 114
n = 7

43 ± 24
n = 11

43 ± 17
n = 5

5.8 ± 1.3
n = 3

13 ± 4.4
n = 3

7.9 ± 3.6
n = 15

5.7 ± 6.0
n = 3

10 ± 3.8
n = 12

Trap SV Trap SV Trap SV
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Autotr. POC = 2.8 µg/L Autotr. POC = 5.2 µg/L Autotr. POC = 10.3 µg/L

Diatoms / Dinoflagellates / Flagellates / Synechococcus / Cryptophytes / Nanoeukaryotes
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19 ± 22
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394 ± 214
n = 5

150 ± 146
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mmol C/m2/d
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19 ± 22
n = 10

394 ± 214
n = 5
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n = 9n  5 n  9

88 ± 58
n = 5

40 ± 26
n = 4

27 ± 17
n = 5
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16 ± 3.5
n = 15
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n = 6

45 ± 15
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i 0 18 0 30i 0 0 0 10i 0 84 (SV)

mmol C/m2/d

e-ratio ~0.18-0.30e-ratio ~0.05-0.10e-ratio ~0.84 (SV)
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19 ± 22
n = 10

394 ± 214
n = 5

150 ± 146
n = 9n  5 n  9

88 ± 58
n = 5

40 ± 26
n = 4

27 ± 17
n = 5

20 m Ice Trap 50 m Trap
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16 ± 3.5
n = 15
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n = 6

45 ± 15
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i 0 18 0 30i 0 0 0 10i 0 84 (SV)

mmol C/m2/d

e-ratio ~0.18-0.30e-ratio ~0.05-0.10e-ratio ~0.84 (SV)

2.38 ± 1.02 4.22 ± 1.58
SedimentSediment
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19 ± 22
n = 10

394 ± 214
n = 5

150 ± 146
n = 9n  5 n  9

88 ± 58
n = 5

40 ± 26
n = 4

27 ± 17
n = 5

16 ± 3.5
n = 15

22 ± 12
n = 6

45 ± 15
n = 27

Trap SV Trap SV Trap SV
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Diatoms / Dinoflagellates / Flagellates / Synechococcus / Cryptophytes / Nanoeukaryotes

Autotr. POC = 1.14 µg/L Autotr. POC = 14.1 µg/L
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Bering Sea ice extent 1976-2009
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Sigler et al., Eos, in review
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M. Sigler., NOAA
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• Consequence of late sea-ice retreat in 2008-2009;
- delayed shift in autotrophic community from MIZ (bloom/higher export) 
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y p y ( g p )
to open-water (enhanced recycling) conditions.

- spring bloom, greater 1° production, export, sed. O2 utilization in 2009 2
due either to sample timing and/or thin ice.

• Implications for pelagic-benthic coupling;
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• Implications for pelagic-benthic coupling;
- Scenario 1: increased solar insolation & stratification, lower nutrients 
and production, leads to more pelagic fish dominated ecosystem.
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- Scenario 2: greater export, increased benthic ecosystem (e.g., crabs), 
at cost to pelagic fisheries (e.g, pollack).
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