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Presenter Notes
Presentation Notes
Good Afternoon, thanks for staying with us for the last talk of the day; I’ll be briefly reviewing the results of our work on the ecological and economic impacts of oyster restoration in the Middle Peninsula, VA, in the context of a warming waters and simultaneous change in seagrass habitats in the same region. 

PhD student Amanda Bevans made many of the images for these slides


Project Goals

Use ecological and economic models to estimate the
change in commercial fisheries harvests & the resulting
regional economic impacts generated by Oyster reef
restoration & concurrent SAV losses in
tributaries of the Middle Peninsula, VA



Presenter Notes
Presentation Notes
We used a combination of ecological models and economic approaches to estimate economic impacts of habitat changes to the middle peninsula region

Specifically, the York and Piankatank rivers, VA


@Vlethods

Ecosystem Model:
Ecopath with Ecosim

Trophic (food web) model:

* Mass balance approach (all groups
have enough food) that is projected
forward in time

* Population dynamics (49 groups) ‘
% Biomass, density, mortality, .
consumption rates, diets 42

e Environmental variables

&

* Fisheries harvests

* Living habitats (Oyster reef & SAV)

- Simulate change singly & in combination

* Translate harvests into regional
economic impacts with IMPLAN


Presenter Notes
Presentation Notes

Simulate change singly & in combination – approach allows us to parse out impacts of either change separately -- this is important!  This is not feasible through study in the field where effects are confounded
- Begin to understand the effects of cumulative habitat changes

 Ecosystem modeling was a useful approach to address these questions, because an ecosystem model
 generates a quantitative representation of an ecosystem that we can manipulate, simulate into the future, and observe the effects. 
 The model built under this project characterizes the system’s food web, accounting for population dynamics—including biomass, mortality, consumption rates, and diet, as well as environmental variables, and commercial harvest. 
 The ecological modeling software Ecopath with Ecosim, or EwE, allows for the integration of this information using a mass balance approach, which is the software I used to build this model. 
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SCENARIO RUNS

Calibration:

Fit to time series
o Inputtime series and environmental
variables
* Indices of abundance
* ChlA-phytoplankton

Input environmental responses
o Temperature, salinity, dissolved
oxygen


Presenter Notes
Presentation Notes
Next, tell you what exactly was simulated: 
In addition, non-forcing scenarios – allowed current populations to fluctuate without any change

 After building the initial Ecopath food web, the model was calibrated using system specific data. 
 Habitat change scenarios were then created for varying degrees of eelgrass and oyster restoration and loss, as well as the combined effects of both habitats changing together. 
 Oyster change scenarios decreased biomass to pre-restoration levels, maintained current restored oyster biomass, and increased oyster biomass by 4.7% annually based on previously observed oyster restoration monitoring in similar systems. Eelgrass change scenarios decreased biomass by 2% annually, kept eelgrass at current biomass, and increased eelgrass biomass to the restoration goal. You will notice two different seagrasses depicted here. Eelgrass, the primary seagrass of interest, but also widgeon grass. Literature has indicated that as eelgrass decreases Widgeon grass moves in—we wanted to capture this in our model.
 Finally, combined scenarios were developed, looking at both habitats changing together, specifically both habitats restored, both habitats degraded, and mixed scenarios, such as one of the most likely scenarios to occur in the system: increased oyster biomass and declining eelgrass. 
 For all scenarios, species that are known to be associated with both habitats were changed at the same rate as their respective habitat change. 
 A few other additional scenarios were also developed. For example, a smaller increase of eelgrass to a recent maximum versus a historic maximum, which the restoration goal was based on. You can imagine those smaller increase scenarios would fall somewhere in between these.
 We projected all scenarios from 2021 to 2040, simulating 20 years of change. 
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SCENAR'O RU NS Oysters

Calibration: ™
€%
Fit to time series ‘
o Inputtime series and environmental Pre-restoration Young Reef (current) Mature Reef
variables Restored levels 4.7% annualincrease

* |Indices of abundance
* ChlA - phytoplankton

Input environmental responses
o Temperature, salinity, dissolved
oxygen


Presenter Notes
Presentation Notes

Estimates of annual increases based on monitoring observations made in Harris Creek, MD, so may be conservative for VA, where growth rates might be expected to be greater


 After building the initial Ecopath food web, the model was calibrated using system specific data. 
 Habitat change scenarios were then created for varying degrees of eelgrass and oyster restoration and loss, as well as the combined effects of both habitats changing together. 
 Oyster change scenarios decreased biomass to pre-restoration levels, maintained current restored oyster biomass, and increased oyster biomass by 4.7% annually based on previously observed oyster restoration monitoring in similar systems. Eelgrass change scenarios decreased biomass by 2% annually, kept eelgrass at current biomass, and increased eelgrass biomass to the restoration goal. You will notice two different seagrasses depicted here. Eelgrass, the primary seagrass of interest, but also widgeon grass. Literature has indicated that as eelgrass decreases Widgeon grass moves in—we wanted to capture this in our model.
 Finally, combined scenarios were developed, looking at both habitats changing together, specifically both habitats restored, both habitats degraded, and mixed scenarios, such as one of the most likely scenarios to occur in the system: increased oyster biomass and declining eelgrass. 
 For all scenarios, species that are known to be associated with both habitats were changed at the same rate as their respective habitat change. 
 A few other additional scenarios were also developed. For example, a smaller increase of eelgrass to a recent maximum versus a historic maximum, which the restoration goal was based on. You can imagine those smaller increase scenarios would fall somewhere in between these.
 We projected all scenarios from 2021 to 2040, simulating 20 years of change. 
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Presenter Notes
Presentation Notes

Associated species: hooked mussels, tunicates, sea anemones, barnacles – increases in these populations is made possible by the increased surface area of hard substrate provided by the restored oysters



 After building the initial Ecopath food web, the model was calibrated using system specific data. 
 Habitat change scenarios were then created for varying degrees of eelgrass and oyster restoration and loss, as well as the combined effects of both habitats changing together. 
 Oyster change scenarios decreased biomass to pre-restoration levels, maintained current restored oyster biomass, and increased oyster biomass by 4.7% annually based on previously observed oyster restoration monitoring in similar systems. Eelgrass change scenarios decreased biomass by 2% annually, kept eelgrass at current biomass, and increased eelgrass biomass to the restoration goal. You will notice two different seagrasses depicted here. Eelgrass, the primary seagrass of interest, but also widgeon grass. Literature has indicated that as eelgrass decreases Widgeon grass moves in—we wanted to capture this in our model.
 Finally, combined scenarios were developed, looking at both habitats changing together, specifically both habitats restored, both habitats degraded, and mixed scenarios, such as one of the most likely scenarios to occur in the system: increased oyster biomass and declining eelgrass. 
 For all scenarios, species that are known to be associated with both habitats were changed at the same rate as their respective habitat change. 
 A few other additional scenarios were also developed. For example, a smaller increase of eelgrass to a recent maximum versus a historic maximum, which the restoration goal was based on. You can imagine those smaller increase scenarios would fall somewhere in between these.
 We projected all scenarios from 2021 to 2040, simulating 20 years of change. 
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Presenter Notes
Presentation Notes
 After building the initial Ecopath food web, the model was calibrated using system specific data. 
 Habitat change scenarios were then created for varying degrees of eelgrass and oyster restoration and loss, as well as the combined effects of both habitats changing together. 
 Oyster change scenarios decreased biomass to pre-restoration levels, maintained current restored oyster biomass, and increased oyster biomass by 4.7% annually based on previously observed oyster restoration monitoring in similar systems. Eelgrass change scenarios decreased biomass by 2% annually, kept eelgrass at current biomass, and increased eelgrass biomass to the restoration goal. You will notice two different seagrasses depicted here. Eelgrass, the primary seagrass of interest, but also widgeon grass. Literature has indicated that as eelgrass decreases Widgeon grass moves in—we wanted to capture this in our model.
 Finally, combined scenarios were developed, looking at both habitats changing together, specifically both habitats restored, both habitats degraded, and mixed scenarios, such as one of the most likely scenarios to occur in the system: increased oyster biomass and declining eelgrass. 
 For all scenarios, species that are known to be associated with both habitats were changed at the same rate as their respective habitat change. 
 A few other additional scenarios were also developed. For example, a smaller increase of eelgrass to a recent maximum versus a historic maximum, which the restoration goal was based on. You can imagine those smaller increase scenarios would fall somewhere in between these.
 We projected all scenarios from 2021 to 2040, simulating 20 years of change. 
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Presenter Notes
Presentation Notes
 After building the initial Ecopath food web, the model was calibrated using system specific data. 
 Habitat change scenarios were then created for varying degrees of eelgrass and oyster restoration and loss, as well as the combined effects of both habitats changing together. 
 Oyster change scenarios decreased biomass to pre-restoration levels, maintained current restored oyster biomass, and increased oyster biomass by 4.7% annually based on previously observed oyster restoration monitoring in similar systems. Eelgrass change scenarios decreased biomass by 2% annually, kept eelgrass at current biomass, and increased eelgrass biomass to the restoration goal. You will notice two different seagrasses depicted here. Eelgrass, the primary seagrass of interest, but also widgeon grass. Literature has indicated that as eelgrass decreases Widgeon grass moves in—we wanted to capture this in our model.
 Finally, combined scenarios were developed, looking at both habitats changing together, specifically both habitats restored, both habitats degraded, and mixed scenarios, such as one of the most likely scenarios to occur in the system: increased oyster biomass and declining eelgrass. 
 For all scenarios, species that are known to be associated with both habitats were changed at the same rate as their respective habitat change. 
 A few other additional scenarios were also developed. For example, a smaller increase of eelgrass to a recent maximum versus a historic maximum, which the restoration goal was based on. You can imagine those smaller increase scenarios would fall somewhere in between these.
 We projected all scenarios from 2021 to 2040, simulating 20 years of change. 
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Presenter Notes
Presentation Notes
 After building the initial Ecopath food web, the model was calibrated using system specific data. 
 Habitat change scenarios were then created for varying degrees of eelgrass and oyster restoration and loss, as well as the combined effects of both habitats changing together. 
 Oyster change scenarios decreased biomass to pre-restoration levels, maintained current restored oyster biomass, and increased oyster biomass by 4.7% annually based on previously observed oyster restoration monitoring in similar systems. Eelgrass change scenarios decreased biomass by 2% annually, kept eelgrass at current biomass, and increased eelgrass biomass to the restoration goal. You will notice two different seagrasses depicted here. Eelgrass, the primary seagrass of interest, but also widgeon grass. Literature has indicated that as eelgrass decreases Widgeon grass moves in—we wanted to capture this in our model.
 Finally, combined scenarios were developed, looking at both habitats changing together, specifically both habitats restored, both habitats degraded, and mixed scenarios, such as one of the most likely scenarios to occur in the system: increased oyster biomass and declining eelgrass. 
 For all scenarios, species that are known to be associated with both habitats were changed at the same rate as their respective habitat change. 
 A few other additional scenarios were also developed. For example, a smaller increase of eelgrass to a recent maximum versus a historic maximum, which the restoration goal was based on. You can imagine those smaller increase scenarios would fall somewhere in between these.
 We projected all scenarios from 2021 to 2040, simulating 20 years of change. 
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Presenter Notes
Presentation Notes
Next, tell you what exactly was simulated: 

…several scenarios not shown here: 

In addition, non-forcing scenarios – allowed current populations to fluctuate without any change

Next, share with you a small selection of results focused on the scenarios designed to show contrast of different possible futures of habitat changes in the Middle Peninsula region
First, focus on habitat – specific extremes, and last, we’ll take a quick look at combined effects





 After building the initial Ecopath food web, the model was calibrated using system specific data. 
 Habitat change scenarios were then created for varying degrees of eelgrass and oyster restoration and loss, as well as the combined effects of both habitats changing together. 
 Oyster change scenarios decreased biomass to pre-restoration levels, maintained current restored oyster biomass, and increased oyster biomass by 4.7% annually based on previously observed oyster restoration monitoring in similar systems. Eelgrass change scenarios decreased biomass by 2% annually, kept eelgrass at current biomass, and increased eelgrass biomass to the restoration goal. You will notice two different seagrasses depicted here. Eelgrass, the primary seagrass of interest, but also widgeon grass. Literature has indicated that as eelgrass decreases Widgeon grass moves in—we wanted to capture this in our model.
 Finally, combined scenarios were developed, looking at both habitats changing together, specifically both habitats restored, both habitats degraded, and mixed scenarios, such as one of the most likely scenarios to occur in the system: increased oyster biomass and declining eelgrass. 
 For all scenarios, species that are known to be associated with both habitats were changed at the same rate as their respective habitat change. 
 A few other additional scenarios were also developed. For example, a smaller increase of eelgrass to a recent maximum versus a historic maximum, which the restoration goal was based on. You can imagine those smaller increase scenarios would fall somewhere in between these.
 We projected all scenarios from 2021 to 2040, simulating 20 years of change. 
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Presenter Notes
Presentation Notes
An approach like this allows for plotting of a wide variety of expected outputs for any given future that we model 
Facilitates examination of tradeoffs for different species and different sectors of humans in the region
I can only share a very limited example today, so we focus on Blue Crab harvests (ONLY) in the Middle Peninsula, the most lucrative seafood harvest in the Chesapeake


Draw your attention to the Y-axis: 

Express/interpret in terms of percentages – 1.1 10% more harvest, 1.2  20% more harvest,   0.9 10% lower harvest
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Presenter Notes
Presentation Notes
1st try – simulated Eelgrass associated with CBP restoration goal –  based on seagrass coverage in the 1930s -- this is a very different environment than we have today, and when we got the input from habitat restoration experts for the region, they agreed, is no longer achievable;  

Instead, they recommended modeling levels of SAV associated with more recent maximum coverages


Results

2.0

-
W

-
o

Relative Catch (t/km?/year)

0.5

Relative Catch of Blue Crab

Oyster Scenarios

2.0

1.5

0.5

Seagrass Scenarios

2025

2030
Year

2035

Oyster Increase

- Non-Forcing

Oyster Decrease

2040

2025

2030 2035 2040
Year

Eelgrass Increase
Non-Forcing

Eelgrass Decrease




Linking Ecology and Economics

£ Ecopath with Ecosim

i No £1sh 15 an 15land

Output:

Fisheries Landings/
Revenue

Output:

Employment, Sales,
W

Socio-economic Impact: $$$



Presenter Notes
Presentation Notes
Economic impacts to the region include Direct effects – sales of seafood (example), as well as indirect (other industries that benefit from commercial fisheries) , and induced (more labor income, that gets spent on other goods) 
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Presenter Notes
Presentation Notes

Selected results, assumed to be of most interest – extremes, no restoration (or loss of restored oysters), restored oysters allowed to grow and the reef to mature, and restoration of both oyster and Eelgrass habitats



 After building the initial Ecopath food web, the model was calibrated using system specific data. 
 Habitat change scenarios were then created for varying degrees of eelgrass and oyster restoration and loss, as well as the combined effects of both habitats changing together. 
 Oyster change scenarios decreased biomass to pre-restoration levels, maintained current restored oyster biomass, and increased oyster biomass by 4.7% annually based on previously observed oyster restoration monitoring in similar systems. Eelgrass change scenarios decreased biomass by 2% annually, kept eelgrass at current biomass, and increased eelgrass biomass to the restoration goal. You will notice two different seagrasses depicted here. Eelgrass, the primary seagrass of interest, but also widgeon grass. Literature has indicated that as eelgrass decreases Widgeon grass moves in—we wanted to capture this in our model.
 Finally, combined scenarios were developed, looking at both habitats changing together, specifically both habitats restored, both habitats degraded, and mixed scenarios, such as one of the most likely scenarios to occur in the system: increased oyster biomass and declining eelgrass. 
 For all scenarios, species that are known to be associated with both habitats were changed at the same rate as their respective habitat change. 
 A few other additional scenarios were also developed. For example, a smaller increase of eelgrass to a recent maximum versus a historic maximum, which the restoration goal was based on. You can imagine those smaller increase scenarios would fall somewhere in between these.
 We projected all scenarios from 2021 to 2040, simulating 20 years of change. 
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Federal Award No. NA21NMF4570527
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EAP
Habitat Scientists
Modelers
Economists
Managers 
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Presenter Notes
Presentation Notes
 After building the initial Ecopath food web, the model was calibrated using system specific data. 
 Habitat change scenarios were then created for varying degrees of eelgrass and oyster restoration and loss, as well as the combined effects of both habitats changing together. 
 Oyster change scenarios decreased biomass to pre-restoration levels, maintained current restored oyster biomass, and increased oyster biomass by 4.7% annually based on previously observed oyster restoration monitoring in similar systems. Eelgrass change scenarios decreased biomass by 2% annually, kept eelgrass at current biomass, and increased eelgrass biomass to the restoration goal. You will notice two different seagrasses depicted here. Eelgrass, the primary seagrass of interest, but also widgeon grass. Literature has indicated that as eelgrass decreases Widgeon grass moves in—we wanted to capture this in our model.
 Finally, combined scenarios were developed, looking at both habitats changing together, specifically both habitats restored, both habitats degraded, and mixed scenarios, such as one of the most likely scenarios to occur in the system: increased oyster biomass and declining eelgrass. 
 For all scenarios, species that are known to be associated with both habitats were changed at the same rate as their respective habitat change. 
 A few other additional scenarios were also developed. For example, a smaller increase of eelgrass to a recent maximum versus a historic maximum, which the restoration goal was based on. You can imagine those smaller increase scenarios would fall somewhere in between these.
 We projected all scenarios from 2021 to 2040, simulating 20 years of change. 
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Results: Ecopath

YORK RIVER: Ecopath Food Web
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Presenter Notes
Presentation Notes
This is the food web I developed of the York river using EwE, which includes many of the species depicted on the previous slide, plus many more. The circular nodes on the figure represent the 54 different groups in the system and the node size reflects relative biomass. The species groups are organized by trophic level, which is on the y-axis, and includes the York River fisheries. The gray connective lines link the species based on their interactions within the food web and the line thickness reflects the magnitude of energy flow from one trophic level to the next. 
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