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Background 

•  History of 
waterfowl 
management 

•  Migratory stopover 
habitat 
–  Impoundments 
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Overarching Problem Statement 

•  How can we utilize past, present, and 
future inventory and monitoring 
information (specifically, waterbird 
surveys) to answer critical management 
questions? 

•  3 distinct spatial scales: Refuge, 
Regional, Flyway 
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Key Considerations 

1.  Link models to specific questions 
2.  Link monitoring data to models 
3.  Link all models and monitoring to 

feasible   management actions. 
4.  Link refuges throughout the region and 

the flyway 
5.  Close the loop and iterate! 
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Approach 

•  Create a real-time reporting system that 
can provide timely forecasts to refuge 
managers 

•  Create a distributed R package that will 
provide common analyses in a transparent 
and repeatable fashion 

•  Promote the use of complementary data 
sources (legacy data, citizen science) and 
outside software by creating simple input/
output interfaces 
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Refuge Scale 
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Refuge Scale Questions 

– What is the recent status and trends in 
waterbird use on my refuge? 

– How can I time my effort (survey timing, 
vegetation management, water control, 
etc.) to coincide with expected waterbird 
arrival? 

–   Do I have multiple impoundments being 
used by the same suite of species? 



What is the recent status and trends in 
waterbird use on my refuge? 







Conserving the Nature of the Northeast 

How can I time my effort at my refuge to 
coincide with expected waterbird arrival? 

•  Sinusoidal (linear) process model 
 
​𝑐𝑜𝑢𝑛𝑡↓𝑡 = ​𝛽↓1 ​sin ⁠2𝜋𝑡 + ​𝛽↓2 ​cos⁠2𝜋𝑡 + ​𝛽↓3 𝑡+𝜀 
 
•  Decomposition of the nonlinear version for 

ease of parameter fitting (least squares fit 
of 𝜔 trivial in migration model) 

​𝑐𝑜𝑢𝑛𝑡↓𝑡 = ​𝛽↓1 ​sin ⁠(𝜔𝑡  +  𝜑) + ​𝛽↓2 𝑡+𝜀  

 



•  …how	
  is	
  this	
  helpful?	
  
Stay	
  tuned…	
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 Do I have multiple impoundments on my 
refuge being used by the same suite of 

species? 

•  Mixed set of objectives and constraints 
(waterfowl, shorebirds, invasive 
vegetation, etc.) 

•  Are we coordinating our management 
actions within and between agencies? 
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 Do I have multiple impoundments on my 
refuge being used by the same suite of 

species? 

•  “Lose control” of an impoundment 
– Budget 
– Weather 
– Water control structures 
– Politics 

•  Do I have others meeting the needs of 
the same species? 
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Regional Scale 



Conserving the Nature of the Northeast 

Regional Scale Questions 

– Are there any neighboring impoundments 
very similar to mine? 

– How can we focus timely management 
decisions to target a given species at 
multiple refuges? 

– Can we use data from multiple refuges to 
inform management on another refuge? 
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Are there any neighboring impoundments very 
similar to mine? (Regional) 

•  Regional impoundment catalog 
–  Cooperative effort between USFWS, New Jersey 

Audubon, National Wildlife Federation, Princeton 
Hydro, Conservation Management Institute 
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Are there any neighboring impoundments very 
similar to mine? (Regional) 

•  Categorizing and prioritizing 
impoundments by ecological, social, 
economic, and physical characteristics 
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How can we focus timely management 
decisions to target a given species at 

multiple refuges? 

•  Beach access 
•  Predator control 
•  Vegetation management 



How can we focus timely management decisions 
to target a given species at multiple refuges?	
  



How can we focus timely management decisions 
to target a given species at multiple refuges?	
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Can we use data from multiple refuges to 
inform management on another refuge? 

•  Cross correlation 
•  Identifying the lag between 2 time series 
•  Counts at refuges up/downstream in the 

flyway 
•  Can we use counts at multiple sites to 

predict arrival at another? 
– Timing of drawdown, fill, vegetation 

management, count effort 
– Coordinating monitoring and management 

across regions 



Can we use data from multiple refuges to inform 
management on another refuge? 
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Flyway Scale 
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Flyway Scale Questions 

– Can we use counts at multiple sites to 
predict arrival at another? (CCF) 

– Are there complementary sources of data 
at the national level that can validate our 
current efforts? 

•  eBird (www.eBird.org  Cornell Lab of 
Ornithology) 

•  Breeding Bird Survey (USGS) 
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Are there complementary sources of data at 
the flyway level that can validate our current 

efforts? 

•  Citizen science 
•  Frequency of observations tends to be 

higher near population centers 
•  Can we make sense of it? 
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Practical Application (Close the Loop) 
– Integrate 3 Spatial Scales 

•  Count effort (or management) timing 
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Application 2 – 
 Disease Surveillance 

•  Assisting efforts led by Chris Dwyer, 
Division of Migratory Birds, R5, USFWS  

•  Inherent lag between mortality event, 
sampling, confirmation, and 
surveillance response 

•  Can we use bird counts to recreate the 
distribution of birds at time t and time t
+lag? 
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Can we use bird counts to recreate the 
distribution of birds at time t and time t+lag? 

•  Start with known 
range of species 
of interest 

•  Estimate basic 
movement 
parameters from 
NWR counts 
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Atlantic and Mississippi Flyways, 
USFWS Regions 3, 4, 5 

January 20th March 1 
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Conclusions 

•  Closing the gap between data and decision 
–  At multiple spatial scales: refuge, region, flyway 
–  Using multiple data sources 
–  With multiple agencies 

•  Informing management  
–  Transparent 
–  Defensible 
–  Timely 
–  Iterative 
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Questions? 


