
Land-sea connections in Puget 
Sound and why they matter

Dr. Caitlin Magel

Land Use Session: 2025 NW Straits MRC Conference



Terrestrial

Aquatic

Estuaries – interface ecosystems
FreshSalty

Columbia River, OR Willapa Bay, WA

Presenter Notes
Presentation Notes
Estuaries are a highly dynamic, interface ecosystems – interfaces are transitional area where two different types of environments meet and create unique biogeochemical conditions and plant/animal communities. In the case of estuaries, they are transitions between terrestrial and aquatic habitats and between freshwater rivers and salty oceans. The uniqueness of these combined interfaces is part of what makes estuaries so special, but it also means they are susceptible to the threats originating both from the land and the ocean. 



Puget Sound: an inland sea estuary

Presenter Notes
Presentation Notes
In the case of Puget Sound the vast majority of the water originates from the Pacific Ocean. Freshwater from rivers and streams makes up only about or 5% of the total water entering Puget Sound, but its impact is absolutely crucial to the estuary's mixing and circulation patterns, it’s biogeochemistry, and the biodiversity that occurs here. When you look at maps of Puget Sound, you grasp its designation as an inland sea and why the land-sea connections are so important here – the vast amount of shoreline and the large number of rivers that flow into Puget Sound amplifying that land-sea connection.
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Presenter Notes
Presentation Notes
In fact, we can see these connections when we look for them. A feeder bluff depositing sediment and organic matter into the nearshore. River plumes from the Skagit and Fraser rivers. These are examples of natural land-sea connections, but the presence of humans – especially euro-American people – have altered the nature of the land-sea connections in Puget Sound (and in most US estuaries) via development and resource use.
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Puget Sound: an inland sea estuary

Presenter Notes
Presentation Notes
Over the last two centuries, the region has become highly urbanized around the coastline of the Sound as you can see in this map of impervious surface at right. We now commonly see highrise buildings and farms where there once were wetlands and floodplains. As of 2014, the 12 counties bordering PS accounted for 68% of WA State’s population. rates of population growth are higher in this area than elsewhere in the state, so development and land use will continue to be a primary pressure on the ecosystem into the future.
It is a major management challenge is to understand how future development combined with climate change, and our decisions to manage them, will affect the interconnected natural and human systems and how we can minimize trade-offs across multiple regional goals.
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Presentation Notes
As a high level overview, stressors originating from human land uses impact freshwater, nearshore and marine species and ecosystems in various ways. These impacts can be particularly far ranging and complex in urbanized coastal areas such as Puget Sound, where long histories of development have significantly altered the amounts and ways in which freshwater, sediments, nutrients, toxics, and pathogens are transported to the estuary. Once there, they interact and transform to influence water quality, habitat quantity and quality, food web structure and productivity, etc.
Compared to manmade landscapes and structures natural landscapes, such as undisturbed forests, riparian areas, floodplains, wetlands, etc do a better job of retaining, filtering, and transforming those constituents before the enter the estuary.
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Presentation Notes
Lets talk about a few specific impacts of land use and how they could be mitigated from the perspective of my favorite nearshore habitat: eelgrass. As you may be aware, eelgrass is a foundational habitat that provides numerous benefits that support biodiversity and a healthy marine ecosystem, including improving water quality, providing nursery habitat, stabilizing coastlines, and storing carbon.



Recipe for healthy eelgrass

soft bottom cold waternutrients light

Symbols: UMCES IAN

Presenter Notes
Presentation Notes
Generally, eelgrass requires a few things to thrive: a soft sandy or muddy bottom where their roots can take hold, adequate nutrients and light availability, and relatively cold water. There are, of course, many ocean drivers of these ingredients – currents, upwelling, storms, and climate change impacts such as ocean warming and marine heatwaves - but for the most part those are drivers over which we have very little control. Actions on the landscape also influence sediment and nutrient delivery, light availability, and temperature. How we allow terrestrial development to proceed, mitigation measures that are put in place, and where we conserve or restore habitat– those are things we have more control over.



Recipe for healthy eelgrass

soft bottom nutrients light

Symbols: UMCES IAN

Urban (stormwater)
Agriculture
Forestry
WWTPs & septics

Presenter Notes
Presentation Notes
Sediments, Nutrients, and Light are all closely related to each other. So I’ll talk about these three together. Human land uses that can alter these ingredients include: urban areas that often have stormwater runoff problems, working lands (Ag and Forestry), and our production of wastewater in treatment plants or septics
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Healthy eelgrass systems prefer a goldilocks amount of sediments and nutrients, which results in clear water that has high light availability (this is the case on the left). Adequate nutrients allows eelgrass to be productive without promoting excess growth of nuisance macroalgae and phytoplankton in the water column (like we see on the right) which can then shade or directly smother eelgrass. Adequate sediment allows eelgrass to maintain its ideal vertical position, in many places this is key for eelgrass and other wetlands to keep pace with SLR. So what can be done when land uses result in too much nutrient and sediment delivery?
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The good news is that there are strategies and best management practices available that can help to restore a more natural balance of nutrient and sediment delivery: On Ag lands, manure management and cover crops can reduce erosion and leaching of nutrients into waterways or groundwater. On both Ag and Forestry lands, intact riparian buffers intercept nutrients and sediments before they reach streams. On developed land uses, replacing and maintaining septic systems and enhanced wastewater treatment more effectively removes nutrients before water is discharged back into the system. And stormwater management, particularly “green stormwater infrastructure”, such as rain gardens and biofiltration systems reduce nutrients, sediments, and toxics in water. Many of these strategies also slow the flow of freshwater which can lessen the impact to streams and nearshore areas. We’ll hear more about some of these strategies from our speakers.



cold water

June 2021 heat dome
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Now, with regards to temperature. Much of the temperature variation in Puget Sound is driven by the ocean. But in some areas, freshwater rivers and streams or the replacement of natural shoreline vegetation with hard infrastructure can influence water temperature locally in the nearshore and exacerbate the temperature changes that are already happening from climate change. Lets look at an extreme example – the heat dome event of June 2021 showed just how much hotter the urban areas of the Puget Sound watershed became compared to the more natural areas. This emphasizes the extent to which pavement, buildings, and other hard surfaces reflect and amplify heat and conversely, the ability of natural vegetation to mitigate heat. Looking at this another way, lots of research has showed how daytime and nighttime temperatures vary across land uses and development intensity. Now think about what happens when water flows across or through these different landscapes and the potential for that excess heat in high intensity developed areas to be in essence picked up by the water and carried downstream to the estuary.



cold water

Kumar et al. 2024
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Again, the good news is that there are strategies that can help reduce excess this so called “urban heat island” effect. And many are beneficial even outside urban areas. Examples include the types of green stormwater infrastructure we already discussed but also street trees, parks and gardens. Not called out specifically here but riparian buffers and natural shoreline vegetation which shade the water surface directly are extremely beneficial for keeping water temperature down. As is represented here, these interventions offer different levels of cooling depending on the setting/placement and should be co-designed thoughtfully with efficiency, community co-benefits, and possible unintended consequences in mind.
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Hopefully this has given you new perspective on how land use decisions impact the health of our nearshore and marine habitats and species. I shared specific connections from the perspective of eelgrass, but similar processes are relevant to beaches, marshes, kelp, herring spawning habitat, etc.
Shortly we get to hear from folks working on the ground who will describe place-based examples from four different upland ecosystems to further highlight these complex connections as well as the partnerships needed to improve the health and resilience of Puget Sound from land to sea.



• Modeling & Research to evaluate the influence of terrestrial-
freshwater connections on marine water and habitat quality

• Analysis of policies, programs, and state of the science

• Communication: Encyclopedia of Puget Sound, Salish Sea Currents

pugetsoundinstitute.org

Visit our document library  
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Now, I would be remiss if I didn’t briefly plug some of the work that my colleauges and I do at Puget Sound Institute to make sure these types of connections are incorporated into Puget Sound restoration management and planning discussions.
The Encyclopedia of Puget Sound is a comprehensive guide to the science of ecosystem recovery. Articles on this site describe the region's major environmental threats and areas of concern, but also the facts and stories that make Puget Sound special. Salish Sea Currents Magazine.
The GUM is a way for us to keep track of the biggest questions that we have related to Puget Sound recovery - Gaps in our knowledge that can be filled through research or synthesis.
You can check out our website and document library to learn more about the projects and products we work on.



Thank you!

magelcai@uw.edu
caitlinmagel.weebly.com
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Thank you all for your attention and I believe we now have ~ 5 minutes for questions before handing it off to our first place-based lightening talk.
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