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Part I - USGWEM Ecopath and Ecosim
- Diet and food web (Sagarese et al. 2016)

- Fitting to time series (NOAA technical memorandum)

- Gulf menhaden Ecological Reference 
Points (Berenshtein et al. 2023)

Part II - USGWEM Ecospace (in dev.)
- Data synthesis (GitHub: SEFSC/IEA/GWEM/DataSynth)

- Validation and calibration
- Next steps

 U.S. Gulf of Mexico Ecosystem Model // Presentation Overview

https://doi.org/10.1080/19425120.2015.1091412
https://repository.library.noaa.gov/view/noaa/32348
https://doi.org/10.3389/fmars.2022.935324
https://github.com/SEFSC/IEA-GWEM-DataSynth


Outline
• Need for ecosystem modeling

• Brief history of ecosystem modeling in 
the Gulf of Mexico (GOM)

• U.S. Gulfwide Ecopath Model

• U.S. Gulfwide Ecopath with Ecosim 
Model development via Restore Science 
Act Funding

• Developing Ecological Reference Points 
for Gulf menhaden

• Ecospace and future applications
Image: 
http://ecosystems.noaa.gov/WhereIsEBMBeingUsed/GulfofMe
xico.aspx 

Part I

http://ecosystems.noaa.gov/WhereIsEBMBeingUsed/GulfofMexico.aspx
http://ecosystems.noaa.gov/WhereIsEBMBeingUsed/GulfofMexico.aspx


• Diversity
• > 1,100 fishes
• > 3,500 invertebrates
• > 30 marine mammals

• www.fishbase.org 
• www.sealifebase.org

• Fisheries

• Lack of detailed food habits data (Simons et al 2013)
• Sampling difficulties (e.g., reef species)
• Predator-prey dynamics (e.g., grouper predators)
• Large bias in available data from Eastern GOM (FWRI database)

Image: https://flowergarden.noaa.gov/ 

Modeling challenges in the Gulf of Mexico 

https://flowergarden.noaa.gov/


Ecopath
• Static snapshot of the ecosystem
• Input: biomass, mortality, 

consumption, diet, and fishery 
removals

• Requires mass balance
• Starting point for dynamic simulations

Ecosim
• Time dynamic simulations
• Environmental forcing
• Parameter estimation & time 

series calibration
• Future projection scenarios
• Policy analysis and tradeoffs

Ecospace
• Spatially explicit simulations
• Input: dispersal rates, habitat 

maps, habitat preferences, fishing 
areas, MPAs, port locations

• Spatial-temporal drivers
• Red tide mortality

www.ecopath.org
Software // Ecopath with Ecosim and Ecospace



• Focused on shrimp bycatch, red tide
• Functional groups tied closely to 

Florida
• Multi-stanzas to represent 

different life stages
• Demonstrative exercise of the 

capabilities of EwE, fit to time series
• Geers et al. (2016) modified model to 

focus on Gulf menhaden Images: http://myfwc.com/research/saltwater/fish/; 
http://www.gsmfc.org/profiles/Gulf_menhaden/Gulf%20Menhaden.php 

Coastal GOM – Walters et al. (2008)Coastal GOM // Walters et al. (2008)

http://myfwc.com/research/saltwater/fish/
http://www.gsmfc.org/profiles/Gulf_menhaden/Gulf%20Menhaden.php


• Both the Walters et al. (2008) and Geers et al. (2016) models considered as 
potential tools for informing damages to the Gulf of Mexico ecosystem 
following the Deep-water Horizon Oil spill, but…

Images: https://en.wikipedia.org/wiki/Deepwater_Horizon 

Concerns raised over:
• Diet matrix defining species interactions

• Previously based heavily on expert opinion
• Limited information on pelagic food-web 

and higher trophic level interactions
• Lack of fishery discards

Utility of Ecosystem Models

https://en.wikipedia.org/wiki/Deepwater_Horizon


nGOM Ecopath 
• Builds upon previous models and                 

attempted to alleviate concerns
• Focus on federally and internationally 

managed species on spatial scale 
matching management

• Include a statistically-derived, more 
comprehensive definitions of species 
interactions 

• Model bycatch removals from the 
menhaden reduction fishery and  
large-scale fisheries

The Gulf-wide Ecosystem Model // Ecopath



Diet matrix: literature review
• Compiled over 1,906 diet observations

GWEM Ecopath // Literature Review // Diet Matrix



*From Ainsworth et al (2010)

Diet matrix: meta analysis * = limited sample size

Approach described in depth in 
Ainsworth et al (2010)

Diet Matrix // Meta Analysis



• Species composition and proportion of 
retained bycatch for the menhaden 
purse seine fishery were used to infer 
bycatch
• Guillory and Hutton (1982)
• de Silva and Condrey (1997)
• de Silva et al. (2001)

• Dead discards (i.e., retained landings) 
were allocated based on percent by 
weight in the bycatch (2.35%, Guillory 
and Hutton 1982)

Menhaden purse seine bycatch

Additional details provided in SEDAR49-DW-04
https://sedarweb.org/documents/sedar-49-dw-04-review-
of-bycatch-in-the-gulf-menhaden-fishery-with-implications

-for-the-stock-assessment-of-red-drum/ 

Gulf menhaden 
landings

Bycatch

Bycatch // Menhaden purse seine 

https://sedarweb.org/documents/sedar-49-dw-04-review-of-bycatch-in-the-gulf-menhaden-fishery-with-implications-for-the-stock-assessment-of-red-drum/
https://sedarweb.org/documents/sedar-49-dw-04-review-of-bycatch-in-the-gulf-menhaden-fishery-with-implications-for-the-stock-assessment-of-red-drum/
https://sedarweb.org/documents/sedar-49-dw-04-review-of-bycatch-in-the-gulf-menhaden-fishery-with-implications-for-the-stock-assessment-of-red-drum/


• Funded by NOAA RESTORE FF0-2017, 

decision-support tool priority (PI: Chagaris)

• Goal: Integrate information on ecosystem stressors 

and predator-prey interactions into the assessment 

and management of fisheries in the Gulf of Mexico

Gulf Menhaden
Brevoortia patronus

Gag Grouper 
Mycteroperca microlepis

Ecosystem Modeling for GoM Fisheries Management



• Ecopath snapshot year: 1980
• Added additional age structure following scoping workshop
• 78 functional groups
• 12 commercial fleets and 4 recreational fleets
• Pre-Bal diagnostics (Link 2010)
• Best practices (Heymans et al., 2016)

U.S. Gulf-wide Ecosystem Model // Ecopath



• Ecosim: 1980-2016
• 160 input time series: biomass (B), catch (C), 

fishing mortality (F), fishing effort (E)

• Data sources: SEDAR, SEAMAP, ICCAT, 
NOAA landings

• Nutrient forcing: total Mississippi-Atchafalaya 
River Basin Loads

• Fishing forcing: effort and mortality

• Manual and automated calibration

U.S. Gulf-wide Ecosystem Model // Ecosim



year

[Sums of Squares]

• Observed data
*Assessment output

– Ecosim prediction
USGWEM // Ecosim // Biomass time series fits
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USGWEM // Ecosim // Biomass time series fits

** * *

* * *

• Observed data
*Assessment output

– Ecosim prediction
[Sums of Squares]



year

• Observed data
– Ecosim prediction

[Sums of Squares]
USGWEM // Ecosim // Catch time series fits



year

• Observed data
– Ecosim prediction

[Sums of Squares]
USGWEM // Ecosim // Catch time series fits



• Oscillatory behavior largely driven 
by Mississippi River outflow

Biomass

Biomass

Catch

year

Biomass time series fits // 
Gulf menhaden

• Observed data
*Assessment output

– Ecosim prediction
[Sums of Squares]*

* * * *



Ecosim // FMSY analysis

Assessment

Full compensatory (groups’ biomasses change in 
response to the change in the target group)

FMSY Estimate

Stationary (other groups biomass fixed)



FMSY estimated from the Gulfwide EwE 
model compared to single-species stock 
assessment estimates or proxies for key 
Gulf menhaden predators
• Compensatory equilibrium analysis

- - EwE FMSY estimates
– Fcurrent (2016)

– Assessment FMSY 
- - Proxy (FMSY = M)

Ecosim // FMSY analysis



Historical period

Gulf menhaden // Effect of F & E on predators



• Indicator approach adapted from 
ERPs for Atlantic menhaden 
(SEDAR 69)

• Trade-off plot (color map)
• Ratios of scenario’s biomass 

relative to the target biomass 
(BTarget) for menhaden predators 
as a function of variation in 
fishing mortalities for Gulf 
menhaden and their predators

Contour value of 1
predators’ biomass = BTarget

ERP FTarget = the multiplier of menhaden F that results in the BTarget of a given menhaden predator
• x-value of the intersect between the “1” contour and the horizontal dashed line (predator Ftarget)

Fcurrent 
(2016)

0.75 FMSY

.

Predator’s 
B/BTarget

Berenshtein I, Sagarese SR, Lauretta MV, Schueller AM and Chagaris DD 
(2023) Identifying tradeoffs and reference points in support of ecosystem 
approaches to managing Gulf of Mexico menhaden. Front. Mar. Sci. 
9:935324. doi: 10.3389/fmars.2022.935324

Ecological Reference Points

http://www.asmfc.org/uploads/file/5e4c4064AtlMenhadenERPAssmt_PeerReviewReports.pdf
https://www.frontiersin.org/articles/10.3389/fmars.2022.935324/full


Group name FMSY BMSY Ftarget Btarget ERP 
Ftarget

ERP 
Fthreshold

Blacktip shark 0.19 0.04 0.143 0.051 0.939 1.232

Demersal coastal invertebrate feeders 0.336 0.231 0.252 0.292 0.712 0.918

Inshore coastal piscivores 0.341 0.063 0.256 0.081 1.837 >2.0

King mackerel (1+yr) 0.308 0.089 0.231 0.113 0.964 1.286

Large coastal sharks 0.136 0.02 0.102 0.026 0.924 1.252

Pelagic coastal piscivores 0.739 0.016 0.554 0.022 1.164 1.559

Red drum 0.836 0.044 0.627 0.058 0.770 1.048

Sea trout 0.178 0.557 0.134 0.699 0.189 0.299

Small coastal sharks 0.185 0.001 0.139 0.001 0.624 0.870

Spanish mackerel (1+yr) 0.193 0.072 0.145 0.09 0.500 0.738

Mean across all 10 groups 0.86 1.02

Reference PointsEcological Reference Points



• Gulf menhaden projections were run in Monte Carlo bootstrap mode using the 
2019 Beaufort Assessment Model and the above-defined ERP target and 
threshold

• Horizontal solid lines = mean ERP Ftarget and Fthreshold averaged over all 10 predator species
• Horizontal dashed lines = ± 1 standard deviations

Observed landings since 
2003 generally within the 

range of the projected 
equilibrium 

ERPs // Gulf menhaden projections



• Ecological sensitivity scenarios

• Forecasting ability of the Ecosim model

• Provided a time series of M that was incorporated into a sensitivity run during the 2021  
GDAR 03 Gulf Menhaden Stock Assessment Update

• Ecological indicators
Additional Analyses



• The US Gulf-wide EwE model serves as a tool that could be used to address a 
number of ecological questions

• Gulf menhaden analysis demonstrated how BTarget could be achieved for a given 
predatory group, by modifying menhaden and/or the group’s fishing pressure, and 
based on this relationship, ERPs were established

• https://igalberenshtein.shinyapps.io/r_shiny_app_menhadenf_4_pub/ 
• Data and modeling limitations discussed in tech memo & Berenshtein et al. (2023)

USGWEM EwE // Key Takeaways 

https://igalberenshtein.shinyapps.io/r_shiny_app_menhadenf_4_pub/


Modeling needs:
- Build in spatial component to better capture                                                                                          
spatial dynamics, such as species overlap                                                                        
and bycatch

- Incorporate the effect of additional                                                                  
environmental drivers (e.g., temperature                                                                                       
and hypoxia)

- Follow approach used for Atlantic Menhaden (SEDAR 69)
- Develop alternative model configurations or models

• MICE model focused on key predator groups

- Technical review akin to a stock assessment review

Ecospace
• Spatially explicit simulations
• Input: dispersal rates, habitat 

maps, habitat preferences, fishing 
areas, MPAs, port locations

• Spatial-temporal drivers

USGWEM // Next steps and Future Applications
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1. Context
a. Ecospace 
b. and its GoM applications

2. Data inputs 
a. Habitat
b. Environmental drivers
c. Preference functions
d. Dispersal rates

3. Next steps
a. Fitting & calibration
b. Qualitative & fisher input

4. Potential research directions
a. Operationalization into Fisheries Ecosys. Plans
b. Spatial-temporal closures & bycatch reduction
c. Climate change
d. Structured habitat (O&G & wind)

 USGWEM // Part II // Outline



Introduction // Ecospace

Contact: holden.harris@noaa.gov | GitHub: SEFSC/IEA/GWEM/DataSynth

Harris, Sagarese, Chagaris | SSC meeting May 2023 
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mailto:holden.harris@noaa.gov
https://github.com/SEFSC/IEA-GWEM-DataSynth


Context // Ecospace

32



Context // Ecospace

● For each cell, the immigration rate mi is the sum of 
emigration flows from the four surrounding cells.

● Immigration / emigration rates based on
○ Abiotic factors: habitat & environmental drivers (e.g., 

temp. & salinity)
○ And biotic factors: to feed & avoid predators

● Fishing effort uses Ecopath base or predicts fleet dynamics 
with a gravity model 

Walters et al. 1999; Christensen & Walaters 2004 33

https://link.springer.com/article/10.1007/s100219900101
https://www.sciencedirect.com/science/article/pii/S030438000300365X


Context // Ecospace // MPAs 

Illustrative (and first) Ecospace example: 
Walters et al. 1999 examining MPAs

34

Panels:
A. Uniform EwE model
B. No spatial mixing
C. Mixing with higher 

biomass in MPA
D. Aggregated fishing along 

MPA edges
E. Overall effect

https://link.springer.com/article/10.1007/s100219900101


Ecospace // GoM Applications // Hypoxia

de Mutsert et al., 2016: Effects of hypoxia on LA fisheries 
● Nekton able to move out of poor habitat conditions
● Primary production gains largely counteracted deleterious effects of hypoxia

35

https://doi.org/10.1016/j.ecolmodel.2015.10.013


Ecospace // GoM Applications // Habitat Restoration

de Mutsert et al., 2017: Effects of Miss. Rvr. 
freshwater diversions on LA fisheries 

● ID’d winners & losers from restoration efforts
● Results used by restoration authority to 

prioritize diversion projects

36

https://doi.org/10.1016/j.ecolmodel.2017.06.029


Ecospace // GoM Applications // HAB

Vilas et al. 2023: Effects of red tide on WFS 
gag grouper and fisheries 
● Incorporated lethal and sublethal effects
● Produced time-series of episodic mortality 

that can inform stock assessment 

37

https://www.nature.com/articles/s41598-023-29327-z


Ecospace // GoM Applications // Climate Change

Effects of freshwater provisioning 
on estuary ecosystems & fisheries

● Spatial-temporal changes in salinity, 
temperature, and nutrients

● Concurrent bottom-up & top-down 
drivers

Harris, Chagaris, Reaver, Allen and others; unpublished38

https://docs.google.com/file/d/1b6IocVkISICareTUGKq3N7c6koHaUcWB/preview
https://docs.google.com/file/d/1wRgd19_7f1zHC1rIMzrC0SqnaNQzH190/preview


USGWEM Ecospace // Data Inputs

Contact: holden.harris@noaa.gov | GitHub: SEFSC/IEA/GWEM/DataSynth

Harris, Sagarese, Chagaris | SSC meeting May 2023 
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mailto:holden.harris@noaa.gov
https://github.com/SEFSC/IEA-GWEM-DataSynth


Maps
● Habitat maps (static)

○ Depth / basemap
○ Habitats

■ Hardbottom
■ Coral
■ Artificial reefs
■ Sand 
■ Mud

● Environmental drivers (Spatial-temporal; ST)
○ Primary production
○ Salinity
○ Temperature (bottom, surface, avg.)

Responses
● Dispersal rates
● Preference functions

40

USGWEM Ecospace // Data inputs // Overview



USGWEM // Spatial extent and base map

max depth = 400 m

Ecospace base map (depth)

Log10 depth

GitHub repository for making basemap
41

GOM Managed LME Spans >3 orders of magnitudes

https://github.com/SEFSC/IEA-GWEM-DataSynth/blob/957354c425084a0aa1eb7bdc3ccabc5cf785f3c7/Ecospace-habitat-maps/Make_depth_maps.R


Data Inputs // Habitat Maps

Data collated by NOAA NCEI GoM Data Atlas // GitHub repository for making Ecospace maps 42

https://www.ncei.noaa.gov/maps/gulf-data-atlas/atlas.htm
http://ecospace-habitat-maps


Data Inputs // Habitat Maps

Habitat types

43



Data Inputs // Environmental Drivers
Bottom temperature Average temperature

Surface temperature Surface salinity

Chl-A

44



Data Inputs // ST Env. Drivers // Temperature
Bottom Average Surface

Monthly averages: 1980-1993 | Years of data available: 1993-2022 
Data source: HYCOM | Files and PDF maps  45

https://drive.google.com/drive/folders/1b7C2WM7yhNXonnBnIhxcI0ondwb4GvW0?usp=sharing
https://docs.google.com/file/d/1peoeeVL-P0zZz21IMmDmJkI-6nv741Is/preview
https://docs.google.com/file/d/1xtBkXDVR63E9eX4HmN5XlU-EsM8E_MKm/preview
https://docs.google.com/file/d/1EHLXuwVwVdfj4XqWUNS88jdJZzZlprNo/preview


Data Inputs // ST Env. Drivers // Prim. Prod. & Salinity
Depth Integrated Chl-A Surface salinity

PP monthly averages: 1980-2003 | Years of data available: 2003-2020
Data source: MODIS | Files and PDF maps 46

https://drive.google.com/drive/folders/1b7C2WM7yhNXonnBnIhxcI0ondwb4GvW0?usp=sharing
https://docs.google.com/file/d/1QU3tYUD9GEKLf937MeeIRflIrft5rFY1/preview
https://docs.google.com/file/d/1ZX0ufGRfrHkSJE_pKQqFlAOMGChY4amV/preview


Data inputs // Dispersal rates

Step 1: Query characteristics from FishBase R
Step 2: Estimate a relative swim speed (Simbilay 1990),

log_10(S) = -0.828 + 0.61961 log_10(L) 
                    + 0.3478 log_10 (A) + 0.7621 (M) 

where L represents a species’ common length in mm, A is the aspect 
ratio of its caudal fin, and M is a binary swimming mode

Step 3: Scale to experimentally determined dispersal rates. 
mred drum        =  60.75 km y-1 and 
mspotted seatrout =  28.26 km y-1 (Nelson et al., 2021)

Step 4: Average and aggregate by functional group

47GitHub: SEFSC/IEA-GWEM-DataSynth/Ecospace-dispersal-rates

https://github.com/SEFSC/IEA-GWEM-DataSynth/tree/957354c425084a0aa1eb7bdc3ccabc5cf785f3c7/Ecospace-dispersal-rates


Results consistent with “300-30-3 rule” for assigning dispersal rates to relatively fast-moving, slow-moving, and sedentary species, 
respectively (e.g., Zeller and Reinert, 2004, Chen et al., 2009, Piroddi et al., 2011, Fouzai et al., 2012)

Data inputs // Dispersal rates

48

https://www.sciencedirect.com/science/article/pii/S0304380014006292?casa_token=hctAv1SAD0kAAAAA:VaFlXT1HzEcvOmqCXnsZ3p1mqXXhRPD5KERRrAHIcuzYC8GWdLz19-isq1RNPSCT3Vws16KJ2Q#bib0320
https://www.sciencedirect.com/science/article/pii/S0304380014006292?casa_token=hctAv1SAD0kAAAAA:VaFlXT1HzEcvOmqCXnsZ3p1mqXXhRPD5KERRrAHIcuzYC8GWdLz19-isq1RNPSCT3Vws16KJ2Q#bib0020
https://www.sciencedirect.com/science/article/pii/S0304380014006292?casa_token=hctAv1SAD0kAAAAA:VaFlXT1HzEcvOmqCXnsZ3p1mqXXhRPD5KERRrAHIcuzYC8GWdLz19-isq1RNPSCT3Vws16KJ2Q#bib0210
https://www.sciencedirect.com/science/article/pii/S0304380014006292?casa_token=hctAv1SAD0kAAAAA:VaFlXT1HzEcvOmqCXnsZ3p1mqXXhRPD5KERRrAHIcuzYC8GWdLz19-isq1RNPSCT3Vws16KJ2Q#bib0070


Data Inputs // Preference Functions
Step 1: Query environmental preferences from FishBase R (code here)
Step 2: Aggregate by species and functional group (table)
Step 3: Review and adjust based on expert opinion (table)
Step 4: Make double logistic function (code)

Four Parameters: minimum, preferred minimum (10th %ile), preferred maximum (90th %ile), maximum
Three environmental drivers: depth (static), temperature (monthly), salinity (monthly)

49GitHub: SEFSC/IEA-GWEM-DataSynth/Ecospace-preference-functions

https://github.com/SEFSC/IEA-GWEM-DataSynth/blob/957354c425084a0aa1eb7bdc3ccabc5cf785f3c7/Ecospace-preference-functions/Query-env-prefs.R
https://github.com/SEFSC/IEA-GWEM-DataSynth/blob/957354c425084a0aa1eb7bdc3ccabc5cf785f3c7/Ecospace-preference-functions/intermediate-ouput/fg-env-preference-parameters.csv
https://github.com/SEFSC/IEA-GWEM-DataSynth/blob/957354c425084a0aa1eb7bdc3ccabc5cf785f3c7/Ecospace-preference-functions/intermediate-ouput/fg-env-preference-parameters-adjusted.csv
https://github.com/SEFSC/IEA-GWEM-DataSynth/blob/957354c425084a0aa1eb7bdc3ccabc5cf785f3c7/Ecospace-preference-functions/Make-env-pref-matricies-for-Ecospace.R
https://github.com/SEFSC/IEA-GWEM-DataSynth/tree/957354c425084a0aa1eb7bdc3ccabc5cf785f3c7/Ecospace-preference-functions


Data Inputs // Preference Functions // A few examples

PDF with all preference functions | GitHub: SEFSC/IEA-GWEM-DataSynth/Ecospace-preference-functions
50

https://github.com/SEFSC/IEA-GWEM-DataSynth/blob/957354c425084a0aa1eb7bdc3ccabc5cf785f3c7/Ecospace-preference-functions/figures/Pref-functions-depth-temp-sal.pdf
https://github.com/SEFSC/IEA-GWEM-DataSynth/tree/957354c425084a0aa1eb7bdc3ccabc5cf785f3c7/Ecospace-preference-functions


USGWEM Ecospace // Next Steps

Contact: holden.harris@noaa.gov | GitHub: SEFSC/IEA/GWEM/DataSynth

Harris, Sagarese, Chagaris | SSC meeting May 2023 
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mailto:holden.harris@noaa.gov
https://github.com/SEFSC/IEA-GWEM-DataSynth


USGWEM Ecospace // 10,000 foot view

52



Next steps // Calibration and fitting

Schematic: Vilas et al. 2023 

53

Fit to time…                                …and space…?
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Calibration via iterative parameter 
adjustments (simulations run in parallel)

● Ecosim times series (done)
● Empirical time series (not done yet)
● Spatial surveys (not done yet)

https://www.nature.com/articles/s41598-023-29327-z


Next steps // Validation, calibration, and fitting

54
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Data sources for validation, calibration, 
and fitting:
- NOAA NCEI GoM Data Atlas
- MODIS (e.g., CMEC PP)
- SEAMAP surveys (e.g., reef fish, long lines; 

https://www.gsmfc.org/seamap-gomrs.php)
- Literature (e.g., Pink shrimp Drexler & Ainsworth 

2013, Pelagic longline Baum et al. 2003) 
- SEDAR (https://sedarweb.org/)
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https://www.ncei.noaa.gov/maps/gulf-data-atlas/atlas.htm
https://www.gsmfc.org/seamap-gomrs.php
https://doi.org/10.1371/journal.pone.0064458
https://doi.org/10.1371/journal.pone.0064458
https://www.science.org/doi/10.1126/science.1079777
https://sedarweb.org/


Next steps // Incorporate expert and stakeholder knowledge

55

Incorporate scientific and fisher qualitative knowledge to…
● Review and validate results & trends
● Update parameters for preference functions

○ Depth, temperature, salinity
○ Habitat use, spatial validationHarris 2022; Bentley et al. 2019a; Bentley et al. 2019b

Habitat types Habitat capacity

http://dx.doi.org/10.1002/fsh.10727
https://academic.oup.com/icesjms/article-abstract/76/7/2218/5535676
https://academic.oup.com/icesjms/article-abstract/76/4/897/5304545


USGWEM // Direction & Operationalization

Contact: holden.harris@noaa.gov | GitHub: SEFSC/IEA/GWEM/DataSynth

Harris, Sagarese, Chagaris | SSC meeting May 2023 
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The Way to Operationalization

57

Criteria to operationalize EwE:
1. Well-defined objective(s) for managing fisheries 

ecosystem issues
2. Clear trade-offs
3. A mgmt process that can respond to these trade-offs 
4. Model(s): 

a. That are accessible, well-documented, and follow 
best practices

b. Ideally, multiple models to assess structural 
uncertainties

5. Coproduction: 
a. Early engagement from scientists, stakeholders, and 

managers (here we are!)
b. Collaborative, iterative model development

6. A rigorous review process

Craig & Link 2023; GoM Fisheries Ecosystem Plan

“The requisite conditions for enhanced operational use of EwE to support and inform 
resource management decisions exists, and these models can contribute to both 
strategic and tactical management decisions.”

https://doi.org/10.1111/faf.12733
https://gulfcouncil.org/wp-content/uploads/Q-4b-Gulf-of-Mexico-Fishery-Ecosystem-Plan-2022_03_25-AS-SUBMITTED-2.pdf
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“FEPs require models of the ecosystem for stakeholders and managers to visualize and make predictions about how 
fishery ecosystems function . . . Perhaps the most effective use of Mathematical Ecosystem Models is within a 
hypothesis-testing framework” (pg. 29, GoM Fisheries Ecosystem Plan) 

The GOM FEP Loop 
1. Where are we now?
2. Where are we going?
3. How do we get there?
4. Implement the plan
5. Did we make it? 

(Again, where are we now?)
Learn & adjust

Assess trade-offs
Simulate mgmt actions

Inform MSE

https://gulfcouncil.org/wp-content/uploads/Q-4b-Gulf-of-Mexico-Fishery-Ecosystem-Plan-2022_03_25-AS-SUBMITTED-2.pdf
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1. Spatial-temporal fishery closures and bycatch reduction 
2. Climate change and environmental stressors 
3. Changing artificial habitat: oil and gas (O&G) decommissioning & offshore wind 

farm (OWF) development 



Potential research directions // Spatial-temporal fishery closures & bycatch reduction

Map from fisheries.noaa.gov 60

Fisheries ecosystem issue
(EAF) Multi-species, 
overlapping fisheries with 
bycatch and discard mortality

 

https://www.fisheries.noaa.gov/resource/map/gulf-mexico-seasonal-and-or-area-closures-and-marine-protected-areas
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Key trade-offs
● ↑Reef fish discard mortality vs. 

recreational fishing effort
● Temporal fishing access vs. out-of-season 

catches and high-grading
● Commercial net fishing (e.g., by Menhaden 

purse seine and shrimp trawls) vs. 
potential future yield of bycatch of juvenile 
finfishes 

Potential decision support from the USGWEM 
● ID times and places where bycatch 

interactions should be monitored or limited
● Setting opening/closing dates for fisheries
● Optimize time and place for annual 

spawning season closures

Strengths

Strengths
● ST management a traditionally 

capacity of Ecospace and 
could inform mgmt decisions

Weaknesses/Caveats
● Gulf-wide scale model may be 

too large/complex for some 
applications

● Model of finer scale or lower 
complexity may be appropriate 
for specific deliverables, e.g., 
MICE model for Atlantic 
Menhaden generated inputs 
for SEDAR (Chagaris et al. 2020, 
Drew et al. 2021)

https://doi.org/10.3389/fmars.2020.606417
https://www.frontiersin.org/articles/10.3389/fmars.2021.608059/full
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Fisheries ecosystem issue (EBFM)
Wide-ranging and potentially compounding 
environmental stressors from climate change

Prim. Prod.SST

Example USGWEM environmental driver maps:
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Key trade-offs
● ↓Current yield vs. long-term precautionary management
● US agriculture production vs. Miss. Rvr. nutrification
● Winners vs. losers from rising temperatures and changing 

environment

Possible EBFM/EBM decision support from the USGWEM 
● Forecast winners & losers, e.g., Serpetti et al. 2017

→ support precautionary management of impacted species
● Anticipate long-term responses to changing environment 

(e.g., warmer waters, changing Miss. Rvr. discharge)
● Model “tropicalization” food-web impacts from poleward 

range expansions of tropical species (e.g., mangroves, 
snook)

Strengths
● Gulf-wide spatial scale could consider 

climate change impacts
● Support for and from NOAA Climate, 

Ecosystems, and Fisheries Initiative

Weaknesses/caveats
● Advice will be long-term and strategic
● Unclear how model results might be used 

for tactical decision making

https://www.nature.com/articles/s41598-017-13220-7
https://www.fisheries.noaa.gov/topic/climate-change/climate,-ecosystems,-and-fisheries
https://www.fisheries.noaa.gov/topic/climate-change/climate,-ecosystems,-and-fisheries
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BOEM O&G Lease Sales; GoM Wind Energy Area Blocks; O&G structures (NCEI atlas) 64

Fisheries ecosystem issue (EBM)
Cross-sector management of fisheries, protected species, and 
habitat management facing forthcoming changes in O&G 
decommissioning and OWF infrastructure development 

https://www.boem.gov/sites/default/files/environmental-stewardship/Environmental-Assessment/NEPA/BOEM-EIS-2017-009-v1.pdf
https://www.boem.gov/renewable-energy/state-activities/gulf-mexico-activities
https://www.ncei.noaa.gov/maps/gulf-data-atlas/atlas.htm
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EwE assessments for OWF:
The North Sea

○ Puts et al. 2023
○ Serpetti et al. 2021
○ Alexander et al. 2016

West Coast of France
○ Jean-Philippe et al. 2020 
○ Halouani et al. 2020
○ Raoux et al. 2020
○ Pezy et al. 2020
○ Nogues et al. 2022

China
○ Wang et al. 2019

EwE can help assess trade-offs, e.g.,
Positive spillover effects predicted from OWF 
spatial closures in W. coast of France model 
(Halouani et al. 2020) but not W. coast of Scotland 
model (Alexander et al., 2016)

https://www.sciencedirect.com/science/article/pii/S0308597X2300101X?via%3Dihub
https://www.frontiersin.org/articles/10.3389/fmars.2021.694013/full
https://www.sciencedirect.com/science/article/pii/S0304380016300047?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1470160X20302399
https://www.sciencedirect.com/science/article/pii/S0924796320301305?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0272771419300538?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1470160X20302399?via%3Dihub
https://academic.oup.com/icesjms/article/79/4/1098/6535870?login=true
https://www.sciencedirect.com/science/article/pii/S0964569118306483?via%3Dihub
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Key trade-offs
● Energy sector vs. fisheries sector vs. impacts to protected 

species (e.g., birds, mammals, turtles)
● Reef effect: ↑production vs. ↑catchability from 

aggregation; also habitat for invasive lionfish 
● Exclusion effect: ↑fisheries spillover vs. ↓fishing access
● Hydrologic and primary production: hypoxia vs. 

up/downwelling and mixing (Daewal et al. 2022)

Possible EBM decision support from the USGWEM 
● Consider designs of reef structures (e.g., scour aprons as 

reef structures)
● Inform experimental design and monitoring programs for 

artificial habitat
● Ultimately, help inform O&G decommissioning plans (e.g., 

“rigs to reefs”) and spatial management OWF

Strengths
● Ecosystem modeling can inform management 

and research design before wide-scale OWF 
construction and O&G decommissioning

● Stakeholder & management interest

Weaknesses/Caveats
● No precedent for EwE in ecosystem impact 

assessments
● USGWEM spatial scale may be too large to 

assess artificial habitat in specific areas (e.g., 
OWF development in W. Gulf)

NCEAS proposal in review: Ecosystem impacts of GoM wind energy 
development on fish and fisheries (Harris, Sagarese, Chagaris, Klajbor) 

https://www.nature.com/articles/s43247-022-00625-0
https://docs.google.com/document/d/1CKJtieDIwMEEiFfw0DP8Z_PY45hXWGfdj2BV1SCOLnc/edit?usp=sharing
https://docs.google.com/document/d/1CKJtieDIwMEEiFfw0DP8Z_PY45hXWGfdj2BV1SCOLnc/edit?usp=sharing
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An operational model that supports decision making
● EAF (e.g., spatial-temporal closures)
● EBFM (e.g., climate stressors in fisheries management), or
● EBM (e.g., artificial habitat effects from marine energy 

infrastructure)

A co-produced model that’s valuable for management
● Early and iterative direction and input
● Leverage collaboration with stakeholders for validation and 

guidance

A robust model that withstands rigorous review, e.g.,
● ERPs for Atlantic Menhaden (Anstead et al. 2021, Chagaris 

et al. 2020, Drew et al. 2021)
● NEFSC Groundfish Assessment and Review Meeting 
● CIE review for California Current Atlantis model (Kaplan & 

Marshall, 2016)

https://www.frontiersin.org/articles/10.3389/fmars.2021.607657/full
https://doi.org/10.3389/fmars.2020.606417
https://doi.org/10.3389/fmars.2020.606417
https://www.frontiersin.org/articles/10.3389/fmars.2021.608059/full
https://doi.org/10.1093/icesjms/fsw047
https://doi.org/10.1093/icesjms/fsw047
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