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Overall Progress and Status:  
An expansive hypoxic zone in the Northern Gulf of Mexico (NGOMEX) will 

affect ecologically and economically important living resources, but the 
magnitude, predictability and even the direction of these changes remain 
elusive. 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.  Our 
proposed program couples spatially-explicit ecosystem, bioenergetics, and 
water quality models to evaluate alternative management strategies, 
interannual differences in water flows, nutrient loading and water 
temperatures, and longer-term climate changes on living resources.  

Our work thus far and our plan for the future both focus on the 
development of user friendly, management-scale relevant forecasting tools. We 
have been granted a one-year no cost extension. We have made substantial 
progress towards our goals this year. It has also been a very productive 
project to date, with 13 manuscripts published, progress on drafts of 6 
manuscripts, 23 papers given or accepted for presentation, 6 special sessions 
or symposia at major scientific conferences, and various management committee 
workshops held including a special training session for managers during June, 
2019 in Miami.  

Bioenergetics Models: We proposed that we would improve species 
bioenergetics, food web, and spatially/temporally explicit modeling 
capabilities of key living resources in the NGOMEX in response to changing 

hypoxic and climatic 
conditions. We have 
made substantial 
progress towards 
completion of this 
goal over the past 
year. We now have 
five new 
bioenergetics models 
ready that are being 
applied to 
simulations. We have 
developed a 
bioenergetics-based 
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Figure 1. 
Bioenergetic 
model rates for 
bay anchovy, 
Gulf menhaden, 
red snapper, 
brown shrimp, 
and Atlantic 



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 1). 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. These models have 
been developed and revised in collaboration with Kenny Rose’s lab to ensure 
the results of our research can be compared. 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. 
 Different species respond differently to the same underlying conditions. 
For example, Figure 2 shows the growth rate potential for bluefish, red 
snapper and Atlantic croaker modelled across a section of the Gulf of Mexico 
in and 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 were 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 2. 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 proposed that we 
would determine effects of nutrient loading and hypoxic volume reduction 
scenarios on growth rate potential, habitat quantity and quality, and fish 
population size. We have made substantial progress toward this goal. We 
examined the effects of nutrient loading and hypoxic volume reduction 
scenarios on growth rate potential, habitat quantity and quality and made 
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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. This year 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 (See Figure 3). 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.  

 
Figure 3. Outline of hydrodynamic water quality model (taken from 

Laurent) used to drive spatially explicit models of fish growth rate 
potential. 

Just one example of the output showed that a reduction in nutrients 
means lower habitat quality for anchovy, because lower nutrients means less 
zooplankton (Figure 4). 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. 
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Figure 4. 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.  

 Environmental Data to drive and test models: We proposed that we would 
explore and develop existing databases to drive and test our models. Models 
used for the NGOMEX research project were created to estimate the viability of 
sea life in the northern Gulf of Mexico.  Some of the biota considered during 
this project include (but not limited to):  red snapper, bluefish, brown 
shrimp, and croaker. Although the environmental factors such as water 
temperature, salinity and dissolved oxygen are readily available to drive 
these models; the accuracy of these models depends upon the scale of the data 
coverage—both time and space scales. 
 Through a detailed search of various data archiving organizations, the 
following databases were found which contain most of the environmental data.  
These databases included: 1) NOAA’s World Ocean Database (WOD); 2) The 
Southeast Area Monitoring and Assessment Program (SEAMAP); and 3) The National 
Science Foundation’s (NSF) Biological and Chemical Oceanography Data 
Management Office (BCO-DMO). Below is an explanation of each database: 

 NOAA’s World Ocean Database. NOAA’s WOD has a wide variety of data to 
choose from.  NOAA’s WOD is the result of the merger of three of its data 
centers: 1) The National Climatic Data Center, 2) The National Geophysical 
Data Center, and 3) The National Coastal Data Center.  This combined database 
is now housed at the National Centers for Environmental Information (NCEI).  
NCEI is responsible for hosting and providing access to oceanic, atmospheric, 
and geophysical data.  
 The NCEI database not only contains environmental data needed to execute 
NGOMEX models, but it also has a breath of coverage (Figure 5). Figure 6 shows 
a database search solely for the Gulf of Mexico from the years 1920 – present 
for water temperature, salinity and dissolved oxygen.  The database contains 
over 20,000 sites for this type of data—with a heavy concentration located in 
the northern Gulf of Mexico. 
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Figure 5. NOAA’s WOD Data Selection. 

 

Figure 6. WOD water temperature, salinity and dissolved oxygen sites. 

 SEAMAP Database. The Southeast Area Monitoring and Assessment Program 
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(SEAMAP) database contains data from Summer Shrimp/Groundfish cruises. The 
goal of SEAMAP Shrimp and Groundfish cruise is to produce fishery-independent 
monitoring and assessment data as well as to estimate penaeid shrimp abundance 
and distribution which are essential for management of Alabama and nearshore 
FMZ Gulf of Mexico fisheries resources. In addition to collecting data on 
specified biota, environmental parameters such as salinity, temperature, 
dissolved oxygen, wind speed, wind direction, and barometric pressure are also 
collected. State and federal agencies collaboratively coordinate the 
scheduling of cruise dates and the selection of stations to be sampled by each 
agency.  These data are archived at the Gulf States Marine Fisheries 
Commission. A combined search of both the WOD and SEAMAP databases for 
dissolved oxygen, salinity and water temperature for the year 2016 is shown in 
Figure 7. 

 

Figure 7.  Green is the ROMS model outline, WOD (red) and SEMAP (white). 

 Biological and Chemical Oceanography Data Management Office (BCO-DMO) 
Database. The Biological and Chemical Oceanography Data Management Office 
(BCO-DMO) work with investigators to serve data online from research projects 
funded by the Biological and Chemical Oceanography Sections, the Division of 
Polar Programs Arctic Sciences and Antarctic Organisms & Ecosystems Program at 
the U.S. National Science Foundation. Figure 8 shows the data coverage from 
2003 – 2010 for data stored in BCO-DMO (Brandt 2003-2010). These data consist 
of, (but not limited to) water temperature, dissolved oxygen, salinity, 
acoustic fish target and scatter strengths and phytoplankton abundances.   

 

Figure 8.  Cruse Tracks of environmental data located in BCO-DMO (Brandt 
2003-2010). 

  
 While the scale of environmental data from WOD and SEAMAP is enough to 
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execute biological models where statistical inferences can be drawn, a finer 
scale of environmental data that identifies fish health should be collected. 
Using the date from just one transect along one of the cruises we can begin to 
define the functional relationships of prey-fish and other environmental 
factors such as dissolved oxygen (Figure 9). 

 
Figure 9. Plot of relative fish biomass density (determined with underwater 
split-beam acoustics plotted against midwater oxygen concentrations measure 
using a continuously recording and undulation scanfish.  

 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.  
 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.  
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 During this past year 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. 
 Our results showed that 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). The final dataset consisted of 
fish collected from n = 91 trawls over 1,707 min in regions identified as 
normoxic (> 1.15 mg L -1), and fish collected from n = 46 trawls over 943 min 
in regions identified as hypoxic (≤ 1.15 mg L -1). The CPUE of many species 
was lower in hypoxic than in normoxic regions, including red snapper Lutjanus 
campechanus, Gulf butterfish Peprilus burti, Atlantic croaker Micropogonias 
undulatus, longspine porgy Stenotomus caprinus, bay anchovy Anchoa mitchelli, 
gray triggerfish Balistes capriscus, dwarf sand perch Diplectrum bivittatum, 
pinfish Lagodon rhomboides, lane snapper Lutjanus synagris, Atlantic thread 
herring Opisthonema oglinum, Spanish sardine Sardinella aurita, and least 
puffer Sphoeroides parvus (Figure. 10).  

 

Figure 10. Mean catch per unit effort (CPUE; number of fish min-1 trawl) of 
fish species in hypoxic (circles) and normoxic (diamond) regions in the 
northern Gulf of Mexico. Error bars are bootstrapped 95% confidence intervals. 

 Dissolved oxygen was a significant predictor of diet composition for 
zooplanktivores (F1,138 = 8.75, p = 0.001), and benthivores (F1,90 = 2.36, p = 
0.03), but not for piscivores (F1,71 = 1.53, p = 0.20). For zooplanktivores, 
greater mass of some small zooplankton taxa (Oithona sp., Paracalanus sp.) was 
found in the stomachs of fish caught in hypoxic areas, as compared to normoxic 
areas (Figure 11). The mass of many other prey taxa was greater in the 
stomachs of zooplanktivorous fish caught in normoxic areas as compared to 
those caught in hypoxic areas, including crab larvae, urochordates, amphipods, 
mantis shrimp, and ostracods (Figure 11). Several prey taxa had greater mass 
in the stomachs of benthivores caught in normoxic areas, as compared to 
hypoxic areas, including Paracalanus sp., Eucalanus sp., amphipods, 
gastropods, and polychaetes (Figure 11). There were few oxygen-related 
differences in the mass of prey found in stomachs of piscivores, though a 
greater mass of polychaetes was found in the stomachs of piscivorous fish from 
normoxic regions, as compared to hypoxic regions (Figure 11). Compared to fish 
diets in hypoxic areas, there was a tendency for fish from all diet classes to 
consume greater mass of squid in normoxic areas, and for benthivores to 
consume greater mass of fish in normoxic areas (Figure 11). 
 To our knowledge this study is the first to relate the catch of a suite 
of both demersal and pelagic fish species to dissolved oxygen in the NGOMEX. 
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Our results indicate that local fish catch is reduced when hypoxia is present 
in the NGOMEX. Key commercial or recreational species were caught less often 
in hypoxic areas, including Atlantic croaker and red snapper. Some of the 
species relatively absent from hypoxic areas, contributing to the lower catch 
in those areas, are also species of concern. For example, both red snapper and 
gray triggerfish have been identified as overfished species (NMFS 2017b). Gray 
triggerfish were rarely caught in trawls in hypoxic areas. Several species 
that had lower CPUE in hypoxic regions, including Gulf butterfish, bay 
anchovy, Atlantic thread herring, and Spanish sardine are also key prey 
species for large predators in the NGOMEX.  
 Fish caught in hypoxic areas consumed less mass of large, mobile prey 
such as fish (for benthivores) and squid (a tendency for all diet classes). 
This result can be explained by a distribution shift in mobile prey when 
hypoxia is present. Hypoxia may result in increased predation risk for small 
zooplankton, since zooplanktivores in hypoxic areas consumed greater mass of 
small zooplankton than those in normoxic areas. Zooplankton moving out of the 
hypoxic waters may aggregate on the edges of the hypoxic zone bringing dense 
concentrations of zooplankton in contact with their predators. The low mass of 
benthic prey consumed by fish in hypoxic areas of the NGOMEX may be a result 
of fish avoiding hypoxic bottom waters, as fish are rarely seen at oxygen 
concentrations below 2 mg L-1. 
 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 results of this study suggest hypoxia may 
alter food web dynamics and trophic transfer in the NGOMEX by decreasing fish 
CPUE and modifying fish diets. Increased consumption of zooplankton by fish 
may increase flow of energy to upper trophic levels in hypoxic regions, 
fueling increased growth and reproduction. In contrast, lower CPUE of many 
small forage fish, along with decreased consumption of fish, squid, and 
benthic organisms, may prevent nutrients from making their way to higher 
consumers. This study is an important step to understanding local changes in 
fish food web dynamics in areas experiencing hypoxia, but more research is 
needed to scale up to the entire NGOMEX, and ultimately forecast the long-term 
effects of hypoxia on pelagic fish populations. Such forecasts will be 
valuable to understand changes in fisheries productivity, and to prevent catch 
limits from slipping into the realm of overfishing if hypoxia reduces fish 
survival, recruitment, or growth. 

 9



 
Figure 11. Fourth-root transformed mean mass of prey in stomachs of fish from 
hypoxic (circles) and normoxic (diamond) regions in the northern Gulf of 
Mexico. Means are calculated for zooplanktivores (top), benthivores (middle), 
and piscivores (bottom) for all fish species included in PERMANOVA analysis 
(taxa for which at least 10 fish were processed in both normoxic and hypoxic 
areas). If multiple individuals of the same species were captured in a single 
trawl, the mean prey biomass for all fish of that species in the trawl was 
used and the means presented were not weighted by the number of fish caught in 
each trawl.  

 New quantitative indicator of hypoxic impact. One of the goals of our 
project was to explore quantitative indicators of hypoxic impact. Hypoxia, 
triggered in large part by eutrophication, exerts widespread and expanding 
stress on coastal ecosystems on a worldwide basis. Yet the reported impacts on 
fish communities is enigmatic. In a review paper on the impact of hypoxia on 
zooplankton and pelagic fishes (Roman et al. 2019), we argue that a new metric 
for oxygen stress must be developed that includes the interaction of 
environmental temperature. This metric (we propose Oxygen Stress Level) will 
provided a quantitative metric that allows valid comparisons across ecosystems 
as within an ecosystem through time. Results are briefly summarized below.  
 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. Hypoxic stress depends on the oxygen supply relative to 
metabolic demand. Water temperature controls both oxygen solubility and the 
metabolic demand of aquatic ectotherms. 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 

 10



severity of hypoxia even at similar DO concentrations.  
To assess effects of globally expanding, coastal low oxygen zones, we 

need to determine if generic models and unifying metrics can be developed to 
evaluate and predict how low DO imposes temporal and spatial limitations on 
metabolic functioning of zooplankton and their fish predators. An oxygen 
concentration of 2 mg/L has routinely been used to define the presence, areal 
extent, volume, duration and inter-annual variability of hypoxia within and 
across ecosystems. This concentration does not consider the important role of 
temperature in defining oxygen supply. Figure 12 demonstrates the large 
differences in ecosystems with similar oxygen concentrations. We recommend 
that habitat characterization be done using oxygen partial pressure to define 
hypoxia.  

 

Figure 12. Oxygen solubility (mg L-1) is shown by the color scale at different 
salinity and temperature (°C) conditions, with boxes indicating the range of 
salinity and temperature during periods of seasonal deoxygenation for seven 
coastal and estuarine bodies of water around the world. Oxygen solubility 
calculated using the equations of Benson and Krause (1980, 1984), assuming 
surface water pressure. 

Hypoxic stress must be considered in the context of oxygen supply 
relative to oxygen demand. Oxygen supply, being determined by rate of 
diffusion, will scale with temperature based on Fick’s Law and would be 
expected to scale linearly with body/gill surface area, or approximately to 
the 2/3 power with body volume or mass. Estimates of oxygen supply relative to 
demand can be derived from existing knowledge of an organism’s Pcrit . Because 
Pcrit is essentially the external oxygen partial pressure at which supply 
equals demand, the rate of oxygen supply at this threshold will equal that of 
oxygen demand (i.e., the respiration rate). Values of Pcrit have been measured 
for copepods and fish of various body masses and respiration rates have been 
related to both temperature and body mass in numerous studies. Thus, ample 
data exist to derive estimates of the rate of oxygen supply and demand for 
zooplankton (mainly copepods) and fishes across a range of temperatures and 
body masses, allowing parameterization of the expected scaling relationships. 

The general, broadly applicable relationships of temperature and body 
mass with oxygen supply and demand can be parameterized to develop an Oxygen 
Stress Level (OSL, a dimensionless number), either for individual taxa or for 
groups of organisms. This ratio of oxygen supply to demand could be calculated 
for study regions as a simple metric indicating the predicted occurrence and 
severity of hypoxic stress. Oxygen stress levels can be defined; 

OSL = [pO2 - pleth] / [pcrit - pleth] 
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For OSL > 1, supply exceeds demand and no oxygen stress, sub-lethal or 
lethal effects would be predicted. Conversely, for OSL < 1, oxygen demand 
exceeds supply and sub-lethal or lethal effects of oxygen stress would be 
predicted. For OSL < 0 oxygen demand is below the basal respiration rate. 
Thus, OSL = 1 indicates dissolved oxygen conditions equal to the organism’s 
Pcrit and for OSL = 0 it indicates dissolved oxygen conditions equal to the 
organism’s Pleth.  

The scientific literature does not clearly explain or define how hypoxia 
affects pelagic zooplankton and planktivorous fishes and their occurrences in 
hypoxic waters, nor have the interactive effects of temperature and hypoxia 
been addressed in the context of multiple stressors on organisms in coastal 
ecosystems. To assess effects of the globally expanding coastal low-oxygen 
zones, often termed “dead zones,” generic approaches and unifying metrics that 
include ambient water temperatures are needed to assess and predict when and 
how oxygen limits occurrence and metabolic functioning of zooplankton and 
their fish predators. Considering oxygen and temperature as a combined and 
interactive driver in coastal ecosystems will provide a unifying approach for 
ecosystem comparisons. The Pcrit, Pleth and OSL characterization of habitat 
provides a direct measure of habitat quality (or stress level) that should 
have broad appeal and direct applications in water quality monitoring and 
fisheries management. These metrics should be applicable to pelagic ecosystems 
in general and, once developed, can provide a quantitative and meaningful 
measure to define tipping points, and evaluate; external perturbations and 
resilience, nutrient reduction strategies, ecosystem physical dynamics, 
restoration potential, and impacts of a warming climate. Because oxygen 
availability is dependent on diffusion across integument or gills of aquatic 
organisms, allometric relationships such as surface area/volume, body mass, 
and gill area for similar groups of zooplankton and fishes offer a generalized 
approach to characterize effects of hypoxia and predict oxygen limitation. 
Allometric scaling models that predict temperature-dependent oxygen supply and 
demand from the perspectives of zooplankton and planktivorous fishes will lead 
to improved ability to assess effects of increasing coastal hypoxia on pelagic 
food webs and allow standardized, quantitative approaches to evaluate and 
compare hypoxia impacts across coastal ecosystems. 

Ecosystem model Further model improvements have significantly improved model 
calibration (Figures 13 and 14).  
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Figure 13. biomass calibration of selected species. SS shows the sum of 
squared deviation between observed and predicted. 

 
Figure 14. catch calibration of selected species. SS shows the sum of squared 
deviation between observed and predicted. 
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The model domain has been improved as well, with higher detail at the 
coastline, which will be important during model validation (Figure 15). The 
ROMS environmental driver layers have been updated to reflect this model 
domain. Since ROMS is a 3D model with higher resolution in both time and 
space, there is a step between the two models to convert ROMS output into 
information that can be used by Ecospace. We have spent time evaluating the 
best conversion of ROMS output into Ecopsace environmental driver layers,  and 
have decided for Chl a on the monthly median of the top layer, for dissolved 
oxygen on the monthly median of the bottom layer, and for temperature and 
salinity for the monthly median of all depths averaged. 

 
Figure 15. Ecospace model domain with 5 km2 grid. Each grid cell receives 
environmental driver information from the physical-biological ROMS model. 

One of the conclusions of the 2018 FMW workshop at the Stennis Space 
Center was that of the nutrient reduction effects of highest interest are 
those of a 45% nitrogen and phosphorus reduction. We subsequently decided to 
run a 40% N&P reduction and a 50% N&P reduction with the ROMS+Ecospace models 
to bracket the 45% reduction. This allows us to visualize some uncertainty 
around the 45% reduction, which is now seen as the best estimate of the 
nutrient reductions needed to reduce the hypoxic zone to 5000 km2. Figures 
16-18 show output of these scenarios compared to the baseline of select 
species of interest. The general trend seen was a reduction in biomass with 
nutrient reductions. While this is not entirely unexpected, in the next year 
we will spend more time analyzing the relative importance of biomass increase 
as a result of less hypoxia, and biomass decrease as a result of less 
nutrients, and how these processes are reflected in the model.  
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Figure 16. Biomass difference between a baseline run and a 40% and a 50% 
reduction of nitrogen and phosphorus of red snapper and Gulf menhaden. 

 
Figure 17. Biomass difference between a baseline run and a 40% and a 50% 
reduction of nitrogen and phosphorus of white shrimp and Atlantic croaker. 

 
Figure 18. Biomass difference between a baseline run and a 40% and a 50% 
reduction of nitrogen and phosphorus of red drum and blue crab. 
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Uncertainty analysis In an effort to address parameter uncertainty, Ecopath 
with Ecosim contains a Monte Carlo module that is capable of generating a 
series of balanced Ecopath models by varying the baseline input Ecopath 
parameters. This allows us to examine the variation in the output prediction 
space as a result of parameter uncertainty.  

The built-in Monte Carlo module is only capable of running an Ecosim 
spatially average temporal simulation on each of the balanced Ecopath models. 
For our purposes we need to be able to run a full Ecospace spatial and 
temporal simulation on each of the balanced models. Because of computational 
limitations it is not practical to run a full Ecospace simulation on 
potentially thousands of balanced Ecopath parameter sets.  

To get around these computational limitations we are developing a 
distributed computing environment that can run multiple Ecospace simulations 
in parallel on either a single computer with a large number of cores, a gaming 
computer with 64 or even 128 threads, or on multiple computers all 
communicating over a local area network. This system can be scaled up to 
parallelize a large number of runs across multiple computational resources 
allowing us to explore the uncertainty within the prediction space. 
The software we are developing contains three major components. A central Run 
Manager that acts as a server to manage parallel runs of Ecospace. A Client 
that manages the local configuration of input and outputs for Ecospace, either 
on a remote computer or locally, and a command line version of EwE that runs 
Ecospace with the Spatial Temporal framework. To accomplish this, we used the 
modular software architecture of EwE. The core computations of EwE Ecopath, 
Ecosim and Ecospace are all contained in a .dll that can be used independently 
of the Ecopath with Ecosim scientific interface.  

The Run Manager acts as a central server that manages the connections 
and communication with Clients. The Run Manager loads a configuration file 
containing a list of balanced Ecopath parameter sets generated by the EwE 
Scientific Interfaces Monte Carlo module. It also maintains a list of active 
Clients that are currently configured to run a simulation. The clients can be 
running locally or remotely. When a run is started by the Run Manager it sends 
a message to each Client with instructions it needs to run the Ecopath 
parameter set generated by the Monte Carlo, as well as any other model run 
instructions it needs, i.e Ecospace scenarios to load, and which nutrient 
reduction scenario to run. Once a Client receives a run message it will 
configure its local directories with the correct input and output structure, 
create a command file with instructions for its current Monte Carlo run and 
call the Ecospace command line executable. Once the Ecospace executable has 
completed the Client will summarize the output and send a message back to the 
Run Manager with the run results and wait for its next message. This will 
continue until the Run Manager has completed the list of Monte Carlo 
parameters sets. With these steps, the preparation work for the spatial Monte 
Carlo runs have been completed and the uncertainty analysis will take place in 
the next year.     

Decision support tool development We started the development of the NOGMEX 
webtool using feedback from the Miami workshop to help fisheries managers 
understand the range of fish responses from nutrient reduction scenarios for 
the hypoxic zone in the northern Gulf of Mexico. In November 2019, we 
presented an ESRI dashboard of three important fisheries species to the 
broader NGOMEX scientists in the NGOMEX meeting all sciences meeting lead PI 
De Mutsert had organized at the CERF conference (Figures 19-21). This 
dashboard was well received and displayed some of the flexibility of using a 
web-based interface. The methodology of creating the ESRI dashboard, however, 
is challenging and as we continue expanding the capabilities of the dashboard, 
the workflow will be refined. Refining will take place by automating the 
shapefile uploads, legend adjustments, and map viewer extent. Currently, we 
are having to do much of the refinement by hand, but plan to automate the 
process to make the process more efficient as we complete new model runs.  
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Figure 19. Final biomass across three nutrient reduction scenarios for Gulf 
Menhaden (age 24 – 36 mo.) 

 
Figure 20. Final biomass across three nutrient reduction scenarios for White 
Shrimp.  

 
Figure 21. Final biomass across three nutrient reduction scenarios for Adult 
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Atlantic Croaker.  

Connections to Management Needs: The ultimate goal of this research is 
to develop management tools in collaboration with fisheries managers that can 
be readily applied to test alternative management strategies to reduce hypoxic 
volume, and investigate subsequent effects on fish growth, population dynamics 
(e.g. abundance and biomass), and fisheries catches. In year 1 of this 
project, we received valuable feedback from the workshop at GOMOSES. 
Throughout years 2 and 3 we incorporated feedback from the advisory panel 
calls, and through the various workshops, meeting symposia, into our models 
and experimental approach. Products identified as desirable by attendees were 
habitat quality maps and a way to interface GRP modeling with observing 
systems. In addition, the bioenergetics models themselves were of interest to 
managers. Due to these end-user priorities, we continue to develop and refine 
an open source version of the GRP model that can be freely shared with 
fisheries managers and adapted to interface with a variety of observing 
systems. These models are now mostly automated, described by a detailed 
workflow, and can be customized and replicated for additional scenarios and 
species. We intend for these models to be used directly by conference 
participants and their colleagues. We also anticipate the R platform will 
allow us the flexibility to apply this modeling framework to existing 
observing systems.  
 During this past year (June 2019) we held a training workshop as 
originally proposed to train managers in the use and application of the models 
that we have developed. The workshop was conducted in Miami to facilitate the 
participation of NOAA’s Integrated Ecosystem Assessment group at the Southeast 
Fisheries Science Center. During the course of the workshop many scientists 
from the SEFSC attended and offered pointed advice on what model outputs would 
be most beneficial to use in typical assessments conducted by the center.  In 
addition, a concurrent meeting was being held at the SEFSC to discuss updates 
and issues with the various shrimp assessments conducted.  Our core team of 
scientists were invited to take part in the meeting and we were able to build 
on previously established relationships with the intent to take products from 
our project and use to improve shrimp assessments. 

In advance of the workshop, we distributed a questionnaire to the 
members of the advisory panel. The survey was designed to gather information 
about how to best serve managers and make sure that the outcomes/outputs of 
the model have the best chance of adoption or use. Because models are 
developed with different temporal and spatial scales, levels of uncertainty, 
focus and output formats and metrics, we wanted to inform our models so that 
they are the most beneficial for users in regard to impacts of changing 
nutrient loading on living marine resources. 

There were twelve respondents to the pre-workshop survey. The 
respondents represented eight NOAA employees or contractors, three state 
agencies, and one fishery management council. Approximately half of the 
respondents ultimately attended the workshop.  

The stakeholders that the advisory panel represented are fishermen, 
fishing industry (e.g. shrimp), NOAA, state agencies, NGOs, the public, 
universities, seafood consumers, fossil fuel industry, marine resource users, 
local communities and natural resource managers and planners. 

Realizing that some managers may have different needs than others, we 
wanted to know what outputs would be the most useful for the greatest number 
of people involved in the project. The questionnaire asked questions about the 
best scales (spatial and time) for management, as well as what the appropriate 
level of uncertainty is. Additionally, we wanted to know what format the data 
should appear in so that the product would have the easiest adoption. 

The advisory panel in the Gulf of Mexico advised that monthly and annual 
timescales were the best for management (Figure 22). Management units were the 
most beneficial spatial scale (Figure 22). Uncertainty was less decisive 
amongst the group. A 10% level of uncertainty was an acceptable level to the 
majority of stakeholders who responded. Because this question had a variety of 
responses, it provided a good discussion point during the workshop (Figure 
22).  
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Figure 22. Selected responses to survey questions. 

The Ecospace model is capable of output from 60 functional groups that 
are incorporated into the food web, however, not all are useful for 
management. The respondents indicated that mackerel, sea trout, red snapper, 
red drum, Gulf menhaden, blue crab, brown shrimp, white shrimp, zooplankton, 
and phytoplankton were important for their own stakeholders and management 
plans.  

Open ended questions were also asked to guide the workshop and 
understand how the working group and advisory panel expectations were aligned. 
The advisory panel was asked what they anticipated the products of the project 
would be able to do. The responses were varied but fell into four main 
categories; (1) inform and test management decisions or strategies, (2) inform 
stock assessments, (3) provide guidance for stakeholders on coastal change, 
and (4) create better links between trophic levels and hypoxia.  

Additionally, we asked what products would make uptake by management 
likely. These responses fell under two main categories: (1) data related and 
(2) outreach related. Data related responses included visually appealing easy 
to interpret graphics and decision support tools. Outreach related responses 
included high levels of communication and more workshops.  

The advisory panel also provided responses on how they would use the 
models or a proposed decision support tool in management. They said that the 
models would be useful to compare with stock assessments, to inform stock 
assessments, communicate results with agencies, advance ecosystem-based 
fisheries management, informing the Louisiana Nutrient Management Strategy and 
inform strategic decision making.  

Finally, we asked what type of information would be useful or important 
to their stakeholders. The advisory panel’s stakeholders would likely find 
relative change in biomass between hypoxia scenarios, nutrient level impact on 
fish populations, best probable nutrient reduction scenario, relevance to the 
shrimp industry, and ecosystem winners and losers would be the most useful 
outcomes of this project.  

Common themes in the results and open-ended questions were uncertainty 
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and calibration of the model. Specifically, there were concerns amongst the 
panel about how uncertainty behaves throughout the model and what assumptions 
are behind the model. Additionally, the panel wanted to know how EwE biomass 
outputs compare with single species assessments in stock status, absolute 
biomass, and carrying capacity, as well as, how multispecies inference change 
single species advice.   

The survey results were presented at the Miami workshop. Incorporating a 
survey into the workshop design allowed for more guided discussion on the 
expectations of the models from the stakeholders. Members of the panel had 
seen all the information before the workshop and were able to have meaningful 
debate on the usefulness of certain parameters or outputs of the models. For 
example, during the workshop, discussion about this list revealed that two 
additional functional groups should be added to this species output. 
Uncertainty has been a common concern amongst this and prior workshops, 
therefore, more time has been allocated toward researching that subject in 
context of these models.  

Preliminary versions of the decision support tool were demonstrated at 
the 2nd workshop and advice solicited to improve the tool. There was feedback 
from the panel regarding decision support tools. Further development of the 
decision support tool has taken that feedback into consideration. Primarily, 
the panel would like the decision support tool to show different nutrient 
loading scenarios and fish production as well as show ecosystem winners and 
losers over long-term nutrient reduction. This tool would be used to provide 
linkages from inshore to offshore to inform strategic fisheries management 
decisions. 

Other hands-on activities during the workshop were an Ecopath 
introductory course led by Dr. de Mutsert and a session on Bioenergetics 
Modeling led by Dr. Glaspie. In the bioenergetics session, workshop 
participants learned about the needs and limitations of bioenergetics models 
and then tried to build some models in R programming language. They learned a 
about Fish Bioenergetics 4, a Shiny app that allows users to run bioenergetics 
models using a menu-driven interface. Then they stepped through the code we 
use for production potential in this project, including the parameters and 
equations that go into it. Along the way, workshop participants were 
challenged to work through problems or scenarios to try out the models for 
themselves. Workshop participants were highly engaged, asked relevant 
questions, and walked away with a much better understanding of what's 
happening under the surface of the production potential maps they see from 
this project. 

In fall of 2019, we organized a special session at the biennial meeting 
of the Coastal and Estuarine Research Federation on ““Impacts of coastal 
hypoxia on fishes, food webs and ecosystems.”. We had 17 papers presented at 
this session. Lead-PI de Mutsert organized another meeting with all three 
NGOMEX project leaders the Sunday in advance of the CERF conference, and all 
NGOMEX PI’s attended. We updated each other on progress, and discussed 
collaborative work that could create products that were more than the sum of 
the parts as a result of having three NGOMEX projects. These discussions have 
led to the planning of supplemental synergistic work, which will take place in 
the next year of funding. 

b Provide a brief summary of work to be performed during the 
next year of support, if changed from the original proposal; and 
indication of any current problems or unusual developments that 
may lead to deviation of research directions or delay of progress 
toward achieving project objectives. 

We’ve experienced some delays due to COVID-19. We originally planned to 
hold another workshop in summer 2020 which we delayed due to COVID. Not only 
could we not meet in person for what was planned to be a hands-on workshop 
using the decision support tool, our project progress was also delayed and we 
were not ready to test a decision support tool in summer 2020 yet.   

Due to the COVID-19 outbreak many of the typical meetings in which our 
team would provide ad hoc meeting opportunities have either been cancelled or 
been moved to an online format. As the online opportunities become available, 
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we will notify advisory panel members and with our various management entities 
that we have developed relationships with over the course of the project. We 
plan to hold a virtual meeting in December 2020 to introduce the panel to the 
decision support tools. We then plan to hold in-person workshops (if possible) 
in 2021 for the intended hands-on experience with the tools. 

In the next year we have a no-cost extension with supplemental funding 
to hold workshops and meetings to put together a dedicated issue of a journal 
for a summary and synthesis of results across the NGOMEX projects. This will 
follow along the same path as the Special Issue we published in 2009 (Lewitus 
et al. 2009. “Ecological Impacts of Hypoxia on Living Resources”. Journal of 
Experimental Marine Biology and Ecology. 381: 215 pages.). We had anticipated 
doing this as part of a special Session at the Annual American Fisheries 
Society Meeting and through various face to face meetings to exchange data and 
compare models. Covid and travel safety issues will make this more challenging 
and will require more planning. 

We will dedicate time in the next year to the further development of the 
decision support tool. Our future plans for the dashboard include the 
following: 

• Develop python code to create drop down dialog boxes for species and 
nutrient scenarios in one map 

• Develop python code to set viewing extent to just the width of each 
layers shapefile 

• Add more fields to the dataset so more informational tools can be added 
o Biomass over time 
o Difference in biomass between scenarios 
o Add in here whatever else the team might find useful  

• Create biomass difference rasters to be displayed in viewing window.  

Given these future directions, we will develop a flexible dashboard that 
shares a variety of information at one time. For instance, in addition to 
showing species specific model results, we can show “dials” and summary 
statistics for the entire food web (an example of how the dashboard will 
appear is feature in Figure 23). The types of information displayed on the 
dashboard will be co-developed with our management partners once we are closer 
to a prototype.  

 
Figure 23. Example of a full dashboard that could be developed for the NGOMEX 
webtool. Statistic dialog boxes adjusts as the map is moved to display 
different spatial regions. 

Given the challenges in developing the ESRI dashboard, our team has also been 
testing another application of the webtool using another fisheries project as 
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a proof of concept. Our biggest challenge in the ESRI dashboard is creating 
dropdown dialog boxes and other similar interactive features. Therefore, we 
have developed an R-Shiny app which seamlessly displays various outputs using 
dropdown boxes (see Figures 24-25). The versatility in using R-Shiny app lies 
in its ability to apply any R script to the webtool. As new analyses are 
performed, the webtool can easily be adapted to include these findings. 
Additionally, the webtool can be published to virtually any server available 
through our collaborators and stakeholders. Having this contingency plan in 
place is an important aspect of timely development of the webtool in case of 
unforeseen challenges.  

 
Figure 24. Example of a dropdown dialog box used in an R-Shiny dashboard. The 
dropdown dialog boxes do not have a limit on how many species they can 
include.  

 
Figure 25. Example of a dropdown dialog box used in an R-Shiny dashboard. 
These dropdown dialog boxes can display graphs, images, and maps depending on 
webtool findings.  

Most of the rest of our time during the next year will focus on writing 
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manuscripts. We will also we will continue to improve species bioenergetics, 
food web, and spatially/temporally explicit modeling capabilities of key 
living resources in the NGOMEX in response to changing hypoxic and climatic 
conditions. GRP models focusing on some of the key ecologically and 
economically important species of the region will be further refined for this 
project. A key goal will be to examine 1) volumetric-weighted growth habitats, 
2) changes in summer-only conditions under different nutrient loadings and 3) 
examining historic and ongoing field data collections and 3-D modeling output 
to explore minimum needs for assessment.  

2. Applications: 

This section should describe specifically the 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). In cases where proposed management outcomes are not fully 
achieved, indicate the progress made during the reporting period. 
Also, indicate expected outputs and management outcomes for the next 
year of support. 

a. Outputs 

i. New fundamental or applied knowledge 
ii. Scientific publications 

(note: As stated in our proposal some of our tools are being refined and 
tested in the North Pacific and Great Lakes)  

Manuscripts published 

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 

Joshua. Stone, Kevin. Pangle, ….Stephen Brandt, ..and Stu Ludsin. 2020. 
Hypoxia’s impact on pelagic fish populations in Lake Erie: A tale of two 
Planktivores. Canadian Journal of Fisheries and Aquatic Sciences. March, 
2020. 10.1139/cjfas-2019-0265 (Submitted August 2019) 

Erisman, B.E., Bolser, D.G., Ilich, A., Fraiser, K.E., Glaspie, C.N., Moreno, 
P., Dell’Apa, A., De Mutsert, K., Yassin, M.S., Nepal, S., Tang, T., 
and A. Sacco. 2020. A meta-analytical review of the effects of 
environmental and ecological drivers on the abundance of red snapper 
(Lutjanus campechanus) in the U.S. Gulf of Mexico. Rev Fish Biol 
Fisheries. https://doi.org/10.1007/s11160-020-09608-w 

Manuscripts In Progress: 

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. All of the data for this manuscript has 
been analyzed and the figures complete. Intended for Estuaries and 
Coasts. 

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

Brandt, S.B. Growth rate potential as a Quantitative measure of Fish Habitat 
Quality. Status: literature reviewed and partially written for 
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https://doi.org/10.1007/s11160-020-09608-w


Reviews in Fish Biology. 

Brandt, S.B., Sellinger C. E. and Glaspie, C. N. Sensitivity of spatially-
explicit growth rate potential models to predator swimming speed and 
reactive distance. Status: initial analyses done and figures drafted. 
Intended for Trans. Amer. Fish. Soc. 

Brandt, S. B., Sellinger, C. E., and Glaspie, C. N. Drafted. Growth rate 
potential as a causal mechanism for North Pacific salmon returns in a 
changing climate. For submission to PLOS One. 

Kolker, A.S., Renfro, A., Brenner, J., Bargu, S., Chu, P.Y., Conover, J., De 
Mutsert, K., Fitzpatrick, C., Greenhow, D.R., Justic, D., Montagna, 
P.A., Lohrenz, S.E., Proville, J., Rhode, R., Roberts, B.J., 
Peyronnin Snider, N., Taylor, C.M., Wade, T.L., Walker, N.D. and D.J. 
Wallace. The Central Role of the Mississippi River and Its Delta on 
the Oceanography, Ecology and Economy of the Gulf of Mexico: A Modern 
Synthesis. Oceanography. 

iii. Patents 
iv. New methods and technology 
v. 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). 

vi. Workshops 

De Mutsert, K., and S. Brandt. 2019, Co-chairs, Scientific Session on “Impacts 
of coastal hypoxia on fishes, food webs and ecosystems.” 2019 Coastal 
and Estuarine Research Federation Conference. November, 2019, Mobile, 
Alabama. 

De Mutsert, K. Hypoxia effects on fish and fisheries: NGOMEX All Sciences 
Meeting. November 3, 2019, Mobile Convention Center, Mobile, AL. 

De Mutsert, K., S. Brandt, and M. Campbell. 2019. Hypoxia Effects on Fish and 
Fisheries: second advisory panel workshop; tools introduction and 
training. June 24 and 25, 2019. Rosenstiel School of Marine and 
Atmospheric Science, Miami, Fl.  

vii. Presentations 

De Mutsert, K., Laurent, A., and Buszowski, J. 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. 

De Mutsert, K. 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 
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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 Steenbeek5 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 

De Mutsert, K., Laurent, and Buszowski, J. Using a coupled ecosystem modelling 
approach to evaluate effects of reductions in nutrients and hypoxia on 
living marine resources. ISEM 2019. Salzburg, Austria. 

Marriott. S, and De Mutsert, K. (2019, June). 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.  

viii.Outreach activities/products (e.g. website, newsletter articles) 

 Most of our outreach efforts have focused on publication, presentations 
at national scientific meeting and working directly with our interagency 
fisheries management advisory committee and their staff. These are discussed 
elsewhere in this report. Also, upon the recommendation by the advisory panel, 
the project website has been made into a one-stop shop of all information 
related to this project:  (https://demutsertlab.wordpress.com/ngomex/). 
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b. Management outcomes – I. Management application or adoption of: 

i. New fundamental or applied knowledge 
ii. New or improved skills 
iii. Information from publications, workshops, presentations, 

outreach products 
iv. New or improved methods or technology. 
v. New or advanced tools. 

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). 

d. Partnerships established with other federal, state, or agencies, 
or other research institutions (other than those already 
described in the original proposal). 

 We participated in a shrimp stock assessment meeting that was purposely 
organized the same week as our advisory panel workshop at the SEFC in Miami to 
allow for the NGOMEX project scientists as well as the NOAA scientists and 
managers to attend both meetings. We identified areas within the shrimp stock 
assessment that could make use of environmental impact information that are 
outputs from our research. Dr. Michelle Masi, who is responsible for 
conducting the shrimp stock assessment at the NOAA lab in Galveston, has been 
added to our advisory panel.   

3. Expenditures: 

a. Describe expenditures scheduled for this period. 

 The expenses for the reporting period (June 1 2019-May 31, 2020) are 
listed in the green column called “Expenses Between Start and End Month” in 
Table 1. The other columns in the budget report represent the total amount of 
funding received so far (“Funded Amount Thru End Month”), all expenses made so 
far (“Expenses Inception thru Report End Month”), funding committed but not 
spent yet (“Commitments Thru End Month), and funding available/not spent yet 
(“Available Amt”). Expenditures during the reporting period included academic 
year and summer salary for Dr. de Mutsert (“Faculty Salaries” and “Faculty 
Special Payments”), Graduate Assistant salary (salary for Sara Marriott), 
Consulting Servises for consultants Arnaud Laurent, Joe Buszowski and Jeroen 
Steenbeek, travel (conference attendance for Kim de Mutsert and Sara Marriott), 
the Oregon State University subcontract (itemized below)and the University of 
Central Florida subcontract (itemized below), other direct expenditures, which 
is the partial cost of a microprocessor that allows for the Ecospace Monte 
Carlo runs on different threads, Tuition and stipend for Sara Marriott, and 
graduate health subsidy for Sara Marriott. The indirect costs and fringe are 
indicated as well. The expenditures towards participant support are reflected 
with a different account (Table 2). We had increased the allocation towards 
participant support in the previous year in anticipation of high participant 
travel costs, but we have realized that the audience just changes with the 
location and we did not have many workshop attendants traveling from far. We 
purposely held the second workshop in Miami so that NOAA’s Integrated Ecosystem 
Assessment group at the Southeast Fisheries Science Center could attend (most 
were unable to attend the first workshop held in New Orleans), and we were 
satisfied with attendance and participation of this workshop. The expenditures 
from participant support reflects support for those advisory panel members 
that did need to travel to get to the workshop. 
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Table 1. Project expenditures.  

 

Table 2. Participant support expenditures for workshop attendance. 

  

OSU subcontract detail 
OSU Expenditures are right on schedule as described in the original 

proposal and supplemental funds. In the original budget, over 85% of costs 
were planned for salary for Brandt, Sellinger and a Postdoctoral Scholar, (C. 
Glaspie) and associated Fringe (OPE) and Overhead (F&A) with the balance for 
Travel and Supplies. There have been no unanticipated costs. We plan to spend 
funds largely in major categories as originally allocated.  

A summary of expenditures (to the nearest dollar) as of 31 May, 2019 is 
below in table 3. Additional encumbered expenditures to cover Salary, OPE and 
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Indirect for Brandt and Sellinger will expend nearly all salary by the end of 
2020 year. 

Table 3. OSU expenditures within reporting period.  

  

UCF subcontract detail 

The UCF expenditures were summer salary for Kristy Lewis, detailed in the 
table 4 below.  

Table 4. UCF expenditures within reporting period. 

 

b. Describe actual expenditures this period. 

See budget tables above (under 3a). 

c. Explain special problems that led to differences between 
scheduled and actual expenditures, etc. 

Prepared by: 

   09/29/2020 

 

Signature of Principal Investigator Date 

A n n u a l P r o g r e s s R e p o r t 
F o r m April 2016 

 Expenditures by 31 May Full allocation

Salaries 146,952 177.913

OPE 41,322 47,847

Supplies 1,856 6,535

Travel 25,720 26,800

F&A 101,450 121,744

Total 317,300 380,869

 

 Funded Budget 

Sa la ry &  Fr inge Benefits  

711000 salary & fringe benefits 5859 
 

 Fa cilit ies &  Adm in ( Overhea d)   

782000 facilities & admin (overhead) 2871 

PeopleSoft  Ba la nce 8 7 3 0  
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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 300 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, CSCOR/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. 
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