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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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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• Start pairing and exploring relationships between 

different bird species/guilds population estimates 

and food resources

Waterfowl Hotspot Modeling



Towards Modeling Habitat 
Change
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Filter papers
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Waterfowl Hotspot



Problem:
• LiDAR cannot penetrate dense vegetation, causing 

a positive bias in ‘bare earth’ DEMs
• Tidal marsh sea-level rise vulnerability analysis & 

modeling requires accurate DEMs 

Objectives:
1. Use statistical correction model to adjust DEMs 

(LEAN technique, Buffington et al. 2016)

2. Assess scalability of LEAN corrections [how many 
elevations surveys are required?]

3. Compare LEAN models calibrated with NDVI vs 
intensity metrics (available in newer LiDAR 
datasets)

4. Roll procedure into CONED protocols for 
topobathy



Lidar error and bias, and correction

Correction of 

Lidar DEM 



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





Vertical dynamic models (SLAMM, WARMER), Eastern Neck NWR

Importance of initial “state” of the system
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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



Can we:

- Identify critical system parameters that 

determine rates of change (for example : 

marsh migration, marsh loss?)

- Extract these parameters from remote 

sensing/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



Geospatial studies
and likelihood of habitat 

change















Comparing LiDAR to RTK-Total Station 
Survey Results

-LiDAR-derived upland slopes tend to 
broadly  match survey-derived slopes

-Greatest discrepancy occurs in the 
wetland, where the LiDAR elevation tends 
to over-estimate elevation









Processes we need to 
better constrain and 

understand



Controls on forest retreat and marsh migration?



Bare ground at 1m above MHW grows a 

forest 

Expected inundation from bathtub style 

model with 4mm/yr RSLR to occur at 

year: 250 for MHW, 225 for MHHW

But stochastic events (i.e. storms) 

transition forest to marsh~50-75 years 

earlier.

Overall long-term migration rates still 

tend toward slope RSLR dominated 

process

CC is carrying capacity

Light green is grass

Dark green adult trees

Orange is seedings

Blue is saplings

Black is saplings+adult trees

Maroon is dead standing

Habitat expansion into the uplands
What processes and timescales control marsh upland migration?







Marsh Migration

• Establish network of vertical control points in 
two SLR-threatened marsh systems

• Deep rod benchmarks installed

• Included in VLM regional surveys

• Use GPS and total station survey techniques 
to measure grid of ground elevations tied to 
control points

• Compile annual grid surveys of elevation and 
vegetation type and evaluate change over 
time

• Compare results to model predictions













Historic sea-level rise 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)
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Average sediment 
addition of ~100mm

Sediment Addition Experiment

No change in elevation of control 
area over same time frame
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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
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