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*Evaluate effects of hypoxia and nutrient loading on fish and 
fisheries together and separately

*Determine effects of reduction in nutrient loading and 
hypoxic volume on fish and fisheries

*Evaluate whether incorporation of hypoxia improves 
resource assessments

*Develop/refine management tools for implementation







Ecopath with Ecosim
and Ecospace

www.ecopath.org

Ecopath: Mass-balance “snapshot” of an ecosystem 
(initial conditions of the model)

Ecosim: Temporal dynamic simulations (used for model 
calibration) 

Ecospace: Spatial-temporal modeling (framework of the 
model)



SEAMAP trawl data form the basis of the 
ecosystem model 



Marine Mammals
Tunas
Carangidae
Birds
Atlantic Cutlassfish
Lizardfish
Sharks
Mackerel
Sea Trout
Red Snapper
Serranidae
Other Snappers
Red Drum
Rays & Skates
Flounders
Atlantic Bumper

Scad
Atlantic Croaker
Catfish
Gulf Butterfish
Spot
Squid
Pinfish
Porgies
Anchovy
Gulf Menhaden
Other Clupeids
Mullet
Sea Turtles
Small Forage Fish

Jellyfish
Blue Crab
Brown Shrimp
White Shrimp
Pink Shrimp
Other Shrimp
Benthic Crabs
Benthic Invertebrates
Zooplankton
Benthic Algae
Phytoplankton
Detritus

62 groups 
ontogenetic splits included
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Fennel et al. 2011, 2013, Laurent et al. 2012, Laurent and Fennel 2014

Output variables used:
Dissolved oxygen
Chlorophyll a



Example maps: 
January 2000

Chl a (mg/l):
Monthly median of top layer

DO (mmol m-3): 
Monthly median of bottom layer





1. 100% nitrogen and phosphorus: represents 
status quo

2. 60% nitrogen and phosphorus (40% 
reduction): approaches reduction necessary 
to reduce the hypoxic zone to 5000 km2

3. Effect on DO only of the 40% N&P reduction















*The Mississippi River fuels the Gulf of Mexico coastal 
ecosystem

*Reducing hypoxia on its own has small positive effects on 
fisheries species 

*In the current 40% N&P reduction scenario, reducing 
nutrient loading to achieve a decrease in hypoxia decreases 
biomass and catch to such an extent that the net effect is 
usually a decrease

*Annual variability in extent of hypoxia has a large effect on 
relative biomass/catch change with nutrient reductions





*A whole suite of nutrient reduction scenarios will be 
simulated so that trade-offs can be evaluated of different 
levels of nitrogen and phosphorus reductions

*Annual variability will be further analyzed; low nutrient 
loading years seem to have a higher relative biomass/catch 
decrease with a 40% nutrient reduction

*Tools will be transferred to the hands of managers



Additional past and present collaborators of this research: Kristy 
Lewis, James Cowan, Villy Christensen, Matt Campbell, Aaron 
Adamack, Tunde Adebola, Adrian Dahood, Katja Fennel, Rex 
Herron, Peter Jacobs, Jeroen Steenbeek, and Carl Walters

Data used from SEAMAP and FishBase

This research has been funded by NOAA’s National Centers for 
Coastal Ocean Science (NCCOS) under grant no. NA09NOS4780233 
and grant no. NA16NOS4780202










