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Dubravko Justić, Louisiana State University
Quay Dortch, Louisiana Universities Marine Consortium
William J. Wiseman, Jr., Louisiana State University

Topic 2. Ecological and Economic Consequences of Hypoxia. Presents an evaluation of the ecological and economic
consequences of nutrient loading, including impacts on Gulf of Mexico fisheries and the regional and national
economies. 

Robert J. Diaz, Virginia Institute of Marine Science—Ecological co-lead
Andrew Solow, Woods Hole Oceanographic Institution—Economics co-lead, 

with the assistance of many others

Topic 3. Flux and Sources of Nutrients in the Mississippi–Atchafalaya River Basin. Identifies the sources of nutrients within
the Mississippi–Atchafalaya system and within the Gulf of Mexico, estimating both their location and the relative
importance of specific human activities in contributing to these loads.

Donald A. Goolsby, U.S. Geological Survey—Lead
William A. Battaglin, U.S. Geological Survey
Gregory B. Lawrence, U.S. Geological Survey
Richard S. Artz, National Oceanic and Atmospheric Administration
Brent T. Aulenbach, U.S. Geological Survey
Richard P. Hooper, U.S. Geological Survey
Dennis R. Keeney, Leopold Center for Sustainable Agriculture
Gary J. Stensland, Illinois State Water Survey

Topic 4. Effects of Reducing Nutrient Loads to Surface Waters within the Mississippi River Basin and Gulf of Mexico. Estimates
the effects of nutrient source reductions in the Mississippi–Atchafalaya Basin on water quality in these waters and
on primary productivity and hypoxia in the Gulf.

Patrick L. Brezonik, University of Minnesota—Upper watershed co-lead
Victor J. Bierman, Jr., Limno-Tech, Inc.—Gulf of Mexico co-lead
Richard Alexander, U.S. Geological Survey
James Anderson, University of Minnesota
John Barko, Waterways Experiment Station, U.S. Army Corps of Engineers
Mark Dortch, Waterways Experiment Station, U.S. Army Corps of Engineers



iv � HYPOXIA IN THE NORTHERN GULF OF MEXICO

Lorin Hatch, University of Minnesota
Gary L. Hitchcock, University of Miami
Dennis Keeney, Iowa State University
David Mulla, University of Minnesota
Val Smith, University of Kansas
Clive Walker, Blackland Research Center
Terry Whitledge, University of Alaska
William J. Wiseman, Jr., Louisiana State University

Topic 5. Reducing Nutrient Loads, Especially Nitrate–Nitrogen, to Surface Water, Ground Water, and the Gulf of Mexico.
Identifies and evaluates methods to reduce nutrient loads to surface water, ground water, and the Gulf of Mexico.

William J. Mitsch, The Ohio State University—Lead
John W. Day, Jr., Louisiana State University
J. Wendall Gilliam, North Carolina State University
Peter M. Groffman, Institute of Ecosystem Studies
Donald L. Hey, The Wetlands Initiative
Gyles W. Randall, University of Minnesota
Naiming Wang, The Ohio State University

Topic 6. Evaluation of Economic Costs and Benefits of Methods for Reducing Nutrient Loads to the Gulf of Mexico. Evaluates
the social and economic costs and benefits of the methods identified in Topic 5 for reducing nutrient loads, and
assesses various incentive programs and any anticipated fiscal benefits generated for those attempting to reduce
sources. 

Otto C. Doering, Purdue University—Lead
Francisco Diaz-Hermelo, Purdue University
Crystal Howard, Purdue University
Ralph Heimlich, Economic Research Service, U.S. Department of Agriculture
Fred Hitzhusen, The Ohio State University
Richard Kazmierczak, Louisiana State University
John Lee, Purdue University
Larry Libby, The Ohio State University
Walter Milon, University of Florida
Tony Prato, University of Missouri
Marc Ribaudo, Economic Research Service, U.S. Department of Agriculture



CCoonntteennttss
Execut ive Summary … 2

1 . The Problem … 6

2. Causes o f Gulf o f Mexico Hypoxia … 10
Coastal Eutrophication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11
Nutrient Over-Enrichment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
Sources, Loads, and Trends of River Nutrients  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19

3. Consequences o f Hypoxia and Nut r ient Over-Enr ichment … 24
Consequences in the Gulf  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25
Consequences in the Mississippi–Atchafalaya River Basin  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26

4. Ef fects o f Changing Nut r ient Loads … 28
Effects if Average Loads Are Unchanged  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .29
Effects if Average Loads Increase  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .30
Effects if Average Loads Are Reduced . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .33

5. Approaches for Reduc ing Nut r ient Loads … 36
Reducing Nitrogen Loads to Rivers and Streams in the Basin  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .38
Restoring and Enhancing Denitrification and Nitrogen-Retention Processes  . . . . . . . . . . . . . . . . . . . . . . . . .41
Cost-Effective Strategies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .43

6. Adapt ive Management : Act ion , Moni tor ing , and Research … 46
Monitoring and Research in a Modeling Framework  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .48
Monitoring Needs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .49
Research Needs  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .50

Appendix … 55
Glossary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .56
Conversion Table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .57
References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .57


	Front Cover
	Executive Summary
	The Problem
	The Causes
	The Consequences
	The Effects
	Approaches
	Adaptive Management
	Appendix

