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USGS Chesapeake Science Themes
Integrated science to 

inform decisions 

USGS Themes: 

1. Stream health, fish 

habitat and aquatic 

conditions

2. Coastal habitats and 

waterbirds

3. Land change and 

watersheds 

4. Integrate science and 

inform decisions 
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Topic 2A3 – Waterfowl Hotspot Modeling

• Hotspot models of wintering near 

shore and salt marsh waterfowl to 

guide site selection for coastal 

modeling group

• paired data from scientific surveys 

(Midwinter Waterfowl Surveys) 

and citizen science efforts (eBird)

• Currently refining preliminary models 

with newly acquired data

• Maryland provided GPS routes for 

survey data

• New survey area correction to 

allow comparisons between MD 

and VA

Waterfowl Hotspot Modeling
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FOOD HABITS IN THE CHESAPEAKE BAY
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Food Habits Dataset:

32 different species, 

mainly waterfowl

1953 food habits 

samples



Add additional SAV and other benthic layers
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One way to look at food resource utilization is 
Bioenergetic modeling



• Low Marsh, SAV, and mudflat appear to be most 
profitable based on known diet data and biomass 
data

Bioenergetic modeling: Black duck



• This type of information allows for estimating 
per hectare profit based on habitat type and 
time of year



Topic 2A3 – Waterfowl Hotspot Modeling• Expanding analysis to explore relationships 

between different bird species/guilds population 

estimates and food resources

Waterfowl Hotspot Modeling



Towards Modeling Habitat 
Change
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Filter papers

* Spatial and temporal scales
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Waterfowl Hotspot: Eastern Neck National Wildlife Refuge









Historic sea-level rise, GIA, and coastal habitat loss:

Refs: NPS; Library of Congress

Objective: Extend Chesapeake Bay tide gauges beyond the 20th century and identify 

drivers of coastal land loss (e.g., storms, sea-level rise).

Approach: (1) Resurvey historic structures designed relative to sea level—for example, 

Fortress Monroe (built 1819-1834 CE), above.

(2) Analyze historic charts to assess the rates and drivers of coastal erosion over the 

past 150 years. 

(3) Develop proxy records from sediment cores to reconstruct marsh loss and storm 

frequency over the last millennium.

Toomey & Cronin (FBGC)







Lidar error and bias, and correction

Correction of 

Lidar DEM 

Holmquist JR, Schile-Beers L, Buffington K, Lu M and others (2021) Scalability and performance tradeoffs in quantifying relationships between elevation and tidal 

wetland plant communities. Mar Ecol Prog Ser 666:57-72. https://doi.org/10.3354/meps13683



RMSE: 0.277 m

Mean Error: 0.099 m 

RMSE: 0.341 m 

Mean Error: 0.11 mOriginal 

n = 109 n = 88



RMSE: 0.154 m, 52.5% improvement 

Mean Error: -0.0012 m

RMSE: 0.042 m, 86.9% improvement 

Mean Error: -0.0063 m
LEAN 

n = 109 n = 88

Holmquist JR, Schile-Beers L, Buffington K, Lu M and others (2021) Scalability and performance tradeoffs in quantifying relationships between elevation and tidal 

wetland plant communities. Mar Ecol Prog Ser 666:57-72. https://doi.org/10.3354/meps13683



Vertical dynamic models (SLAMM, WARMER), Eastern Neck NWR
Importance of initial “state” of the system

SLAMM
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Hydrodynamic model forcing
(COAWST)

Resolution: 30 meters

Tides
(ADCIRC) 

River
(Chester River 

01493112 USGS gauge)

and,

Meteorological    

Forcing



The presence of SAV is one of the most significant factors that 

determine sustaining waterfowl populations. Dominant factors of SAV loss is 

eutrophication through nutrient loading and reduced light availability through 

epiphytic growth and suspended sediment concentrations.

Goal: Use a coupled modeling system to better understand what drives the 

distribution of waterfowl habitat (SAV growth/die off) given various hydrodynamic and 

water quality conditions using COAWST and SAV growth model.
Observed Chester River 

Eelgrass Coverage

Year
Lower Chester River 

(CHSMH)

2010 34.04

2011 114.72

2012 70.34

2013 14.86

2014 58.12

2015 154.88

2016 187.4

2017 95.04

2018 154.59

2019 TBD

VIMS dataset: 

http://web.vims.edu/bio/sav/index.html

Eastern Neck Wildlife Refuge Vegetation 
Study

* primarily widgeon grass

http://web.vims.edu/bio/sav/index.html


Future steps:
Generate ensemble model outputs of habitat change under key environmental driver 

projections.

Incorporate those projections/understanding of habitat change into a geospatial 

synthesis  products

Link Habitat change to potential waterfowl distributions



Geospatial studies
and likelihood of habitat 

change



https://www.usgs.gov/news/usgs-releases-nationwide-marsh-vulnerability-

maps?qt-news_science_products=7#qt-news_science_products







Molino GD, Defne Z, Aretxabaleta AL, Ganju NK and Carr JA. 2021, Quantifying Slopes as a Driver of Forest to Marsh Conversion Using Geospatial 

Techniques: Application to Chesapeake Bay Coastal-Plain, United States. Front. Environ. Sci. 9:616319. doi: 10.3389/fenvs.2021.616319







Can we:

- Identify critical system parameters that 

determine rates of change (for example : 

marsh migration, marsh loss?)

- Extract these parameters from remote 

sensing and or model output in Ches. Bay?

- Deliver maps of change likelihood (example: 

migration likelihood?)

- Use those maps to guide management, 

acquisition, and restoration?

End-user applications
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• Continued meeting with stakeholder 

groups including the Delmarva Avian 

Influenza Taskforce (wildlife, agriculture, 

and public health groups)

• Continued communications regarding 

potential to leverage funds for additional 

waterfowl telemetry work in the Delmarva 

region

• Future work will include monitoring of 

waterfowl use of small water bodies 

associated with commercial poultry 

facilities (i.e. farm ponds).

Avian Influenza Transmission in the Chesapeake Bay



Processes we need to 
better constrain and 

understand



Controls on forest retreat and marsh migration?





Carr, J., Guntenspergen, G., & Kirwan, M. (2020). Modeling marsh‐forest boundary transgression in response to storms and sea‐level rise. Geophysical Research Letters, 47, e2020GL088998. 

https://doi.org/10.1029/2020GL088998
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