Using Ecosystem Models to
Simulate Effects of Environmental

Factors on Fish and Fisheries

Kim de Mutsert
July 15, 2014



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

www.ecopath.org
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; blue & white indicate hypoxia

*Warmer (red) is higher DO



A coupled physical-biological model of the Northern Gulf of Mexico
shelf: model description, validation and analysis of phytoplankton
variability

K. Fen

IDepa
2Depm

. Now spatial-temporal DO and Chl a output
== of a physical-biological model is used




2007 Bottom DO per month (mmol O, m)

300 30.5

20}

Jul

300

200
Sept

100

300

200

Nov

J 1 100

28.5

=95 -84 -93 =92 -9 =90



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 Jellyfish
Atlantic Croaker Blue Crab
Catfish Brown Shrimp
Spot White Shrimp
Squid Pink Shrimp
Pinfish Other Shrimp
Porgies Benthic Crabs
Anchovy Benthic Invertebrates
Menhaden Zooplankton
Other Clupeids Benthic Algae/Weeds
Mullet Phytoplankton
Sea Turtles Detritus
Small Forage Fish

60 groups

ontogenetic splits included



Coastal Northern Gulf of Mexico
model
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Dissolved oxygen measured during SEAMAP trawls

-Used to create empirically derived
oxygen tolerance functions
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Ports and relative cost of

fishing
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Relative biomass change

Results: biomass
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Relative change (end/start-1)

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

Freshwater discharge through the Caernarvon Freshwater Diversion

sonris-www.dnr.state.la.us/www_root/sonris_portal _1.htm
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Breton Sound Ecopath model
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Environmental
drivers

Salinity only environmental
forcing function

Ecosim simulations at three
distances from the diversion

Mean catch frequency per unit effort

Largemouth bass 1.0
Optimum: 2.9 '
Spread: 2
0.8
® Catch frequency L 06
Feeding rate multiplier >
0.4
0.2
t T F 0.0
0 10 20 30 40
Spaotted seatrout 56
Optimum: 14.6 :
0.8
0.6
0.4
T' 0.2
; S 0.0

0 10 20 30 40
Salinity

Feeding rate multiplier

De Mutsert et al. 2012
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0.9-
n 0.81
= 0.7
= 0.61
05-
0.4
X 0.3+

0.21

0.14

Ecosim results

a b C d O rest

E O ladyfish
B black drum
B gulf menhaden

] O sheepshead
M juv. sp. seatrout
O penaeid shrimp
B juv. mullet

. . - Ored drum
O bay anchovy
B spotted seatrout
O striped mullet
Start Scenario 1 Scenario 2 Scenario 3
Before2 After?




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




Questions?
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2017 Master Plan NUAA KMES Scientific Name Life Stage Priority
Coastal sharks Darcharhinus lewcas juvenile and adult Hizgh
Blacknuose sharle Lirreharhines woronotus Lewew
Bonnethead sharl Sphyrno tiburw Lo
. Atlantic sharpnose shark  Rhizopriorodon tecraenovge Lewwy
Bottlenose dolphin Bottlenose dolphin Tursings brurcotis High
Kemp's Ridley sea High
mrtles
; Alligator par Atrastosteus symeulo adule Lo
Seabirds . Palacnnus accidentalis® High
Spotted seatrout Spotied seatrout Cymngsion nebilosus juvenile and adult High
Red dirnn Bed drwm Sclgenops aocllofis Juvenile and adult High
Black drumm Black druam Pagonins cromis Juvenile and adult High
Largemouth bass Largemouth bass Microplerus salinoldes Juvenile and adudl High
Gulf sturgeon Acipenser oxprinchus dosotof Juvenile and adult Lo
Blue catfish Blue vallisk feterlures furcoiuy juvenile and adull High
Sea catlish ; Arinpsis felis and Bagre marinus juvenile and adult High
. Florida pumpanu Trachinotuy corolinuy adult Lewey
Southern flounder Southern flounder Paralichtys lethostigma juvenile and adult High
Sheepshead Sheepshead Archgsarguy probatocephaivs juvenile and adult High
Atlantic croaker Atlantic croaker Micrapoganigs vacdulTtus juvenile and adult High
Threadtin shad (araEnnT rete Renye acdult High
Gizzard shad arasonna cepadio nem acdult High
[arey snannar LR Tis Jresiius Medium
Cakhin Rochypcantran canadum Lo
[oame snapper f.;rgl'ri:lrn.-c SWmAGriE Lo
] [kag snapper Luitjatus foci Lo
. Spanish mackerel Seomberomeris reavwlules Livee
Spotk Sput Letastomus xonthurs Juvenile and adull High
. Firlish Logodon chomboides High
: Silver perch Boirdielle chrysoury Medium
Sunfishes Sunfishes Lepomis 5. juvenile and adult High
Striped mullet Striped mullet Mgl cephalos juvenile and adult High
Bay anchovy Bav anchowyr Anchoa mitckilli juvenile and adult High
Killifishes Gulf killitish Frinduwlis grondis® High
) . Wenidio kerylling and Membros Medium
Silversides L
mrnieT®
Blue crah Blue rrab fatiinactes sapidis juvenile and adult High
White shrimp White shrimop Litopenaeus sehiferys Juvenile and adult High
Browm shrimp Brawm shrimp Forfartepenacus aaterus Jjuvenile and adult High
Gulf menhaden Gull menhaden Broveoriia pofronus Juwwenile and adudt High
Grass shrimp Grass shedmp Palnemaneatos spp, High
. Crovvefish Frocureburuy sg. Levwe
; Bay syuicl Livew
Oyster drill High
Eastern oyster American oyster Lrossostren vinginicg ::E_t' ibilie bt High
Benthic crabs Medium
Mollusks Medium
Zooplankton High
Zoohenthos High
Phytoplankion High
AV High
Benthic algae High
Detritus MNA High




Square-

2017 Master Plan Scientific Name Gillnet Seine Trawl Meter Data Source
Coastal sharks Carcharhinus leucas 131 2 7 Geers et al. 2014
Spotted seatrout Cynoscion nebulosus 25043 3395 2869 LDWF FIMP Gillnet
Red drum Sciaenops ocellatus 3752 1729 330 LDWEF FIMP Gillnet
Black drum Pogonias cromis 4096 293 475 LDWF FIMP Gillnet
Largemouth bass Micropterus salmoides 915 965 28 LDWF FIMP Gillnet
Blue catfish Ictalurus furcatus 500 101 2314 LDWF FIMP Trawl
Sea catfish {Mopsls Jeis/ Bogee 28066 10973 42764 LDWE FIMP Trawl

marinus
Southern flounder Paralichthys lethostigma 214 468 2115 LDWF FIMP Trawl
Sheepshead reiosargys 2880 476 784 LDWF FIMP Trawl
probatocephalus
Atlantic croaker Micropogonias undulatus 11087 59387 588756 LDWF FIMP Trawl
Spot Leiostomus xanthurus 22463 15098 134158 LDWF FIMP Trawl
Lepomis .
Sunfish . . 305 4802 194 LDWF FIMP Seine
macrochirus/microlophus
Striped mullet Mugil cephalus 8892 20833 2039 LDWF FIMP Seine
Bay anchovy Anchoa mitchilli 7 520700 2304746 LDWF FIMP Trawl
Killifishes Lurdus 0 10649 a8 LDWF FIMP Seine
grandis/similis/spp.
Menidia
Silversides beryllina/Membras 0 120616 3242 LDWEF FIMP Seine
martinica

Blue crab Callinectes sapidus/similis 5763 213215 65473 LDWF FIMP Trawl
White shrimp Litopenaeus setiferus 6446 18855 232264 LDWF FIMP Trawl
Brown shrimp Farfantepenaeus aztecus 59 26958 514162 LDWEF FIMP Trawl
Gulf menhaden Brevoortia patronus 90412 178740 69534 LDWF FIMP Seine
Grass shrimp Palaemonetes spp. 0 258434 32615 LDWF FIMP Seine
Oysters 28522 LOWF FIMP

Square-Meter




Initialization Execution

External data / ais / / ois / / ais /
! 1

!

Spatial temporal data framework

Ecospace l l

/ raster / / raster

1/ merge

Y
/ EwE model /—b define basemap ——» run time step —b/ results /
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Ecosim model
runs versus
absolute
biomass time
series

With DO forcing
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