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Outline

• Alewife Population Modelling
– Dam Passage
– Nutrient Dynamics

• Online Application
– DMAPP (Dynamic Modelling for Alewife 

Populations and Passage)



Question:
• What is the marine-derived 

nutrient potential in the St. 
Croix River associated with 
alewife population 
recovery?

How to answer this?
• Modelling!
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Approach

1. Develop deterministic population model
2. Link the estimation of population abundance to 

dam passage within the river
3. Estimation of net nutrient balance (N and P) for 

passage scenarios
4. Develop app to compare maximum theoretical 

spawner abundance between passage scenarios
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Deterministic Model

• Population demographics
– St. Croix River 1981-2016

• Assumptions:
– No environmental variability built into the model

• Inputs are averages
– Homogeneous habitat quality
– Density-dependent mortality included in recruitment 

curve
– In absence of dams, fish distribute throughout system 

according to habitat availability
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Simulations

• What are the nutrient trends for alewife? 
– No dams and all spawning habitat combined
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What are the nutrient trends for alewife?
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What are the nutrient trends for alewife?
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What are the nutrient trends for alewife?

Net Export

Net Import Difference = Adult Import – Juvenile Export
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Distribution and Dam Passage
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Distribution with No Dams

• Spawners distribute according to the 
proportion of spawning habitat available:
– Between each set of dams
– Upstream of the last dam on the system
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Dam Passage

• Fish distribute according to habitat availability
• But…. Specified passage rates only allow so 

many fish to pass
• The bottom line:
– Fish can try to move upstream, but only a certain 

percentage will do so successfully
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Nutrient Dynamics

• Phosphorus balance associated with a range 
of upstream and downstream passage rates

• St. Croix River
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What are the nutrient trends for alewife?
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• Low population levels could maintain P 
balance at net export
– Will depend on location of passage bottlenecks 

in relation to spawning habitat
• Magnitude of net export by juveniles is 

relatively small
• Alewife input of N and P could also be small 

compared to watershed contributions

Management Implications
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Online Application



Dynamic Modelling for Alewife 
Populations and Passage

• Connect population model to a user interface
– Using the R package shiny

• This allows us to access the application and 
run simulations online

• “Reactive”
– Application “reacts” to the inputs specified by the 

user
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• Not meant to make forecasts, but rather to 
look at general trends and how things change 
given a new set of values!

Example Question:
How dam removal might affect population abundance 
in the St. Croix River
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Making Comparisons

2. Save the passage rates 
specified for each

1. Run multiple 
simulations

Questions Population Model Nutrients Passage DMAPP



Making Comparisons

3. Calculate and graph 
total spawner 
abundance in the river 
for each simulation
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Making Comparisons
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Summary
• Nutrients: modelling work indicates P removal at 

low spawner abundances
– But is a relatively low magnitude

• Passage: Downstream passage is a strong driver 
of population dynamics
– Another important factor is where spawning habitat is 

located in relation to bottlenecks to passage

• DMAPP is available to test scenarios!

Questions Population Model Nutrients Passage DMAPP



Questions?


