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What is the impact of hypoxia on benthic 

microbial processes?   

 
 

How are sediment biogeochemical fluxes 

and ecosystem function changed? 



Sediments & Ecosystem Functions 

• Nutrient Regeneration 

• Removal of Reactive Nitrogen 

• Regulation of Greenhouse Gases 



Sediments & Ecosystem Functions 

• Nutrient Regeneration 

+ 

- 

NH4
+ PO4

3- SiO2 



Sediments & Ecosystem Functions 

• Nutrient Regeneration 

• Removal of Reactive Nitrogen 

NH4
+ PO4

3- SiO2 N2 

+ 

- 



Sediments & Ecosystem Functions 

• Nutrient Regeneration 

• Removal of Reactive Nitrogen 

• Regulation of Greenhouse Gases 

NH4
+ PO4

3- SiO2 N2 N2O CH4 

+ 

- Aerobic Respiration 

Denitrification 

Nitrogen Fixation Nitrification 

Methanogenesis 

Methanotrophy 

Anaerobic Respiration 
DNRA 

Iron and Manganese Reduction Sulfate Reduction 



“No other environmental variable of such ecological 

importance to estuarine and coastal marine ecosystems 

around the world has change so drastically, in such a short 

period of time, as dissolved oxygen.”  -Diaz (2001) 

Map modified from Rabalais et al. (2010), based on data reported by 

Diaz & Rosenberg (2008) and Levin et al. (2009) 

Coastal Hypoxia Locations Across the Globe 
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Research Questions and Objectives 

• Hypoxic Effect 

 Does hypoxia impact ecosystem functioning by 

 altering rates of benthic nutrient regeneration,  

 greenhouse gas regulation and reactive N removal? 

 

 

• Station Effect 

How does the response to hypoxia vary across 

regions that have different oxygen dynamics?   

Can we see evidence of hypoxic “legacy”? 



Sediment and Water Collection 

7 sampling dates (summers & early fall 2011-2013), 4 stations 
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Sediment Characteristics Across Stations 

1Carmichael and Valiela 2004, 2005;  2Foster and Fulweiler 2014, in prep; 3 Lever and Valiela 2005; 4 Fox et al. 2009     

Station Sediment Characteristics 
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CRE 9-14 86-91 0.76 ± 0.02 4.7 ± 0.3 0.44 ± 0.04 12.9 ± 0.2 90-120 3093 ±441 

MP - - 0.87 ± 0.02 6.2 ± 0.3 0.82 ± 0.04 9 .1 ± 0.2 - - 

SB - - 0.62 ± 0.02 1.2 ± 0.4 0.14 ± 0.05 10.6 ± 0.2 - - 

SLP 2-9 91-97 0.85 ± 0.03 5.9 ± 0.4 0.62 ± 0.05 11.3 ± 0.3 50-90 24213 ±3277 



Incubation 

Sediment Flux Calculation 

y = -0.25x + 8.63 
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y = 6.67e-7E-04x 
R² = 0.96 
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Foster and Fulweiler, manuscript in preparation 

Sediment Ammonium (NH4
+) Flux 

• Hypoxic Effect 

o Station grouped:  only CRE (p=0.0453) 

o Individual cores:  none (p=0.3481) 

• Station Effect: Related to O2 uptake 



Foster and Fulweiler, manuscript in preparation 

Sediment Silica (SiO2) Flux 

• Hypoxic Effect 

o Station grouped:  none 

o Individual cores:  hypoxic < normoxic (p=0.0029) 

• Station Effect:  MP highest normoxic rates 



Foster and Fulweiler, manuscript in preparation 

Sediment Phosphate (PO4
3-) Flux 

• Hypoxic Effect   

o Station grouped:  hypoxic > normoxic (p=0.0002) 

o Individual cores:  hypoxic > normoxic (p<0.0001) 

• Station Effect:  None 



Denitrification 

Nitrogen Fixation 
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Sediments & Ecosystem Functions 

• Removal of Reactive Nitrogen:  N2  

N2 



Sediment Di-Nitrogen (N2) Flux 

• Hypoxic Effect 

o Station grouped:  none 

o Individual cores:  none (p=0.1778) 

 

• Station Effect:  CRE highest hypoxic fluxes, SLP lowest 

Foster and Fulweiler, manuscript in preparation 
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Sediments & Ecosystem Functions 

• Regulation of Greenhouse Gases:  N2O, CH4 

N2O CH4 



Foster and Fulweiler, manuscript in preparation 

• Hypoxic Effect  

o Station grouped:  uptake reduced by 57% (p=0.0128)  

o Individual cores:  hypoxic uptake < normoxic (p=0.0006) 

 

• Station Effect:  None 

Sediment Nitrous Oxide (N20) Flux 



Foster and Fulweiler, manuscript in preparation 

• Hypoxic Effect   

o Station grouped:  none  

o Individual cores:  hypoxic < normoxic (p=0.0043) 

• Station Effect:  MP 100 – 1000x higher  

Sediment Methane (CH4) Flux 



N2 

• Nutrient Regeneration:  NH4
+, SiO2 , PO4

-3  

• Removal of Reactive Nitrogen:  N2  

• Regulation of Greenhouse Gases:  N2O, CH4 

Hypoxia Impacts on Ecosystem Functions 
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• Nutrient Regeneration  Ratios Altered 

• Impact rate of primary production 

• Change primary producer community structure 

• Impact microbial processes in sediments  

Hypoxia Impacts on Ecosystem Functions 

 Ratio Normoxic Hypoxic Difference p 

N:P 34.6 17.5 49% 0.0008 

Si:P 49.6 25.4 49% 0.0035 

N:Si 0.62 0.64 3% 0.4233 
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• Nutrient Regeneration:  NH4
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• Removal of Reactive Nitrogen:  N2  

• Regulation of Greenhouse Gases:  N2O, CH4 
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Hypoxia Impacts on Ecosystem Functions 

• Regulation of Greenhouse Gases  N2O uptake decreased 

• Diminished ecosystem service  

    

N2O 

- - 

NUTRIENTS + N2O 

Conditions 

Scaled up N2O 

Uptake 

(mmol d-1) 

Percent 

Removal 

 

Normoxic 99.5 17% ±3% 

Hypoxic 42.5 7% ±2% 

N2O load to estuary:  

600 mmol d-1 

(LaMontagne et al. 2003) 



N2 

• Nutrient Regeneration:  NH4
+, SiO2 , PO4

-3  

• Removal of Reactive Nitrogen:  N2  

• Regulation of Greenhouse Gases:  N2O, CH4 
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Implications for Waquoit Bay 

• Short-term mild hypoxia alters some sediment fluxes 

• BUT some processes are resilient! 

• Import to establish specific hypoxic thresholds  



• Field and Lab:   

Waquoit Bay National Estuarine Research Reserve (WBNERR) 

 Chris Weidman, MaryKay Fox, Alison Lescher, Jordan Mora, Jim Rassman  

Fulweiler Lab & BU Marine Program (BUMP), Boston University  

 Elise Heiss, Silvia Newell, Sarah Donovan, Ken Czapla, MK Rogener, 

Sarabeth  Buckley, Kristin Yoshimura, Ashley Banks, Rachel Schweiker, Julia 

Luthringer,  Devon Forest, Sam Andrews, Alia Al-Haj 
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