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Estuaries are critical habitat for birds, 
fish, shellfish, and other wildlife

Presenter Notes
Presentation Notes
Salish Sea estuaries encompass the areas where our rivers meet the Puget Sound. These areas are typically characterized by intricate networks of channels bounded by wetlands, tidal marsh, and mudflat. 
Estuaries are critically important habitats in Puget Sound. They provide habitat for culturally and commercially important species including salmon and shellfish, as well as acting as buffers to prevent flooding and erosion, they also improve water quality by filtering pollutants from the surrounding water. 
Historically, estuaries were incredibly widespread throughout this region, however, because river deltas are incredibly productive, they were historically developed and converted to farmland. In the last 150 years, we have lost approximately 80-90% of our tidal wetlands to agriculture and urban development. 
What remains is a fragmented patchwork of habitat – as can be seen in this visualization of the Skagit River Delta showing the extent of tidal wetlands in 1850 vs. 2010
92 species of birds use Puget Sound estuaries
Puget Sound estuaries have been designated areas of regional and hemispheric importance



In the past 150 years, Puget Sound 
has lost an estimated 74% of historic 
estuarine habitat
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Presentation Notes
Salish Sea estuaries encompass the areas where our rivers meet the Puget Sound. These areas are typically characterized by intricate networks of channels bounded by wetlands, tidal marsh, and mudflat. 
Estuaries are critically important habitats in Puget Sound. They provide habitat for culturally and commercially important species including salmon and shellfish, as well as acting as buffers to prevent flooding and erosion, they also improve water quality by filtering pollutants from the surrounding water. 
Historically, estuaries were incredibly widespread throughout this region, however, because river deltas are incredibly productive, they were historically developed and converted to farmland. In the last 150 years, we have lost approximately 80-90% of our tidal wetlands to agriculture and urban development. 
What remains is a fragmented patchwork of habitat – as can be seen in this visualization of the Skagit River Delta showing the extent of tidal wetlands in 1850 vs. 2010
92 species of birds use Puget Sound estuaries
Puget Sound estuaries have been designated areas of regional and hemispheric importance



Estuary restoration is widespread, but 
largely focused on salmonids
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Salish Sea estuaries encompass the areas where our rivers meet the Puget Sound. These areas are typically characterized by intricate networks of channels bounded by wetlands, tidal marsh, and mudflat. 
Estuaries are critically important habitats in Puget Sound. They provide habitat for culturally and commercially important species including salmon and shellfish, as well as acting as buffers to prevent flooding and erosion, they also improve water quality by filtering pollutants from the surrounding water. 
Historically, estuaries were incredibly widespread throughout this region, however, because river deltas are incredibly productive, they were historically developed and converted to farmland. In the last 150 years, we have lost approximately 80-90% of our tidal wetlands to agriculture and urban development. 
What remains is a fragmented patchwork of habitat – as can be seen in this visualization of the Skagit River Delta showing the extent of tidal wetlands in 1850 vs. 2010
92 species of birds use Puget Sound estuaries
Puget Sound estuaries have been designated areas of regional and hemispheric importance



2017

2018

2020-2021

2023

2024-present

Inventoried past estuary 
bird monitoring efforts

Presenter Notes
Presentation Notes
Which is what Ecostudies, along with a host of dedicated partners, have been working towards for nearly a decade. 
- These initial Phases I & II were primarily dedicated to information gathering: 
- Compiling an inventory of past bird monitoring efforts and then holding regional workshops with the goal of identifying information needs and questions. 
-We found that estuary bird monitoring in the past was often locally-focused and again used a wide range of protocols and study designs which made it generally not applicable to broader spatial scales. There was strong agreement overall that a coordinated, regional approach was needed. 
- Fast forward to 2020-2021, we had the opportunity to test new study designs and protocols at several restoration sites in the North Sound. 
And finally this information was compiled into a cohesive framework, which provided standardized methods that could be applied across sites at broad spatial scales. 
- 2024 marks the initial year of operationalizing that framework, but this is just the beginning – as we anticipate that we will need to several years of data collection to really accumulate a robust dataset. 



2017

2018

2020-2021

2023

2024-present

Held regional working 
group meetings
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Presentation Notes
Which is what Ecostudies, along with a host of dedicated partners, have been working towards for nearly a decade. 
- These initial Phases I & II were primarily dedicated to information gathering: 
- Compiling an inventory of past bird monitoring efforts and then holding regional workshops with the goal of identifying information needs and questions. 
-We found that estuary bird monitoring in the past was often locally-focused and again used a wide range of protocols and study designs which made it generally not applicable to broader spatial scales. There was strong agreement overall that a coordinated, regional approach was needed. 
- Fast forward to 2020-2021, we had the opportunity to test new study designs and protocols at several restoration sites in the North Sound. 
And finally this information was compiled into a cohesive framework, which provided standardized methods that could be applied across sites at broad spatial scales. 
- 2024 marks the initial year of operationalizing that framework, but this is just the beginning – as we anticipate that we will need to several years of data collection to really accumulate a robust dataset. 



2017

2018

2020-2021

2023

2024-present

Conducted pilot study in 
the north Puget Sound
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Which is what Ecostudies, along with a host of dedicated partners, have been working towards for nearly a decade. 
- These initial Phases I & II were primarily dedicated to information gathering: 
- Compiling an inventory of past bird monitoring efforts and then holding regional workshops with the goal of identifying information needs and questions. 
-We found that estuary bird monitoring in the past was often locally-focused and again used a wide range of protocols and study designs which made it generally not applicable to broader spatial scales. There was strong agreement overall that a coordinated, regional approach was needed. 
- Fast forward to 2020-2021, we had the opportunity to test new study designs and protocols at several restoration sites in the North Sound. 
And finally this information was compiled into a cohesive framework, which provided standardized methods that could be applied across sites at broad spatial scales. 
- 2024 marks the initial year of operationalizing that framework, but this is just the beginning – as we anticipate that we will need to several years of data collection to really accumulate a robust dataset. 



2017

2018

2020-2021

2023

2024-present

Developed SSEAM 
monitoring framework
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Which is what Ecostudies, along with a host of dedicated partners, have been working towards for nearly a decade. 
- These initial Phases I & II were primarily dedicated to information gathering: 
- Compiling an inventory of past bird monitoring efforts and then holding regional workshops with the goal of identifying information needs and questions. 
-We found that estuary bird monitoring in the past was often locally-focused and again used a wide range of protocols and study designs which made it generally not applicable to broader spatial scales. There was strong agreement overall that a coordinated, regional approach was needed. 
- Fast forward to 2020-2021, we had the opportunity to test new study designs and protocols at several restoration sites in the North Sound. 
And finally this information was compiled into a cohesive framework, which provided standardized methods that could be applied across sites at broad spatial scales. 
- 2024 marks the initial year of operationalizing that framework, but this is just the beginning – as we anticipate that we will need to several years of data collection to really accumulate a robust dataset. 



2017

2018

2020-2021

2023

2024-present

SSEAM program 
implementation
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Which is what Ecostudies, along with a host of dedicated partners, have been working towards for nearly a decade. 
- These initial Phases I & II were primarily dedicated to information gathering: 
- Compiling an inventory of past bird monitoring efforts and then holding regional workshops with the goal of identifying information needs and questions. 
-We found that estuary bird monitoring in the past was often locally-focused and again used a wide range of protocols and study designs which made it generally not applicable to broader spatial scales. There was strong agreement overall that a coordinated, regional approach was needed. 
- Fast forward to 2020-2021, we had the opportunity to test new study designs and protocols at several restoration sites in the North Sound. 
And finally this information was compiled into a cohesive framework, which provided standardized methods that could be applied across sites at broad spatial scales. 
- 2024 marks the initial year of operationalizing that framework, but this is just the beginning – as we anticipate that we will need to several years of data collection to really accumulate a robust dataset. 



Salish Sea Estuaries Avian 
Monitoring Framework

• Support a regional network of partners 

• Collect data using standardized monitoring protocols

• Maintain a central, shared database

• Evaluate fine-scale avian habitat associations

Presenter Notes
Presentation Notes
In these initial years, our main objectives are to…



Why is avian monitoring 
important?
 Establish a baseline of fine-

scale habitat associations 

 Identify priorities for 
restoration actions

 Predict population trends at a 
regional scale

Presenter Notes
Presentation Notes
So we’ve established that estuaries are critical bird habitat, why is it important that we monitor them? 
Firstly, widespread monitoring can help us establish a baseline of fine-scale habitat associations. We need to know how birds are currently using the specific habitat features (such as percent cover of different habitat types, vegetation composition, salinity, elevation, channel structure) within estuaries to understand how future changes might impact their presence or abundance. 



 Establish a baseline of fine-
scale habitat associations 

 Identify priorities for 
restoration actions

 Predict population trends at 
a regional scale

Why is avian monitoring 
important?

Presenter Notes
Presentation Notes
Understanding these habitat relationships can help us identify restoration actions that are key for supporting birds within these landscapes – whether that’s establishing large woody debris, excavating channels, planting certain types of vegetation, etc. 



 Establish a baseline 
of fine-scale habitat 
associations 

 Identify priorities for 
restoration actions

 Predict population 
trends at a regional 
scale

Why is avian 
monitoring 
important?

Presenter Notes
Presentation Notes
And finally, by modelling avian abundance and occurrence on the landscape as a function of these habitat characteristics, we can make predictions about how populations may fluctuate depending upon what we suspect future habitat conditions to look like. Here’s one example of some habitat modelling that was done a few years ago, where they predicted abundance of two species under the current extent of estuarine wetlands, and then a hypothetical restoration scenario in which wetlands are restored to their original extent across Puget Sound. 

This project showed that this sort of modelling could be done, but it was greatly limited by the quality of historic datasets that were used, which followed a variety of different sampling protocols and seasonal timeframes. This is why a monitoring framework is so key – with consistent, standardized effort at a regional scale, we can make much finer, more accurate predictions about bird populations in changing conditions. 



Wa t e r f o w l S h o r e b i r d s
 Dunlin
 Black-bellied Plover 
 Greater Yellowlegs
 Western Sandpiper
 Least Sandpiper

S e c r e t i v e  
M a r s h b i r d s

 Wilson’s Snipe
 American Bittern
 Sora
 Virginia Rail

 Mallard
 Green-winged Teal 
 Northern Pintail

Seasons:

Feb 1 – March 15

March 15 – April 15
Transect

Seasons:

Feb 1 – March 15

April 15 – May 15

August 1 – Sept 30
Transect

L a n d b i r d s

 Marsh Wren
 Red-winged 

Blackbird 
 Common 

Yellowthroat
 Savannah Sparrow
 Song Sparrow
 Swallow Spp.

Seasons:

May 1- June 30

Point Count

Seasons:

May 1- June 30

Point Count

Presenter Notes
Presentation Notes
So what protocols are we using?
The methods are broken into four species modules: waterfowl, shorebirds, landbirds, and secretive marshbirds, with a list of designated focal species within each group. The goal is to survey across the full annual life cycle, with surveys running essentially from February through September, encompassing the wintering season, spring and fall migration, and the breeding season. Sampling methods are tailored to the species that are being targeted within each season. Seasons focused on waterfowl and/or shorebirds utilize transect surveys and seasons focused on landbirds and secretive marshbirds use a combined point count/broadcast survey approach



Low Salt/Brackish Marsh:
• Inundated daily
• Salinity: marine to mildly brackish
• Brackish conditions:

• Sedge, bulrush, and arrowgrass
• High salinity conditions:

• Jaumea or pickleweed

Presenter Notes
Presentation Notes
Now for this project specifically, we’ve decided to focus on low marsh, primarily due to it’s importance as rearing habitat for juvenile salmon, but also because it’s used by a wide variety of bird species. Low marsh is typically defined as areas that are flooded daily and depending on salinity are dominated by sedges, bulrush, or pickleweed. 
And because for certain sites we wanted the option to look at before-and-after impacts of restoration actions, there is also the option to include pre-restoration habitats such as agricultural fields, muted tidal marshes, and freshwater marshes with barriers such as levees or dikes. 



Dungeness NWR

Dosewallips 
Estuary

Duckabush 
Estuary

Skokomish Estuary Billy Frank Jr. 
Nisqually NWR

Padilla Bay

Skagit Wildlife Area
(5 sites)

Stillaguamish 
Estuary

(Port Susan Bay)

Presenter Notes
Presentation Notes
Here’s a map of our SSEAM partner sites so far. Only the four sites highlighted in green were able to initiate data collection this in 2024 due to staff capacity, but we are working to provide more support for partners in the future so we can expand the number of sites collecting data. 



Site Selection & Sampling

Presenter Notes
Presentation Notes
The sampling units themselves are 150x150m cells, within which a transect or point count is carried out. We site cells semi-randomly, but we do shift or eliminate cells at times to accommodate variability in site size, land access, walkability, and other field-based considerations. 
The major benefit of this approach is that data can be pooled across sites to generalize results across broader spatial scales. This also allows us to include smaller sites such as pocket estuaries in the project – although we might not be able to draw conclusions at the site scale at smaller sites, they can still contribute to a broader dataset. 

SO, in theory – pretty simple. In practice…



Presenter Notes
Presentation Notes
Estuary surveys look a lot like this…Estuaries are not particularly easy habitats to navigate. There are mudflats, channel crossings, tall vegetation, bugs, etc. But nonetheless, a lot of fun was had and a lot of mud was trudged through as you can see. 





403 surveys (2024) and 389 surveys (2025)

20,000 birds (2024) and 13,000 birds (2025)

77 species (2024) and 84 species (2025)

1,800 Dunlin

5,500 Green-winged Teal

1,100 Marsh Wren

1,500 Least Sandpiper

1,100 Barn Swallow

Presenter Notes
Presentation Notes
Let’s get into what we are seeing out in these estuaries. I’m going to stick to our 2024 and 2025 results but keep in mind these surveys are ongoing. 

What I’d like to do next is highlight a few of these focal species and share with you some of our preliminary results on how they are using estuarine habitats and also how you would identify these species if you were to encounter them out on the coast. 



Data Analysis
Bird occurrence/abundance ~ 
vegetation and environmental variables

Boosted regression trees (BRT)
• Machine learning approach
• Ideal for curvilinear, complex 

ecological relationships

Covariates
Average vegetation height
% cover bare ground/vegetation/water
Tide height (ft)
Site
Salinity
Elevation
Channel structure (density, area, 
complexity)
Dominant vegetation type
% non-woody vegetation (>1m and <1m)
% woody vegetation (>1m and <1m)
# perches/roost structures (>1m and <1m)
Max height of non-woody vegetation
Date/Season

Presenter Notes
Presentation Notes
To evaluate how bird occurrence and abundance is responding to the suite of habitat variables, we plan on modelling this relationship using boosted regression trees or BRTs, which are a machine learning approach that works well for ecological relationships which are often curvilinear and complex. BRTs were tested on a small dataset in the 2023 final report outlining the SSEAM Framework, and some preliminary results were produced on a subset of species (including the Dunlin figure seen below), but more data was needed to make robust conclusions. 



Green-winged teal abundance driven by tide height and 
% cover mudflat and water

Presenter Notes
Presentation Notes
Here’s how GWTEs appear to be interacting with their habitats. The analysis we conducted give you a percent relative contribution (or importance) of each predictor variable to the model (which essentially tells you how important that variable is to the occurrence of the species), as well as the effect of each variable in relation to occurence. For GWTE, we can see that the two most important predictors of occurrence were vegetation cover, day of year, and tide height. 



Green-winged teal abundance was associated with…
higher tides

Presenter Notes
Presentation Notes
Here’s how GWTEs appear to be interacting with their habitats. The analysis we conducted give you a percent relative contribution (or importance) of each predictor variable to the model (which essentially tells you how important that variable is to the occurrence of the species), as well as the effect of each variable in relation to occurence. For GWTE, we can see that the two most important predictors of occurrence were vegetation cover, day of year, and tide height. 



Green-winged teal abundance was associated with…
more exposed mudflat

Presenter Notes
Presentation Notes
Here’s how GWTEs appear to be interacting with their habitats. The analysis we conducted give you a percent relative contribution (or importance) of each predictor variable to the model (which essentially tells you how important that variable is to the occurrence of the species), as well as the effect of each variable in relation to occurence. For GWTE, we can see that the two most important predictors of occurrence were vegetation cover, day of year, and tide height. 



Least sandpiper abundance driven by day and % cover 
of the dominant vegetation type

Presenter Notes
Presentation Notes
Here’s how GWTEs appear to be interacting with their habitats. The analysis we conducted give you a percent relative contribution (or importance) of each predictor variable to the model (which essentially tells you how important that variable is to the occurrence of the species), as well as the effect of each variable in relation to occurence. For GWTE, we can see that the two most important predictors of occurrence were vegetation cover, day of year, and tide height. 



Least sandpiper abundance…
peaked in spring and fall

Presenter Notes
Presentation Notes
Here’s how GWTEs appear to be interacting with their habitats. The analysis we conducted give you a percent relative contribution (or importance) of each predictor variable to the model (which essentially tells you how important that variable is to the occurrence of the species), as well as the effect of each variable in relation to occurence. For GWTE, we can see that the two most important predictors of occurrence were vegetation cover, day of year, and tide height. 



Least sandpiper abundance was associated with…
low % cover of the dominant vegetation type

Presenter Notes
Presentation Notes
Here’s how GWTEs appear to be interacting with their habitats. The analysis we conducted give you a percent relative contribution (or importance) of each predictor variable to the model (which essentially tells you how important that variable is to the occurrence of the species), as well as the effect of each variable in relation to occurence. For GWTE, we can see that the two most important predictors of occurrence were vegetation cover, day of year, and tide height. 



Least sandpiper abundance was associated with…
less than 50% water cover 

Presenter Notes
Presentation Notes
Here’s how GWTEs appear to be interacting with their habitats. The analysis we conducted give you a percent relative contribution (or importance) of each predictor variable to the model (which essentially tells you how important that variable is to the occurrence of the species), as well as the effect of each variable in relation to occurence. For GWTE, we can see that the two most important predictors of occurrence were vegetation cover, day of year, and tide height. 



Marsh wren abundance driven by day, % cover of non-woody 
vegetation, dominant vegetation type, and vegetation height

Presenter Notes
Presentation Notes
Here’s how GWTEs appear to be interacting with their habitats. The analysis we conducted give you a percent relative contribution (or importance) of each predictor variable to the model (which essentially tells you how important that variable is to the occurrence of the species), as well as the effect of each variable in relation to occurence. For GWTE, we can see that the two most important predictors of occurrence were vegetation cover, day of year, and tide height. 



Marsh wren abundance was associated with…
high non-woody vegetation cover 

Presenter Notes
Presentation Notes
Here’s how GWTEs appear to be interacting with their habitats. The analysis we conducted give you a percent relative contribution (or importance) of each predictor variable to the model (which essentially tells you how important that variable is to the occurrence of the species), as well as the effect of each variable in relation to occurence. For GWTE, we can see that the two most important predictors of occurrence were vegetation cover, day of year, and tide height. 



Marsh wren abundance was associated with…
high dominant vegetation cover

Presenter Notes
Presentation Notes
Here’s how GWTEs appear to be interacting with their habitats. The analysis we conducted give you a percent relative contribution (or importance) of each predictor variable to the model (which essentially tells you how important that variable is to the occurrence of the species), as well as the effect of each variable in relation to occurence. For GWTE, we can see that the two most important predictors of occurrence were vegetation cover, day of year, and tide height. 



Marsh wren abundance was associated with…
average vegetation height of over 0.5 meters

Presenter Notes
Presentation Notes
Here’s how GWTEs appear to be interacting with their habitats. The analysis we conducted give you a percent relative contribution (or importance) of each predictor variable to the model (which essentially tells you how important that variable is to the occurrence of the species), as well as the effect of each variable in relation to occurence. For GWTE, we can see that the two most important predictors of occurrence were vegetation cover, day of year, and tide height. 



Conclusions
• Seasonal fluctuations 

and tides are strong 
predictors

• Within-guild species-
specific habitat niches

• Diverse vegetation 
composition 

• Channel characteristics 
may be key

Presenter Notes
Presentation Notes
To wrap things up: 
We are still in the process of collecting sufficient data to be able to reliably characterize the habitat preferences of a full suite of estuarine species, but we are starting to see what these data can tell us in terms of avian habitat use patterns. 
It’s critically important to understand avian habitat use at this regional scale in order to predict how birds will respond to future climate change impacts and inorm how we are designing estuary restoration projects. 
And again, these birds are great indicator species within these habitats - they can tell us a lot about the health of an estuary and the health of the other species that rely upon estuaries. 



Future Directions
• 2026 & 2027 – surveys  

across 11+ sites
• Collect 3-5 years of data 

across sites
• Incorporate channel data & 

other environmental 
covariates

• Analyze full suite of focal 
species and guilds

Presenter Notes
Presentation Notes
We are currently funded through the WDFW Estuary and Salmon Restoration Program (ESRP), which allowed us to hire two technicians and significantly expand our survey efforts to a full suite of surveys. The goal is to collect around 3-5 years of data across all of these sites and use those data to analyze habitat use across the full suite of focal species. 



Questions?

Presenter Notes
Presentation Notes
I’m happy to answer any questions, but first I want to acknowledge the numerous partners and funding opportunities that have made this work possible!
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