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Outline

• Chesapeake Bay Hypoxia Trends & Controls
-Long-term hypoxic volume & nutrient trends

• Hypoxia-Nutrient “Regime Shift” in 
Chesapeake Bay?

-Response trajectories
-Possible explanation: Enhanced N-Recycling

• Concluding Comments
-Future work
-Other potential causes of increased hypoxia



Increasing Trend in Bay Summer Hypoxia Volume (1950-2007)

• Long-term increase in 
Chesapeake hypoxia
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• Increase in Chesapeake 
hypoxia linked to spring 
nitrate load

Hagy 2004, USGS





Hypotheses to Explain Apparent Regime Shift

•Climate Hypotheses: Enhanced hypoxia linked climate change 
(increased temperature or flow) or changes in wind patterns

•Ecological Hypotheses: More hypoxia per unit N load due to 
reduced grazing (oysters), reduced nutrient retention (SAV, marshes), 
or enhanced nutrient recycling under low O2

Hypothesis: The increase in hypoxia per unit N load resulted from 
elevated N recycling, which was induced by low O2 ,  
and now supports higher summer phytoplankton 
biomass per unit N load

USGS

Hagy, 2004, USGS

Hagy, 2004, others

Kaushal et al., in press

NCAR

Kemp et al. 2005



Conceptual Model of O2 Interactions with N-Cycle
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Hypoxia Enhancement of Benthic 
Nutrient (NH4

+) Recycling Efficiency

• DIN ‘Recycling Efficiency’ (NRE) is flux ratio (DIN/(DIN + N2 )

• NRE increases w/ decreasing O2 because of nitrification inhibition 

• Thus, DIN recycling higher under hypoxic conditions. 

NH4 Pool vs. Recycling Flux

(Data from W. Boynton and E. Bailey)

NH4 Recycling “Efficiency”

(r2 = 0.83)

Bottom Water O2 , (mg l-1)

(J. Cornwell data from Kemp et al. 2005)N
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Computing NH4
+-N Mass in Chesapeake Bay: Workflow

1) NH4
+ Observations in summer

(Data: Maryland DNR, CBI)
Distance from Atlantic Ocean (km)

2) Interpolate NH4
+ observations with 2D interpolation (kriging)

2) Compute NH4
+-N Mass below 

pycnocline in several regions of 
Chesapeake Bay – compare 
these masses to TN loads



Decadal Change in July Distribution of [NH4
+]
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Increase in Bottom Water 
NH4 Pools Since mid-1980s

• Bottom-water NH4

pools generally 
increase with 
TN loading.

• In mid-1980s the 
size of the bottom 
NH4 pools increased 
(~2x) abruptly 

• Biogeochemical 
change (hypoxia, 
macrofauna?) 



(Data from J. Bosch, Versar)





Concluding Comments

• Chesapeake hypoxia has grown with Increasing nutrient loading, with  
abrupt Increase in hypoxia/N-load in early 1980s

• Increase in hypoxia/N-load appears to have caused elevated N recycling  
(and availability) in the upper-mid Bay, but not other regions

• Cannot conclude that the enhanced N recycling caused the shift in 
hypoxia/N-load - shifts in other external drivers of hypoxia (climate-
related) could be the cause of elevated hypoxia per N-Load 

• This work continues 
(1) Modeling sediment biogeochemical response to O2
(2) Computing seasonal N budgets in mid Chesapeake Bay
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