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Seminar OutlineSeminar Outline

1. The Hypoxia “Problem”

2.Characteristics of River-Dominated Margins 
(RiOMar):  Inherently Different From Semi-
Enclosed Estuaries

3.Problems with the Management Plan for Hypoxia on 
the Louisiana Shelf: “Truth or Consequences”



••Brent McKee (UNC) Brent McKee (UNC) –– radionuclidesradionuclides

•• Mead Allison (UT) Mead Allison (UT) -- seismic analysis and seismic analysis and sedimentologysedimentology

••Martha Martha SutulaSutula and Rebecca Green (ONR) and Rebecca Green (ONR) –– nutrients and nutrients and 
carbon cyclingcarbon cycling

••Sid Sid MitraMitra (ECU) (ECU) -- organicsorganics

••NianhongNianhong Chen (Chen (postdocpostdoc at ODU), at ODU), ShuiwangShuiwang DuanDuan
((potsdocpotsdoc at TAMUG), Bryan Grace, Troy at TAMUG), Bryan Grace, Troy SampereSampere, Laura , Laura 
WysockiWysocki, , -- (Tulane, EES, graduate students) (Tulane, EES, graduate students) -- chemical chemical 
biomarkers (pigments, lignin), and bulk C, N, biomarkers (pigments, lignin), and bulk C, N, 
measurementsmeasurements

CollaboratorsCollaborators



This replacement of natural drivers over 
the past 50 to 200 years, has recently 
been referred to as the Anthropocene
era (first postulated by Vernadski, 
1926), as a next phase that follows the 
Holocene era (Crutzen and Stoermer, 
2000).



The Hypoxia “Problem”



Eutrophication

From: Rabalais webpage



The Globalization of Eutrophication

Diaz and Rosenberg, (2008)
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Contours are distribution of frequency of occurrence of mid-
summer bottom-water hypoxia from 1985-2002 (Rabalais et al. 
2002). 



Donner and Scavia (2007)



Historical Hypoxia Events in Estuarine Systems
de Jonge et al. (1994)



Regime Shifts in Baltic

de Jonge et al. (1994)



The Effects of Residence Time

Nixon et al. (1996)



Benthic Macrofaunal Succession

Zajac (2001)

Louisiana hypoxic region sediments dominated by small polychaetes
(e.g., Paraprionospio pinnata, Amparete sp., Magelona sp., and 
Mediomastus ambiseta) (Gaston, 1985; Rabalais et al., 2001).

Effects of Hypoxia on Louisiana Shelf Benthic 
Communities



Surface Mud Layer 
in Hypoxic Zone



Louisiana alone accounts for ~75% of the fishery 
landings in the U.S. Gulf of Mexico.

Cowan (2008)

Fisheries on the Louisiana shelf



To date, there are no clear linkages of 
negative effects of hypoxia on the 
Louisiana shelf ecosystem (e.g., losses 
of benthic fauna, fishes), as was 
clearly demonstrated in earlier studies 
on more “traditional” estuarine 
systems, such as the Chesapeake, 
Baltic, and Narragansett. (Bianchi et 
al., 2008)



So, what is it about this river-dominated 
margin that makes it so resilient to 
hypoxic conditions? 

Have other potential controls on hypoxia 
in this region, outside the prevailing 
river nutrient-centric view, been 
overlooked?



Missing Data?
In a recent assessment of the hypoxic 
literature by the EPA Action Plan (2007), 
it was discovered that, despite 20+ years 
of NOAA funding for hypoxia work on 
the Louisiana shelf, very little is know 
about rates of nitrification/dentrification, 
sediment nutrient fluxes, biogeochemical 
budgets (e.g., N, P, S, and C).   

Why?



The coast wide extent of the Louisiana "dead zone" 
mapped this week is 11,840 km2, slightly smaller than

the size of Connecticut, 

reported Dr. Nancy Rabalais, Chief Scientist for Northern 
Gulf of Mexico Hypoxia Studies.  The low oxygen waters 
extended from near the Mississippi River to the 
Louisiana/Texas border. The long-term average since 
mapping began in 1985 is 12,700 km2 (or 4,800 square 
miles). 

One of the problems…

Mapping of Dead Zone Completed
PRESS RELEASE, JULY 29, 2005



The following 4 natural and anthropogenically-derived
characteristics within this RiOMar system (different from other 
semi-enclosed estuaries) may in part, answer for the 
aforementioned discrepancies in hypoxia effects (Bianchi et al.,
2008, 2009):

• 1) Spatial/Temporal Variability and Magnitude of Freshwater 
Inputs

• 2) Diversity and Magnitude of Organic Matter Sources and 
Loading 

• 3) Rates and Efficiency Organic Matter Diagenesis in Mobile 
Muds

• 4) Rapid Transport of Labile Shelf-Derived Organic Matter to the 
Mississippi River Canyon   



Spatial/Temporal Variability and Magnitude 
of Freshwater Inputs



Modified from Rowe and Chapman (2002)

Regional Distinctions within the Hypoxic Zone



Hetland and DiMarco (2008)



Diversity and Magnitude of Organic Matter 
Sources and Loading 



Plant pigment -
Chlorophyll-a

Plant pigment -
Fucoxanthin

NearshoreNearshore
diatom diatom 
sources?sources?

Wysocki et al. (2006)



Sedimentation of 
autochthonous OC from the 
immediate plume 
contributed ~23% of the O2
demand necessary for 
establishment of hypoxia in 
the region (Green et al ., 
2006)



Therefore, other organic matter sources are clearly 
contributing to hypoxia that have been largely ignored by 
the majority of research published on this region.



The association of 
high DOC with 
lowest salinity (< 
25) suggests either 
the Atchafalaya 
River or coastal 
estuaries were 
sources for this 
material (Bianchi et 
al. 2009, Mar. 
Chem. In press).

Chen and Gardner (2004) also reported significant 
outwelling of chromophoric dissolved organic matter 
(CDOM) from wetlands.



Historical Changes in Hypoxia

Pseudononion atlanticum, Epistominella vitrea, and Buliminella
morgani (PEB) Index (Osterman et al (2005)



Linkages with the Onset of Hypoxia

Barras et al. (2003)



Hypoxia events have occurred for at least 
the last 1000 yrs. BP on the Louisiana 
coast. Swarzenski et al. (2008)



Rates and Efficiency Organic Matter        
Diagenesis in Mobile Muds



Aller and Blair (2006)

Diagenesis in Mobile Muds



Where is the hydrogen sulfide?Where is the hydrogen sulfide?



Fe and S Cycling in SedimentsFe and S Cycling in Sediments

Low Sulfate Scenario High Sulfate Scenario

Sutula et al. (2004) L&O



Low concentrations and/or absence of H2S in the Louisiana Shelf 
waters?                                                        

Lin and Morse (1991)

High rates of High rates of pyritizationpyritization expected in expected in RiOMarsRiOMars, due to high sediment/metal (Fe) , due to high sediment/metal (Fe) 
loading, where Hloading, where H22S in pore waters reacts with Fe minerals to produce pyrite (FeSS in pore waters reacts with Fe minerals to produce pyrite (FeS22).).



Rapid Transport of Labile Shelf-
Derived Organic Matter to the 

Mississippi River Canyon  



Spatial Variability of Surface Depositional ProcessesSpatial Variability of Surface Depositional Processes

Corbett et al. (2004)
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Rapid Export of Organic Matter from the shelf to the Mississippi Canyon



The Proposed Management Plan  



Ecological Response from Nutrient Reductions in a 
“Well-Studied” Estuary

• Published Monday, December 17, 2007 7:13 AM

• 'Save the Bay' effort fails in Chesapeake
• Wire Report

• ANNAPOLIS, Md. -- Billions of dollars have been 
spent to restore the polluted Chesapeake Bay since 
the rallying cry "Save The Bay" was plastered on a 
popular blue-and-white bumper sticker 30 years 
ago. 

• The Bay foundation has given the bay a "D" grade 
for the ninth consecutive year. 



The Science Advisory Board 
(SAB) of the U.S. 
Environmental Protection 
Agency Advisory plan for 
hypoxia in the Northern Gulf 
of Mexico (2007) also 
agreed that proposed a 5,000 
km2 be reached, but that a 
45% reduction in riverine
total N and P fluxes be made 
as incremental annual 
reductions over time. 



Recent estimates have shown that 
a 30% reduction in riverine nitrate 
flux would only result a 19% 
average reduction in plume 
primary productivity and 16% in 
sedimentation rate (Green et al., 
2008)



Predicting Hypoxia in the GOM

Donner and Scavia (2007), as modified from Scavia et al. (1993) – Simple model, 
essentially based on nitrate flux, advective drift term to predict hypoxic zone size. 



Saving 
wetlands or 
reducing the 

hypoxic zone: 
Truth or 

Consequences?

Based on sediment cores, it was concluded that “additional 
nutrient loading from river diversion projects for the lower 
Mississippi River, may exacerbate eutrophication already in 
the marsh environment.” Parson et al. (2006)



Serious Flaws with this 
Simple Model

1. Changes “advective” term 
each year to “fit” the size the 
hypoxic area each, essentially 
“tuning” the model  good. 
2. Assumes a “river-like”
westward flow along the coast 
– based on simple 1D steady-
state.        
3. Using such a small advective
term it would take a year to 
move the water the full extent 
of the hypoxic zone. 
4. Scavia’s defense “It tells the 
managers what they need to 
know.” Hence,  these other 
complex models are just “big 
scary models (BSM) that are 
difficult to use.”



Are the simple river-centric nutrient models that predict 
hypoxia on the Louisiana shelf an example of Occam’s razor 
being too sharp?

"when you have two competing theories that 
have the same solution, the simpler one is the 
better."[



“As a realist I look upon logic as the … search for 
true and highly informative theories. And I look 
upon criticism, in its turn, as our main instrument in 
promoting the growth of our knowledge about the 
world of facts.”

Sir Karl Popper



General Conclusions
• Are N and P reductions needed in the Mississippi River?  
• Has hypoxia worsened over the past 2 decades? 
• Are there unequivocal results showing the negative effects 

of hypoxia and regime shifts in the northern GOM? 
• Are nutrient management issues in RiOMars different from 

traditional semi-enclosed estuaries? 
• Are all shelf environments less vulnerable to hypoxia?
• Has the emphasis on “simple models” in nutrient reduction 

estimates suffered from the general principle of Occam’s 
Razor?  

• Have political issues obfuscated our objective knowledge of 
research on hypoxia in the northern GOM? 


