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Ecopath with Ecosim
Widely used for construction of mass-balance trophic models of 

ecosystems

Simulates response of fish to fishing and environmental change; 
accounts for ecological interactions

Has three main components:

• Ecopath – a static snapshot of ecosystem trophic structure

• Ecosim – a time dynamic simulation module

• Ecospace – a spatial and temporal dynamic module



Environmental driver: summer 
hypoxia

*Warmer (red) is higher DO; blue & white indicate hypoxia



Now spatial-temporal DO and Chl a output 
of a physical-biological model is used
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Ecospace base map

 5x5 km grid

 67 rows, 134 columns: 8978 cells



SEAMAP trawl data form the basis of the Ecopath 
model 



Taxa/groups in the Ecopath model 
Marine Mammals
Tunas
Birds
Atlantic Cutlassfish
Lizardfish
Sharks
Mackerel
Sea Trout
Red Snapper
Groupers
Other Snappers
Red Drum
Rays & Skates
Flounders
Pompano
Atlantic Bumper

Scad
Atlantic Croaker
Catfish
Spot
Squid
Pinfish
Porgies
Anchovy
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/Weeds
Phytoplankton
Detritus

60 groups 
ontogenetic splits included
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Coastal Northern Gulf of Mexico 

model



Dissolved oxygen measured during SEAMAP trawls

-Used to create empirically derived 

oxygen tolerance functions



Transformed 
into oxygen 
response 
functions
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Ports and relative cost of 
fishing



Results: biomass

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

0.3

red snapper Atlantic
croaker

menhaden jellyfish Gulf shrimp

R
e

la
ti

v
e

 b
io

m
a

s
s

 c
h

a
n

g
e

No forcing

Enrichment only

Enrichment+hypoxia



Results: totals
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Discussion
 The Mississippi River fuels the Gulf of Mexico coastal 

ecosystem

 Effects of hypoxia and nutrient enrichment are species-
specific

 General trend: Mississippi River discharge increases 
GOM biomass and landings, hypoxia reduces what 
could optimally be achieved



Management advise?
 Are current nutrient loads negatively affecting living 

marine resources in the GOM?

 Net effect seems positive, but:
 ‘No forcing’ scenario should be replaced with a reduced 

loading scenario
 Cost-benefit analysis of nutrient reduction



Effects of Diversions

sonris-www.dnr.state.la.us/www_root/sonris_portal_1.htm 

Freshwater discharge through the Caernarvon Freshwater Diversion



1986-1990 nekton data 

from 3 sets of sites on 

salinity transect used 

for Ecopath base 

model

Simulate nekton response to freshwater inflow

Ecopath model input (39 

groups):

• Biomass of 17 nekton 

species, adult and  juvenile

• P/B and Q/B ratios 

• Algae, plankton, benthos, 

SAV, detritus

Complete diet matrix

Balance model

(De Mutsert, Cowan, and Walters 2012)
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Environmental 
drivers

 Salinity only environmental 
forcing function

 Ecosim simulations at three 
distances from the diversion

De Mutsert et al. 2012
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Time dynamic Ecosim scenarios using salinity as forcing 

functions
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Should river diversions be included in 
coastal restoration?

It should not be 
discouraged 
because of 
presumed negative 
impacts on fish and 
shrimp 



Future directions: what are the ecological 
effects of planned restoration projects?



2017 Coastal Master Plan 
Ecospace Model
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Results: landings

-0.1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

R
e

la
ti

v
e

 c
h

a
n

g
e

 i
n

 l
a

n
d

in
g

s
no forcing

enrichment only

enrichment+hypoxia











Ecosim model 

runs versus 

absolute 

biomass time 

series

No DO forcing

SS = 780 



Ecosim model 

runs versus 

absolute 

biomass time 

series

With DO forcing

SS = 670 


