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Martha'’s Vineyard, MA (Wampanoag Tribe 2024)

Figure 1. Overview Map of Project Locations
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Presenter Notes
Presentation Notes
This presentation is centered around an agent-based model that simulates the behavior of diadromous fish in the Northeast United states. The first project is located in Massachusetts on Martha’s Vineyard, and the second project is located in Maine along the Upper Penobscot River.
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Overview

Historic Abundance: Diadromous fish
thrived in Northeast US waterways, supporting
robust fisheries and ecosystems.

Human Impacts: Waterway changes,
overfishing, pollution, and urban growth
disrupted migration and spawning, leading to
population declines.

Industrialization and Pollution: Urbanization
introduced pollutants, degrading habitat and
impeding fish migration further.

Limited Recovery: Despite conservation
efforts, diadromous fish populations remain
fragmented and diminished compared to
historical levels.

Figure 2. Decline of Diadromous Fish (Limburg & Waldman, 2009)
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Presenter Notes
Presentation Notes
I want to start by providing some background on the historical abundance and subsequent decline of diadromous fish in Northeast US waterways. 

Diadromous fish once thrived in these waters, playing a vital role in supporting communities and maintaining healthy ecosystems. 

However, human activities such as waterway changes, overfishing, pollution, and urban growth have disrupted their migration and spawning, leading to significant population declines. 

The onset of industrialization introduced pollutants, further degrading their habitat and hindering fish migration. 

Despite conservation efforts, diadromous fish populations remain fragmented and diminished compared to historical levels.
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Habitat Usage by Fish Diadromous Fish Species
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Figure 3. Habitat Usage Across Known Fish Species
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Figure 4. Types of Diadromy in Fish (An@dromos.pt, 2020)
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Presenter Notes
Presentation Notes
Diadromous fish possess a remarkable characteristic that distinguishes them from the majority of fish species. Despite there being over 32,000 known fish species, less than 1% exhibit the ability to move between marine and freshwater environments. 

Diadromous fish demonstrate two primary types of migration: anadromy and catadromy. Anadromous species migrate from the ocean to freshwater rivers and streams to spawn. Catadromous species, including the American eel, migrate from freshwater to the ocean to reproduce. 

For this presentation, I will focus on two key diadromous fish species in the Northeast: alewives (a species included in the subgroup river herring) and striped bass.
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Habitat Usage by Fish Diadromous Fish Species
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Figure 3. Habitat Usage Across Known Fish Species

Striped Bass

Anadromy Catadromy

Figure 4. Types of Diadromy in Fish (An@dromos.pt, 2020)
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Presenter Notes
Presentation Notes
Diadromous fish possess a remarkable characteristic that distinguishes them from the majority of fish species. Despite there being over 32,000 known fish species, less than 1% exhibit the ability to move between marine and freshwater environments. 

Diadromous fish demonstrate two primary types of migration: anadromy and catadromy. Anadromous species migrate from the ocean to freshwater rivers and streams to spawn. Catadromous species, including the American eel, migrate from freshwater to the ocean to reproduce. 

For this presentation, I will focus on two key diadromous fish species in the Northeast: alewives (a species included in the subgroup river herring) and striped bass.


PREDATION OF RIVER HERRING
ON MARTHA'S VINEYARD

Vanessa Quintana, Todd Swannack, Stephanie Galaitsi, Wampanoag Tribe


Presenter Notes
Presentation Notes
Moving into the project on Martha’s Vineyard, I want to acknowledge that this project was done in collaboration with the Wampanoag tribe in Aquinnah to support the management of a historic herring fishery. The results shown from this project are preliminary and may not reflect the final decision-making from the project. 


Figure 5. Regional Map of Martha’s Vineyard (Oldale, 1992).
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Wampanoag Tribe

For over ten thousand years the Wampanoag have
iInhabited the island of Noepe (Martha’s Vineyard). The
Wampanoag Nation ancestral homelands includes all of
Southeastern Massachusetts and Eastern Rhode Island.

The Tribe resides in Aquinnah on Martha's Vineyard,
upholding a continuous existence in their ancestral
territory.

Herring Creek Fishery

A channel historically
maintained by the Tribe
between Squibnocket
and Menemsha Ponds
In Aquinnah on
Martha’s Vineyard.
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Presenter Notes
Presentation Notes
On Martha's Vineyard, the Wampanoag Tribe has longstanding cultural connections with river herring. This deep-rooted relationship, spanning over 10,000 years, highlights the Tribe's profound bond with the local ecosystem. As the first to encounter the Pilgrims from the Mayflower, the Wampanoag people shared traditional knowledge about the diverse uses of river herring, emphasizing their crucial role as a resource.

The Tribe's commitment to cultural revitalization and environmental stewardship is exemplified through their role in managing a historical herring fishery in Aquinnah. Initiatives like the fishery not only contribute to the preservation of the alewife population but also serve as a means to safeguard the Tribe's cultural heritage. 

This commitment persists despite of historical challenges related to colonialism, which significantly impacted the Wampanoag Tribe's management of the herring population and their habitat. Colonization disrupted traditional practices, and the Tribe faced cultural suppression and territorial encroachment. The imposition of external regulations restricted their access and control over the herring run until 1993, where the herring run was officially returned to tribal control. 

The fishery serves as a beacon of the Tribe's cultural resurgence, providing a tangible link to ancestral practices. In essence, the persistence of the fishery not only preserves cultural heritage but also ensures the continued ecological and economic vitality of the area.



Figure 6. Herring Creek Opening 1900s (Provided by Tribe)

Figure 7. Herring Creek Opening 2023
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Wampanoag Tribe

For over ten thousand years the Wampanoag have
iInhabited the island of Noepe (Martha’s Vineyard). The
Wampanoag Nation ancestral homelands includes all of
Southeastern Massachusetts and Eastern Rhode Island.

The Tribe resides in Aquinnah on Martha's Vineyard,
upholding a continuous existence in their ancestral
territory.

Herring Creek Fishery

A channel historically
maintained by the Tribe
between Squibnocket
and Menemsha Ponds
In Aquinnah on
Martha’s Vineyard.
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Presenter Notes
Presentation Notes
On Martha's Vineyard, the Wampanoag Tribe has longstanding cultural connections with river herring. This deep-rooted relationship, spanning over 10,000 years, highlights the Tribe's profound bond with the local ecosystem. As the first to encounter the Pilgrims from the Mayflower, the Wampanoag people shared traditional knowledge about the diverse uses of river herring, emphasizing their crucial role as a resource.

The Tribe's commitment to cultural revitalization and environmental stewardship is exemplified through their role in managing a historical herring fishery in Aquinnah. Initiatives like the fishery not only contribute to the preservation of the alewife population but also serve as a means to safeguard the Tribe's cultural heritage. 

This commitment persists despite of historical challenges related to colonialism, which significantly impacted the Wampanoag Tribe's management of the herring population and their habitat. Colonization disrupted traditional practices, and the Tribe faced cultural suppression and territorial encroachment. The imposition of external regulations restricted their access and control over the herring run until 1993, where the herring run was officially returned to tribal control. 

The fishery serves as a beacon of the Tribe's cultural resurgence, providing a tangible link to ancestral practices. In essence, the persistence of the fishery not only preserves cultural heritage but also ensures the continued ecological and economic vitality of the area.
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Diadrom8us Rhasraki@tisiicsife Cycle

Can acclimate
to 35 psu at 50

days post-
hatch
Sea Sub-Adults & Adults
Upstream
Migration
Estuary Larvae & Juveniles
Downstream
Migration
Freshwater Tidal Eggs & Yolk-Sac Larvae

Local Behavior?

Striped Bass in Aquinnah sit in a Culvert to Consume Migrating
River Herring.
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Figure 8. Map of Squibnocket and Menemsha Ponds (MEP 2017)
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Presenter Notes
Presentation Notes

River Herring, as anadromous fish species, undertake migrations to freshwater tidal habitats for spawning. These extensive journeys involve traveling inland to spawn, followed by downstream migration through estuarine environments for development, ultimately leading to their return to sea.

It only takes 50 days from the hatch date for river herring to acclimate to high levels of salinity (about 35 psu which is also the concentration of seawater).

River herring have encountered significant historical decline amidst the industrialization of the United States. Contributing factors include overfishing, alterations to waterways, offshore fishing, and habitat degradation.

Under tribal management, the local stock at the Herring Creek Fishery has shown signs of recovery. However, migration survival dropped from approximately 3% in 2016 to around 1% in 2023, coinciding with increased salinity and the presence of a residential striped bass population.

Comprehensive management is challenged by limited knowledge of habitat utilization by different herring life stages. Site-specific obstacles within the Herring Creek Fishery include a 4ft culvert where striped bass gather during the river herring migration. To reach their spawning grounds, herring must traverse this culvert, a task undertaken exclusively during nights and high-water conditions, such as a spring tide.
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Site Characteristics

% Species-Specific Challenges: Overfishing, migration
impediments, offshore fishing, and habitat degradation
has led to the overall decline of river herring stock.

“ Local Recovery and Setbacks: Local stock showed a
brief recovery, but migration survival dropped from ~ 3%
in 2016 to ~1% in 2023, coinciding with increased
salinity and the presence of residential striped bass.

“* Management Impediments: Lack of understanding of
estuary habitat utilization by herring life stages and site-
specific challenges at the Herring Creek Fishery hinder
effective population management.

Local Behavior?

Striped Bass in Aquinnah sit in a Culvert to Consume Migrating
River Herri ng. Figure 8. Map of Squibnocket and Menemsha Ponds (MEP 2017)
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Presenter Notes
Presentation Notes

River Herring, as anadromous fish species, undertake migrations to freshwater tidal habitats for spawning. These extensive journeys involve traveling inland to spawn, followed by downstream migration through estuarine environments for development, ultimately leading to their return to sea.

It only takes 50 days from the hatch date for river herring to acclimate to high levels of salinity (about 35 psu which is also the concentration of seawater).

River herring have encountered significant historical decline amidst the industrialization of the United States. Contributing factors include overfishing, alterations to waterways, offshore fishing, and habitat degradation.

Under tribal management, the local stock at the Herring Creek Fishery has shown signs of recovery. However, migration survival dropped from approximately 3% in 2016 to around 1% in 2023, coinciding with increased salinity and the presence of a residential striped bass population.

Comprehensive management is challenged by limited knowledge of habitat utilization by different herring life stages. Site-specific obstacles within the Herring Creek Fishery include a 4ft culvert where striped bass gather during the river herring migration. To reach their spawning grounds, herring must traverse this culvert, a task undertaken exclusively during nights and high-water conditions, such as a spring tide.
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Challenges in Herring Management

s Unknown habitat
utilization in estuaries by
different life stages

% Increased predation from
species like striped bass
population

 Migration obstructions like
culverts, dams, and
sedimentation
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Ecological Modeling Approaches

Habitat Suitability Models use
species preferences and environmental
data to identify potential habitats
efficiently.

Agent Based Models simulate
individual interactions, and demonstrate
spatial capabilities, replicating long
migration routes, migration barriers, and
narrow channels.

12


Presenter Notes
Presentation Notes
In light of these challenges, it is evident that traditional approaches to herring management may fall short, and management strategies must encompass a multidisciplinary understanding of ecosystem dynamics, and ecological modeling shows potential as a tool to tackle these challenges. Specifically, habitat suitability models can be used to identify potential herring habitat, and agent based modeling can simulate interactions between herring and striped bass within their spatial environment.
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Habitat Suitability Model: Spawning Alewife Habitat Types of Questions Addressed:

«» How suitable is the habitat for
L e herring populations?
Habitat Quality

* What areas should be
targeted for conservation to
enhance herring populations?

* How might herring populations

Temperature Depth Flow Velocity Salinity Substrate respond to habitat
Figure 9. Conceptual Model for Habitat Suitability of River Herring modifications or restoration

] ] o TemperfT!uve Suitability muTx: Spawning Adull‘AIewives | | eﬁo rts’)
Habitat Suitability Index: ,

guantifies _t_he suita_lbility of a habitat % How will climate change affect
for a specific species on a scale of O

to 1, where O represents poor-quality - | | Lhe _Su'ta})b'“ty of herring
habitat and 1 represents optimal " | abitats?
conditions.
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Presenter Notes
Presentation Notes
A habitat suitability model generally contains multiple habitat suitability indices, where a habitat suitability index quantifies habitat quality on a range of 0-1. 0 is poor quality and 1 is optimal habitat. 

Habitat suitability modeling can address a lot of surface level management questions about long term changes within the environment and what that could mean for herring habitat.
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What is Agent-Based Modeling?

Modeling technigue to simulate complex systems by
representing individual agents and their interactions within a
specified environment.

What are Agents?

s Agents are individual entities with the ability to make decisions based on
predefined rules or behaviors.

*» Interact with other agents and the environment through “Patch Attributes”.

Patches and Patch Attributes?

Patch Example
R/

% A'"patch" refers to a specific location within the modeled environment,
which can represent distinct spatial units.

% “Patch Attributes” are specific characteristics or features associated

with individual spatial units, representing environmental conditions or

resources within a modeled area.

Figure 10. Conceptual Diagram for Coupled Modeling Framework
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Types of Questions Addressed:

+ What factors influence the
reproductive success of river
herring?

* What factors influence the
selection of habitats by river
herring for feeding and
spawning?

* How might changes in habitat
availability influence river
herring survival?

** How do barriers, such as
dams or culverts, impact river
herring movement?

14


Presenter Notes
Presentation Notes
Moving from static representations of environmental conditions in HSI to the dynamic simulation of individual agents and their interactions in ABM we can explore not only habitat quality but also the intricate dynamics and emergent properties that arise from the collective behavior of individual agents in a simulated environment.

Specifically, the coupled model uses concepts Landward Migration, Seaward Migration, Reproduction, and Predation to address the project objectives listed on the right. Where the location of alewives is dependent on habitat quality and the location of striped bass is dependent on the location of river herring. You’ll also notice that the same parameters can affect multiple behaviors in the model like swimming speed, energy, time, age, and tidal conditions.
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Seaward

Landward : ; _ .
Migration Population Size Migration

of
River Herring

Habitat Quality

Location
of
Striped
Bass

Reproduction e Predation

Figure 10. Conceptual Diagram for Coupled Modeling Framework
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Location
of
Alewives

Project Objectives Addressed:

«» How suitable is the habitat for
spawning alewives?

** What areas experience the
most predation by striped
bass?

% Where is spawning occurring
within the environment?

% Is predation limiting alewife
spawning?

15


Presenter Notes
Presentation Notes
Moving from static representations of environmental conditions in HSI to the dynamic simulation of individual agents and their interactions in ABM we can explore not only habitat quality but also the intricate dynamics and emergent properties that arise from the collective behavior of individual agents in a simulated environment.

Specifically, the coupled model uses concepts Landward Migration, Seaward Migration, Reproduction, and Predation to address the project objectives listed on the right. Where the location of alewives is dependent on habitat quality and the location of striped bass is dependent on the location of river herring. You’ll also notice that the same parameters can affect multiple behaviors in the model like swimming speed, energy, time, age, and tidal conditions.
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Patch Size 3 x 3 (meters)

Sea

Figure 11. Map of Menemsha and Squibnocket Ponds

Estuary
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Design Concepts

Agents:

_ Alewives
Striped Bass
Behaviors:
* Migration <+ Predation
s Spawning <+ Schooling

Patch Attributes:

+ Habitat Quality
s # of Spawning Events
s # of Prey Consumed

16


Presenter Notes
Presentation Notes
As we venture into the demonstration of the coupled model, you'll witness the fusion of habitat suitability insights with the dynamic behaviors of agents, offering a comprehensive understanding of ecosystem dynamics. In the model, the herring begin their migration from the north end of Menemsha Pond and journey south through the herring fishery into Squibnocket Pond. The herring only migrate through the fishery at night with tidal conditions that produce higher water levels in the fishery. You’ll notice the herring in grey and striped bass in yellow. The prey turn red are when fleeing predation by striped bass. 

When the herring reach their spawning limit, they will attempt to migrate back to sea. Here you can see patches where prey have been consumed in red and patches where spawning has occurred in green.

I also would like to point out an emergent behavior captured here where a significant portion of the prey population finishes spawning and attempts to migrate back downstream at the same time. This is a result in the model that only emerges when multiple agents are observed collectively.


Figure 12. Landward Migration Movement of Herring (Model Demo)
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Sea

Estuary
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Landward Migration

Agents:

_ Alewives
Striped Bass
Behaviors:
* Migration <+ Predation
s Spawning <+ Schooling

Patch Attributes:

+ Habitat Quality
s # of Spawning Events
s # of Prey Consumed
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Presenter Notes
Presentation Notes
As we venture into the demonstration of the coupled model, you'll witness the fusion of habitat suitability insights with the dynamic behaviors of agents, offering a comprehensive understanding of ecosystem dynamics. In the model, the herring begin their migration from the north end of Menemsha Pond and journey south through the herring fishery into Squibnocket Pond. The herring only migrate through the fishery at night with tidal conditions that produce higher water levels in the fishery. You’ll notice the herring in grey and striped bass in yellow. The prey turn red are when fleeing predation by striped bass. 

When the herring reach their spawning limit, they will attempt to migrate back to sea. Here you can see patches where prey have been consumed in red and patches where spawning has occurred in green.

I also would like to point out an emergent behavior captured here where a significant portion of the prey population finishes spawning and attempts to migrate back downstream at the same time. This is a result in the model that only emerges when multiple agents are observed collectively.





O

Figure 13. Seaward Migration Movement of Herring (Model Demo)
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Sea

Estuary
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Seaward Migration

Agents:

. Alewives
Striped Bass
Behaviors:
* Migration <+ Predation
s Spawning <« Schooling

Patch Attributes:

+ Habitat Quality
s # of Spawning Events
s # of Prey Consumed

18


Presenter Notes
Presentation Notes
As we venture into the demonstration of the coupled model, you'll witness the fusion of habitat suitability insights with the dynamic behaviors of agents, offering a comprehensive understanding of ecosystem dynamics. In the model, the herring begin their migration from the north end of Menemsha Pond and journey south through the herring fishery into Squibnocket Pond. The herring only migrate through the fishery at night with tidal conditions that produce higher water levels in the fishery. You’ll notice the herring in grey and striped bass in yellow. The prey turn red are when fleeing predation by striped bass. 

When the herring reach their spawning limit, they will attempt to migrate back to sea. Here you can see patches where prey have been consumed in red and patches where spawning has occurred in green.

I also would like to point out an emergent behavior captured here where a significant portion of the prey population finishes spawning and attempts to migrate back downstream at the same time. This is a result in the model that only emerges when multiple agents are observed collectively.
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Alewife Population Count During Simulated Migration

Model Daily

Predation Location w [ | |
Outputs
Rate w L .
Of . Predation Level
Predation ® Baseline
- Moderate
Bass . o Extreme
_ _ Population - Bl .
Migration Alewife g m | -|
Duration Population < | |
Herring ® - 2
: Creek °
D I Apr May Jun Jul Aug Sep
S a\?llr?l/n Counts Simulated Time 2024
pRate 9 Location Figure 14. Population count of alewives throughout simulated migration for each experimental scenario
o Experimental Design
Spawning
Spawning _ _ _ _
Duration Baseline Scenario  Moderate Scenario Extreme Scenario
% 500 Alewives s 500 Alewives s 500 Alewives
% 0 Striped Bass % 5 Striped Bass s 25 Striped Bass
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Presenter Notes
Presentation Notes
The coupled model can output a variety of metrics and custom parameters to provide a better understanding of the dynamics within the project area. To demonstrate model utility I ran an experiment comparing baseline moderate and extreme predation scenarios.
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Predation Activity During Migration
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Figure 15. Spawning activity of alewives throughout simulated migration

(4 encounters per alewife)
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Figure 16. Predation activity by striped bass throughout simulated migration
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Presenter Notes
Presentation Notes
I chose to focus on the two main behaviors we wanted to isolate for the project: Spawning and Predation.

In the baseline scenario, spawning activity exhibited by herring had the shortest duration at ~ 10 days. No predation occurred in the baseline scenario, and without predators in the system, river herring were unable to reach their full spawning potential of 4 spawning events per fish. Prey agents only had an average of 2 spawning events per fish.

Under moderate predation, spawning activity exhibited by herring had the longest duration of ~ 39 days, and predation activity also lasted around ~39 days. The addition of striped bass predation allowed the herring to reach their full spawning potential with an average of 4 spawning events per fish. This could be attributed to more interaction between individual prey agents as a result of predation pressure. Migration survival was ~ 37 % for the herring population.

Under extreme predation, the duration of spawning activity decreased to ~ 15 days, predation was also lasted 15 days resulting in the mortality of 97.2% of the total herring population. 

The addition of striped bass predation also allowed the herring to reach their full spawning potential with an average of 4 spawning events per fish, similarly to the moderate scenario, but you can see that under the extreme conditions, predation can become a barrier to migration, spawning is delayed and some herring are consumed before they are able to spawn. 

When observed together across the moderate and extreme levels of predation, you can see that predation is only occurring when spawning in the prey population is also occurring. 

These dynamics can have extreme effects on the success of the river herring population, and these results would be unattainable from observations and static data collection alone. The use of ecological models, particularly ABM, provides a comprehensive understanding of how predator-prey dynamics influence the reproductive success and population dynamics of river herring. 
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Spawning Activity During Migration

Predation Activity During Migration
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Figure 15. Spawning activity of alewives throughout simulated migration Figure 16. Predation activity by striped bass throughout simulated migration

(4 encounters per alewife)
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Presenter Notes
Presentation Notes
I chose to focus on the two main behaviors we wanted to isolate for the project: Spawning and Predation.

In the baseline scenario, spawning activity exhibited by herring had the shortest duration at ~ 10 days. No predation occurred in the baseline scenario, and without predators in the system, river herring were unable to reach their full spawning potential of 4 spawning events per fish. Prey agents only had an average of 2 spawning events per fish.

Under moderate predation, spawning activity exhibited by herring had the longest duration of ~ 39 days, and predation activity also lasted around ~39 days. The addition of striped bass predation allowed the herring to reach their full spawning potential with an average of 4 spawning events per fish. This could be attributed to more interaction between individual prey agents as a result of predation pressure. Migration survival was ~ 37 % for the herring population.

Under extreme predation, the duration of spawning activity decreased to ~ 15 days, predation was also lasted 15 days resulting in the mortality of 97.2% of the total herring population. 

The addition of striped bass predation also allowed the herring to reach their full spawning potential with an average of 4 spawning events per fish, similarly to the moderate scenario, but you can see that under the extreme conditions, predation can become a barrier to migration, spawning is delayed and some herring are consumed before they are able to spawn. 

When observed together across the moderate and extreme levels of predation, you can see that predation is only occurring when spawning in the prey population is also occurring. 

These dynamics can have extreme effects on the success of the river herring population, and these results would be unattainable from observations and static data collection alone. The use of ecological models, particularly ABM, provides a comprehensive understanding of how predator-prey dynamics influence the reproductive success and population dynamics of river herring. 
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Presenter Notes
Presentation Notes
I chose to focus on the two main behaviors we wanted to isolate for the project: Spawning and Predation.

In the baseline scenario, spawning activity exhibited by herring had the shortest duration at ~ 10 days. No predation occurred in the baseline scenario, and without predators in the system, river herring were unable to reach their full spawning potential of 4 spawning events per fish. Prey agents only had an average of 2 spawning events per fish.

Under moderate predation, spawning activity exhibited by herring had the longest duration of ~ 39 days, and predation activity also lasted around ~39 days. The addition of striped bass predation allowed the herring to reach their full spawning potential with an average of 4 spawning events per fish. This could be attributed to more interaction between individual prey agents as a result of predation pressure. Migration survival was ~ 37 % for the herring population.

Under extreme predation, the duration of spawning activity decreased to ~ 15 days, predation was also lasted 15 days resulting in the mortality of 97.2% of the total herring population. 

The addition of striped bass predation also allowed the herring to reach their full spawning potential with an average of 4 spawning events per fish, similarly to the moderate scenario, but you can see that under the extreme conditions, predation can become a barrier to migration, spawning is delayed and some herring are consumed before they are able to spawn. 

When observed together across the moderate and extreme levels of predation, you can see that predation is only occurring when spawning in the prey population is also occurring. 

These dynamics can have extreme effects on the success of the river herring population, and these results would be unattainable from observations and static data collection alone. The use of ecological models, particularly ABM, provides a comprehensive understanding of how predator-prey dynamics influence the reproductive success and population dynamics of river herring. 
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Predation acts as a migration barrier, prolonging
upstream migration time and increasing the duration
of spawning activity.

Moderate predation pressure increases reproductive
success within the prey population

Elevated predation at migration pinch-points
highlights a need for potential management
Interventions to decrease high levels of predation
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Presenter Notes
Presentation Notes
Insights from modeling simulations were invaluable for informing conservation strategies and decision-making for the herring creek fishery. Simulation results showed that Striped Bass predation in martha’s vineyard may be acting as a barrier to migration which delays migration and prolongs the duration of spawning activity within the prey population

Moderate predation has a positive influence on reproductive success within the prey population

And elevated predation pressures at migration pinch points shows the need for more potential management intervention stratedgies


BIOACCUMULATION AND
FISH PASSAGE IN THE
PENOBSCOT RIVER

Vanessa Quintana, Kimberly Huguenard, Todd Swannack, Kyle McKay


Presenter Notes
Presentation Notes
Moving from predation pressures at migration pinch-points in martha’s vineyard, I’m now going to pivot to the bioaccumulation of methylmercury in diadromous fish at migration pinch points. 

This results shown as part of this project are preliminary and are utilized to demonstrate modeling utility
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BACKGROUND INFORMATION

Penobscot River, Maine

Figure 17. Map of Penobscot River, Maine

Diadromous Fish Habitat

The Penobscot River in Maine, vital for diadromous
fish, providing essential spawning grounds and
migration routes crucial for their life cycles. Despite its
historical significance as a fisheries resource, toxicity in
fish has led to consumption and fishing advisories.

Mercury Contamination?

Historical mercury
contamination in the river
stems from industrial
activities, including
lumber mills and
chemical manufacturing.
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Presenter Notes
Presentation Notes
The Penobscot river serves as habitat for many diadromous fish species like Striped Bass and River Herring. Historically, the river has undergone extensive waterway alterations from industrial activities like lumber milling and alkaline manufacturing processes which led to significant mercury contamination along the main stem of the Penobscot River. These waterway alterations have introduced barriers and restructured migratory pathways for diadromous fish, but it’s unknown how these migratory barriers affect the bioaccumulation rates of methylmercury in fish.
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MERCURY CONTAMINATION
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** Reproductive effects

% Endocrine disruption

Figure 27. Bacterial Methylation of Mercury (Voice of the Ocean, 2023)
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Presenter Notes
Presentation Notes
While Mercury in itself is not toxic to humans and fish, mercury undergoes natural bacterial processes of methylation to convert mercury to its toxic form of methylmercury. Methylmercury can be absorbed in fish and magnifies through trophic transfer which is known as bioaccumulation. Fish higher in the trophic levels will have higher levels of methylmercury than fish at lower trophic levels. 

In systems where fish have high levels of methylmercury, fishing bans and consumption limits are put in place to protect human health. Methylmercury poisoning in human populations can cause birth defects and neurological disorders.
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MERCURY CONTAMINATION

Figure 28. Bioaccumulation of Methylmercury (Voice of the Ocean, 2023)
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Presenter Notes
Presentation Notes
While Mercury in itself is not toxic to humans and fish, mercury undergoes natural bacterial processes of methylation to convert mercury to its toxic form of methylmercury. Methylmercury can be absorbed in fish and magnifies through trophic transfer which is known as bioaccumulation. Fish higher in the trophic levels will have higher levels of methylmercury than fish at lower trophic levels. 

In systems where fish have high levels of methylmercury, fishing bans and consumption limits are put in place to protect human health. Methylmercury poisoning in human populations can cause birth defects and neurological disorders.
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Presenter Notes
Presentation Notes
Previously the Penobscot River system has been part of a major restoration project where the objective was to restore fish passage throughout the basin. During this project, several dams were removed and channels redesigned with fish passage in mind. Despite this interest, numerous migration pinch points remain in the river system, and overlap with areas of significant mercury contamination.

So how can we understand how these pinchpoints affect bioaccumulation of mercury? 
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Figure 22. Fish Passageway (USFW 2022)

Figure 18. Map of Penobscot River, Maine
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Presenter Notes
Presentation Notes
Previously the Penobscot River system has been part of a major restoration project where the objective was to restore fish passage throughout the basin. During this project, several dams were removed and channels redesigned with fish passage in mind. Despite this interest, numerous migration pinch points remain in the river system, and overlap with areas of significant mercury contamination.

So how can we understand how these pinchpoints affect bioaccumulation of mercury? 
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(Bodaly & Kopec, 2013)
Figure 25. Mercury Transport in the Penobscot Rive
(Rockwell Geyer & Ralston, 2018)
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Presenter Notes
Presentation Notes
Previously the Penobscot River system has been part of a major restoration project where the objective was to restore fish passage throughout the basin. During this project, several dams were removed and channels redesigned with fish passage in mind. Despite this interest, numerous migration pinch points remain in the river system, and overlap with areas of significant mercury contamination.

So how can we understand how these pinchpoints affect bioaccumulation of mercury? 
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MODEL ADAPTATIONS
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Figure 10. Conceptual Diagram for Coupled Modeling Framework
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Location
of
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«» How suitable is the habitat for
spawning alewives?

** What areas experience the
most predation by striped
bass?

% Where is spawning occurring
within the environment?

% Is predation limiting alewife
spawning?
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Presenter Notes
Presentation Notes
Moving from static representations of environmental conditions in HSI to the dynamic simulation of individual agents and their interactions in ABM we can explore not only habitat quality but also the intricate dynamics and emergent properties that arise from the collective behavior of individual agents in a simulated environment.

Specifically, the coupled model uses concepts Landward Migration, Seaward Migration, Reproduction, and Predation to address the project objectives listed on the right. Where the location of alewives is dependent on habitat quality and the location of striped bass is dependent on the location of river herring. You’ll also notice that the same parameters can affect multiple behaviors in the model like swimming speed, energy, time, age, and tidal conditions.
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MODEL ADAPTATIONS
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Figure 29. Conceptual Diagram for Modeling Framework
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Project Objectives Addressed:

* How does migratory fish
passage design impact
bioaccumulation in
contaminated systems?

s What fish passage types
attribute to the highest rates of
bioaccumulation?

s How might changes in fish
passage influence river
herring survival?

¢ How do barriers from
predation, impact the duration
of exposure to methylmercury
in prey?

32


Presenter Notes
Presentation Notes
Well we know that methylmercury concentration in fish is significantly driven by predation and trophic level transfers, and we already modeled migratory fish predation using striped bass and river herring in Martha’s Vineyard, so can we use the model to understand how fish passage types (e.g, culverts, fish ladders, geographic pinch-points, and dams) affect predation and bioaccumulation of contaminants like methylmercury?

What allows us to use the same model? 
Both research questions from each project rely on the similar generalized fish behaviors (Landward Migration & Predation)

The seaward migration, and reproduction behaviors were removed and replaced with generalized behaviors on the environmental uptake and elimination of methylmercury. 

You can also see how the previous model was adapted.


Model
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Average
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MODEL UTILITY

Alewife Population Count During Simulated Migration
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Figure 30. Population count of alewives throughout simulated migration for each experimental scenario

Experimental Design

Baseline Scenario Moderate Scenario Extreme Scenario
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% 0 Striped Bass % 5 Striped Bass % 25 Striped Bass
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Presenter Notes
Presentation Notes
The model outputs were also adapted to represent new metrics that quantify the variables of interest in the new project, but the model simulation was set up the same to test different predation levels.
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MODELING FISH PASSAGE

Null Design Ecosystem-Based Standard Pipe
Figure 31. Uninhibited Fish Passage Figure 32. Nature-Based Passage Design (FEMA, 2022) Figure 33. Basic Fish Passage Design (FEMA, 2022)
Modeled Channel Modeled Channel Modeled Channel
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Presenter Notes
Presentation Notes
In this model simulation, different fish passage designs were tested to understand how migratory pinch points affect the bioaccumulation rates in diadromous fish. 
The Null Design is based of uninhibited fish passage within the channel at 25 meters, while this may not represent the entire channel width, it represents areas of stream convergence within the river system. 
The Ecosystem-Based design represents updated nature-based solution passage designs
The Standard Pipe represents the most common fish passage design along the Penobscot River


Null Design

Figure 34. Uninhibited Fish Passage
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MODEL DEMONSTRATION

Ecosystem-Based Standard Pipe

Figure 35. Nature-Based Fish Passage Design Figure 36. Basic Fish Passage Design
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Presenter Notes
Presentation Notes
This is how each design was simulated in the modeling environment, where fish migrate North-South.
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Figure 38. Bioaccumulation Rate in Predators throughout Baseline, Moderate, and Extreme Predation Scenarios
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Presenter Notes
Presentation Notes
The first metric I wanted to represent was the bioaccumulation rate in predators. Here you can see that the bioaccumulation rate increases across each design but remains constant across the moderate and extreme predation levels. The blue line represents the baseline predation level and shows no bioaccumulation because there are no predators in the baseline predation scenarios.
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Figure 39. Duration of Exposure to Mercury in Prey throughout Baseline, Moderate, and Extreme Predation Scenarios
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Presenter Notes
Presentation Notes
The second metric is a prey metric that estimated the duration of exposure time to methylmercury as the fish migrated upstream to its spawning ground. Here you can see that both the Null and ecosystem-based design show little increase in exposure time to contaminants, but the standard pipe design substantially increases the exposure time of methylmercury in the prey populations. Increased exposure = increased contamination levels in prey fish.
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Figure 37. Mean Methylmercury Concentration in Predators throughout Baseline, Moderate, and Extreme Predation Scenarios


Presenter Notes
Presentation Notes
Last, I wanted to reference the total amount of Methylmercury in Predator Fish across all three designs, where we can see that the standard pipe design emerges as a potential contributor to high levels of methylmercury in fish populations. Without agent-based modeling, this behavior and dynamic would have been extremely hard to isolate in fish due to their highly migratory and dynamic nature. Agent based modeling allows use to isolate these dynamics to tackle complex issues like fish passage.


POTENTIAL MANAGEMENT IMPLICATIONS
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Migration pinch-points increase bioaccumulation
rates and methylmercury concentrations in the
predator population.

The standard pipe design of fish passage
substantially increases the exposure duration to
contaminants in prey populations.

Bioaccumulation should be a dynamic considered
when designing fish passage in contaminated
environments
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REFLECTIONS
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Specific

Is specific to dynamic
environments and can
incorporate real
environmental conditions
and observed behaviors.
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MODELING STRENGTHS

Adaptable

Adaptable across diverse
environmental settings, allowing for
the exploration of varied scenarios

and research questions using
generalized and interchangeable
behaviors.
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Scenario Testing

Can facilitate scenario
testing to assess the
potential impact of
different management
strategies.
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Presenter Notes
Presentation Notes

Overall, agent-based modeling is an extremely useful tool to include in fisheries management. Agent based modeling can also incorporate real data and site specific observations. 

The models are highly adaptable, aligning seamlessly with the NextGen Ecological Modeling initiative by ERDC through enabling the adaptation of a model alongside generalized and interchangeable behavior modules, empowering researchers to effectively address numerous objectives across diverse environmental landscapes without constantly developing a new model.

These characteristics make agent based models suitable to facilitate scenario testing and assess the impact of potential management strategies. 

As with all techniques there are limitations:
Models are complex and interpreting results and dynamics within the model require specialized knowledge
Models are sensitive to the observations and behaviors represented within the model, so incorrect observations can decrease the accuracy of model results
Agent-Based models can be difficult to communicate to stakeholders for informed decision making

These limitations can be overcome by using known modeling best practices like standardized and transparent workflow documentation.
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MODELING LIMITATIONS

Complexity

Managing and interpreting
the results and interactions
from the model are complex,
posing challenges for
implementation.

Salaptabie

Inaccurate assumptions
during model development
can introduce biases or
errors into the model's
predictions, which impact
the reliability of model
results.
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Communication

Effective communication
Is crucial for translating
model outcomes into
actionable management
strategies and informed
decision-making.
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Presenter Notes
Presentation Notes

Overall, agent-based modeling is an extremely useful tool to include in fisheries management. Agent based modeling can also incorporate real data and site specific observations. 

The models are highly adaptable, aligning seamlessly with the NextGen Ecological Modeling initiative by ERDC through enabling the adaptation of a model alongside generalized and interchangeable behavior modules, empowering researchers to effectively address numerous objectives across diverse environmental landscapes without constantly developing a new model.

These characteristics make agent based models suitable to facilitate scenario testing and assess the impact of potential management strategies. 

As with all techniques there are limitations:
Models are complex and interpreting results and dynamics within the model require specialized knowledge
Models are sensitive to the observations and behaviors represented within the model, so incorrect observations can decrease the accuracy of model results
Agent-Based models can be difficult to communicate to stakeholders for informed decision making

These limitations can be overcome by using known modeling best practices like standardized and transparent workflow documentation.


UNCLASSIFIED

POTENTIAL OF FUTURE USE

Model can be used for individual/local
population management

Model can be used to inform fish passage
design to decrease predation and

Predation of River Herring bioaccumulation in water systems
by Striped Bass on
Martha’s Vineyard Model can be used to predict timing of fish

passage along the migratory corridors

Model can be applied to fish species with
same generalized behaviors

Bioaccumulation of Methylmercury ,
PFAS, and PCBs, in fish
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Presenter Notes
Presentation Notes
To extend the impact of our generalized modeling approach in line with the NextGen Ecological Modeling initiative and show the versatility of agent based modeling, I wanted to explore potential future applications of the predation model from Martha's Vineyard. Where we have already adapted the model to calculate bioaccumulation of methylmercury which can be broadly applied to other bio-accumulated contaminants like PFAS and PCBs, used for local population management, inform fish passage design, predict migration timing, and can even apply to species with the same generalized behaviors.

So, by leveraging the versatility inherent in agent based modeling to develop generalized modeling approaches, we can streamline ecological modeling development and application to enhance ecological research and inform decision-making for better fisheries management, and specifically in this case river herring.
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Presenter Notes
Presentation Notes
I would like to this time to extend my sincere gratitude to the Wampanoag Tribe for their gracious consideration, invaluable access to historical fisheries knowledge.
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