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II. Executive Summary 
 

An expansive hypoxic zone in the Northern Gulf of Mexico (NGOMEX) affects 
ecologically and economically important living resources, but the magnitude, 
predictability and even the direction of these changes are not well-
documented. Managers and stakeholders alike need readily available and 
quantitative tools to assess the effects on living resources of planned 
nutrient reduction strategies aimed to minimize the hypoxic zone. The goal of 
our work is to couple spatially-explicit ecosystem, bioenergetics, and water 
quality models to evaluate alternative management strategies, interannual 
differences in water flows, nutrient loading and water temperatures on living 
resources.  

 
To this purpose, we developed growth rate potential models for five nekton 

species of economic or ecological importance, and an ecosystem model 
representing the Northern Gulf of Mexico food web with sixty-six species or 
groups. These models were linked to a ROMS-based physical-biological model 
providing output on temperature, salinity, dissolved oxygen, Chl a, and 
phytoplankton under varying levels of nitrogen and phosphorus load reductions 
from the Mississippi River into the Gulf of Mexico. These nutrient reduction 
scenarios were compared to a calibration run (no nutrient reduction) from 
2000-2016. An advisory panel representing federal agencies and state agencies 
from all Gulf states was assembled at the start of the project led by the 
application PI on the project. The panel served to co-produce the models, 
provide feedback throughout the project, and advise on which outputs to 
produce to maximize management uptake of results. With the model simulations, 
we focused on the nutrient reduction scenarios necessary to reach the goals of 
the hypoxia task force, which are a 20% nitrogen and phosphorus reduction in 
2025 and a reduction of the hypoxic zone to a 5-year average of 5000 km2 in 
2035. Earlier simulations with the ROMS model used in this project have 
estimated that a reduction in nitrogen and phosphorus loading between 40 and 
50% is necessary to reduce the hypoxic zone to 5000 km2. Therefore, we 
simulated and analyzed the effects of the 20%, 40%, and 50% nitrogen and 
phosphorus reduction scenarios. 

 
A general consensus in the results is that the effects of nutrient 

reduction on species growth and biomass are small. Analyzing the effects of 
nutrient reductions on phytoplankton biomass separate from the effect of 
nutrient reductions on hypoxic zone reductions revealed that each have a 
noticeable effect on fisheries species biomass (reduced phytoplankton negative 
and reduced hypoxia positive), but the net result of both effects on fisheries 
species biomass is small. Whether the small net effect is positive or negative 
varies by species and by year. The effects of hypoxia and hypoxia reductions 
on the spatial distribution of species is larger, which can affect fisheries. 
The smaller area of hypoxia and increased patchiness under nutrient load 



reductions would increase access to fisheries species. 
 
A decision support tool was developed based on guidance from the advisory 

panel obtained during workshops, meetings and a survey instrument to determine 
which results in which format would be most useful. The guidance proved 
particularly useful when it became clear we were unable to show all results in 
the decision support tool, since including a large amount of data quickly 
reduced rendering speed of the spatial information in the tool. The final 
results shown include projected biomass and distribution of brown shrimp, 
white shrimp, gulf menhaden, red snapper and Atlantic croaker under no 
nutrient reduction and under 20%, 40%, and 50% nitrogen and phosphorus 
reduction scenarios, with maps of spring and summer months in 2025 and 2035, 
and annual time series from 2000-2035 based on Ecospace model output. The 
phytoplankton and dissolved oxygen concentration and distribution in those 
same scenarios based on ROMS output, representing the environmental conditions 
to which the nekton species respond, are shown in the tool as well.  

 
 

 
III. Purpose 

 
A. Overarching goal(s) of the project. 

 
Our overall goals were to 1) explore how hypoxia in the Northern Gulf of 

Mexico affects fish biomass, distributions, growth rates and diets, 2) 
estimate how proposed reductions in nutrient loadings (with reduced 
productivity and reduced hypoxia) affects fish biomass, distribution and fish 
habitat quality (defined by growth rates) for selected species, and 3) Co-
produce models that simulate effects on Gulf of Mexico fisheries species of 
reduced nutrients and hypoxia, and a decision support tool (DST)that 
visualizes the output most relevant to stakeholders.  

 
 

B. Objectives of the project. 
  

The objectives of this project are to 1) set up an advisory panel 
consisting of natural resource managers and others most likely to use the 
result of our project, and facilitate information exchange with this panel from 
the start of the project through meetings and workshops, 2) develop or update 
bioenergetics models of key species in the northern Gulf of Mexico to determine 
growth rate potential of these species under different combinations of 
temperature and dissolved oxygen, 3) link the growth rate potential models to 
ROMS output of the 2000-2016 calibration run as well as these same runs under 
relevant nutrient reductions, 4) evaluate effects of hypoxia on fish diets, 5) 
update a spatial fisheries ecosystem model with 66 species or species groups 
that includes food web interactions and environmental responses, capable of 
simulating effects on species biomass and spatial distribution as well as 
fisheries landings of hypoxia and reductions in Mississippi nutrient loading in 
order to reduce hypoxia, 6) use output from ROMS physical-biological model on 
dissolved oxygen, phytoplankton, salinity, and temperature to drive the 
spatial-temporal ecosystem model in order to estimate effects of hypoxia and of 
reductions in Mississippi nutrient load reductions, 7) create a decision 
support tool that visualizes the output deemed most relevant by our advisory 
panel. 

 
IV. Approach 

 
A. Detailed description of the work that was performed. 

  
Advisory panel interactions. An advisory panel was formed made up of 20 

individuals representing a variety of expertise and agencies. The agencies 
involved in this work are the Integrated Ecosystem Assessment program from 
NOAA, the Mississippi River/Gulf of Mexico Hypoxia Task Force, The Water 



Institute of the Gulf, the Coastal Protection and Restoration Authority, the 
Gulf States Marine Fisheries Commission, the Environmental Protection Agency, 
Louisiana Sea Grant, Texas Parks and Wildlife Department, Louisiana Department 
of Wildlife and Fisheries, Florida Fish and Wildlife Conservation Commission, 
and the Northern Gulf Institute. Application PI Matt Campbell served as the 
head of the advisory panel. We interacted with the panel through advisory 
panel meetings that were organized three times a year on average, and 
workshops organized once a year. We designed a survey instrument that was 
distributed to the panel in 2019 to determine which outputs and training were 
deemed most useful, and we presented and discussed the results of this survey 
during an in-person advisory panel workshop in 2019. We created a project 
website that serves as a one-stop shop for all project information, including 
advisory panel meeting notes, project reports and results, and the decision 
support tool created at the end of the project. 

 
Development of bioenergetics models for key species. We developed species-

specific bioenergetics models for a key set of diverse species in the Northern 
Gulf of Mexico and applied them to spatially/temporally explicit field data or 
hydrodynamic water quality model output. Bioenergetic models were created by 
securing physiological and metabolic information for the selected species. We 
applied these models to spatially explicit and temporal explicit data taken 
from previous field work or generated from a 3_D hydrodynamic water quality 
model. Fish growth rate potential was used as a measure of fish habitat 
quality. Figure 1 shows the basic modeling framework. 
 
 

 
 
Figure 1: Spatially/temporally explicit modeling framework to calculate fish 
growth rate potential 
 

We used these models of growth to examine how fish habitat quality 
responded to observed hypoxic conditions (from previously collected data from 
NOAA and NSF funding) or from output from a 3-D hydrodynamic water quality 
model run at current conditions (2000 – 2016) and 20% and 40% reduction in 
nutrient loadings. The Hydrodynamic output was provided by Dr. Laurent. 
Regional circulation, water temperature, dissolved oxygen, phytoplankton and 
zooplankton concentrations were simulated using a high-resolution 
implementation of the Regional Ocean Modeling System. The model grid covers the 
northern Gulf of Mexico shelf with a highest horizontal resolution of ~1km near 
the Mississippi Delta and 20 terrain following vertical coordinates. The 
physical model is coupled to the pelagic N-cycle model of Fennel et al. (2006, 
2011) extended with phosphate, dissolved oxygen and river dissolved organic 
matter. The biogeochemical model has 10 state variables, namely nitrate, 
ammonium, phosphate, oxygen, phytoplankton, chlorophyll, zooplankton, small and 
large detritus and river dissolved organic matter (Figure 2). 
 

The model is forced with daily freshwater fluxes from the Mississippi and 



Atchafalaya Rivers estimated by the US Army Corps of Engineers at Tarbert 
Landing and Simmesport, respectively, and monthly nutrient and organic matter 
loadings estimated by the U.S. Geological Survey. Atmospheric forcing is 
prescribed using 3-hourly wind speed from the National Centers for 
Environmental Prediction (NCEP) North American Regional Reanalysis and 
climatological surface heat and freshwater fluxes. Initial and boundary 
conditions for temperature, salinity, nitrate, phosphate, and oxygen are 
prescribed from the NODC World Ocean Atlas, other biogeochemical tracers are 
set to small positive values. Model equations and parameter values are 
available in the supporting information of Laurent et al. (2017). Validation of 
the circulation model is provided in Hetland and DiMarco (2008, 2012), Marta-
Almeida et al. (2013), and Fennel et al. (2016). Previous assessments of 
simulated surface chlorophyll concentration, primary production and water 
column respiration rates indicate that they agree well with observations. 
 

 
 
 
Figure 2: Framework for the 3-D Hydrodynamic water quality model. 
 

Connecting Nutrient Loading to Fish Habitat Quality: We evaluated the 
effects of nutrient loading and hypoxic volume reduction scenarios on growth 
rate potential, habitat quantity and quality and made direct linkages of Fish 
Habitat models to the 3-D water quality model output under various nutrient 
loading scenarios. Code was developed in Matlab and R to run GRP models on 
ROMS model output. Additional code was developed to produce time series and 
maps of GRP for each depth layer. We specifically focused on completing the 
ROMS-to-GRP linkage for Gulf menhaden, bay anchovy, and red snapper. The GRP 
model for both species was run on over 160,000 cells on a daily basis over 16 
years (2000 – 2016) in the 3D hydrodynamic/water quality model for the 
following scenarios: 60N/60P, 80N/80P, and 100N/100P. Phytoplankton and 
zooplankton output from the ROMS model were used as the prey source for the 
menhaden and anchovy GRP models, respectively. The procedure is mostly 
automated, described by a detailed workflow, and can be customized and 
replicated for additional scenarios and species. Each model run produces over 
1 Billion measures of fish growth rate potential and we have developed and 
demonstrated animations of results. 
 

Fish diet shifts associated with the Gulf of Mexico hypoxic zone. 
Understanding how hypoxia might affect NGOMEX food web dynamics can help 
inform ecosystem models and help agencies understand and predict how this 
ecologically and economically important region might change with various 



hypoxia management scenarios. The occurrence of low dissolved oxygen (hypoxia) 
in coastal waters may alter trophic interactions within the water column. 
Effects of hypoxia on fish may occur through direct and indirect processes 
including changes in spatial distributions, reproduction and recruitment, 
vital rates (e.g., growth and mortality), and increased susceptibility to 
other stressors. Hypoxia-induced changes in food webs result from shifts in 
the abundance and spatial distribution of lower trophic levels. In addition to 
the direct effects of hypoxia on specific taxa, hypoxia can alter trophic 
interactions by affecting predator or prey escape/capture responses. Many 
studies have documented diets of NGOMEX species, but few estimate how fish 
diet may be altered in hypoxic areas.  
 

Although improving, our understanding of the impacts of hypoxia on trophic 
interactions in pelagic and benthopelagic food webs is limited. Toward this 
end, we evaluated diet composition of and mass-specific consumption by the 
Atlantic Bumper Chloroscombrus chrysurus, a numerically dominant planktivorous 
fish in the northern Gulf of Mexico, relative to dissolved oxygen 
concentration and fish size. Samples had been taken during a previous NGOMEX 
project, but this comparative analysis was done during this project.  
 

Ecosystem model An Ecospace model was developed using the Ecopath with 
Ecosim modeling software based on a model created by lead PI de Mutsert during 
a previous NGOMEX project. Model improvements were based on feedback from the 
advisory panel and other attendees during the first project workshop in 2017. 
The new Ecopath model consist of 66 species or groups that represent the 
northern Gulf of Mexico food web (Table 1). 
 

Table 1. List of species and groups in the model. Species are split into 
life stages, creating two or more groups per species. Input parameters of 
species in bold were based on stock assessment, while those for all other 
species were based on SEAMAP data, Fishbase, and literature search. 
Marine mammals Rays & Skates Sea Turtles 
Tunas Flounders Small Forage Fish 
Carangidae Scad Jellyfish 
Birds Atlantic Croaker Blue Crab 
Atlantic Cutlassfish Sea Catfish Brown Shrimp 
Lizardfish Gulf Butterfish White Shrimp 
Sharks Spot Pink Shrimp 
King Mackerel Squid Other Shrimp 
Spanish Mackerel Pinfish Benthic Crabs 
Sea Trouts Porgies Benthic Invertebrates 
Red Snapper Anchovies Zooplankton 
Serranidae Gulf Menhaden Benthic Algae 
Other Snappers Other Clupeids Phytoplankton 
Red Drum Mullets Detritus 
 

The model was calibrated in Ecosim, by fitting temporal model predictions 
to observed biomass values from 2000-2016 obtained from SEAMAP data or stock 
assessment (Figure 3; see table 1 for source of timeseries observations per 
species). The model includes fisheries as well. Fisheries harvest is captured 
in the model by the inclusion of the following “fleets”: shrimp, menhaden, 
recreational, snapper/grouper, other finfish, with landings, effort and 
discards inputs based on information from NOAA’s landings query, stock 
assessment, and MRIP data. The catch predictions were also calibrated based on 
this information (Figure 4). The spatially averaged environmental drivers from 
the ROMS model are included in the Ecosim calibration and include salinity, 
temperature, phytoplankton, and dissolved oxygen. 

 



 
Figure 3. Calibration plots of the biomass of select key species in the 

ecosystem model based on observations from 2000-2016. The SS shows the sum of 
squares deviation between the predicted and observed values. 

 
Figure 4. Calibration plots of the catch of select key fisheries species 

in the ecosystem model based on observations from 2000-2016. The SS shows the 
sum of squares deviation between the predicted and observed values. 

 



 
The Ecospace model was developed with a new model area (Figure 5) that 

overlaps exactly with the ROMS model area so that each Ecospace model cell can 
receive ROMS output of the environmental driver temperature, salinity, 
dissolved oxygen and phytoplankton. Phytoplankton from the ROMS model 
functions as a normalized driver to the phytoplankton group in Ecospace only, 
while the species response to the other drivers are regulated by species-
specific response curves that determine the effect of drivers in Ecospace 
using the Habitat Capacity model (Figure 6). The effect of phytoplankton 
changes on other groups is regulated by the trophic interactions in Ecospace.  

 

 
Figure 5. Ecospace basemap with bathymetry. The orange layer shows what 

area from the Ecospace model is excluded in the simulations to exactly match 
the ROMS model area.  

 

 
Figure 6. diagram showing the manner with which multiple environmental 

preference functions or response curve together determine the habitat capacity 
of each model cell for each species. The shape of the curves is driver-
specific and species-specific. 

 
Dissolved oxygen, temperature, salinity, and phytoplankton output from the 

ROMS model was read into the Ecospace model at each time step during a 
simulation using the Spatial-Temporal Data Framework (Figure 7). For this, the 



ROMS output was first converted to ASCII grid files that match the Ecospace 
grid of 5 km2 cells, so that each model cell received ROMS output during each 
monthly time step.  

 

 
Figure 7. Diagram depicting the automated model linking process in 

Ecospace that reads in environmental driver output from an external model. 
 
Further refinements to improve spatial distribution of species biomass and 

fleets that have occurred in the last year include the conversion of spatial 
fishing effort data into “sailing cost” maps, that has allowed for a more 
realistic distribution of fishing effort over the model area. An example of 
the maps included is provided in Figure 8. Seasonal closing of fisheries is 
reflected in the model as well. An additional improvement was made by running 
the model simulations in “IBM mode”. In IBM (individual based model) mode, 
Ecospace predicts spatial changes in consumption and mortality rates by 
dividing each multi-stanza population into a user-controlled number of packets 
(a.k.a. cohorts or super-individuals). Each packet is assumed to represent a 
group of identical individuals of the same age and each packet maintains its 
own multi-stanza size-age structure. At initialization of a run, each packet 
is populated with the same monthly numbers-at-age and weight-at-age, then 
uniformly distributed over the grid cells with a habitat capacity greater than 
0.1. At each monthly time step, each packet is tracked independently as it 
moves around the grid cells. This allows each packet to derive its consumption 
and mortality rates from the conditions in the local cell it finds itself in 
at the beginning of the time step. By doing this, each packet can respond to 
local ecological conditions as it moves through both space and time, which is 
an important improvement when including an environmental stressor in the model 
that varies through space and time such as hypoxia. 
 



 
Figure 8. Inclusion of menhaden fishing effort data in the Ecospace model. 
 

We completed a spatial sensitivity analysis (Figure 9) and a spatial 
uncertainty analysis (Figure 10) using Monte Carlo simulations. This work 
includes new state-of-the-art developments in marine ecosystem modeling, since 
due to computational demands these analyses are rarely done in space and time 
simultaneously during multi-year simulations. They key species that have 
become the focus of this study (red snapper, Atlantic croaker, Gulf menhaden, 
brown shrimp, white shrimp and phytoplankton) show the lowest amount of 
variation in the sensitivity analysis (Figures 9). 

 



 
Figure 9. Monte Carlo time series (CV = 0.1) of future without action 

simulation from 2000-2035 of select species. 
 

 
Figure 10. Probability plots of select key species showing biomass 

simulation results in 2035 under a 50% nitrogen and phosphorus reduction 
scenario. The total histogram area (under the curve) equals a total 
probability of 1.  
 
 



 
Decision Support Tool (DST) The DST has been through five drafts, where 

each consecutive draft improved upon the last based on stakeholder feedback 
and tool capabilities. The first draft of the DST was quite simple, including 
only three maps with nutrient reduction scenarios and a single time step for 
three species (adult Atlantic croaker, Gulf menhaden (age 24 – 36 months), 
white shrimp). The first draft also included an average biomass value 
associated with each map (Figure 11).  

 

 
Figure 11. Final biomass across three nutrient reduction scenarios for 

Gulf Menhaden (age 24 – 36 mo.). Images based on practice data. 
 
In the second draft of the DST we updated 1) the decision support tool 

biomass maps from new model runs, 2) added chlorophyll a and dissolved oxygen 
maps, 3) added average annual biomass and abiotic time series graphs, and 4) 
improved the efficiency and utility of the decision support tool (Figure 12). 

 

 
Figure 12. Final biomass for 50% nutrient reduction for Phytoplankton, 

with 50% nutrient reduction scenarios for chlorophyll a and dissolved oxygen. 
Images based on practice data. 

 
 



In the third draft of the DST user interaction and process efficiency was 
improved through a side panel with dropdowns for species and nutrient 
reduction scenarios and the ability to directly appending model data within 
ArcGIS Online. These side panel dropdowns would change the information 
visualized in the maps (Figure 13).  

 

 
Figure 13. Biomass for 50% nutrient reduction for white shrimp, with 50% 

nutrient reduction scenarios for chlorophyll a and dissolved oxygen. The side 
panel on the left is where the user can select nutrient reduction scenario and 
species. Images based on practice data. 

 
In the fourth draft of the DST we incorporated updated Ecospace model 

output and new species. The map of Chlorophyll a data from the ROMs model was 
replaced by phytoplankton biomass from the NGOMEX Ecospace output. We also 
updated map titles to be more informative of map content (Figure 14). 
Additionally, in April 2022, draft four of the DST was presented at the GOMCON 
Tool’s Café and a manuscript on coupling DST development with feedback from 
stakeholder surveys was underway. 

 

 
Figure 14. Draft 4 of the DST. The dropdowns and buttons in the side panel 

still interact with the biomass and abiotic maps. Images based on practice 
data. 

 



The fifth and final draft of the DST included improvements for visual 
displays, user interaction, and tool rendering speed. Just like the fourth 
draft of the DST, the final draft includes four maps and time series graphs, 
however the final draft includes three time series graphs instead of two. Here 
we have included individual time series for phytoplankton, dissolved oxygen, 
and species biomass. The DST is now fully interactive. When a user selects an 
option from the side panel, the content in the maps and time series will 
change automatically. The dropdowns now allow a user to select the nutrient 
reduction scenario for abiotic parameters (e.g., phytoplankton and dissolved 
oxygen), the nutrient reduction scenario for species biomass, and the month 
and year of the visualizations. The titles for each map and time series are 
now dynamic and change according to user selections (Figure 15).  

 

 
Figure 15. NGOMEX model output visualization for Atlantic croaker. The final 

DST has four maps with titles and three time series with titles, which all 
change according to user selection in the side panel.  

 
The combination of the amount of data and platform limitations in the DST 

was causing rendering problems in the tool. To work around this, we developed 
a dashboard for each species (i.e., Atlantic croaker, brown shrimp, Gulf 
menhaden, red snapper, and white shrimp). The user can now select species of 
interest from the title menu which will take them to that species dashboard 
(Figure 16). We have also included an instructional pdf and video in the title 
menu to help users navigate the DST.  

 
This final version of the DST was presented at the NGOMEX advisory panel 

meeting on Nov. 18th, 2022. During the meeting, we presented the tool to 
stakeholders, along with the instructional video. The tool was well received, 
and no major changes were requested by stakeholders. The manuscript on 
coupling DST development with feedback from stakeholder surveys will be 
submitted to the themed issue.    

 



 
 
Figure 16. The title dropdown menu is in the top right corner of the DST, 

where you can select your species of interest and view this instructional 
guide or an instructional video.  
 
 

 
A. Project management: List individuals and/or 

organizations actually performing the work and how it was 
done. 

  
This research was all done through close collaboration across the project 

teams. Kim de Mutsert serves as lead PI and has administered the project 
throughout the project’s runtime. She started the project at George Mason 
University (GMU), and transferred to The University of Southern Mississippi 
(USM) in January 2021. At that time, she created a sub-award for USM to continue 
the project, and Jennifer Salerno agreed to be the proxy PI at GMU. PI De 
Mutsert developed the Ecospace model and organized all advisory panel meetings 
and project workshops. Members of her team that contributed to this work were 
Alex Van Plantinga as a post-doctoral researcher and Sara Marriott as a PhD 
student. Sara Marriott also took the lead in the advisory panel survey that 
helped shape how we present our model output and the design of the decision 
support tool. Joe Buszowski (Ecopath International Initiative) supported the 
Ecospace modeling as a contractor to the project, and Arnaud Laurent (Dalhousie 
University) provided the ROMS physical-biological model output as a contractor 
to the project, and facilitated the model coupling to Ecospace and the GRP 
models. Matt Campbell (application PI) served as the head of the advisory panel 
and facilitated the connection to management. The project team of the Oregon 
State University (OSU) sub-award was Stephen Brandt (co-PI), Cassandra Glaspie 
(Postdoctoral scholar on the project), and Cynthia Sellinger (co-PI). The OSU 
team worked on the bioenergetics-based growth-rate potential models. The work 
was all done through data analyses and spatially explicit modelling in close 
collaboration with other members of the project teams and linking models 
particularly with Arnaud Laurent. The University of Central Florida (UCF) sub-
award was led by Kristy Lewis (co-PI) and was responsible for developing the 
decision support tool (DST) that visualizes Ecospace output. Michelle Shaffer 
(first as UCF PhD student, then as contractor to the project) was the lead 
developer of the DST and performed the work with feedback from project PI’s, 
other project collaborators, and stakeholders.  

 
 

 



I. Findings 
 

A. Actual accomplishments and findings. 
 

Development of bioenergetics models for key species. We developed five new 
bioenergetics models and updated two published models that were applied to 
high resolution field data and simulations. We developed a bioenergetics-based 
growth rate potential model for brown shrimp (Farfantepenaeus aztecus). We 
have also refined bioenergetics-based growth rate potential models for red 
snapper (Lutjanus campechanus), Atlantic croaker (Micropogonias undulatus), 
and Gulf menhaden (Brevoortia patronus) (Figure 17). We prepared a previously 
developed bioenergetics model for bay anchovy (Anchoa mitchelli) to be used in 
simulations by coding the model in R statistical language. We updated 
bioenergetics models for Bluefish and Striped Bass developed by us under 
previous funding. Finally, we scoped out a bioenergetics model for Atlantic 
bumper but were unable to locate enough basic information on bumper metabolism 
to create a full bioenergetics model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
  Figure 17: Bioenergetic model rates for anchovy, menhaden, red  
    snapper, brown shrimp and croaker. 
 

Different species respond differently to the same underlying conditions. 
For example, Figure 18 shows the growth rate potential for bluefish, red 
snapper and Atlantic croaker modelled across a section of the Gulf of Mexico 
with measured temperatures, oxygen levels and fish prey densities. Compared to 
bluefish, both red snapper and Atlantic croaker have higher GRP at lower 
temperatures. However, red snapper GRP was likely not as high as bluefish 
across the transect due to differences in foraging behavior. Atlantic croaker 
GRP increased with temperature, and croaker GRP was higher across the transect 
than for either of the other species. Where prey was available, the GRP of all 
three species was limited by dissolved oxygen, indicated by the near-zero GRP 
in the low-DO zone between 20 and 30 m depth. 



 
Figure 18. Growth rate potential for bluefish, red snapper and Atlantic 
Croaker modelled from measure temperature, dissolved oxygen and prey-fish 
densities along a section of the Gulf of Mexico. 
 

Connecting Nutrient Loading to Fish Habitat Quality: We evaluated the 
effects of nutrient loading and hypoxic volume reduction scenarios on growth 
rate potential, habitat quantity and quality and made direct linkages of Fish 
Habitat models to the 3-D water quality model output under various nutrient 
loading scenarios. Results show that there were reductions in phytoplankton 
and particularly zooplankton production reduced fish habitat for menhaden 
(which feeds largely on phytoplankton) and anchovy (which feeds largely on 
zooplankton). These species are pelagic and hypoxia per se would be expected 
to have a smaller impact on growth. Results also showed that reduced hypoxia 
produced a net benefit to red snapper growth but the improvement varied from 
year-to-year and was relatively small (less than 10%). 
 

Just one example of the output showed that a reduction in nutrients means 
lower habitat quality for anchovy, because lower nutrients mean less 
zooplankton (Figure 19). Anchovy habitat quality is rarely impacted by hypoxia 
in these models because GRP is low in the summer, largely due to high 
temperatures and low zooplankton concentration. 
 



 

Figure 19. Maps of temperature, oxygen, phytoplankton, and GRP for anchovy at 
the bottom of the water column in June 2014 under scenarios of 100% N&P, 80% 
N&P, and 60% N&P.  

Time series of hypoxic volume show little reduction in hypoxia when 
nutrients are reduced (Figure 20). This is likely because our model domain 
extends well beyond the shallow waters where hypoxia occurs. If the model 
domain were restricted to shallow waters, the time series would show a 
reduction in hypoxic volume when nutrients are reduced. 
  

Nutrient reduction results in a lower (and less variable) proportion of 
the water column with phytoplankton biomass densities > 2 g m-3 (Figure 20). 
This reduction in lower trophic level biomass occurs in the spring and summer. 
Similar trends are evident in zooplankton biomass (not shown). A 40% reduction 
in nutrients made a much larger impact on phytoplankton biomass than a 20% 
reduction in nutrients, indicating the lower trophic level response to 
nutrient reduction is nonlinear. 
 

Menhaden GRP increased with nutrient reduction in the summer months due to 
reduction in hypoxic volume near shore (Figure 20). However, a decline in 
menhaden habitat quality was observed every year in late summer. These 
declines were attributed mainly to high temperatures and in part to hypoxic 
volume. 
 

Anchovy GRP declined with nutrient reduction (Figure 20). These declines 
were attributed to declines in zooplankton biomass. Similar to trends in 
phytoplankton biomass, a 40% reduction in nutrients made a much larger impact 
on anchovy GRP than a 20% reduction in nutrients, indicating a nonlinear 
response to nutrient reduction. 



 
 
 
 
 
 
 
 
 
 
 

Development of New Metrics for Hypoxic Stress. We developed a new, 
physiologically-based metric (Roman et al. 2019) that quantifies hypoxic 
stress across ecosystems. Hypoxia triggered in large part by eutrophication, 
exerts widespread and expanding stress on coastal ecosystems across the globe. 
Hypoxia is often specifically defined as water having dissolved oxygen (DO) 
concentrations < 2 mg L−1. However, DO concentration alone is insufficient to 
categorize hypoxic stress or predict impacts of hypoxia on zooplankton and 
fish. Although many coastal ecosystems experience hypoxia, it is clear that 
fish and zooplankton respond differently in difference ecosystems and overall 
conclusions are enigmatic. We have stressed that hypoxic stress depends on the 
oxygen supply relative to metabolic demand. Water temperature controls both 
oxygen solubility and the metabolic demand of aquatic ectotherms and differs 
substantially across ecosystems experiencing hypoxia. Accordingly, to assess 
impacts of hypoxia requires consideration of effects of temperature on both 
oxygen availability and animal metabolism. Temperature differences across 
ecosystems or across seasons or years within an ecosystem can dramatically 
impact the severity of hypoxia even at similar DO concentrations. Living under 
sub-optimum DO can reduce temperature-dependent metabolic efficiencies, prey 
capture efficiency, growth and reproductive potential, thus impacting 
production and individual zooplankton and fish fitness. Avoidance of hypoxic 
bottom water can reduce or eliminate low-temperature thermal refuges for 
organisms and increase energy demands and respiration rates, and potentially 
reduce overall fitness if alternative habitats are sub-optimal. Moreover, 
differential habitat shifts among species can shift predator-prey abundance 
ratios or interactions and thus modify food webs. For example, more tolerant 
zooplankton prey may use hypoxic waters as a refuge from fish predation. In 
contrast, zooplankton avoidance of hypoxic bottom waters can result in prey 
aggregations at oxyclines sought out by fish predators. Hypoxic conditions 
that affect spatial ecology can drive taxonomic and size shifts in the 
zooplankton community, affecting foraging, consumption and growth of fish. 
Advances in understanding the ecological effects of low DO waters on pelagic 
zooplankton and fish and comparisons among ecosystems will require development 
of generic models that estimate the oxygen demand of organisms in relation to 

Figure 20. Time series from beginning of 2000 to end of 2016. 
Proportion of the water column by volume of hypoxic water 
(dissolved oxygen < 2 mg L-1), phytoplankton (> 2 g m-3), menhaden 
GRP (> 0 g g-1 d-1) and anchovy GRP (> 0 g g-1 d-1). Yellow shading 
are summers (June-August). 
 



oxygen supply which depends on both DO and temperature. We provide a simple, 
physiologically-based metric (Oxygen Stress Level) which integrates oxygen 
demand in relation to oxygen availability and demonstrated its value.   
 

Fish diet shifts associated with the Gulf of Mexico hypoxic zone. 
Understanding how hypoxia might affect NGOMEX food web dynamics can help 
inform ecosystem models and help agencies understand and predict how this 
ecologically and economically important region might change with various 
hypoxia management scenarios. The occurrence of low dissolved oxygen (hypoxia) 
in coastal waters may alter trophic interactions within the water column. 
Effects of hypoxia on fish may occur through direct and indirect processes 
including changes in spatial distributions, reproduction and recruitment, 
vital rates (e.g., growth and mortality), and increased susceptibility to 
other stressors. Hypoxia-induced changes in food webs result from shifts in 
the abundance and spatial distribution of lower trophic levels. In addition to 
the direct effects of hypoxia on specific taxa, hypoxia can alter trophic 
interactions by affecting predator or prey escape/capture responses. Many 
studies have documented diets of NGOMEX species, but few estimate how fish 
diet may be altered in hypoxic areas.  
 

Although improving, our understanding of the impacts of hypoxia on trophic 
interactions in pelagic and benthopelagic food webs is limited. Toward this 
end, we evaluated diet composition of and mass-specific consumption by the 
Atlantic Bumper Chloroscombrus chrysurus, a numerically dominant planktivorous 
fish in the northern Gulf of Mexico, relative to dissolved oxygen 
concentration and fish size. Atlantic Bumper CPUE was similar in hypoxic and 
normoxic areas. Mean mass-specific consumption by small Atlantic Bumpers in 
hypoxic areas was greater than that of both small and large individuals in 
normoxic areas. The most commonly ingested prey type for both large and small 
Atlantic Bumpers was shrimp larvae. Large quantities of fish larvae were 
consumed by adult Atlantic Bumpers in hypoxic regions. These findings 
demonstrate that hypoxic conditions can alter feeding of dominant fishes in 
the northern Gulf of Mexico, which may influence energy flow in the region. 
 

Assessing thresholds of dissolved oxygen at which sublethal or lethal 
effects occur for a particular species or community of organisms is essential 
to manage marine systems experiencing hypoxia. This information can be used to 
predict when fisheries will fail or to set targets to avoid mortality of fish 
and invertebrates. In the literature, hypoxia thresholds typically refer to 
bottom dissolved oxygen levels ≤ 2 mg L -1. However, thresholds other than 2 
mg L -1 may be more meaningful for fish and invertebrate communities. 
Alternative hypoxia thresholds for fish species in the NGOMEX have not been 
assessed, nor have thresholds incorporating hypoxia-related changes in diet 
composition. An improved ability to understand how hypoxia influences foraging 
interactions between fish and zooplankton in the NGOMEX should generally 
benefit our ability to model and forecast the long-term consequences of 
hypoxia on pelagic fish populations and fisheries productivity, which has thus 
far remained elusive in nearly all ecosystems. We completed our research 
(reported in Glaspie et al. 2019) on how hypoxia affects fish catches and fish 
diets in the Gulf of Mexico (NGOMEX) using fish trawl data from summers 2006 - 
2008. Hypoxia thresholds were then used to 1) examine the effects of hypoxia 
on fish CPUE; and 2) determine if diet composition differs for fish caught in 
normoxic and hypoxic areas for zooplanktivorous, benthivorous, and piscivorous 
fish. 
 

We identified a threshold at which hypoxia in the northern Gulf of Mexico 
(NGOMEX) alters composition of fish catch and diet composition (stomach 
contents) of fishes using fish trawl data from summers 2006–2008. Hypoxia in 
the NGOMEX impacted fish catch per unit effort (CPUE) and diet below dissolved 
oxygen thresholds of 1.15 mg L−1 (for fish CPUE) and 1.71 mg L−1 (for diet). 
CPUE of many fish species was lower at hypoxic sites (≤ 1.15 mg L −1) as 
compared to normoxic regions (> 1.15 mg L −1), including the key recreational 
or commercial fish species Atlantic croaker Micropogonias undulatus and red 



snapper Lutjanus campechanus. Overall, fish diets from hypoxic sites 
(≤ 1.71 mg L−1) and normoxic sites (> 1.71 mg L−1) differed. Fish caught in 
normoxic regions consumed a greater mass of benthic prey (ex. gastropods, 
polychaetes) than fish caught in hypoxic regions. Hypoxia may increase 
predation risk of small zooplankton, with observations of increased mass of 
small zooplankton in fish stomachs when bottom hypoxia was present. Changes in 
contributions of small zooplankton and benthic prey to fish diet in hypoxic 
areas may alter energy flow in the NGOMEX pelagic food web and should be 
considered in fishery management. 

 
Ecosystem model result  
 
The net effects of nutrient reductions on biomass are small, species-

specific and vary by year (Figure 21). Simulating the conditions of the years 
2000-2016 but now with a 50% nitrogen and phosphorus reduction as the last 17 
years of a simulations running from 2000-2035 result in a -3.9%(±4.45) change 
in red snapper biomass, a -6.2%(±3.19) change in Atlantic croaker biomass, a 
9.8%(±4.95) change in Gulf Menhaden biomass, a -0.66%(±4.32) change in brown 
shrimp biomass, a 3.5%(±4.96) change in white shrimp biomass, and a           
-9.1%(±3.11) change in phytoplankton biomass. The annual differences are most 
likely a result of the hypoxic zone size differences by year. If only hypoxia 
is reduced under the 50% nitrogen and phosphorus reduction scenario (with no 
effects on phytoplankton of the nutrient reductions) all biomass changes are 
positive, indicating that reduced productivity under reduced nutrient loading 
is responsible for the negative or small net effects of nutrient and hypoxia 
reductions on the biomass of living resources.  

 

 
Figure 21. Effects on biomass of key species under no nutrient reductions (red 
line), 40% and 50% nitrogen and phosphorus reduction (light and dark blue 
lines).  



Under the 50% nitrogen and phosphorus reduction scenario, the key species 
with a fishery included in the model show an annual average change of         
-0.19%(±4.29), 1.99%(±4.88), -7%(±4.04), and -3.6(±8.97) in catch for brown 
shrimp, white shrimp, red snapper and Gulf menhaden respectively as compared 
to a future without nutrient reduction. 
 

Decision Support Tool The DST has been successfully developed and the final 
version has been presented to stakeholders. Stakeholders are very happy with 
the DST and have provided no further feedback. 

 
 

B. If significant problems developed which resulted in less than 
satisfactory or negative results, they should be discussed. 

 
C. Description of need, if any, for additional work. 

 
II. Applications 

 
Outputs and management outcomes achieved. Outputs are defined 
as products (e.g. publications, models) or activities that lead 
to outcomes (changes in user knowledge or action). 

 
A. Outputs 

 
i. New fundamental or applied knowledge 

 
The results described above are new knowledge that has been published or will 

be published in the scientific publications listed below.  
 

ii. Scientific publications  
 

Published: 
 

De Mutsert, K., Steenbeek, J., Lewis, K., Buszowski, J., Cowan, J.H. Jr., 
and V. Christensen. 2016. Exploring effects of hypoxia on fish and fisheries 
in the northern Gulf of Mexico using a dynamic spatially explicit ecosystem 
model. Ecological Modelling 331: 142-150. doi:10.1016/j.ecolmodel.2015.10.013. 

 
De Mutsert, K., Steenbeek, J., Cowan, J.H. Jr., and V. Christensen. 2017. 

Using ecosystem modeling to determine hypoxia effects on fish and fisheries. 
Chapter 14 In: D. Justic, K.A. Rose, R.D. Hetland, and K. Fennel (eds). 
Modeling Coastal Hypoxia: Numerical Simulations of Patterns, Controls and 
Effects of Dissolved Oxygen Dynamics. Springer, New York 

 
Gruss, A., Rose, K.A., Simons, J., Ainsworth, C.H., Babcock, E.A., 

Chagaris, D.D., De Mutsert, K., Froeschke, J., Himchak, P., Kaplan, I.C., 
O’Farrell, H. and M.J. Zetina Rejon. 2017. Recommendations for ecosystem 
modeling efforts aiming to inform ecosystem-based fisheries management and 
restoration projects. Marine and Coastal Fisheries, DOI: 
10.1080/19425120.2017.1330786. 

 
Goto, D., Roberts, J. J., Pothoven, S.A., Ludsin, S. A., H. A. 

Vanderploeg, Brandt, S. B. and T. O. Hook. 2017. Size-mediated control of 
perch-midge coupling in Lake Erie transient dead zones. Environmental Biology 
of Fishes 100(2): 1587-1600. 

 
Glaspie, C. N., Clouse, M., Adamack, A. T., Cha, Y., Ludsin, S. A., Mason, 

D. M., Roman, M. R., Stow, C. A., and Brandt, S. B. 2018. Effect of hypoxia on 
diet of Atlantic bumper Chloroscombrus chrysurus in the northern Gulf of 
Mexico. Transactions of the American Fisheries Society 147: 740-748. DOI: 
10.1002/tafs.10063. 

 
De Mutsert, K. and S. B. Brandt. 2018. Impacts of Hypoxia on Fishes and 



Food Webs in Freshwater, Coastal and Oceanic Ecosystems: A Global Perspective. 
Conference proceedings in: Fisheries 43 (12): 599-600. DOI: 10.1002/fsh.10195  

 
Chagaris, D., Sagarese, S., Farmer, N., Mahmoudi, B., De Mutsert, K., 

VanderKooy, S., Patterson, W. III, Kilgour, M., Schueller, A., Ahrens, R., and 
M. Lauretta. 2019. Management challenges are opportunities for fisheries 
ecosystem models in the Gulf of Mexico. Marine Policy 
https://doi.org/10.1016/j.marpol.2018.11.033.  

 
Roman, M.R., S.B. Brandt, E.D. Houde and J. J. Pierson. 2019. Interactive 

effects of hypoxia and temperature on coastal pelagic zooplankton and fish. 
Frontiers in Marine Science. 22 March 2019. Doi: 10.3389/fmars.2019.00139. 

 
Glaspie, C. N., Clouse, M., Huebert, K., Ludsin, S. A., Mason, D. M., 

Pierson, J. J., Roman, M. R., and Brandt, S. B. 2019. Fish Diet Shifts 
Associated with the Northern Gulf of Mexico Hypoxic Zone. Estuaries and Coasts 
42, 2170–2183. https://dx.doi.org/10.1007/s12237-019-00626-x 

 
Stone, J. P., K. L. Pangle, S. A Pothoven, H. A. Vanderploeg, S. B. 

Brandt, T. Hook, T. H. Johengen, and S. A. Ludson, 2020  Hypoxia’s impact on 
pelagic fish populations in Lake Erie: A tale of two planktivores. Canadian 
Journal of Fisheries and Aquatic Sciences 77(7): 1131-1148. 10.1139/cjfas-
2019-0265  

 
Piroddi, C., Akoglu, E., Andonegi, E., Bentley, J., Celic, I., Coll, M., 

Friedland, R., De Mutsert, K., et al. 2021. Effects of nutrient management 
scenarios on marine food webs: A Pan European assessment in support of the 
Marine Strategy Framework Directive. Front. Mar. Sci. 
8. https://doi.org/10.3389/fmars.2021.596797 

 
Heymans, J.J., Bundy, A., Christensen, V., Coll, M., De Mutsert, K., 

Fulton, E.A., Piroddi, C., Shin, Y.-J., Steenbeek, J., Travers-Trolet, M. 
2021. The Ocean Decade: A True Ecosystem Modeling Challenge. Front. Mar. Sci. 
7. https://doi.org/10.3389/fmars.2020.554573. 

 
Brandt, S.B., S.E. Kolesar, C.N. Glaspie, A. Laurent, C.E. Sellinger, J.J. 

Peterson, M.R. Roman and W.C. Boicourt. 2022. Functional seascapes: 
Understanding the consequences of hypoxia and spatial patterning in pelagic 
ecosystems. In Press. Oceanography. 

 
In progress: 
 

Brandt, S. B., Sellinger, C. E., and Glaspie, C. N. Seafood diet: Linking 
fish feeding to habitat, prey availability and bioenergetics in a pelagic 
predator. For submission to Environmental Biology of Fishes. 

De Mutsert, K., Laurent, A. Buszowski, J., and K. Fennel. Using a Coupled 
Ecosystem Modelling Approach to Evaluate Effects of Reductions in Nutrients 
and Hypoxia on Living Marine Resources. Invited Contribution to Marine and 
Coastal Fisheries. 

Shaffer, M., Marriott, S., Lewis, K.A., and K. de Mutsert. Development and 
Implementation of a Geospatial Decision Support Tool: A Web-Based Interface to 
Illustrate Fish and Shellfish Responses from Nutrient Reduction Scenarios for 
the Hypoxic Zone in the Northern Gulf of Mexico. Invited Contribution to 
Marine and Coastal Fisheries. 

De Mutsert, K., Brandt, S. B., Buszowski, J., Campbell, M., Craig, K., 
Glaspie, C., Justic, D., Laurent, A., Lewis, K., Marriott, S., Obenour, D., 
Rose, K., Sellinger, C. and M. Shaffer. Insights in Effects of Hypoxia and 
Nutrient Load Reductions on Northern Gulf of Mexico Fishes, Food Web, and 
Fisheries Using Multi-Model Comparisons. Invited Contribution to Marine and 
Coastal Fisheries. 

 
Glaspie, C. N., Brandt, S. B., and C. E. Sellinger. Coastal Hypoxia Impacts 

https://doi.org/10.1016/j.marpol.2018.11.033
https://exmail.oregonstate.edu/owa/redir.aspx?C=8K6RR743QrL_Y4WLVKaoxbBsCn6RLhm_36jXsvdnj0AesgbJVoLXCA..&URL=https%3a%2f%2fdx.doi.org%2f10.1007%2fs12237-019-00626-x
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1139%2Fcjfas-2019-0265?_sg%5B0%5D=T6y13SaOaJ8TVEz8RpW8RUiL8SJCtr_ubibbFxY-GR6Kn0_wWU02SdUOHd3mcg50YHOCQDLhKTkAiCJ847FAxlJMyQ.-I5AumP0iRK8mYpkW4PS8JicznACH8dwv_nprGfbA47K1y1FWw01BPKWfbRIR8oZsk_5oU5hY7y9NySCb_tx-Q
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1139%2Fcjfas-2019-0265?_sg%5B0%5D=T6y13SaOaJ8TVEz8RpW8RUiL8SJCtr_ubibbFxY-GR6Kn0_wWU02SdUOHd3mcg50YHOCQDLhKTkAiCJ847FAxlJMyQ.-I5AumP0iRK8mYpkW4PS8JicznACH8dwv_nprGfbA47K1y1FWw01BPKWfbRIR8oZsk_5oU5hY7y9NySCb_tx-Q
https://doi.org/10.3389/fmars.2021.596797
https://doi.org/10.3389/fmars.2020.554573


on Small Pelagic Fishes: Insights from High-Frequency Acoustic Sensing. Invited 
Contribution to Marine and Coastal Fisheries. 
 

S. B. Brandt, A. Laurent, C. N Glaspie, C. E. Sellinger, and K. de Mutsert 
Predicting the Effects of Hypoxia on Fishes. Invited Contribution to Marine and 
Coastal Fisheries. 
 

Craig, K., Campbell, M., Rose, K., De Mutsert, K., Marriott, S., Brandt, S. 
B., Obenour, D. and D. Justic. Eutrophication, Hypoxia, and Fisheries 
Management: Challenges and Opportunities in the Northern Gulf of Mexico. 
Invited Contribution to Marine and Coastal Fisheries. 

 
 

iii. Data   
Data (model output) will be published on NCEI 

https://www.ncei.noaa.gov/) after the publication of the themed issue.  
 

iv. Patents 
None. 

v. New methods and technology 
 

A spatial Monte Carlo analysis was performed in Ecospace, which was the 
first spatial uncertainty analysis with an Ecospace model. We’re including this 
capability in EwE software. 
 

vi. New or advanced tools (e.g. models, biomarkers) 
 

New growth rate potential models were developed for red snapper, Atlantic 
croaker, Gulf menhaden, and brown shrimp. Growth rate potential modeling 
framework and plotting/mapping capabilities have been created in an open-
source environment (R statistical software). 
 

The Ecopath model will be uploaded to Ecobase (http://ecobase.ecopath.org/) 
after the publication of the themed issue.  

 
The Decision Support Tool is available to the public here: 

https://www.arcgis.com/apps/dashboards/401972e10d40429fad2334300661f9e7 
 
 

vii. Workshops 
 

We have included sessions we convened at scientific meetings in this list: 
 

De Mutsert, K., Brandt, S., and Roman, M. 2017. “Ecological impacts of hypoxia 
on coastal ecosystems.” Coastal and Estuarine Research Federation Biennial 
Conference, 5- 9 November, 2017, Providence, RI. 

 
Brandt, S. B., and Mason, D. 2017. “Pelagic fish seascapes: Integration of new 

technology and modeling.” American Fisheries Society Meeting, 20 – 24 
August, Tampa, FL. 

 
Glaspie, C.N. and Brandt, S. B. 2017. “Response of fishes to extreme climate 

events.” American Fisheries Society Meeting, 20-24 August, 2017, Tampa, 
FL. 

 
Brandt, S. B., and de Mutsert, K. 2018. “Impacts of hypoxia on fishes and food 

webs in freshwater, coastal and oceanic ecosystems: A global perspective.” 
American Fisheries Society Meeting, Annual American Fisheries Society 
Meeting, 19-24 August, 2018. Atlantic City, NJ. 

 
De Mutsert, K., S. Brandt, and M. Campbell. 2019. Hypoxia Effects on Fish and 

Fisheries: second advisory panel workshop; tools introduction and 

https://www.ncei.noaa.gov/
http://ecobase.ecopath.org/
https://www.arcgis.com/apps/dashboards/401972e10d40429fad2334300661f9e7


training. June 24 and 25, 2019. Rosenstiel School of Marine and 
Atmospheric Science, Miami, Fl.  

 
De Mutsert, K. Hypoxia effects on fish and fisheries: NGOMEX All Sciences 

Meeting (Synergistic workshop 2). November 3, 2019, Mobile Convention 
Center, Mobile, AL. 

 
De Mutsert, K., and S. Brandt. 2019, Co-chairs, Scientific Session on “Impacts 

of coastal hypoxia on fishes, food webs and ecosystems.” Coastal and 
Estuarine Research Federation Conference. November, 2019, Mobile, Alabama. 

 
De Mutsert, K., Brandt, S., Campbell, M., Lewis, K., Marriott, S., Shaffer, M., 

Laurent, A., and J. Buszowksi. 2020. Hypoxia effects on fish and 
fisheries: Third advisory panel workshop; updates and tool introduction. 
Virtual meeting, December 14, 2020.  

 
De Mutsert, K., and S. Brandt. 2021, Co-chairs, Scientific Session on “Impacts 

of coastal hypoxia on fishes, food webs and ecosystems.” 2021 Coastal and 
Estuarine Research Federation Conference, November, 2021 

 
De Mutsert, K. NGOMEX Synergistic Workshop 3. March 17 and 18, 2022. 

Virtual. 
 
De Mutsert, K. NGOMEX Synergistic Workshop 4. GOMCON 2022, April 25, 

2022, Baton Rouge, LA. 
 
 

viii. Presentations 
 

Brandt, S. B. 2017.  “Ecosystem Forecasting: Bridging Science to Management”. 
Invited Keynote Plenary Speaker, Greater Everglades Ecosystem Restoration 
(GEER) Conference, 17 – 21 April, Coral Springs, Florida  

 
Glaspie, C.N., Brandt, S. B. and C. S. Sellinger. 2017. “Defining energy 

seascapes to predict distribution and production of fish.” Annual Meeting 
of Ecological Society of America, 6 – 11 August, Portland OR. 

 
De Mutsert, K., Brandt, S., Van Plantinga, A., Lewis, K., Laurent, A., 

Steenbeek, J., and Buszowski, J. 2017. “Assessing effects of reduced 
nutrients and hypoxia on living resources in the Gulf of Mexico using a 
coupled ecosystem modeling approach”. American Fisheries Society Meeting, 
20 – 24 August, Tampa, FL. 

 
Glaspie, C.N., Brandt, S. B. and Sellinger, C. E. 2017. “Hypoxia impacts on 

small pelagic fishes: Insights from high-frequency acoustic sensing.” 
American Fisheries Society Meeting, 20 – 24 August, Tampa, FL. 

 
Glaspie, C.N., Brandt, S. B. and Sellinger, C. E. 2017. “North Pacific Salmon 

habitat quality in response to climate regime shifts.” American Fisheries 
Society Meeting, 20 – 24 August, Tampa, FL. 

 
Sellinger, C. E., Brandt, S. B. and Glaspie, C.N. 2017. “Climate, temperature, 

and hypoxia as multifaceted drivers of West Coast ecosystems.” Coastal and 
Estuarine Research Federation, 5 – 9 November, Providence, RI. 

 
De Mutsert, K., S. B. Brandt, K. A. Lewis, A. Laurent, J. Steenbeek and J. 

Buszowski. 2017. “Simulating hypoxia and nutrient reduction effects on the 
Northern Gulf of Mexico fishery Ecosystem”. Coastal and Estuarine Research 
Federation, Providence, RI, November 2017. 

 
Glaspie, C. N., Brandt, S. B. and Sellinger, C. E. 2017. “Hypoxia impacts on 

marine fish trophic dynamics in the Northern Gulf of Mexico.” Hatfield 
Marine Science Center Seminar Series, Newport, OR, December 2017.  



 
De Mutsert, K., Brandt, S., Campbell, M., Lewis, K., Laurent, A., Sellinger, 

C., Steenbeck, J., Buszowski, J., Cowen, J. H., and Christensen, V. 2017. 
“Assessing effects of reduced nutrients and hypoxia on living resources in 
the Gulf of Mexico using a coupled ecosystem modeling approach”. 
Association for the Sciences of Limnology and Oceanography (ASLO) Aquatic 
Sciences Meeting, 28 February – 3 March 2017, Honolulu, Hawaii. 

 
Brandt, S., Laurent, A., Glaspie, C., Sellinger, C., and De Mutsert, K. 2018. 

“Assessing and predicting the effects of reduced nutrients and hypoxia on 
fishes in the Gulf of Mexico”. Ocean Sciences Meeting, February 2018, 
Portland, OR 

 
Brandt, S., Laurent, A., Glaspie, C., Sellinger, C., and De Mutsert, K. 2018. 

“Assessing and predicting the effects of reduced nutrients and hypoxia on 
fishes in the Gulf of Mexico”. American Fisheries Society Meeting, 
Atlantic City, NJ, August 2018. 

 
De Mutsert, K., Van Plantinga, A., Brandt, S., Glaspie, C., Lewis, K., 

Laurent, A., Buszowski, J. 2018. “Using a Coupled Ecosystem Modeling 
Approach to Evaluate Effects of Reductions in Nutrients and Hypoxia on 
Living Marine Resources”. American Fisheries Society Meeting, Atlantic 
City, NJ, August 2018. 

 
Sellinger, C.E., S.B. Brandt and C. N. Glaspie. 2018. “Identifying the impacts 

of large-scale climatic variability on habitat quality and production of 
oceanic Chinook salmon in the North Pacific.” ASLO Ocean Sciences Meeting. 
11-15 February. Portland OR. 

 
Glaspie, C. N., Clouse, M., Adamack, A. A., Cha, Y., Ludsin, S. A., Mason, D. 

M., Roman, M. R., Stow, C. A., and Brandt, S. B. 2019. “Diet composition 
of Atlantic bumper relative to dissolved oxygen concentration and fish 
size.” Gulf of Mexico Oil Spill and Ecosystem Science Conference, New 
Orleans, LA, February 4-7. 

 
Glaspie, C. N., Clouse, M., Adamack, A. A., Cha, Y., Ludsin, S. A., Mason, D. 

M., Roman, M. R., Stow, C. A., and Brandt, S. B. 2019. “Diet composition 
of Atlantic bumper relative to dissolved oxygen concentration and fish 
size.” Louisiana Chapter of the American Fisheries Society, Thibodaux, LA, 
May 23-24. 

 
Marriott. S, and De Mutsert, K. 2019. Stakeholder survey on Northern Gulf of 

Mexico hypoxia models. Hypoxia Effects on Fish and Fisheries: second 
advisory panel workshop; tools introduction and training. June 2019.  

 
De Mutsert, K., Laurent, and Buszowski, J. 2019. Using a coupled ecosystem 

modelling approach to evaluate effects of reductions in nutrients and 
hypoxia on living marine resources. ISEM 2019. Salzburg, Austria. 

 
Brandt, S. B., A. Laurent, C. E. Sellinger, C. N. Glaspie, and K. de Mutsert, 

2019, Predicting the effects of reduced nutrients and hypoxia on fishes in 
the Gulf of Mexico. Invited paper to Biennial Coastal and Estuarine 
Research Federation Conference. November 3 - 8, 2019, Mobile, Alabama  

 
Glaspie, C.N., M. Clouse, K. B Huebert, S. A Ludsin, D. M Mason, J J Pierson3, 

M R Roman, and SB Brandt. 2019 Impact of hypoxia on the pelagic food web 
of the northern Gulf of Mexico. Invites paper to Biennial Coastal and 
Estuarine Research Federation Conference. November 3-8, 2019, Mobile, 
Alabama 

 
De Mutsert, K., S B Brandt, K A Lewis, A Laurent, J Steenbeek and J Buszowski. 

2019. Using coupled ecosystem modeling to evaluate nutrient and hypoxia 
reductions on living marine resources. Invited paper to Biennial Coastal 



and Estuarine Research Federation Conference. November 3-8 2019, Mobile, 
Alabama 

 
Brandt, S. B. 2019. Bioenergetic models. Invited presentation to Workshop on 

“Hypoxia Effects on Fish and Fisheries”. NOAA, June 24 – 25, 2019, Miami, 
FL. 

 
Brandt, S. B. 2019. Production potential and fish bioenergetics. Invited 

presentation to Workshop on ‘Hypoxia effects on fish and fisheries”, 
November 3, 2019. Mobile Alabama. 

 
De Mutsert, K. 2019. Using a coupled ecosystem modelling approach to evaluate 

effects of reductions in nutrients and hypoxia on living marine resources. 
Keynote speaker at the fourth workshop of the Network of Experts for 
Redeveloping Models of the European Marine Environment (MEME): Innovative 
modelling in support of Marine Strategy Framework Directive (MSFD) 
implementation. European Commission Joint Research Centre. 2019. Ispra, 
Italy 

 
De Mutsert, K., Laurent, A., and Buszowski, J. 2020. Using a coupled ecosystem 

modeling approach to evaluate reductions in nutrients and hypoxia on 
living marine resources. 2020 Gulf of Mexico Oil Spill and Ecosystem 
Science Conference. Tampa, Florida. 

 
Stone, J., K. Pangle, S. Pothoven, H. Vanderploeg, S. Brandt, T. Hook, T. 

Johengen, and S. Ludsin. 2020. Hypoxia’s impact on pelagic fish 
populations in Lake Erie: A Tale of two planktivores. Annual Meeting of 
the American Fisheries Society, September 14-15, 2020 

 
Glaspie, C. N. and S. B. Brandt. 2021. “Fish diet shifts associated with the 

northern Gulf of Mexico hypoxic zone.” Global Ocean Oxygen Network (IOC 
Expert Working Group GO2NE) Webinar Series, May 26. 

 
Brandt, S. B., A. Laurent, C. E. Sellinger, C. N. Glaspie, and K. de Mutsert, 

2021, Predicting the effects of hypoxia on fishes. Invited paper to 
Biennial Coastal and Estuarine Research Federation Conference. November 1- 
4, 2021. 

 
Glaspie, C. N.  S. B. Brandt and C. E. Sellinger.  2021. Coastal hypoxia 

impacts on small pelagic fishes: insights from high-frequency acoustic 
sensing. Invited paper. Coastal and Estuarine Research Federation Biennial 
Conference. Nov. 1-4, 2021. 

 
De Mutsert, K., Laurent, A., and Buszowski, J. Using coupled modeling to 

evaluate effects of nutrient and hypoxia reductions on living marine 
resources. Invited paper to Biennial Coastal and Estuarine Research 
Federation Conference. November 1- 11, 2021. 

 
De Mutsert, K. 2021. Effects of Hypoxia on Fish and Fisheries in the Gulf of 

Mexico. Invited presentation. The University of Southern Mississippi 
Research Day. Hattiesburg, Mississippi. 

 
Brandt, S. B. 2022. Predicting the effects of hypoxia on fishes. NGOMEX 

interagency advisory Panel. January 28, 2022.  
 
Brandt, S. B., A. Laurent, C. E. Sellinger, and C. N Glaspie. 2022. Functional 
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and hypoxia reductions on living marine resources. Invited seminar 
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Research Laboratory, Ocean Springs, MS. 
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ix. Outreach activities/products (e.g. website, newsletter 

articles). 
 

The following website contains all project information: 
https://demutsertlab.wordpress.com/ngomex/ 

 
A news item focused on the third advisory panel workshop was published on the 
NCCOS webpage: https://coastalscience.noaa.gov/news/third-advisory-panel-
workshop-on-hypoxia-effects-on-fisheries-showcases-visualization-tool-and-
models/ 
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B. Management outcomes - I. Management application or adoption of: 
 

i. New or advanced tools. 
 

The decision support tool has been provided with instructions to the 
advisory panel. Application or adoption is expected from the Mississippi River 
Gulf of Mexico Watershed Nutrient Task Force (Hypoxia Task Force) and NOAA’s 
Integrated Ecosystem Assessment group.   

 
C. Management outcomes - II. Societal condition improved due to 

management action resulting from output (examples: improved water 
quality, lower frequency of harmful algal blooms, reduced hypoxic 
zone area, and improved sustainability of fisheries). 

None yet. 
 
III. Evaluation 

 
The project goals and objectives were attained. The basic project goals 

were achieved very successfully, and we achieved unexpected and broadly 
applicable new insights such as our work on developing new metrics of 
characterizing hypoxia across ecosystems. We did have some challenges too. The 
first challenge was a consequence of our success in that each 3-D model 
simulation produced nearly a billion model outputs which was overwhelming 
given our limited staff. There is a tremendous amount of spatial/temporal 
information contained within these model outputs which required a highly 
focused analysis. A second challenge was that we were unable to develop 
reliable bioenergetics models for some species (such as the Atlantic Bumper) 
because the basic physiological information is just not in the literature. 
Finally, COVID restricted a number of our planned face-to-face meetings which 
slowed the pace of integrating our results into direct management 
applications. We were able to overcome COVID delays by receiving 2 no-cost 
extensions on the project. Modifications to achieve our goals included 
switching in-person meetings and workshops to online meetings and workshops and 
creating an instructional video of the DST.  

 
IV. Data Management 
 

We will archive our modeled data output of the Ecospace model (66 species) 
and over a billion data points of Growth Rate Potential measurements for 
menhaden, red snapper and anchovy. These data are georeferenced by latitude, 
longitude, and depth. Growth Rate Potential measurements were derived with an 
input from the twenty-layered (1 – 20 meters) hydrodynamic output of 
temperature, dissolved oxygen, phytoplankton and zooplankton. We will archive 
these data with NOAA’s National Center for Environmental Information (NCEI). 
We are presently in contact with NCEI and will submit our data for archival 
approval once the manuscripts are published. The base Ecopath model underlying 
the Ecospace model simulations will be archived on Ecobase 
(http://ecobase.ecopath.org/), a repository specific to Ecopath models. All 
data and models will be uploaded after the publication of the themed issue. 
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NOTICE 
 
 

Subsequently, all NOAA COP recipients with approved grants will be 
asked to file a COP Project Final Report in the specified format upon 
expiration or termination of grant support. Consistency in reporting 
requirements for competitive research grant programs is desirable and this 
is behind COP’s efforts in proposing a standardized format. The use of the 
Project Final Report format will provide the level of detail required to 
evaluate the effort invested by investigators and staff on project 
management; any actual accomplishments and research findings; and what goals 
and objectives were attained. The proposed final report format is compatible 
with the format in use by other agencies that participate in joint projects 
with COP, e.g. the National Science Foundation. 

 
Public reporting burden for this collection of information is estimated 

to average 720 minutes per response, including time for reviewing 
instructions, searching existing data sources, gathering and maintaining the 
data needed and completing and reviewing the collection of information. 

 
Send comments regarding this burden estimate or any other aspects of 

this collection of information, including suggestions for reducing this 
burden, to the National Ocean Service, CRP/COP Office, 1305 East-West 
Highway, Silver Spring, MD 20910. Grant files are subject to the Freedom of 
Information Act (FOIA). Confidentiality will not be maintained--the 
information will be made available to the public. However, unpublished 
research results shall not be published without prior permission from the 
recipient. 

 
Notwithstanding any other provision of the law, no person is required 

to respond to, nor shall any person be subject to a penalty for failure to 
comply with, a collection of information subject to the requirements of the 
Paperwork Reduction Act, unless that collection of information displays a 
currently valid OMB Control Number. 


