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Executive Summary
The Stillaguamish Tribe is a federally recognized sovereign Indian Nation located in the central
Puget Sound region of Washington State. The tribe has approximately 280 members, the
majority of whom live in the vicinity of Arlington, Washington. As a signatory to the Treaty of
Point Elliot of January 22, 1885, the Stillaguamish Tribe reserved certain fishing, hunting, and
gathering rights in exchange for ceding lands to the United States (Figure ES-1). The ability to
carry out these rights has been vital to sustaining Tribal culture and the Stillaguamish people.
As the Stillaguamish Tribe looks to the needs of current and future generations of its
community, the need to prepare for and adapt to the impacts of climate change has become
imperative. Climate change puts Tribal treaty rights at risk and threatens a culture that is
intricately connected to the landscape and its fish and wildlife. For example:








Changes in streamflow and water temperature will increase the severity of existing declines
in salmon and other culturally important freshwater species (Jenni et al 2013, Montag et al.
2014).
Sea level rise will permanently inundate lowlying areas, affecting species dependent on
coastal habitats for reproduction and survival.
Warmer temperatures, changes in seasonal
precipitation, and changes in disturbance
agents such as insects, disease, and fire are
likely to result in shifts in the distributions and
abundances of many species and habitats.
Warmer temperatures may also affect the
timing of biological events (e.g., flowering,
migration) in ways that result in mismatches
with the traditional timing of certain harvest
practices, ceremonies, or other activities
linked to traditional life ways.

Ensuring that current and future Tribal
generations can continue to access and utilize
culturally important natural resources in a
changing climate requires understanding how
climate change may affect the species and
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Figure ES-1. The Stillaguamish Watershed (ivory)
and area ceded under the Treaty of Point Elliot
(beige). Figure: R. Norheim, UW Climate Impacts
Group
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ecosystems that sustain the Stillaguamish
people and culture. It also requires
implementing actions that reduce the harmful
effects of climate change on those species and
ecosystems.

The goal of this adaptation plan is
to ensure that current and future
generations of the Stillaguamish
Tribe can continue to access and
utilize culturally important natural
resources in a changing climate.

This journey from knowledge to action began in
2015 when the Stillaguamish Tribe’s Natural
Resources Department partnered with the
University of Washington Climate Impacts
Group (CIG) to complete a climate change
vulnerability assessment for 57 species and 10 habitats important to the Stillaguamish Tribe. The
Stillaguamish Tribe Natural Resources Climate Change Vulnerability Assessment (Krosby et al.
2016) evaluated the potential impacts of climate change on a variety of birds, mammals, fishes,
reptiles, and amphibians, as well as a wide range of marine, freshwater, and terrestrial habitats.
The assessment found that vulnerability will vary considerably across species, with some
becoming extremely vulnerable by the 2080s while others remain stable or even increase in
abundance (Krosby et al. 2016). All habitats were estimated to become moderately to highly
vulnerable by the 2050s.
The Stillaguamish Tribe of Indians Natural Resources Climate Change Adaptation Plan completes
the next major step in preparing for climate change. Developed by Natural Resources
Department staff with support from CIG, the plan identifies 59 strategies and 190 actions,
organized by habitat type and inclusive of outreach and education (Figure ES-2), that are
expected to help species and habitats important to the Stillaguamish Tribe become more
resilient to the impacts of climate change. These actions span a range of activities consistent
with best practices for conserving biodiversity under climate change (Box ES-1) and the current
work of the Natural Resources Department, including planning, restoration, data collection,
monitoring, and consultation.
The adaptation plan also includes new activities not currently reflected in the Natural Resources
Department’s scope of work. This includes experimenting with planting native species to
compete with invasive species post-fire (Action 9.7 in Forests), monitoring phenological changes
and species interactions in riparian and aquatic species that may be affected by climate change
(Action 12.1 in Freshwater Habitat), and identifying and protecting ocean acidification 'refugia',
i.e., areas that are naturally resilient to ocean acidification (including kelp and eelgrass beds)
(Action 13.2 in Marine Habitats). Partnerships will play a critical role in implementing these
activities within the Stillaguamish Watershed and, when relevant, the area ceded by the Tribe
under the Treaty of Point Elliot.
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Figure ES-2. Sectors addressed in the Stillaguamish Department of Natural Resources adaptation
plan. Several habitat types evaluated in the Tribe’s vulnerability assessment were combined and
considered as part of broader habitat types, as noted. Image sources: Stillaguamish NRD.

Forests
Including forest, old growth forest, and
riparian forests

Freshwater
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Meadow
Wetlands

Including alpine, subalpine, meadow,
and talus

Marine
Lowland Meadow

Including salt marsh, eelgrass, and mud
flat habitats; nearshore and gravel
beaches; open water

Outreach and Education
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Box ES-1. General Strategies for Biodiversity Conservation under Climate Change
Adapted from Lawler 2009, Hansen et al. 2010, and Stein et al. 2014
Enhance the quantity, quality, and connectivity of protected areas to accommodate changing
conditions, thereby providing species and ecosystems the ability to move to more optimal locations as
climate change progresses. This may require expanding reserves; identifying and protecting climate
refugia (i.e., areas expected to experience relatively less change, or a wide variety of micro-climates);
increasing habitat connectivity among reserves and along climatically suitable corridors; or protecting a
diversity of habitats, communities, and species.
Reduce existing stressors. Because climate change is one of many stressors affecting natural systems,
reducing non-climate stressors (e.g., invasive species, habitat loss, overharvesting) can help to increase
resilience to climate change. Although the benefits of reducing non-climate stressors are generally well
established, the degree to which reducing non-climate stresses increases system resilience may depend
on the specific nature of the climate impact(s).
Manage for uncertainty and expect surprises. Adapting to climate change requires making decisions in
the face of uncertainty. While decisions are already made with imperfect information, the rapid pace of
projected change and the complexity of the problem can amplify decision uncertainties. Climate
change also undermines the assumption that historical climatic conditions are sufficient for guiding
today’s management and planning decisions. However, looking to the past can still be helpful in
identifying existing vulnerabilities to future impacts.
Mainstream climate adaptation into operational and planning processes. Mainstreaming climate
change adaptation requires recognizing how climate change may affect decisions being made within
and across individual program areas and institutionalizing methods for regular integration of that
information into decision-making processes. In doing so, the intended outcomes of those decisions
become more likely to occur in a changing climate.
Plan for both climate variability and climate change. Naturally occurring phenomena like El Niño and
La Niña affect global and regional climate on an annual basis. While we do not yet know if and how
climate change will alter the frequency or intensity of natural climate variations like El Niño and La
Niña, but we know that natural variability will continue to occur in a changing climate. For the
Northwest, this means the region will continue to see warmer than average years (and decades) and
cooler than average years (and decades) even as “average” is redefined by climate change.
Reduce the rate and extent of climate change by reducing greenhouse gas emissions. The goal of
reducing the rate and extent of climate change stems from the recognition that absent meaningful and
sustained cuts in greenhouse gas emissions, the rate and magnitude of projected climate change could
overwhelm adaptation efforts.
Review, assess, and adjust adaptation practices. Updating an adaptation plan is critical given the
ongoing nature of climate change and the need to ensure that the plan continues to meet intended
goals and objectives over time. Natural Resources Department will review and update this Plan every
five years to account for progress made on specific adaptation actions; increased scientific
understanding of species and habitats, climate impacts, and conservation practice; changes in Natural
Resources Department program priorities; and other changes within the Stillaguamish Watershed and
Puget Sound region that may affect Tribal adaptation activities.

Stillaguamish Tribe Natural Resources Department
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1 Introduction
The Stillaguamish people have depended on the natural environment for subsistence living since
time immemorial. As descendants of the Puget Sound region’s first inhabitants, the
Stillaguamish people have also had to continually adapt to environmental, cultural, and
socioeconomic change. Throughout this long history, cultural preservation and stewardship of
the natural lands and resources that have sustained the Stillaguamish people have remained
central to the Tribe.
As the Stillaguamish Tribe looks to the needs of current and future Tribal generations, the need
to prepare for and adapt to the impacts of climate change has become imperative. This
awareness is driven by mounting evidence that global and regional climate is changing as a
result of rising greenhouse gases, as well as the understanding that substantive reductions in
greenhouse gas emissions (i.e., climate mitigation) are unlikely to be made in time to avoid
impacts on the health and well-being of Tribal members and culture.
More importantly, this awareness is driven by the unique threat that climate change presents to
a culture that is intricately connected to the landscape and its fish and wildlife. For example,
changes in streamflow and water temperature will increase the severity of existing declines in
salmon and other culturally important species (Jenni et al 2013, Montag et al. 2014). In addition,
sea level rise may result in permanent inundation of low-lying areas, species and habitats
important to the Tribe may experience shifts in their distributions and abundances, and changes
in the timing of biological events (e.g., flowering, migration) may result in mismatches with the
traditional timing of certain harvest practices, ceremonies, or other actives linked to traditional
ways of knowing. This close union of culture and environment makes the Tribe particularly
vulnerable to climate change.
In 2015, the Stillaguamish Tribe’s Natural Resources Department contracted with the University
of Washington Climate Impacts Group (CIG) to complete a climate change vulnerability
assessment for 57 species and 10 habitats important to the Stillaguamish Tribe. Completed in
February 2016, the Stillaguamish Tribe Natural Resources Climate Change Vulnerability
Assessment provided a quantitative estimate of vulnerability for 40 species using NatureServe’s
Climate Change Vulnerability Index (CCVI), a qualitative estimate of climate vulnerability for 17
species or groups of species (e.g., bivalves, forage fish) with insufficient range data to support
CCVI analysis, and a qualitative assessment for ten habitat types (Krosby et al. 2016, Young et al.
2011). Assessment results suggest that vulnerability will vary considerably across species, with
some species (e.g., aquatic and alpine species) becoming extremely vulnerable by the 2080s
under both moderate and high carbon emissions scenarios while others (e.g., many bird species)
Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan
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are remain stable or even increase. All
habitats were estimated to become
moderately to highly vulnerable by the
2050s. A brief summary of the assessment
results is included in Chapter 4.
The Stillaguamish Tribe of Indians Natural
Resources Climate Change Adaptation Plan
completes the next major step in preparing
for climate change. Developed by Natural
Resources Department staff with support
from CIG, the plan identifies 190 actions,
organized by habitat type and inclusive of
outreach and education, that are expected
to help species and habitats important to
the Stillaguamish Tribe become more
resilient to the impacts of climate change.
These actions span a range of activities
consistent with the current work of the
Natural Resources Department, including
Figure 1. The Stillaguamish Watershed (ivory) and
planning, restoration, data collection,
area ceded under the Treaty of Point Elliot (beige).
monitoring, consultation, and outreach and
Figure: R. Norheim, UW Climate Impacts Group
engagement. The plan also includes new
activities not currently reflected in the
Natural Resources Department’s scope of work that will be needed to meet the plan’s goal and
objectives. Partnerships will play a critical role in implementing these activities within the
Stillaguamish Watershed and, when relevant, the area ceded by the Tribe under the Treaty of
Point Elliot (Figure 1).

1.1 GOALS AND OBJECTIVES
The goal of this adaptation plan is to ensure that current and future generations of the
Stillaguamish Tribe can continue to access and utilize culturally important natural resources in
a changing climate. More specifically, implementation of the plan is expected to:







Increase the climate resilience of species and habitats in the Stillaguamish Watershed and
areas ceded under the Treaty of Point Elliot by addressing factors that can increase
vulnerability to climate change;
Enhance staff capacity to address climate impacts by providing a framework for organizing
adaptation activities pursued by the Natural Resources Department;
Increase internal (e.g., Tribal staff, Tribal members) and external (e.g., general public, Tribal
partners) awareness about climate impacts on species and habitats important to the
Stillaguamish Tribe, and the actions needed to help increase resilience to climate impacts;
Engage different program areas within the Tribe’s Natural Resource Department and Tribal

Stillaguamish Tribe Natural Resources Department
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government on climate resilience activities; and
Strengthen existing partnerships and create opportunities for new partnerships that will
support the plan’s climate resilience goals. This includes creating opportunities for the
Natural Resources Department to become more integrated with ongoing climate impacts
and adaptation research occurring in the Puget Sound area.

This goal and its associated objectives are consistent with, and ultimately central to, the Natural
Resources Department’s broader mission to “manage, protect, and conserve the natural
resources required to sustain healthy populations of fish, shellfish, and wildlife” for the
Stillaguamish Tribe.1

1.2 VISION OF SUCCESS
Assessing progress on adaptation is aided by having a vision of what successful adaptation
would look like. To facilitate the development of this vision, Natural Resources Department staff
were asked to describe what they would look for as signs of success if given the chance to visit
the watershed in the 2050s. Indicators of success suggested by Tribal staff included the
following:













Tribal members continue to have access to culturally significant resources and protected
treaty rights;
The Stillaguamish Watershed is a healthy functioning watershed capable of supporting a
self-sustaining population of Chinook salmon at levels that allow Tribal harvest by the
current generation and the seven generations that follow;
The Treaty ceded area contains healthy and sustainable populations of large game species;
Tribal priorities are still a priority to federal partners and others (i.e., treaty rights are
maintained in light of other land use needs and adaptation pressures);
Community partners are aware of how climate change affects Tribal priorities and are
engaged in solutions (synergies have been identified and used to build community support);
Watershed residents have accepted flood risk in the Stillaguamish watershed;
The Department’s adaptation process has been firmly established and continues to evolve;
The number of acres and habitat acquired by the Department is increasing;
The Department has identified a set of performance standards that can be applied to the
adaptation process;
Tribal members and staff have awareness of the impacts of climate change and are
integrating that knowledge into decision making and planning; and
Students and adults in the watershed have a better understanding of climate change, its
impacts and feel empowered and positive about tackling the issue.

While more work is needed to complete this vision of success and to finalize the appropriate
indicators and metrics, these initial thoughts provide a useful starting point for framing that
vision.
1

http://www.stillaguamish.com/naturalresources.asp
Stillaguamish Tribe Natural Resources Department
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2 The Stillaguamish Tribe
and Watershed
The Stillaguamish Tribe is a federally recognized sovereign Indian Nation located in the central
Puget Sound region with approximately 280 members, the majority of which live in the vicinity
of Arlington, Washington. The Tribe currently has approximately 64 acres of reservation land,
821 acres of property in Tribal Trust, and 1,535 acres of tribally owned lands located throughout
the Stillaguamish Watershed. Approximately 51% of this land remains undeveloped and 57.7
acres are officially protected in perpetuity for wildlife habitat. Land acquisition will continue to
grow these Tribal holdings and increase the Tribe’s ability to make a significant impact on
natural resource protection within their Treaty area.
As a signatory to the Treaty of Point Elliot of January 22, 1885, the Stillaguamish Tribe reserved
certain fishing, hunting, and gathering rights in exchange for ceding lands to the United States.
The ability to carry out these rights has been vital to sustaining Tribal culture and the
Stillaguamish people.
The Stillaguamish Natural Resources Department was established to protect these reserved
Tribal rights. The mission of the Natural Resources Department is to manage, protect, and
conserve natural resources that are required to sustain healthy populations of fish, shellfish, and
wildlife within the Stillaguamish Watershed and the Point Elliott Treaty area, which extends
from the Canadian border south to Mt. Rainier (see Figure 1, previous section).2 Federallyrecognized usual and accustomed hunting and fishing areas (U&A areas) are located in the
Stillaguamish Watershed and in the marine areas of Port Susan.
Consistent with its mission, the Natural Resources Department conducts multiple programs in
the Stillaguamish Watershed. The Stillaguamish Tribe, as well as many other Northwest Tribes,
has a unique role in implementing the Washington State Forest Practices Act and Northwest
Forest Plan, in part because both laws are intended to protect the natural and cultural resources
that were guaranteed to the Tribe by the Treaty of Point Elliot. The Department’s Timber, Fish,
and Wildlife (TFW) program reviews proposed forest practice activities in the Stillaguamish
Watershed to ensure that activities comply with the Forest Practices Act. Through this program,
the Tribe also interfaces with the US Forest Service as a trustee to ensure implementation of the
federal Northwest Forest Plan.3
The Tribe also has a significant role in co-managing Chinook salmon harvest and hatchery
activities in the Stillaguamish Watershed with the State of Washington. Harvest management
2
3

http://www.stillaguamish.com/naturalresources.asp
Scott Rockwell, Stillaguamish Natural Resources Department, personal correspondence, 1.17.17
Stillaguamish Tribe Natural Resources Department
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ensures that salmon recovery in the
watershed is not compromised by
commercial and recreational fisheries
(SIRC 2005). Recovery is also supported
through the Harvey Creek and Brenner
Creek Hatchery Programs, which
augment naturally spawning Chinook
salmon populations as a buffer against
poor habitat conditions and variable
productivity in the watershed. The
harvest and hatchery programs are part
of a broader integrated strategy for
Measuring juvenile salmon. Image source: Stillaguamish
Chinook salmon recovery that includes
NRD.
actions related to harvest, hatchery,
and habitat management (ibid). Other Natural Resources Department programs and activities
include the following:

4
5



Riparian Restoration Program: The Riparian Restoration Program responds to historic
habitat alteration (e.g., land clearing) by actively restoring degraded sites and enhancing
poorly to moderately functioning habitat using invasive weed control, reforestation, and
other restoration practices based on the science of restoration ecology. The Program
frequently partners with other organizations to conduct restoration activities on Tribal,
public, and private land.4



Marine Stewardship and Shellfish Program: The Marine Stewardship and Shellfish Program
is designed to provide safe and sustainable marine resource harvest opportunities for Tribal
members. The program also helps ensure safe water for those recreating in Port Susan and
consuming food from its waters, protects and monitors the health of Port Susan by
supporting a variety of water quality programs, coordinates freshwater shellfish harvests,
and advises on invasive marine or freshwater shellfish species.5



Wetlands Program: The Wetlands Program is a new program created to help establish and
implement priorities for wetlands protection and restoration in the Stillaguamish
Watershed. Planned activities include inventory, assessment, and monitoring of wetland
habitat and resources throughout the Stillaguamish watershed. The program will
complement and work with the Timber, Fish and Wildlife Program as well as the Tribe’s
Climate Change Program, Wildlife Program, and beaver relocation effort (Pope 2015).



Water Quality Program: The Water Quality Program measures surface and marine waters
for concentrations of minerals, chemicals, and bacteria. The program adds to existing
databases maintained by Snohomish County and the Washington State Department of
Ecology for tracking and ensuring compliance with state water quality standards.



Wildlife Program: The Wildlife Program ensures that both game and nongame species are

http://www.stillaguamish.com/riparianrestoration.asp
Francesca Perez, Stillaguamish Natural Resources Department, personal correspondence, 12.1.16
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maintained and sustained for their intrinsic and ecological values and for their ceremonial,
scientific, and subsistence use by the Tribe. The program is also responsible for co-managing
resources and establishing and enforcing rules and regulations governing fishing, hunting,
trapping, and acquisition of wildlife management areas. Current priorities include elk and
mountain goat.6


Natural Resource Outreach and Education Program: The Natural Resource Outreach and
Education Program provides a variety of activities to the local public. These include
educational venues such as hosting the annual Festival of the River, educational restorationhatchery tours, and lessons for adult stewards in training. The program supports youth
education by providing local K-12 schools lessons and field trips on salmon protection,
climate change, and watershed ecology, and participating in STEM and STEAM events in
local schools. The program also hosts several stewardship/restoration events annually and
provides natural resources education to the general public at local community events.

While much of this work is focused on the Stillaguamish Watershed, the Natural Resources
Department is also engaged with Tribal and non-Tribal partners in management and
conservation activities outside of the watershed.

The Stillaguamish Watershed
The Stillaguamish River is the fifth largest tributary to Puget Sound, draining approximately 700
square miles and 3,100 miles of river and streams into Port Susan Bay and Puget Sound.
Elevations in the watershed range from sea level to nearly 7,000 feet at Three Fingers Mountain
(6,854 feet) and Whitehorse Mountain (6,890 feet). Major tributaries include the North and
South Fork of the Stillaguamish River, Boulder River, and Pilchuck, Deer, and Canyon Creeks.
Land use within the Stillaguamish Watershed is predominantly forestry (76%) and rural
residential development (17%) (Snohomish County 2005). Agriculture is prevalent in the lower
watershed. Forestry activities occur on a mix of federal, state, and private forest lands. Key
players governing land use in the watershed include Snohomish County and Skagit County; the
cities of Arlington, Stanwood, and Granite Falls; and the Stillaguamish, Sauk-Suiattle and Tulalip
Tribes. The U.S. Forest Service and Washington Department of Natural Resources are also
significant partners for publicly-owned forest lands. Population growth in the region is a key
factor in the conversion of existing forest and agricultural lands to rural residential and urban
uses.
The Stillaguamish Watershed and Port Susan Bay includes a rich diversity of species and habitats.
Eight salmonid species use the river spawning and rearing, including two salmonid runs listed as
threatened under the Endangered Species Act (Chinook salmon and bull trout). Extensive
marshes, mudflats, and channels in Port Susan Bay support hundreds of thousands of migratory
shorebirds and waterfowl as well as dozens of fish species (including juvenile salmonids), crabs,
and clams (TNC, undated; Snohomish County Marine Resources Committee, undated).

6

http://www.stillaguamish.com/wildlife.asp
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3 Projected Changes in Regional
Climate
Human activities have caused a substantial rise in the concentration of greenhouse gases in the
atmosphere relative to pre-Industrial times, and have been a dominant driver of global warming
since 1950 (Bindhoff et al. 2013). Absent substantial reductions in greenhouse gas emissions,
climate change will accelerate, creating significant challenges globally and locally.

All Scenarios Show Warming in the Puget Sound Region
Climate models project that the Puget Sound region will continue to warm through the 21st
century, with the amount of warming dependent on how
quickly greenhouse gas emissions rise (Table 1; Figure 2).
Average annual temperature in the Puget Sound region is
expected to rise 4-6°F by mid-century, and 5-9°F by the end of
the century, relative to 1970-1999 (Mauger et al. 2015). This
warming is projected to occur across all seasons, with the
largest increases occurring in summer.
More extreme heat is also expected, although the frequency
and intensity of extreme heat events may be moderated
slightly in areas adjacent to Puget Sound. The temperature of
the hottest (top 1%) days in the Puget Sound region is
projected to increase +6.5°F, on average, by the 2050s7 and
+9.8°F, on average, by the 2080s (Table 1; ibid). Warming also
results in less severe extreme cold events. For the Puget Sound
region as a whole, the temperature of the coldest (bottom 1%)
nights increases by +5.4°F, on average, by the 2050s and
+8.3°F, on average, by the 2080s (Table 1; ibid).

Continued Variability in Precipitation but More Heavy Rain
Events Expected
While model results for temperature are unambiguous,
projected changes in precipitation in the Puget Sound region
vary considerably.

More details on the
impacts of climate
change on the Puget
Sound region and
ongoing climate risk
reduction efforts can
be found in State of
Knowledge Report:
Climate Change in
Puget Sound, available
at cig.uw.edu.

7

Projected changes are based on 30-year averages centered on a specific decade. “2020s” refers to the 30-year
average spanning 2010-2039, “2040s” refers to the 30-year average spanning 2030-2059, “2050s” refers to the 30year average spanning 2040-2069, and “2080s” refers to the 30-year average spanning 2070-2099.
Stillaguamish Tribe Natural Resources Department
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Figure 2. All scenarios project warming in the Puget Sound region for the 21st century. These graphs show
projected average yearly air temperature (left) and precipitation (right) for the Puget Sound region, relative
to the average for 1950-1999 (horizontal gray line, corresponding to an annual average temperature of 44°F
and an annual total precipitation of 78 inches). The black line shows the average simulated air temperature
or precipitation for 1950–2005, based on the individual model results indicated by the thin grey lines. The
thick colored lines show the average among model projections for two emissions scenarios (low: RCP 4.5, and
high: RCP 8.5), while the thin colored lines show individual model projections for each scenario. Figure
source: Mauger et al. 2015; see Figure 2-2 caption for data sources used to produce these figures).

MODELING FUTURE CLIMATE
Projecting changes in 21st century climate requires the use of global climate models and
scenarios of future greenhouse gas emissions, which incorporate assumptions about future
changes in global population, technological advances, and other factors that influence the
amount of carbon dioxide and other greenhouse gases emitted into the atmosphere as a
result of human activities. Differences in the greenhouse gas scenarios, combined with
differences in how individual models respond to those scenarios, result in a range of
possible futures (referred to as climate scenarios) that can be used to evaluate climate
impacts. Two greenhouse gas scenarios frequently modeled to bracket a range of potential
future conditions are a high “business as usual” greenhouse gas scenario (known as RCP 8.5)
and a low greenhouse gas scenario (RCP 4.5). Annual greenhouse gas emissions will vary
from year to year but are generally tracking with RCP 8.5.

Stillaguamish Tribe Natural Resources Department
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Table 1. Projected changes in average annual temperature and extreme heat, cold events for the Puget
Sound region for the 2050s and 2080s (Mauger et al. 2015)

Change in…

Greenhouse
gas scenario*

Average
annual air
temperature

Low (RCP 4.5)

2050s (2040-2069, relative to
1970-1999)
Mean
Range

2080s (2070-2099, relative to
1970-1999)
Mean
Range

+4.2°F

+5.5°F

2.9°F - 5.4°F

4.1°F - 7.3°F

High (RCP
+5.9°F
4.3°F - 7.1°F
+9.1°F
7.4°F - 12°F
8.5)
Temperature Average of
of hottest
RCP 4.5 and
+6.5°F
4.0°F - 10.2°F
+9.8°F
5.3°F - 15.3°F
days8
8.5
Temperature Average of
of coolest
RCP 4.5 and
+5.4°F
1.3°F - 10.4°F
+8.3°F
3.7°F - 14.6°F
nights9
8.5
* Under the low greenhouse gas scenario (RCP 4.5), global greenhouse gas emissions stabilize
by mid-century and fall sharply thereafter. Under the high greenhouse gas scenario (RCP 8.5),
emissions continue to increase through 2100 and beyond. RCP 8.5 is considered a “business
as usual” scenario; global emissions are currently following this trajectory (footnote adapted
from Raymond 2016)

Most models project wetter fall, winter, and spring seasons (+3 to +11% on average for the
2050s, relative to 1970-1999) and drier summers (−22% on average, for the 2050s) for a low and
high greenhouse gas scenario. The net result of these seasonal changes is a relatively small
increase in annual average precipitation (+4 to +5% on average, for the 2050s). While notable,
the changes in seasonal and average annual precipitation may be difficult to distinguish from
the region’s large natural year-to-year variability in precipitation (Mauger et al. 2015).
Changes in extreme precipitation are more significant. The heaviest (top 1%) 24-hour rain
events in western Washington and Oregon are expected to be +22% more intense, on average,
by the 2080s for a high warming scenario (range: 5% to 34%, relative to 1970-1999) (Warner et
al. 2015). The frequency of today’s heaviest 24-hour rain events also increases, occurring seven
days per year by the 2080s, on average, compared to two days per year historically (1970-1999)
(ibid). Unlike other changes in precipitation, the large changes projected for heavy precipitation
events exceed the range of natural variability in precipitation shortly after mid-century. These
changes in heavy precipitation are expected to exacerbate existing and projected winter flood
risks in western Washington.

Shifting Hydrology: More Water in the Winter and Less in the Summer
Throughout the Puget Sound region, warmer winter temperatures are expected to cause more
winter precipitation to fall as rain rather than snow, contributing to higher winter streamflows,
lower spring (April 1) snowpack, and a shortening of the snow season. Summer streamflows are
8

9

Projected change in the top 1% of daily maximum temperature. Projections are based on ten global models and
two greenhouse gas scenarios (RCP 4.5 and 8.5).
Projected change in bottom 1% of daily minimum temperature for climate scenarios described above.
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also affected. Lower snowpack, earlier spring snowmelt, and warmer summer temperatures
result in a lengthening of the summer low flow season, lower late summer streamflows, and
warmer stream temperatures (Mantua et al. 2010; Beechie et al. 2012; Dickerson-Lange 2014).
The net result is a higher risk of flooding in the winter (exacerbated by projected increases in
heavy rain events) and an intensification of summer drought conditions. Mid- to low-elevation
watersheds like the Stillaguamish Watershed are particularly sensitive to these changes, which
become more pronounced as warming increases (Figure 3 and Figure 4, Table 2).

Sea Level Rise and Ocean Acidification Will Affect the Coastal Environment
Sea level is projected to rise in most coastal areas of Washington State due to the combined
effects of global sea level rise, land subsidence related to plate tectonics, and other factors. A
recent assessment of changes in coastal flooding in Island County due to sea level rise concluded
there was a 50% probability of at least nine inches of sea level rise by 2050 and at least 2.2 feet
of sea level rise by 2100 for a high (RCP 8.5) greenhouse gas scenario (Miller et al. 2016). At the
1% probability level, Miller et al. projected 1.4 feet and 4.9 feet of sea level rise by 2050 and
2100, respectively. A 2012 study by the National Research Council, which pre-dated the
probabilistic framework applied in Island County, reached similar conclusions (NRC 2012). That
study projected a rise of seven inches (range: -1 inch to +1.6 feet) by 2050 and two feet (range:
+4 inches to +4.7 feet) by 2100.
The impacts of a rising sea level are diverse. Rising seas will lead to permanent inundation of
low-lying areas; increased tidal reach, coastal flooding, and exposure to storm surge events;
increased coastal erosion; and shifts in or loss of coastal habitat (NWF 2007; NRC 2012; Thorne
et al. 2015; Hamman et al. 2016; Miller et al. 2016). Sea level rise is also expected to reduce the
effectiveness of tide gates for draining low lying cropland (Lee et al. 2011).
The nearshore and marine environment will also be affected by rising ocean temperatures and
ocean acidification. Worldwide the oceans have absorbed about 25% of the carbon dioxide
associated with human activities (Feely et al 2009). The added carbon dioxide has changed the
ocean’s chemistry by increasing its acidity (+30% relative to pre-industrial levels) and reducing
the availability of carbonate ions (NOAA 2012). This latter impact is particularly threatening to
shellfish that require calcium carbonate as the molecular building block for shell formation.
Washington’s marine waters are particularly susceptible to ocean acidification because of the
influence of regional upwelling, which transports offshore, carbon-rich water to the continental
shelf (Washington Blue Ribbon Panel on Ocean Acidification 2012). In urbanized estuaries
and/or restricted inlets of Puget Sound, runoff containing nutrients and organic carbon from
land sources also influence pH levels.
Ocean acidity is expected to increase in Puget Sound as a result of these regional factors and
changes in global ocean acidification resulting from human activities. The average acidity of the
global oceans is projected to increase by 100–150% by the end of this century (compared to preindustrial levels) under a high (A2) greenhouse gas scenario (ibid.). By end of century, ocean
acidification is expected to account for 49-82% of the corrosiveness projected for Hood Canal
subsurface waters (defined as depths greater than 40 meters, or approximately 132 feet) (Feely
et al. 2010).
Stillaguamish Tribe Natural Resources Department
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Figure 3. Monthly graph of water
depth for the Stillaguamish near
Stanwood. Estimates of the monthly
average depth are based the water
year, starting in October and ending in
September. Changes are shown for
three time periods: the 2020s (blue
line), the 2040s (gold line), and the
2080s (red line) for the A1B emissions
scenario. All changes are relative to
average historical flows (1916–2006;
black line). Figure based on data from
the Pacific Northwest Hydroclimate
Scenarios Project (http://warm.atmos.
washington.edu/2860/)

Table 2. Projected changes in snowpack and hydrology for the Stillaguamish River for the 2040s and 2080s
(adapter from Mauger et al. 2015; Krosby et al. 2016). All changes relative to 1970-1990 except for changes in
April 1 SWE, which is relative to 1916-2006 (Hamlet et al. 2013).
2080s (2070-2099)
Mean
Range

Moderate (A1B)

-56%

-15% to -71%

-82%

-46% to -99%

Moderate (A1B)

-34%

-46% to -30%

- 37 days

-48 to -29 days

Moderate (A1B)

+70 mi
(>64°F)

Moderate (A1B)

+18%

+5% to +56%

+29%

+2% to +76%

Moderate (A1B)

-17%

-30% to -3%

-22%

-32% to -7%

Greenhouse
gas scenario*

April 1 SWE10
Shift in timing of peak
streamflow
River miles exceeding
thermal tolerance for
salmon (64°F)
Streamflow volume, 100year flood event
Streamflow minimum
(7Q10)

10

2040s (2030-2059)
Mean
Range

Change in…

+103 mi
(>64°F)

SWE is a measure of the total amount of water contained in the snowpack. April 1st is the approximate current
timing of peak annual snowpack in the mountains of the Northwest.
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Figure 4. Projected August mean stream temperatures (right column) for the Stillaguamish Watershed for the
2040s (2030-2059) and 2080s (2070-2099), relative to historical (1993-2011). Results are for a moderate (A1B)
greenhouse gas scenario. Changes relative to historical are shown in the left column. Map produced by R.
Norheim, UW Climate Impacts Group using NorWeST stream temperature data (Isaak et al. 2016).
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4 Species and Habitats at Risk
Summary of the Natural Resources Vulnerability Assessment
Future changes in climate are expected to significantly affect species and ecosystems via shifts in
species distributions and abundances; the productivity, composition, and distribution of
vegetation communities; and the timing of biological events (e.g., flowering, breeding, and
migration). The vulnerability of a species or habitat to climate change is a function of its climate
sensitivity (i.e., the degree to which it is affected by a given change in climate), exposure (i.e., the
amount of climatic change it experiences), and adaptive capacity (i.e., its ability to alter its
distribution or other characteristics in response to climatic change). A climate change
vulnerability assessment evaluates these factors to identify how species and habitats are likely to
be affected by climate change and why, providing critical information to guide adaptation efforts.
The Stillaguamish Tribe Natural Resources Department, in partnership with the UW Climate
Impacts Group, completed a climate change vulnerability assessment for 57 species and 10
habitats of importance to the Tribe in 2016 (Krosby et al. 2016). The species and habitats
included in the assessment reflect the diverse ecological and natural resource management
priorities of the Stillaguamish Tribe. Species evaluated included birds, mammals, fishes, reptiles,
and amphibians; assessed habitats were marine, nearshore, estuary, freshwater, wetland,
riparian, forest, old-growth forest, open meadow, and montane habitats.
The relative climate change vulnerability of 40 priority species was quantitatively evaluated
using NatureServe’s Climate Change Vulnerability Index (CCVI) (Young et al. 2011). The CCVI tool
uses projected temperature and moisture data, species range data, and species life history
information to estimate species’ direct and indirect climate exposure and climate sensitivity,
ultimately producing a numerical sum quantifying a species’ vulnerability to projected climate
change (ibid). Another 17 species (for which sufficient data for CCVI assessment were
unavailable) and ten habitat types were qualitatively evaluated. NatureServe’s CCVI was chosen
for the bulk of the assessment because it is open source, relatively transparent, replicable, and
widely used. These characteristics may help facilitate updates to the vulnerability assessment as
additional information becomes available. The CCVI also highlights the underlying sensitivities
that contribute to a species’ vulnerability, offering critical information which helped guide this
climate change adaptation plan.
An overview of key CCVI findings is provided here, highlighting the primary sensitivities
contributing to vulnerability for each taxonomic group (mammals, birds, aquatic species, and
amphibians and reptiles). CCVI results for individual species, organized by dependence on
specific habitat types, are included in this plan’s habitat chapters. Key findings of the qualitative
habitat assessment are also summarized below. See Krosby et al. 2016 for more details on the
vulnerability assessment process and results, including species that were qualitatively assessed.
Stillaguamish Tribe Natural Resources Department
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Results | Species
Mammals
By the 2050s, the majority of the mammals considered in this analysis are expected to remain
‘stable’ (i.e., abundance and/or range extent within the assessment area are not expected to
change substantially). This is due, in part, to these species’ generalist diet preferences, lack of
dependence on a specific hydrological regime, and lack of dependence on uncommon geologic
features. By the 2080s, the northern flying squirrel is expected to be ‘highly vulnerable’ (i.e.,
abundance and/or range extent within the assessment area is likely to decrease significantly)
and the Canada lynx, wolverine, and mountain goat are expected to be ‘extremely vulnerable’
(i.e., abundance and/or range extent within geographical area assessed is extremely likely to
substantially decrease or disappear). These high vulnerability scores are due to several of these
species being adapted to cold alpine and subalpine habitats, making them extremely sensitive to
increases in temperature. In addition, both the Canada lynx and the wolverine are strongly
dependent on persistent snowpack, which is projected to decline as temperatures increase.
Birds
In both the 2050s and 2080s, the majority of the birds analyzed in the vulnerability assessment
are expected to remain stable or increase (i.e., available evidence does not suggest that
abundance and/or range extent within the geographical area assessed will change substantially,
or available evidence suggests that abundance and/or range extent within geographical area
assessed is likely to increase, respectively). This is largely due to birds’ relative insensitivity to
natural and anthropogenic barriers, which may help them to shift their ranges to new areas of
climatic suitability. Despite this, marbled murrelet, spotted owl, and western grebe are all
expected to be highly vulnerable to climate change by the 2080s. Each of these species is
vulnerable to shifts in disturbance regimes such as fires and floods, which can negatively affect
spotted owl and marbled murrelet habitat and reduce the reproductive success of western
grebe. The specialized diets of these species are also expected to increase their vulnerability.
Aquatic Species
All four fish species assessed (Chinook salmon, coho salmon, bull trout, and steelhead) are
expected to be ‘moderately vulnerable’ (i.e., abundance and/or range extent within
geographical area assessed is likely to decrease) to climate change by the 2050s, and extremely
vulnerable by the 2080s. This is due to salmonids’ narrow thermal tolerance and sensitivity to
disturbance. Rising stream temperatures are expected to more frequently exceed thermal
tolerances of adult salmonids, which will result in increased stress levels and the formation of
thermal migration barriers. In addition, flooding events can scour streambeds and remove
and/or crush salmonid redds, while low flow events can reduce salmonid mobility, health,
survival, and habitat area.
Amphibians and Reptiles
By the end of the century, the Oregon spotted frog is expected to be highly vulnerable and the
western pond turtle is estimated to be extremely vulnerable to climate change. The two main
drivers of vulnerability for these species are their dependence on hydrologic regimes and
sensitivity to anthropogenic barriers. Hydrologic regimes are sensitive to shifts in both
precipitation and temperature, and the presence of anthropogenic barriers may limit species
Stillaguamish Tribe Natural Resources Department
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dispersal to newly climatically suitable area.

Results | Habitats
All ten habitat types evaluated in the assessment are estimated to be at least moderately
vulnerable to climate change by the 2050s, and five are estimated to be highly vulnerable
(forest, freshwater aquatic, wetland, montane and open meadow). This is due to the relatively
high climate sensitivity and relatively high exposure of these habitats to future climatic change.
Habitats will be affected by climate change directly, via changes in temperature and
precipitation, as well as indirectly, via changes in disturbance regimes (e.g., increasing risk of
fire, drought, flooding, and pest and disease outbreaks). These changes are likely to alter the
distributions, composition, and productivity of many habitats, and may result in the emergence
of novel communities in some areas. More detailed descriptions of impacts on individual habitat
types can be found in the vulnerability assessment report and in the habitat adaptation sections
of this plan.

Chinook salmon (O. tshawytscha) are a federally listed endangered species found in the Stillaguamish
watershed. The Stillaguamish Tribe Natural Resources Climate Change Vulnerability Assessment classified
Chinook salmon as extremely vulnerable to the impacts of climate change by the 2080s (Krosby et al. 2016).
Image source: NOAA
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5 Developing the Adaptation Plan
The adaptation actions presented in this plan were selected and refined by Natural Resources
Department staff through a series of workshops and related project activities conducted in
2016. In contrast to the Department’s vulnerability assessment, which primarily focused on
individual species, the Plan’s strategies and actions are organized by habitat type. To help
streamline the adaptation Planning process, the CIG worked with Natural Resources Department
staff to group the ten habitat types evaluated in the vulnerability assessment into six, broader
habitat categories (Table 3).
Organizing by habitat type was preferred given the large number of species evaluated in the
vulnerability assessment; focusing on actions that increase habitat resilience was an effective
way of supporting resilience needs for a wide range of species dependent on those habitats. The
plan also includes a limited number of species-specific actions (e.g., mountain goat). Additional
species-specific actions may be warranted as a complement to the objectives identified in this
plan.
To facilitate identification of potential adaptation actions, the CIG compiled more than 350
adaptation actions from existing literature, including regionally relevant adaptation Plans and
peer-reviewed literature on climate change adaptation in the Pacific Northwest and western
United States. The criteria for initially selecting actions were fairly general. The action had to 1)
relate to a habitat or species identified in the vulnerability assessment, and 2) address a climate
impact known to influence species or habitat vulnerability (e.g., increased risk of forest fire;
increased risk of diseases and pathogens), as identified in the Department’s vulnerability
assessment. CIG also compiled a brief list of general climate adaptation strategies reflecting the
range of actions available for conserving biodiversity under climate change (Box 1); these were
referenced during the workshop to ensure that a diverse suite of adaptation actions and
strategies were considered. Additional criteria were used in subsequent workshops to help
identify preferred adaptation actions.
Staff reviewed, discussed, and selected adaptation actions over a series of four workshops,
various internal staff meetings, and a prioritization survey, ultimately narrowing the list of 350
initial adaptation actions to the 190 actions listed in this plan. The initial review of actions
focused on determining if an action should be retained for continued discussion or dropped,
and/or if additional actions needed to be added to the initial list of actions. A toolbox analogy

Chapter header image: “Creative Commons Stillaguamish River South Pass” by Sam Beebe, licensed under CC BY 2.0.
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Table 3. Habitat types evaluated in the Stillaguamish vulnerability assessment (Krosby et al. 2016; left
column) and adaptation plan (right column). Several habitat types evaluated in the assessment were
combined and considered part of broader habitat types (e.g., Forest and Marine) in the adaptation plan.
Habitat Type – Vulnerability Assessment
Forest
Old Growth Forest
Riparian
Freshwater Aquatic
Wetland: Forested Wetland
Montane: Alpine, Subalpine, Meadow, Talus
Open Meadow
Estuary: Salt Marsh, Eelgrass, Mud Flat
Marine: Nearshore, Gravel Beaches
Marine: Open Water

Habitat Type – Adaptation Plan
Forest
Freshwater
Wetlands
Montane Wetlands and Meadow
Lowland Meadow
Marine

was used to help frame the objective, i.e., if we look at adaptation actions as a collection of tools
in an adaptation tool box, should a specific action be kept in the toolbox or removed? External
partners (e.g., federal, state, other Tribes) also participated in this initial review. CIG project staff
added, edited, consolidated, and/or reorganized at each stage to reflect feedback .
A key step in the adaptation selection process was the prioritization survey, which staff
completed individually between Workshops 2 and 3. The prioritization survey was conducted to
help staff determine which actions should be included as action items in this first Plan. Using the
previous toolbox analogy, the goal of the prioritization survey was to help staff identify which
tools they specifically want available over the next five years (the expected work period for this
Plan). Staff evaluated each action by rating the following criteria:
1. The expected ability of the action to help reduce the impacts of climate change on habitats
and species (i.e., the action’s anticipated effectiveness);
2. The expected ability of the action to benefit one or more priority species (i.e., the action’s
benefit to priority species);
3. The Tribe's ability to carry out this work over the next five years, or to otherwise address
barriers that could limit implementation (e.g., organizational, technical, policy, legal, fiscal
barriers) (i.e., the action’s anticipated feasibility);
4. The action’s ability to address impacts that are already, or will soon be, affecting habitats
and species important to the Stillaguamish Tribe (i.e., the action’s urgency); and
5. The expected risk(s) (i.e., the potential for negative consequences) associated with an action
(i.e., the action’s risk).
For each action, a total average score was calculated as well as average scores for each criterion.
These scores were used by Natural Resources staff to guide discussion on the actions. Staff
discussions in Workshops 3 and 4, combined with additional fine-tuning before and after project
workshops, resulted in advancing 59 strategies covering 173 habitat-specific actions and 17
outreach actions for inclusion in the five-year plan (see Appendix A for overview of strategies).
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Box 1. General Strategies for Biodiversity Conservation under Climate Change
Adapted from Lawler 2009, Hansen et al. 2010, and Stein et al. 2014
Enhance the quantity, quality, and connectivity of protected areas to accommodate changing
conditions, thereby providing species and ecosystems the ability to move to more optimal locations as
climate change progresses. This may require expanding reserves; identifying and protecting climate
refugia (i.e., areas expected to experience relatively less change, or a wide variety of micro-climates);
increasing habitat connectivity among reserves and along climatically suitable corridors; or protecting a
diversity of habitats, communities, and species.
Reduce existing stressors. Because climate change is one of many stressors affecting natural systems,
reducing non-climate stressors (e.g., invasive species, habitat loss, overharvesting) can help to increase
resilience to climate change. Although the benefits of reducing non-climate stressors are generally well
established, the degree to which reducing non-climate stresses increases system resilience may depend
on the specific nature of the climate impact(s).
Manage for uncertainty and expect surprises. Adapting to climate change requires making decisions in
the face of uncertainty. While decisions are already made with imperfect information, the rapid pace of
projected change and the complexity of the problem can amplify decision uncertainties. Climate
change also undermines the assumption that historical climatic conditions are sufficient for guiding
today’s management and planning decisions. However, looking to the past can still be helpful in
identifying existing vulnerabilities to future impacts.
Mainstream climate adaptation into operational and planning processes. Mainstreaming climate
change adaptation requires recognizing how climate change may affect decisions being made within
and across individual program areas and institutionalizing methods for regular integration of that
information into decision-making processes. In doing so, the intended outcomes of those decisions
become more likely to occur in a changing climate.
Plan for both climate variability and climate change. Naturally occurring phenomena like El Niño and
La Niña affect global and regional climate on an annual basis. While we do not yet know if and how
climate change will alter the frequency or intensity of natural climate variations like El Niño and La
Niña, but we know that natural variability will continue to occur in a changing climate. For the
Northwest, this means the region will continue to see warmer than average years (and decades) and
cooler than average years (and decades) even as “average” is redefined by climate change.
Reduce the rate and extent of climate change by reducing greenhouse gas emissions. The goal of
reducing the rate and extent of climate change stems from the recognition that absent meaningful and
sustained cuts in greenhouse gas emissions, the rate and magnitude of projected climate change could
overwhelm adaptation efforts.
Review, assess, and adjust adaptation practices. Updating an adaptation plan is critical given the
ongoing nature of climate change and the need to ensure that the plan continues to meet intended
goals and objectives over time. Natural Resources Department will review and update this Plan every
five years to account for progress made on specific adaptation actions; increased scientific
understanding of species and habitats, climate impacts, and conservation practice; changes in Natural
Resources Department program priorities; and other changes within the Stillaguamish Watershed and
Puget Sound region that may affect Tribal adaptation activities.
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The final step in developing the plan was identifying information relevant to implementation.
Because of the large number of adaptation actions ultimately selected by staff, it was not
possible to do a detailed implementation assessment for each action. The plan, therefore,
identifies a suite of information for each action that will support implementation (see Section
13, Appendix B). Staff considered identifying implementation priorities for 2017 but ultimately
chose not to in the interest of being adaptable to different funding opportunities and other
changes that may influence implementation opportunities.

Stillaguamish staff restoring coastal wetlands. Image source: Northwest Treaty Tribes,
https://nwtreatytribes.org/stillaguamish-restoration-restores-wetlands-protects-farmland/
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6 Adaptation Actions: Forests
The Stillaguamish Watershed is heavily forested. Its low-elevation forests are dominated by
western hemlock and fir species, and are important for timber production. These forests also
provide habitat for federally threatened species such as the Canada lynx (Lynx canadensis),
marbled murrelet (Brachyramphus marmoratus), and northern spotted owl (Strix occidentalis
caurina), as well as non-threatened species such as the mountain lion (Puma concolor).
Riparian forests comprise a critical type of forest habitat within the Stillaguamish Watershed.
Healthy riparian ecosystems provide habitat for many plant and animal species (e.g., great blue
heron (Ardea herodias) and Wilson’s warbler (Cardellina pusilla) while also providing a suite of
important ecological services (e.g., maintaining water quality in aquatic systems and facilitating
movement of terrestrial species along riparian corridors). Historically, riparian communities in
the watershed were dominated by red alder (Alnus rubra), black cottonwood (Populous
trichocarpa), and big leaf maple (Acer macrophyllum). However, the majority of these deciduous
species were harvested between 1870 and 1910, and today only about half of the near-stream
land-cover in the watershed features riparian vegetation that generates surface runoff amounts
similar to those in historical observations (SIRC 2005). In addition, vertical habitat complexity
within riparian zones has declined with the loss of deciduous species and undergrowth, leading
in turn to a decline in terrestrial wildlife species richness.11
The Stillaguamish Tribe values the ecological services provided by healthy upland forests and
intact riparian stands, as well as the intrinsic cultural value they possess and the resources they
harbor and produce. To this end, the Stillaguamish Tribe attempts to play a positive role in
forest stewardship, both as a landowner and as a cooperator in the regulatory review of forest
practices conducted on other ownerships (private, state, federal) within the Tribe’s area of
interest.
Climate change will affect the watershed’s forests and riparian habitats – and the species that
rely on them (Table 4, Box 2) – via changes in temperature and precipitation,
evapotranspiration, forest health, species distributions and abundances, and disturbance agents
such as forest fires, insects, and disease. In general, increasing temperatures are expected to
extend the length of the growing season for western Washington forests, leading to changes in
forest species composition over time. Changes in precipitation may enhance or moderate that

Chapter header image: “Creative Commons But for the Trees” by pfly, licensed under CC BY 2.0.
11

Jenifer Sevigny, Stillaguamish Natural Resources Department, personal communication, April 2017
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Table 4. CCVI rankings for forest species assessed in the Stillaguamish Tribe’s Vulnerability Assessment. Bold
names indicate species that were identified by the Tribe as a high priority for assessment. Names with an
asterisk indicate species that were analyzed at the scale of the Tribe’s ceded area; all other species were
analyzed at the scale of the Stillaguamish watershed. Names with a “‡” indicate species that inhabit more than
one habitat type. CCVI Results Key: IL Increase Likely, PS Presumed Stable, MV Moderately Vulnerable, HV Highly
Vulnerable, EV Extremely Vulnerable. Results are shown for the 2050s and the 2080s under both a moderate
(A1B) and high (A2) emission scenario using NatureServe’s Climate Change Vulnerability Index (CCVI) tool. For
more details, see Krosby et al. 2016.

Canada Lynx*‡

Lynx canadensis

Mammal

2050s
A1B
A2
HV
MV

Marbled Murrelet ‡
Northern Flying
Squirrel
Spotted Owl

Brachyramphus marmoratus

Bird

PS

PS

Glaucomys sabrinus

Mammal

PS

PS

Strix occidentalis caurina

Bird

PS

PS

HV

HV

Black-Tailed Deer

Odocoileus hemionus columbianus

Mammal

PS

PS

MV

MV

Ursus arctos horribilis

Mammal

PS

PS

MV

MV

Castor canadensis

Mammal

PS

PS

PS

PS

Bird

PS

PS

PS

PS

Bird

IL

IL

PS

PS

Bird

PS

PS

PS

PS

PS

Common Name

‡

Grizzly Bear
American Beaver
Bald Eagle
Cassin's Finch
Great Blue Heron‡

Scientific Name

Haliaeetus leucocephalus
Haemorhous cassinii
Ardea herodias

Taxon

2080s
A2
A1B
EV
EV
HV

HV

HV

HV

Mountain Lion

Puma concolor

Mammal

MV

PS

PS

Pileated Woodpecker

Dryocopus pileatus

Bird

PS

PS

PS

PS

Northern Goshawk‡

Accipiter gentilis

Bird

IL

IL

IL

IL

Olive Sided Flycatcher
Red-Breasted
Sapsucker
Sooty Grouse

Contopus cooperi

Bird

IL

IL

IL

IL

Sphyrapicus ruber

Bird

IL

IL

IL

IL

Dendragapus fuliginosus

Bird

IL

IL

IL

IL

Swainson's Thrush

Catharus ustulatus

Bird

IL

IL

IL

IL

Wilson's Warbler

Cardellina pusilla

Bird

IL

IL

IL

IL
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Box 2. In Focus: Extremely and Highly Vulnerable Forest-Dwelling Species by the 2080s
from Krosby et al. 2016
Canada lynx (Extremely Vulnerable) - The Canada lynx is physiologically adapted to cold alpine
and subalpine zones, and thus extremely sensitive to increases in air temperature. In addition,
the Canada lynx is strongly dependent on persistent snowpack, which is projected to decline as
temperatures rise.
Marbled Murrelet and Spotted Owl (Highly Vulnerable) - The marbled murrelet and spotted
owl are vulnerable to shifts in disturbance regimes such as fire and floods that can negatively
affect forest habitats. The specialized diets of these two species are also expected to increase
their vulnerability. Marbled murrelet is highly dependent on forage fish, and is known to defer
breeding during food shortages. The primary food source of the spotted owl is the northern
flying squirrel, which is currently experiencing population declines as a result of forest thinning
throughout the Pacific Northwest. Species that are unable to readily switch among different food
types are more likely to be negatively affected by climate change than dietary generalists.
Northern flying squirrel (Highly Vulnerable) - The northern flying squirrel has a very specific diet
consisting of ectomycorrhizal fungi and lichens, increasing the species vulnerability to climate
change, because dietary specialists that are unable to switch between food sources are more
likely to be negatively affected by climate change than dietary generalists. In addition to diet, the
narrow thermal niche that the species has occupied over the past 50 years increases the
northern flying squirrel’s vulnerability to climate change.

Image credits: Canadian lynx: by Keith Williams, Wikimedia Commons, CC-BY-2.0; Female Spotted owl: by Mount Rainier
National Park Service, Wikimedia Commons (public domain); Marbled murrelet: by Martin Raphael, U.S. Forest Service,
Wikimedia Commons (public domain); Northern flying squirrel: by US Fish and Wildlife Service, Wikimedia Commons (public
domain)
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effect, however. Increases in precipitation could increase growth rates and productivity in drier,
higher elevation forests that are currently water-limited, while decreases in precipitation during
the growing season could lead to decreased growth rates across most forests. For example,
warmer seasonal temperatures and lower summer precipitation may reduce growth of Douglasfir in warm, low-elevation forests, while growth in cold, high elevation forests is likely to
increase as a result of warmer seasonal temperatures and earlier spring snowmelt.
The combined effects of earlier snowmelt, warmer seasonal temperatures, and drier summer
conditions on soil and fuel moisture are also expected to increase forest fire risk and lengthen
the fire season (Littell et al. 2010). Quantifying the projected increase in fire risk for western
Washington is difficult, however, due in part to the lack of a historical fire record for the region
(Mauger et al. 2015). Climate change impacts on forest insects, diseases, and invasive species
(including those not previously found in this region) are likely to exacerbate this risk, although
changes will be species-and host-specific. Some insects and diseases may benefit from changing
climate and host conditions, while other insects and diseases may become more limited
(Higuera et al. 2015). Riparian forests will be particularly affected by warming temperatures and
declining summer precipitation, which may increase rates of evapotranspiration, reducing
moisture availability, which, in extreme cases, may dry out riparian areas. Shifts in the timing
and levels of streamflow will also affect water tables and soil moisture levels. If temperatures
warm significantly, some of these riparian habitats may disappear altogether. During winter
months, increases in the frequency and intensity of winter flood events may shift riparian
species composition towards hardwood species, with smaller trees and younger age classes.
In addition to the projected effects of climate change on these habitat types, western
Washington forest and riparian habitats will continue to be affected by human land use. More
than three-quarters of the 700-square mile Stillaguamish Watershed is zoned for commercial
forestry or is federal land, which is managed for timber production and other uses (SIRC 2005).
While the extent and intensity of forest harvest has dropped significantly compared to historic
rates, forestry continues to be a major economic activity in the region, with long-term impacts
on forests in the Stillaguamish Watershed.
Deforestation has also had significant impacts on riparian habitats in the Stillaguamish
Watershed. Land use change, principally the conversion of forested lands to agricultural
cropland and residential areas, has led to declines in the extent of riparian habitat in the
Stillaguamish Watershed (ibid). Construction of roads and railways along riverbanks has also led
to removal of riparian vegetation, as well as hardening of the riverbank. Riparian vegetation loss
has led to increased rates of erosion and reduced the amount of stream shading provided by
vegetation
Actions to address the impacts of climate change on forest habitats are grouped as follows: 1)
Species and habitat protection, restoration, and management actions, and 2) Research and
monitoring actions.
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I. SPECIES AND HABITAT PROTECTION, RESTORATION, AND MANAGEMENT ACTIONS
Purpose: Actions that protect, restore, and manage species and habitats to reduce existing
stressors and address projected climate impacts may assist forest systems in coping with change,
increasing their resilience and maximizing their continued provision of Tribal natural resources.
1. Increase late-successional forest habitat area and quality.
Continue to create and protect legacy structures.
Promote a more complex vertical forest structure by thinning to accelerate
development of late-successional forest conditions, and/or other efforts that create
gaps that allows for understory development and increased diversity.
Continue to thin stands to promote tree vigor, complex forest structure, and produce
future legacy structures.
Continue to restore degraded sites and identify priority areas for acquisition,
protection and restoration.
2. Increase habitat connectivity to allow for climate-driven shifts in species ranges.
Protect, and where possible, acquire, expand, or adjust priority habitats with the goal
of increasing connectivity to and among potential climate refugia.
Prepare for species migration by managing for multiple species across large
landscapes.
3. Promote diversity of forest age, species, and size classes.
Prioritize habitats for active management, acquisition, and protection across
jurisdictional boundaries.
Manage species densities and stand scale biodiversity to maintain tree vigor, growth
potential, and minimize monocultures.
Diversify large contiguous areas of single age and size classes by creating skips and
gaps of various sizes.
Manage forest restoration for future range of variability.
4. Promote the use of native genotypes and adapted genotypes of native species in
restoration activities.
Plant tree species or varieties known to have a broad range of environmental
tolerances.
Use seedlings of native plant species in areas with non-native species.
5. Identify and promote early-successional natives that may be able to compete with nonnatives. Use selective planting and management techniques to increase forest drought
resilience.
Plant native species that have a broader range of moisture tolerance.
Maintain appropriate densities of native species and protect mature forests (i.e.,
forests over 80 years old) to increase drought resilience and reduce drought-related
mortality.
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6. Manage forest structure to enhance snowpack retention.
Create and maintain forest gaps for maximum snow retention in appropriate zones.
7. Recognize the role of native insect and pathogen disturbances in supporting healthy forest
ecosystems, while managing to minimize negative impacts from climate-driven outbreaks
of invasive insects and pathogens.
Tolerate some natural mortality where it is not likely to lead to widespread outbreaks.
Prevent the spread of invasive species and pathogens by identifying and targeting
known sources and vectors for invasive species (e.g., rock pits, weed-free materials
for restoration).
Implement strategies for preventing the introduction and spread of invasive species
and pathogens when planning and executing projects.
Where relevant, comply with USDA Forest Service and National Park Service weedfree seed standards and regulations to help reduce the potential for weed, invasive
species, or pathogen outbreaks.
Decrease the extent of invasive species and pathogens with appropriate
management practices (e.g., use of herbicides, insecticides, biological controls or
other direct eradication methods like weed removal or burning).
Design forest gaps that create establishment opportunities for unaffected species
(e.g., meadow) or different forest species (e.g., alder, cedar).
Consider active management of regeneration processes post-outbreak rather than
relying on natural regeneration and migration.
Coordinate invasive species and pathogen management, funding, and support
between other Tribes and natural resource managers/agencies in the region.
8. Reduce fire risk at the urban/forest interface.
Support the establishment and promotion of the Firewise program and fire buffer
zones throughout the primary wildfire risk zones (urban/forest interface) to reduce
flashpoints and fuel loads that may contribute to potentially damaging wildfire.
9. Prepare for greater area burned in forests.
Incorporate climate change into fire-management plans.
Link stream inventory with topographic, geomorphic, and vegetation layers to assess
existing landslide hazard areas and at-risk roads that may be affected by wildfire as
part of fire planning
Increase interagency communication between Tribes and other natural resource
managers in the region regarding shared fire risk.
Support increased training and resources for fire management response teams in
major wildfire suppression.
Use regeneration and planting to influence forest structure.
Anticipate greater need for seed sources and propagated plants in areas affected by
wildfire.
Experiment with planting native species to compete with invasive species post-fire.
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2. RESEARCH AND MONITORING ACTIONS
Purpose: Some adaptation activities may benefit from additional research, data collection, and
monitoring specific to the needs of the Stillaguamish Tribe. Taking steps to address these
knowledge gaps will deepen Tribal understanding of how climate change may affect forest
ecosystems and species, and ultimately help ensure that adaptation efforts are being targeted
effectively.
10. Monitor for long-term changes in forest health, species distributions, phenology, and
disturbance processes to better understand how climate change is affecting forest
ecosystems.
Identify and focus monitoring on sensitive habitats and species in priority regions.
Monitor important phenological changes in forest plant and animal species.
Identify long-term monitoring programs to increase knowledge of patterns,
characteristics, and rates of change in species distributions.
Use Forest Inventory and Analysis plot information to determine trends in forests,
including changes in seedling survival, species composition, and mortality of mature
trees.
Where relevant, consider establishing permanent monitoring plots in communities
with vulnerable species and share data with partners.
Identify the range of invasive species and pathogens that may affect the
Stillaguamish Watershed as a result of climate change, and take steps to monitor
their spread both on and off Tribal lands.
Monitor post-fire regeneration to determine what can be expected after large fires.
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7 Adaptation Actions:
Freshwater Habitats
The Stillaguamish Watershed features abundant
freshwater habitat that is utilized by a wide range of
species. The North and South Fork of the
Stillaguamish River are home to spawning and
juvenile salmon, including federally threatened
steelhead and Chinook salmon (Box 3). In addition to
salmonids, green sturgeon (Acipenser medirostris),
white sturgeon (A. transmontanus), and the Pacific
lamprey (Entosphenus tridentatus) also reside in the
freshwater habitats of the Stillaguamish Watershed.

Box 3. Stillaguamish River
Salmonids
Coho salmon (Oncorhynchus
kisutch)
Pink salmon (O. gorbuscha)
Chum salmon (O. keta)
Steelhead (O. mykiss)
Sockeye salmon (O. nerka)
Chinook salmon (O. tshawytscha)
Bull trout (Salvelinus confluentus)
Cutthroat (O. clarkia)

The Watershed’s freshwater habitats, and the
salmonids which inhabit them, are among the most
important natural resources to the Stillaguamish
Tribe. These resources have sustained the physical, mental, spiritual, and cultural health of the
Tribe over many generations. The Tribe developed a natural stock restoration program for
Stillaguamish Chinook Salmon to supplement low population numbers resulting from declining
freshwater habitat and high harvest rates. This program enables additional Chinook salmon
smolts to be released into the Stillaguamish River in spring to supplement the natural outmigrating population. In 2005, the Stillaguamish Watershed Council completed the Chinook
Salmon Recovery Plan, which provides guidance to local stakeholders on how to best restore
and protect Chinook salmon populations residing in the Stillaguamish Watershed, with the longterm goal of increasing salmon populations to sustainable and harvestable levels (SIRC 2005).
Climate change will affect the Stillaguamish Watershed’s freshwater habitats and the species
that rely on them (Box 4 and 5, Table 5) via increased winter flood risk, lower summer water
temperatures, and increasing summer water temperature (Chapter 3; see also Mauger et al.
2015). Climate-driven changes in fire regimes, insects, and disease could also impact freshwater
habitats by affecting neighboring vegetation (Chapter 6; see also Mauger et al. 2015). These
changes will exacerbate existing water management challenges in the Stillaguamish Watershed,
including meeting instream flow targets and addressing problems with summer water
temperatures.
In addition to future impacts from climate change, human land use practices will continue to
affect freshwater habitats in the Stillaguamish Watershed. One of the largest threats facing
freshwater habitat in the region stem from historical natural resource management practices.
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Box 4. Effects of Climate Change on Chinook Salmon in the Stillaguamish River
Stillaguamish Chinook salmon are listed as threatened
under the federal Endangered Species Act. Two
genetically distinct seasonal runs of Chinook salmon
utilize the Stillaguamish River: the North Fork
Stillaguamish summer run and the South Fork
Stillaguamish fall run. North Fork Chinook salmon are the
predominant Chinook salmon population within the
Stillaguamish Watershed (SIRC 2005).
Chinook salmon. Figure source: Puget Sound
The impact of climate-induced shifts on North Fork
Partnership
Stillaguamish Chinook salmon is dependent on speciesspecific thresholds and the seasonal timing of the salmon
life cycle. Impacts are analyzed for four stages of the life cycle: (1) spawning, (2) incubation, (3)
emergence, and (4) smolting.

Spawning |The North Fork Stillaguamish summer Chinook runs arrive on spawning grounds during
summer and complete their spawning from late July through September. North Fork Chinook salmon
select spawning areas that are associated with tail outs, riffles, and bars in the deepest portions of the
low flow channel area. Declines in summer streamflow are expected to increasingly limit the access
and availability of suitable spawning habitat areas for Chinook salmon (Mauger et al. 2015). The
effects of declining summer streamflow will exacerbate rising stream temperatures, which are
expected to reduce the spawning fecundity of Chinook salmon (Beechie et al. 2012).
Egg Incubation | Flow, temperature, substrate condition, and redd depth are important factors in
incubation and emergence success of Stillaguamish Chinook salmon. Important environmental
factors during incubation include the level of fine sediment transported by the river and the
frequency, duration, and magnitude of flood flows during incubation. Projected increases in winter
flooding will likely increase streambed scour which can wash out or crush salmon eggs. Additionally,
increases in sediment transport in rivers may smother eggs.
Emergence | North Fork fry typically hatch in November and emerge from the gravel bed between
December and January. Juvenile Chinook salmon are principally found in all mainstem areas, including
side channels and larger tributaries. Increased winter flooding will limit the amount of slow-water
habitat which may cause juvenile Chinook salmon to be washed downstream prematurely (Mauger et
al. 2015) if sufficient flood refugia habitat is unavailable (Beechie et al. 2012).
Smolting | Smolts (2 to 6 inches long) congregate in estuaries from late winter to late spring on their
way downstream toward the main part of Puget Sound, where they acclimate to salt water in the
brackish water of the estuary until late summer. Projected increases in winter and spring sediment
transport may increase sediment deposition in the estuary, negatively affecting smolt habitat. For
example, sediment accretion at the mouth of the Stillaguamish river has created extensive sand flats
that may expose returning spawners and out-migrating smolts to increased predation.
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Table 5. CCVI rankings for freshwater species assessed in the Stillaguamish Tribe’s Vulnerability Assessment.
Results are shown for the 2050s and the 2080s under both a moderate (A1B) and high (A2) emission scenario
using NatureServe’s Climate Change Vulnerability Index (CCVI) tool. Bold names indicate species identified by
the Tribe as a high priority for the assessment. Names with an asterisk indicate species that were analyzed at
the scale of the Tribe’s ceded area; all other species were analyzed at the scale of the Stillaguamish
watershed. Names with a “‡” indicate species that inhabit more than one habitat type. CCVI Results Key: IL
Increase Likely, PS Presumed Stable, MV Moderately Vulnerable, HV Highly Vulnerable, EV Extremely
Vulnerable. For more details, see Krosby et al. 2016.
Common Name

Scientific Name

Taxon

2050s

2080s

Bull Trout ‡

Salvelinus confluentus

Fish

A1B
MV

A2
MV

A1B
EV

A2
EV

Chinook Salmon ‡

Oncorhynchus tshawytscha

Fish

MV

MV

EV

EV

Coho Salmon ‡

Oncorhynchus kisutch

Fish

MV

MV

EV

EV

Western Pond Turtle*

Actinemys marmorata*

Reptile

MV

PS

EV

EV

Fish

MV

MV

EV

EV

PS

Steelhead ‡

Oncorhynchus mykiss

Oregon Spotted Frog ‡

Rana pretiosa

Amphibian

PS

HV

HV

Western Grebe

Aechmophorus occidentalis

Bird

MV

MV

HV

HV

Trumpeter Swan ‡

Cygnus buccinator

Bird

PS

PS

PS

PS

American Beaver

Castor canadensis

Mammal

PS

PS

PS

PS
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Box 5. In Focus: Extremely and Highly Vulnerable Freshwater Species by the 2080s
from Krosby et al. 2016
Chinook salmon, coho salmon, steelhead, and bull trout (Extremely Vulnerable) –
Salmonids are expected to be extremely vulnerable to climate change by the 2080s due to
their narrow thermal tolerance and sensitivity to disturbance. Rising stream temperatures
are expected to more frequently exceed thermal tolerances of adult salmonids, which will
result in increased stress levels and the formation of thermal migration barriers. Flooding
events can scour streambeds and remove and/or crush salmonid eggs and prematurely flush
juvenile salmon out of rearing habitat, while low flow events can reduce salmonid mobility,
health, survival, and habitat area.
Western Pond Turtle (Extremely Vulnerable) – The western pond turtle is somewhat
dependent on seasonal hydrologic regimes, which are sensitive to shifts in temperature and
precipitation. The western pond turtle is also sensitive to anthropogenic barriers such as
roads that may limit its dispersal to newly climatically suitable areas.
Oregon Spotted Frog (Highly Vulnerable) - The Oregon spotted frog is dependent on
seasonal hydrologic regimes, which are sensitive to shifts in temperature and precipitation.
The Oregon spotted frog is also sensitive to anthropogenic barriers (such as roads) that may
limit its dispersal to newly climatically suitable areas.
Western Grebe (Highly Vulnerable) - The western grebe has specific nesting habitat
requirements which include floating and submergent vegetation for building a floating nest
mat. The western grebe is also highly sensitive to disturbances such as flooding, wind, and
drought, which can reduce the reproductive success of the western grebe.

Image credits: Chinook salmon: NOAA, Encyclopedia of Puget Sound; Western Pond Turtle: Oregon Dept of Fish and Wildlife,
Wikimedia Commons, Wikimedia Commons CC BY-SA 2.0; Oregon Spotted Frog: by Teal Waterstrat, USFWS Pacific Region,
Flickr Creative Commons; Western Grebe: by "Mike" Michael L. Baird, Wikimedia Commons, Wikimedia Commons CC BY-SA 2.0.
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Past timber practices, such as harvesting in riparian zones and on steep or unstable slopes,
inappropriate forest road construction, routing surface runoff from forest roads into streams,
and draining of forested wetlands, have contributed to the decline of salmon by affecting
streamflow volume, water temperature, and turbidity levels (Murphy 1995). While timber
practices have changed to minimize such impacts, the legacy of past practices remains.
Actions to address the impacts of climate change on freshwater habitats are grouped as follows:
1) Species and habitat protection, restoration, and management actions, and 2) Research and
monitoring actions.

I. SPECIES AND HABITAT PROTECTION, RESTORATION, AND MANAGEMENT ACTIONS
Purpose: Actions that protect, restore, and manage species and habitats to reduce existing
stressors and address projected climate impacts may assist freshwater systems in coping with
change, increasing their resilience and maximizing their continued provision of Tribal natural
resources.
1. Manage upland vegetation and improve soil health to retain water and snow for longer
periods.
Protect headwaters through restoration, acquisition, or other approaches to help
buffer projected changes in seasonal streamflow.
2. Increase flood storage capacity to reduce the flashiness of peak flows.
Designate and restore natural channel migration zones.
Set back dikes, remove armoring, and address other barriers that limit floodplain
connectivity.
Acquire floodplain properties, when possible, to increase flood storage capacity.
Reduce road density near streams, where appropriate.
3. Increase aquatic habitat resilience to changing hydrologic conditions.
Increase habitat complexity and connectivity in stream channels, off-channels, and
floodplains to improve habitat and provide refugia during high and low flow events.
Where possible, coordinate this work to support related sediment management
actions included in this plan.
Increase use of logjams where feasible to provide refugia for fish during high flow
events.
Identify, protect, and increase priority areas used by riparian and aquatic species
during low flow periods.
Protect and restore riparian areas, including groundwater, wetlands, and springs, to
maintain summer base flows and reduce water temperatures, and consider riparian
treatments that enhance these benefits.
Restore beaver habitat and beaver populations to maintain summer base flows and
reduce water temperatures.
Remove dikes and levees that limit aquatic habitat resilience to low summer flows.
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Maintain or restore riparian vegetation to limit channel exposure to solar radiation.
Increase buffer widths on non-fish bearing streams to reduce solar gain.
Prevent livestock grazing in the riparian zone and other ecologically sensitive zones.
Identify barriers that impede fish movement and prioritize culvert replacement in
those locations.
Take climate change into account when designing stream crossing (including culverts)
and instream fish habitat, adjusting designs to account for higher peak flows and to
provide low-flow thalweg. (See Box 6 for example).

Box 6. Integrating Climate Change into the Design of Climate Adapted Culverts
The Washington Department of Fish and Wildlife, in partnership with the University of
Washington Climate Impacts Group, conducted a pioneering study which investigated how
climate-induced hydrological changes can be incorporated into the design of culverts.
Improperly installed or undersized culverts can act as barriers to salmon migration and habitat
connectivity for several reasons (see Figure 5 and 6), including: sediment accretion which
reduces culvert inlet height, streambed scour at the culvert outlet, and increased high flows
through the water crossing structure. It is estimated that 35,000 culverts in Washington state
act as barriers to fish passage.
Downscaled projections of temperature and precipitation were used to generate future
projections of mean daily flows for sites across Washington state. These streamflow
projections were used by WDFW to estimate future bankfull width, the most important
parameter of culvert design; projected percent change in bankfull width helps inform the
proper sizing and design of culverts to ensure/increase the likelihood that they are resilient to
projected hydrological changes in the region (Wilhere et al. 2016).

Figure 5. A perched culvert (outlet is elevated
above the streambed) requires migrating fish to
jump to pass through this culvert when migrating
upstream. This photo was taken prior to
restoration. Photo credit: USFWS MountainPrairie, used under CC BY 2.0.
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Figure 6. An un-perched culvert (outlet is at the
same elevation as the streambed) facilitates
upstream migration for migrating salmoninds. This
photograph was taken post-restoration. Photo
credit: USFWS Mountain-Prairie, used under CC BY
2.0.
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4. Implement water conservation approaches that increase summer streamflows and buffer
against rising stream temperatures.
Work with partners to develop water conservation strategies that will benefit
summer instream flows, including incentives to reduce summer water withdrawals,
improve irrigation efficiency, increase water use metering, and development of
water banks for the Stillaguamish Watershed.
Quantify Tribal instream flow water rights to assess options for water conservation
during times of extreme low flows and/or drought conditions
Purchase and obtain in-stream flow rights where possible and consider donation to
the Department of Ecology's Water Trust Program.
5. Actively assist fish in times of drought.
Assist movement of fish in times of drought or extreme low flows, as needed.
6. Stop the arrival, establishment, and spread of invasive species.
Remove or control invasive species.
Partner with other agencies to ensure continued survey and mapping of invasive
riparian and aquatic species.
7. Reduce turbidity levels by reducing sediment loading and facilitating sediment deposition.
Increase the use of log jams to help with sediment sorting, where relevant.

II. RESEARCH AND MONITORING ACTIONS
Purpose: Some adaptation activities may benefit from additional research, data collection, and
monitoring specific to the needs of the Stillaguamish Tribe. Taking steps to address these
knowledge gaps will deepen Tribal understanding of how climate change may affect aquatic
ecosystems and species, and ultimately help ensure that adaptation efforts are being targeted
effectively.
8. Increase understanding of how seasonal streamflow regimes, thermal heterogeneity, and
cold water refugia could be affected by climate change.
Increase flow data collection and monitoring to better describe changes in seasonal
streamflow patterns and improve hydrologic models. Where possible, coordinate
these efforts to support similar monitoring needs for marine habitat included in this
plan.
Identify and inventory cold water refugia, springs, and groundwater input to springs.
Evaluate how cold water inputs from glacier and snow (higher elevation) could be
affected by climate change.
Evaluate the influences of lakes, ditches, hyporheic zones, and groundwater on
stream temperatures, and how climate change could affect those influences.
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9. Increase understanding of thermal tolerances in fish species, and how those tolerances
may affect how fish are impacted by warmer summer streamflows.
Monitor changes in stream temperature and fish distributions in the Stillaguamish
watershed.
Research fish use of thermal refugia.
10. Increase understanding of how turbidity levels and other water quality parameters may
be affected by climate change.
Increase understanding of how sediment loading and transport in freshwater systems
may be affected by climate change. Where possible, coordinate these efforts to
support similar information needs for marine habitat included in this plan.
Work with partners to monitor and identify areas prone to road failure, unstable
slopes, and mass wasting, and assess how these areas might be impacted by climate
change.
Monitor how sediment contributions from previously glaciated areas change as a
result of glacier recession and declining snowpack.
Research channel to floodplain connectivity to allow for sediment deposition. Where
possible, coordinate this work to support related fish habitat actions included in this
plan.
Continue monitoring contaminates of emerging concern in relation to extreme
precipitation events, including wastewater treatment plant, stormwater, and
agricultural inputs.
Monitor water quality parameters that may be affected by projected changes in
streamflow, including dissolved oxygen, nutrients, pH, turbidity, water temperature,
and sedimentation.
11. Improve monitoring for fish disease and parasites that may benefit from climate change.
Survey fish health conditions and monitor for new pathogens and diseases that may
develop as a result of climate change.
Collaborate and standardize fish health survey methods among agencies to account
for climate change risks to fish health.
12. Increase understanding of changes in, and implications of, phenological changes, species
distributions, and species interactions that may be affected by climate change.
Monitor phenological changes and species interactions in riparian and aquatic
species that may be affected by climate change.
Evaluate how invasive riparian and aquatic species could be affected by climate
change.
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8 Adaptation Actions: Lowland
Meadows
The Stillaguamish Watershed is home to lowland meadow habitats resulting from succession of
abandoned agricultural fields (King County 2008). Several native species can be found in these
meadows. In wetter areas, species may include willow and red osier dogwood (Cornus sericea),
while drier areas may include elderberry (Sambucus spp.) and black hawthorn (Crataegus
douglasii). Lowland meadow habitats also provide critical habitat for American pipit (Anthus
rubescens), elk (Cervus canadensis), and Pacific jumping mouse (Zapus trinotatus). These
habitats face significant threat of invasion from exotic species such as scotchbroom (Cytisus
scoparius).
The Stillaguamish Tribe values lowland meadows for their provision of habitat for species of
subsistence or cultural significance to the Tribe. For example, lowland meadows are used to
harvest camas (Camassia spp.) bulbs, chocolate lily (Fritillaria affinis) corms, and bracken
(Pteridium aquilinum) rhizomes. Open meadows are managed to prevent forest encroachment
into these important gathering grounds. The Stillaguamish Tribe, in partnership with the Tulalip
Tribe, manages several enhancement fields within the Point Elliot Treaty ceded area.
Additionally, the Tribe owns a restoration property, Klein Farm, which includes lowland wildlife
meadows.
Climate change will affect lowland meadow habitat and species (Table 6, Box 7) in the
Stillaguamish Watershed primarily via changes in temperature and precipitation. Warming
temperatures will affect meadows differently depending on meadow type: wet and cool
meadows may see biomass increases but also tree encroachment, while hot and dry meadows
may see declines in biomass production and overall biodiversity. Meadows will be especially
sensitive to changes in precipitation, with effects varying by meadow type and location. Because
of their relatively small size, meadow habitats may be especially sensitive to indirect effects of
climate change (e.g., fire, flooding, wind, disease, pests).
In addition to the projected effects of climate change, lowland meadow habitats in the
Stillaguamish Watershed will continue to be affected by human land use, including forest
encroachment due to cessation of traditional burning practices, and residential and agricultural
development (Crawford and Hall 1997).
Actions to address the impacts of climate change on lowland meadow habitats are grouped as
follows: 1) Species and habitat protection, restoration, and management actions, and 2)
Research and monitoring actions.
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Table 6. CCVI rankings for lowland meadow species assessed in the Stillaguamish Tribe’s Vulnerability
Assessment. Results are shown for the 2050s and the 2080s under both a moderate (A1B) and high (A2)
emission scenario using NatureServe’s Climate Change Vulnerability Index (CCVI) tool. Bold names indicate
species identified by the Tribe as a high priority for the assessment. Names with an asterisk indicate species that
were analyzed at the scale of the Tribe’s ceded area; all other species were analyzed at the scale of the
Stillaguamish watershed. Names with a “‡” indicate species that inhabit more than one habitat type. CCVI
Results Key: IL Increase Likely, PS Presumed Stable, MV Moderately Vulnerable, HV Highly Vulnerable, EV
Extremely Vulnerable. For more details, see Krosby et al. 2016.
Common Name

Scientific Name

Black-Tailed Deer‡
Oregon Spotted
Frog ‡

Odocoileus hemionus columbianus

Mammal

Rana pretiosa

Amphibian

Great Blue Heron
Trumpeter Swan ‡
Bald Eagle‡

Ardea herodias
Cygnus buccinator
Haliaeetus leucocephalus

Taxon

2050s
A1B
A2
PS
PS

2080s
A2
A1B
MV
MV

PS

PS
HV

HV

Bird

PS

PS

PS

PS

Bird
Bird

PS

PS

PS

PS

PS
PS

PS
PS

Box 7. In Focus: Extremely and Highly Vulnerable Lowland Meadow Species by the 2080s
from Krosby et al. 2016
Oregon Spotted Frog (Highly Vulnerable) - The Oregon spotted
frog is dependent on seasonal hydrologic regimes, which are
sensitive to shifts in temperature and precipitation. The Oregon
spotted frog is also sensitive to anthropogenic barriers (such as
roads) that may limit its dispersal to newly climatically suitable
areas.

Image credits: Oregon Spotted Frog: by Teal Waterstrat, USFWS Pacific Region, Flickr Creative Commons.
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I. SPECIES AND HABITAT PROTECTION, RESTORATION, AND MANAGEMENT ACTIONS
Purpose: Actions that protect, restore, and manage species and habitats to reduce existing
stressors and address projected climate impacts may assist lowland meadow systems in coping
with change, increasing their resilience and maximizing their continued provision of ecosystem
services.
1. Monitor, protect, and actively maintain or expand open meadow habitat to reduce
potential for habitat loss.
Identify priority open meadow areas for monitoring, protection, and management.
Monitor tree establishment patterns in open meadows and remove as needed to
reduce encroachment.
Create or expand open meadows, where possible.
Identify important habitat treatments that will help maintain and protect open
meadow habitat.
Where relevant, plant open meadow species that have a broader range of moisture
tolerance.
2.

Increase invasive species control efforts, including preventative management efforts.
Identify, monitor, and remove invasive species that have the highest potential to
impact open meadows.
Monitor the likely pathways of introduction and points of entry for invasive species.
Implement procedures for preventative cleaning of heavy equipment and transport
vehicles or other gear before entering open meadow sites.

II. RESEARCH AND MONITORING ACTIONS
Purpose: Some adaptation activities may benefit from additional evaluation and monitoring
specific to the needs of the Stillaguamish Tribe. Taking steps to address these knowledge gaps will
deepen Tribal understanding of how climate change may affect lowland meadow habitats and
species, and ultimately help ensure that adaptation efforts are targeted effectively.
3.

Increase understanding of how climate change could affect the distribution,
composition, and phenology of open meadow habitat and species.
Evaluate how climate change could affect the distribution and composition of open
meadow habitats.
Monitor open meadow vegetation and species to help detect changes in the
distribution, composition, and structure of open meadow plant and animal
communities.
Monitor phenological changes in both open meadow plant and animal species.
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9 Adaptation Actions: Montane
Wetlands and Meadows
Montane habitats occur at the highest elevations of the Stillaguamish Watershed. These regions
form an ecotone where tree establishment tapers and is gradually replaced by open meadows
and low-lying shrubs as elevation increases. Severe climatic conditions and deep, persistent
winter snowpack maintain this forest-meadow transition. Heath shrub communities, which are
dominated by shrubs from the heath or heather family (Ericaceous), are one of the more
common montane meadow communities in western Washington. At lower elevations, subalpine
meadow communities are dominated by the Cascade blueberry (Vaccinium deliciosum) and
other early successional species that establish after disturbance events (e.g., fire) (Franklin and
Dyrness 1988). Montane habitats provide critical habitat for many species in the Stillaguamish
Watershed, including Canada lynx (Lynx canadensis), mountain goat (Oreamnos americanus),
wolverine (Gulo gulo), and the gray-crowned rosy finch (Leucosticte tephrocotis).
The Stillaguamish Tribe uses montane meadows and wetlands to gather forbs and fruit, and to
hunt big game such as mountain goat (Oreamnos americanus). The Stillaguamish Tribe does not
directly manage montane habitat in the Stillaguamish Watershed or Treaty ceded area.
However, the Tribe’s Treaty ceded area includes montane habitat, and the Tribe is actively
purchasing land for the purpose of creating wildlife reserve habitat and forage plots for game
species residing in montane habitat. In addition, the Tribe assists in management activities in
montane habitat. For example, the Tribe co-manages mountain goat populations in the
Stillaguamish Watershed and broader ceded area. Specifically, the Tribe is collecting baseline
data on mountain goat migration and dispersal (daily and seasonal) and habitat use. The Tribe
also partners with the state and other Point Elliott Treaty Tribes to annually survey local
mountain goat populations.
Climate change will affect montane habitats and species (Table 7, Box 8) in the Stillaguamish
Watershed and Tribal ceded area via changes in temperature and seasonal precipitation
patterns, decreasing winter snowpack, and increasing tree encroachment. Warmer
temperatures are expected to increase growth and productivity in high-elevation habitats that
are currently limited by cold temperatures, and to facilitate tree encroachment into meadows
and other suitable alpine areas. Changes in summer precipitation could alternatively lead to
increases in biomass production and biodiversity rates (if precipitation increases), or decreased
growth and higher likelihood of fire (if precipitation decreases). Less snow in winter could lead
to a longer growing season but negatively affect snow dependent species.
Chapter header image: “Creative Commons White Chuck, Three Fingers, and Whitehorse Mountain” by jaisril,
licensed under CC BY-NC-ND 2.0.
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Table 7. CCVI rankings for montane wetlands and meadow species assessed in the Stillaguamish Tribe’s
Vulnerability Assessment. Results are shown for the 2050s and the 2080s under both a moderate (A1B) and high
(A2) emission scenario using NatureServe’s Climate Change Vulnerability Index (CCVI) tool. Bold names indicate
species identified by the Tribe as a high priority for the assessment. Names with an asterisk indicate species that
were analyzed at the scale of the Tribe’s ceded area; all other species were analyzed at the scale of the
Stillaguamish watershed. Names with a “‡” indicate species that inhabit more than one habitat type. CCVI
Results Key: IL Increase Likely, PS Presumed Stable, MV Moderately Vulnerable, HV Highly Vulnerable, EV
Extremely Vulnerable. For more details, see Krosby et al. 2016.
Common Name

Scientific Name

Taxon

2050s
A1B
A2

2080s
A1B
A2

Canada Lynx* ‡

Lynx canadensis*

Mammal

HV

MV

EV

EV

Mountain Goat*

Oreamnos americanus*

Mammal

MV

PS

EV

EV

Wolverine

Gulo gulo

Mammal

PS

PS

EV

EV

Gray-Crowned Rosy-Finch

Leucosticte tephrocotis

Bird

PS

PS

MV

MV

Grizzly Bear‡

Ursus arctos horribilis

Mammal

PS

PS

MV

MV

American Pipit

Anthus rubescens

Bird

PS

PS

PS

PS

Northern Goshawk ‡

Accipiter gentilis

Bird

IL

IL

IL

IL

Sooty Grouse

Dendragapus fuliginosus

Bird

IL

IL

IL

IL

Gray-Crowned Rosy-Finch

Leucosticte tephrocotis

Bird

PS

PS

MV

MV
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Box 8. In focus: Extremely and Highly Vulnerable Montane Wetland Species by the 2080s. No open
meadow species evaluated in Krosby et al. 2016 are expected to be highly or extremely vulnerable to
climate change by the 2080s.
Canada Lynx (Extremely Vulnerable) - The Canada lynx is physiologically
adapted to cold alpine and subalpine zones, and thus extremely sensitive to
increases in air temperature. In addition, the lynx is strongly dependent on
persistent snowpack, which is projected to decline as temperatures
increase. Snowfall and habitat structure is thought to influence lynx
distribution at coarse and fine scales. Various features of the snow may
influence lynx interaction with its main prey species, the snowshoe hare.
Mountain Goat (Extremely Vulnerable) - The mountain goat is
physiologically adapted to cold alpine and subalpine zones, and thus are
extremely sensitive to increases in air temperature. Mountain goat survival
has been negatively correlated with warm summer temperatures.
Wolverine (Extremely Vulnerable) – The wolverine is physiologically
adapted to cold alpine and subalpine zones, and is thus extremely sensitive
to increases in air temperature. In addition, the wolverine is strongly
dependent on persistent snowpack, which is projected to decline as
temperatures increase. Spring snow cover is an obligate component of
wolverine denning because it aids the survival of young by providing a
thermal advantage and a refuge from predators.

Image credits: Canadian lynx: by Keith Williams, Wikimedia Commons, CC-BY-2.0; Mountain goat: WADFW; Wolverine: National
Park Service, Wikimedia Commons (public domain)
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In addition to the projected effects of climate change, human activities – particularly recreation
– will continue to impact montane habitats. In winter, downhill and back country skiing
negatively affect montane habitats and the species residing in them. During summer months,
montane habitats are increasingly being affected by hiking, rock climbing, hang-gliding, and
numerous other outdoor recreation activities (Martin 2001). Grazing and trampling by domestic
species can also negatively affect open meadow habitat by reducing habitat cover and causing
shifts in species composition.
Actions to address the impacts of climate change on montane wetlands and meadows are
grouped as follows: 1) Species and habitat protection, restoration, and management actions, 2)
Research and monitoring actions, and 3) Actions specific to mountain goat.

I. SPECIES AND HABITAT PROTECTION, RESTORATION, AND MANAGEMENT ACTIONS
Purpose: Actions that protect, restore, and manage species and habitats to reduce existing
stressors and address projected climate impacts may assist lowland meadow systems in coping
with change, increasing their resilience and maximizing their continued provision of ecosystem
services.
1. Increase resilience by preserving biodiversity in montane wetlands and meadows.
Identify, protect, and increase priority areas for active management and protection
of subalpine and alpine species.
Identify and protect sites that are less likely to be affected by climate change
(refugia), and focus on those sites for restoration.
Where rare and disjunct species are a concern, identify and protect, plant, or
otherwise encourage regeneration of rare and disjunct species in appropriate
locations.
2. Reduce the risks associated with insect outbreaks, pathogen outbreaks, and invasive
species in montane wetlands and meadows.
Employ relevant actions identified for Forests for managing risk of insect outbreaks,
pathogen outbreaks, and invasive species.

II. RESEARCH AND MONITORING ACTIONS
Purpose: Some adaptation activities may benefit from additional evaluation and monitoring
specific to the needs of the Stillaguamish Tribe. Taking steps to address these knowledge gaps will
deepen Tribal understanding of how climate change may affect montane wetlands and meadows,
and ultimately help ensure that adaptation efforts are targeted effectively.
3. Gather information that can be used to prioritize and adapt high elevation montane
wetland and meadow sites to the effects of climate change.
Identify, implement, and/or support long-term vegetation monitoring protocols to
help detect changes in the distribution, composition, and structure of alpine and
subalpine plant communities.
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Monitor patterns in species abundance, demographics and productivity of
populations, species at the extremes of their ranges, adaptive capacity of species,
and shifts in species distributions.
Focus monitoring on sensitive habitats and species in priority regions.
Monitor phenological changes in both montane plant and animal species, and adapt
management activities for those changes, where possible.
Monitor herbaceous plant establishment in previously snow-covered and glaciated
areas.

III. ACTIONS SPECIFIC TO MOUNTAIN GOAT
Purpose: Adaptation actions which minimize threats to existing mountain goat habitat are likely to
increase the resilience of these habitats to climate change. Additionally, actions which increase
understanding of mountain goat populations and how climate change may affect them may
improve the effectiveness of mountain goat management under climate change.
4. Identify, protect, and enhance mountain goat habitat that may be affected by climate
change.
Use local and traditional knowledge to identify important mountain goat habitat
(kidding/early rearing; dispersal and migration corridors; winter ranges; mineral licks,
trails). Once identified, important habitat for mountain goats should be formally
included in resource use decisions.
Prioritize habitat protection in areas where the disturbance risk to mountain goat
habitat is relatively greater (e.g., in areas with merchantable forest, oil and gas,
mineral tenures, recreation tenures, and developed access).
Identify, monitor, and maintain connectivity of forest cover between suitable
mountain goat habitats at the landscape level.
5. Minimize recreational disturbance on mountain goat habitat.
Minimize motorized ground-based activities in the vicinity of critical mountain goat
habitat during all lifestages.
Use climate change information to project changes in recreation use patterns in the
alpine environment that may affect mountain goat habitat.
Implement outreach/education and regulatory enforcement to prevent adverse
human-wildlife interactions.
6. Support reduction of the amount and persistence of roads in and near mountain goat
habitat.
Where possible, ensure that structures (including roads) are designed to be
temporary and strategically located to facilitate effective removal when industrial
activity is required in or near mountain goat habitat.
Where possible, ensure that temporary roads or structures adjacent to mountain
goat habitat are decommissioned to restrict vehicular traffic within two years after
completion of industrial development activities.
Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

Page 46

Consider access control measures where roads in proximity to mountain goat habitat
could remain in place for an extended period of time.
7. Increase understanding of changes in mountain goat populations by monitoring mountain
goat populations.
Collect baseline data on mountain goats in forest/montane habitats using GPS collars
to track daily/seasonal movements and habitat use.
Continue with annual aerial population surveys and consider expanding the survey
area to include the traditional goat areas.
Augment currently stressed populations of mountain goats from populations that are
large and more robust.
Monitor genetic diversity of mountain goat populations.
8. Support snowpack retention to benefit mountain goat.
Monitor changes in snowpack that may affect mountain goats and identify areas
where snowpack is likely to be retained.

Mountain goat, USFWS, Wikimedia (public domain)
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10 Adaptation Actions: Wetlands
Wetlands are common throughout the Puget Sound lowlands (Kruckeberg 1991) and provide
habitat for a diverse array of plant and animal species in the Stillaguamish Watershed. Wetlands
are either permanently or seasonally inundated with water and perform a variety of ecosystem
services including water filtration and flood water storage in lowland areas (Brown 1985).
Wetlands are some of the most productive habitats in the Stillaguamish Watershed, providing
ample forage and breeding sites for the region’s wildlife. For example, wetlands in the
Stillaguamish Watershed are home to a variety of avian species, including the great blue heron
(Ardea herodias), western grebe (Aechmophorus occidentalis), and trumpeter swan (Cygnus
buccinator). Wetlands are also inhabited by a variety of reptiles and amphibians, including the
western pond turtle (Actinemys marmorata) and the Oregon spotted frog (Rana pretiosa). In
addition, floodwater storage wetlands can serve as essential feeding habitat and refugia for
salmonids during winter floods (Henning 2004).
The Stillaguamish Tribe values the ecological services provided by healthy wetland habitats, as
well as the intrinsic cultural value they possess and the resources they harbor and produce.
Healthy wetlands, in addition to providing habitat for a variety of birds, fishes, amphibians, and
reptiles, also perform a variety of ecosystem services, including floodwater storage, and filtering
of sediment, nutrients, and pollutants (Sheldon et al. 2005). The Tribe inventories, protects, and
restores wetland ecosystems in the Stillaguamish Watershed, as these areas provide habitat for
many plant and animal species with economic or cultural value to the Tribe.
Climate change will affect wetland habitat and the species that rely on them (Table 8, Box 9) via
changes in temperature, precipitation, evapotranspiration, and snowpack. Increasing
temperatures and declining precipitation during the dry season could lead to earlier wetland
drying and a shorter wet season, which may result in mismatches between the timing of
wetland availability and when species require them seasonally (e.g., for reproduction or
metamorphosis).
In addition to projected climate impacts, the watershed’s wetlands will continue to be affected
by human activities that resulted in wetland degradation, reduced water quality, and reduced
hydrologic function. For example, wetlands in the Stillaguamish Watershed have been filled or
drained for agricultural or residential development, which has led to shifting peak flows in
adjacent tributaries (SIRC 2005). In addition, pollution entering these habitats from runoff
surface water (e.g., sediment, fertilizer, animal waste, pesticides, and heavy metals) can reduce
wetland habitat quality (EPA 2001).
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Table 8. CCVI rankings for wetland species assessed in the Stillaguamish Tribe’s Vulnerability Assessment. Results
are shown for the 2050s and the 2080s under both a moderate (A1B) and high (A2) emission scenario using
NatureServe’s Climate Change Vulnerability Index (CCVI) tool. Bold names indicate species identified by the Tribe
as a high priority for the assessment. Names with an asterisk indicate species that were analyzed at the scale of
the Tribe’s ceded area; all other species were analyzed at the scale of the Stillaguamish watershed. Names with a
“‡” indicate species that inhabit more than one habitat type. CCVI Results Key: IL Increase Likely, PS Presumed
Stable, MV Moderately Vulnerable, HV Highly Vulnerable, EV Extremely Vulnerable.. For more details, see Krosby
et al. 2016.
Common Name
Western Pond
Turtle*
Western Grebe
Oregon Spotted
Frog ‡
Great Blue Heron
Trumpeter Swan ‡

Scientific Name

Taxon

Actinemys marmorata*

2050s

2080s

A1B

A2

A1B

A2

Reptile

MV

PS

EV

EV

Aechmophorus occidentalis

Bird

MV

MV

HV

HV

Rana pretiosa

Amphibian

PS

PS

HV

HV

Ardea herodias

Bird

PS

PS

PS

PS

Cygnus buccinator

Bird

PS

PS

PS

PS

Box 9. In focus: Extremely and Highly Vulnerable Wetland Species by the 2080s.
From Krosby et al. 2016
Western Pond Turtle (Extremely Vulnerable) - The western pond
turtle is somewhat dependent on seasonal hydrologic regimes,
which are sensitive to shifts in temperature and precipitation.
The western pond turtle is also sensitive to anthropogenic
barriers such as roads that may limit its dispersal to newly
climatically suitable areas.
Western Grebe (Highly Vulnerable) - The western grebe has
specific nesting habitat requirements which include floating and
submergent vegetation for building a floating nest mat. The
western grebe is also highly sensitive to disturbances such as
flooding, wind, and drought, which can reduce the reproductive
success of the western grebe.
Oregon Spotted Frog (Highly Vulnerable) – The Oregon spotted
frog is dependent on seasonal hydrologic regimes, which are
sensitive to shifts in temperature and precipitation. The Oregon
spotted frog is also sensitive to anthropogenic barriers (such as
roads) that may limit its dispersal to newly climatically suitable
areas.

Image credits: Western Pond Turtle: Oregon Dept of Fish and Wildlife, Wikimedia Commons, Wikimedia Commons CC BY-SA
2.0; Western Grebe: by "Mike" Michael L. Baird, Wikimedia Commons, Wikimedia Commons CC BY-SA 2.0; Oregon Spotted
Frog: by Teal Waterstrat, USFWS Pacific Region, Flickr Creative Commons
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Actions to address the impacts of climate change on wetlands are grouped as follows: 1) Species
and habitat protection, restoration, and management actions, and 2) Research and monitoring
actions.

I. SPECIES AND HABITAT PROTECTION, RESTORATION, AND MANAGEMENT ACTIONS
Purpose: Actions that protect, restore, and manage species and habitats to reduce existing
stressors and address projected climate impacts may assist wetlands in coping with change,
increasing their resilience and maximizing their continued provision of Tribal natural resources.
1. Maintain and enhance wetland function and conditions, particularly in priority wetlands.
Work with partners to prioritize wetlands (e.g., based on climate vulnerability) for
active management and protection across jurisdictional boundaries.
Translocate and increase beaver populations to create and restore wetland habitat.
Increase microhabitat structures (e.g., woody debris) for microclimate refugia,
nesting habitat, and egg deposition structures for species dependent on wetland
habitat.
Increase habitat connectivity and heterogeneity that improves wetland conditions.
Use native vegetation to increase shading of wetlands and microhabitats.
Reduce sediment transport into wetlands by maintaining plant cover outside of the
wetland areas and, where relevant, natural material fencing.
2. Maintain the hydroperiod and water supply for wetlands.
Identify, protect, and restore (where necessary) source waters for wetlands,
including groundwater recharge areas.
Where appropriate, maintain water in wetlands and streams through water
conservation techniques such as float valves, diversion values, hose pumps,
increased water use efficiency, beaver translocation, and improved technologies for
water use.
Identify features (e.g., roads, trails, culverts, ditches, etc.) that interfere with the
hydrology of wetlands, and implement approaches to address those features where
possible.
3. Preserve biodiversity while maintaining populations of culturally significant species.
Maintain appropriate densities of native wetland species, including culturally
significant species, and promote more drought tolerant native species.
4. Reduce impacts on wetlands from human activities, including timber production,
construction, recreation, and agricultural activities.
Review Forest Practice applications for potential impacts to wetlands.
Work with partners to reduce livestock impacts on wetlands with fencing and by
relocating water troughs away from springs and riparian areas.
Work with partners to identify and reduce recreation impacts on sensitive wetland
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habitats.
Increase the size and enforcement of buffer zones around wetlands.
5. Plan and prepare for greater wetland area burned.
Incorporate fire risk into wetland management plans.
6. Implement insect and pathogen prevention and control methods where appropriate to
preserve wetlands.
Work with partners to eradicate and control the spread of invasive species,
pathogens, and diseases that may affect wetland species, especially after fire.

II. RESEARCH AND MONITORING ACTIONS
Purpose: Some adaptation activities may benefit from additional evaluation and monitoring
specific to the needs of the Stillaguamish Tribe. Taking steps to address these knowledge gaps will
deepen Tribal understanding of how climate change may affect wetland habitats, and ultimately
help ensure that adaptation efforts are targeted effectively.
7. Implement wetland monitoring where appropriate.
Define the extent and distribution of wetlands.
Monitor for changes in wetland habitats, particularly culturally relevant plants and
animals. This includes monitoring for changes in distribution, phenology, and microclimatic conditions.
Support or implement compliance monitoring to ensure that Forest Practice
Applications regulations that may affect wetlands are followed.
Survey wetland health conditions and monitor for invasive species, pathogens, and
diseases.
8. Conduct research to inform effective adaptation for wetlands.
Investigate best management practices to increase snow retention in areas that will
benefit wetlands; implement those practices where possible based on these findings.
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11 Adaptation Actions: Marine
The Stillaguamish Watershed encompasses 22 miles of marine shoreline (SIRC 2005). Off-shore,
the marine zone provides essential habitat for Pacific salmon during their development. This
portion of the salmon’s life cycle is spent feeding and growing in preparation for the journey to
the Pacific Ocean, where survival to adulthood is tightly linked to body size (Kemp et al. 2013).
Closer to shore, the large estuary of Port Susan Bay supports a variety of habitats, including
mudflats, which harbor mollusks and shellfish, and salt marshes, which harbor eelgrass
meadows (Thom and Hallum 1990). Port Susan Bay also provides critical habitat for many of the
region’s shorebirds, such as the western sandpiper (Calidris mauri) and dunlin (Calidris alpina),
and has been known to provide habitat for more than 20,000 shorebirds within a single season.
Wintering ducks also depend on the estuary for critical habitat (Cullinan 2001). Port Susan Bay’s
estuary also provides critical rearing habitat for coho salmon (Oncorhynchus kisutch), and
federally listed Chinook salmon (Oncorhynchus tshawytscha) and bull trout (Salvelinus
confluentus) prior to their outmigration to the Pacific Ocean. These brackish waters facilitate the
physiological transition of salmon from freshwater to saltwater, and provide forage habitat and
refuge from predators (SIRC 2005).
The Stillaguamish Tribe values and restores marine habitats, as these areas support plant and
animal species of economic or cultural significance to the Tribe. Some of these species include
mollusks, shellfish, forage fish, and salmonids. The Tribe developed a Marine Stewardship and
Shellfish Program to ensure Tribal members have access to a safe, sustainable marine harvest
for current and future generations. The Tribe also supports water quality programs that monitor
for toxic algae, fecal coliform bacteria, hydrocarbons, heavy metals, and other contaminants
(SIRC 2005).
Climate change will affect the marine habitats and species associated with the Stillaguamish
Watershed via changes in temperature, sediment transportation, ocean acidification, and sea
level rise (Table 9, Box 10). Warming temperatures may result in shifts in the biotic community
in the nearshore habitat. In addition, warming of regional waters will alter Puget Sound’s water
chemistry, acidifying local waters. Ocean acidification has severe implications for shellfish
growth and development in nearshore habitats. Rising sea levels also have the potential to
inundate these habitats. The effects of local sea level may be mediated by shifts in sediment
transport (i.e., increases in sediment cause aggradation of the estuary bed, enabling the estuary
to keep pace with rising seas).
In addition to the projected effects of climate change, human activities will continue to affect
the watershed’s marine habitats. One of the largest threats facing the waters of Puget Sound is
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Table 9. CCVI rankings for marine species assessed in the Stillaguamish Tribe’s Vulnerability Assessment.
Results are shown for the 2050s and the 2080s under both a moderate (A1B) and high (A2) emission scenario
using NatureServe’s Climate Change Vulnerability Index (CCVI) tool. Bold names indicate species that were
identified by the Tribe as a high priority for assessment. Names with an asterisk indicate species that were
analyzed at the scale of the Tribe’s ceded area; all other species were analyzed at the scale of the Stillaguamish
watershed. Names with a “‡” indicate species that inhabit more than one habitat type. CCVI Results Key: IL
Increase Likely, PS Presumed Stable, MV Moderately Vulnerable, HV Highly Vulnerable, EV Extremely
Vulnerable. For more details, see Krosby et al. 2016.
Common Name

Scientific Name

Taxon

2050s

A1B

A2

2080s

A1B

A2

Bull Trout ‡

Salvelinus confluentus

Fish

MV

MV

EV

EV

Chinook Salmon ‡

Oncorhynchus tshawytscha

Fish

MV

MV

EV

EV

Coho Salmon ‡

Oncorhynchus kisutch

Fish

MV

MV

EV

EV

Steelhead ‡

Oncorhynchus mykiss

Fish

MV

MV

EV

EV

Marbled Murrelet ‡

Brachyramphus marmoratus

Bird

PS

PS

HV

HV

Black Bellied Plover

Pluvialis squatarola

Bird

PS

PS

PS

PS

Brant

Branta bernicla

Bird

PS

PS

PS

PS

Bufflehead
Canada Goose
Great Blue Heron ‡

Bucephala albeola
Branta canadensis
Ardea herodias

Bird
Bird
Bird

PS
PS
PS

PS
PS
PS

PS
PS
PS

PS
PS
PS

Greater Scaup

Aythya marila

Bird

PS

PS

PS

PS

Northern Pintail*

Anas acuta

Bird

PS

PS

PS

PS

Rhinoceros Auklet

Cerorhinca monocerata

Bird

PS

PS

PS

PS

Pigeon Guillemont

Cepphus columba

Bird

PS

PS

IL

IL

Common Goldeneye

Bucephala clangula

Bird

IL

IL

IL

IL

Western Sandpiper

Calidris mauri

Bird

IL

IL

IL

IL
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Box 10. In Focus: Extremely Vulnerable and Highly Vulnerable Marine Species by the 2080s
(from Krosby et al. 2016).
Bull trout, Chinook Salmon, Coho Salmon, Steelhead (Extremely
Vulnerable) – Multiple factors in the marine environment contribute to
the vulnerability of salmonids to climate change. A key issue in the
nearshore environment is their sensitivity to sea wall development, which
affects the nearshore areas that juvenile salmon rely on in their critical
early marine life stage. Sea wall development could also impede salmonid
movement and migration. Other factors include an increase in ocean
temperatures, sedimentation, and ocean acidification, all of which could
reduce salmonid food resources. Salmonid sensitivities to changes in the
freshwater environment are discussed in Chapter 7.
Marbled Murrelet (Highly Vulnerable) – The marbled murrelet is highly
dependent on forage fish, crustaceans, and mollusks and is known to defer
breeding during food shortages. This reliance on a specialized diet
increases the vulnerability of marbled murrelet to climate change.
Vulnerabilities related to marbled murrelet reliance on forest habitat and
the potential for shifts in disturbance regimes that affect forest habitat are
discussed in Chapter 6.

Image credits: Chinook salmon: Puget Sound Partnership; Steelhead trout: NOAA; Marbled murrelet: by Martin Raphael, U.S.
Forest Service, Wikimedia Commons (public domain)
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the conversion of land-use for natural resource production, the development of transportation
infrastructure, and utilities. These land-use changes exacerbate the existing threat of non-point
source pollution from agricultural and industrial sites, which lowers water quality and introduces
toxics and pollutants into the aquatic system (McManus et al. 2014). Increasing population
growth and the pressure this places on water treatment infrastructure may exacerbate these
impacts, as the majority of contaminants have been shown to be coming from water treatment
plants, particularly during extreme precipitation events. In addition, the construction of dikes,
levees, revetments, tide-gates, flood-gates, pump-stations, weirs, and bulkheads have resulted
in loss of estuarine and nearshore habitat in the Stillaguamish Watershed (SIRC 2005).
Actions to address the impacts of climate change on marine habitats are grouped as follows: 1)
Species and habitat protection, restoration, and management actions, and 2) Research and
monitoring actions.

I. SPECIES AND HABITAT PROTECTION, RESTORATION, AND MANAGEMENT ACTIONS
Purpose: Actions that protect, restore, and manage species and habitats to reduce existing
stressors and address projected climate impacts may assist marine habitats in coping with
change, increasing their resilience and maximizing their continued provision of Tribal natural
resources.
1. Restore coastal habitat for climate change mitigation and adaptation.
Identify and prioritize areas most in need or most valuable for restoration.
Implement planting and beach nourishment, where applicable, as an overall
restoration strategy.
Restore delta hydrology and habitat, including blind channels.
Restore salt marshes to maximize natural barriers to storm surge.
Restore eelgrass beds and forage fish spawning habitat.
Restore or develop pocket estuaries through fill removal (spoils of dredging), beach
nourishment, and other approaches.
2. Protect coastal habitat through regulatory and voluntary approaches.
Use regulatory approaches to designate and protect marine habitat migration zones.
Regulatory responses include: rolling easements; setback requirements; no building
areas; coastal armoring; beach nourishment; acquire land/development rights.
Use non-regulatory approaches to designate and protect marine habitat migration
zones. Non-regulatory responses include: easements; land trusts; sea level migration
pathway (lateral and longshore).
Work with partners to get a Tribal voice incorporated into discussions about new
bulkhead development and, where possible, to prohibit new bulkheads.
Strengthen and support existing setback regulation in Shoreline Management Act
(SMA) and local programs.
3. Maintain and protect sediment sources and associated transport mechanisms.
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Remove dikes and other barriers that limit sediment transport to recover processes
related to fluvial dynamics, tidal connections, and material transport.
Protect habitat structures that influence sediment processes (e.g., submerged
aquatic vegetation such as eelgrass beds, seafloor morphology).
Prohibit armoring on feeder bluffs.
Protect connectivity between sediment sources and deposition areas.
Maintain sediment input to tidal habitats to facilitate beach and marsh building.
4. Where possible, limit the use of, redesign, or remove shoreline armoring.
Redesign and ultimately remove existing structures and barriers (e.g., dikes, roads,
seawalls, bulkheads) to inland migration of coastal habitat.
Use failure of armoring structures (e.g., dikes and bulkheads) as an opportunity to
work with partners to remove or setback bulkheads.
Explore various options for softshore armoring (e.g., gravel, sand, logs, root masses).
5. Enhance resilience of native and cultivated shellfish populations and the ecosystems on
which they depend.
Preserve existing native seagrass and kelp populations, and where possible restore
these populations.
Support restoration and conservation of native oysters.
Investigate alternative shellfish agriculture methods (e.g., suspended aquaculture;
vertical sea gardens; clam gardens) to secure alternative food sources for the Tribe.
6. Prevent, and where necessary, control the spread of invasive species.
Survey and map invasive marine species.
Remove or control marine invasive species.
7. Reduce local land-based contributions to ocean acidification.
Work with partners to implement and support effective nutrient and organic carbon
reduction programs in locations where these pollutants are causing or contributing
to multiple water quality problems.
Support and reinforce current planning efforts and programs that address the
impacts of nutrients and organic carbon on marine ecosystems.

II. RESEARCH AND MONITORING ACTIONS
Purpose: Some adaptation activities may benefit from additional evaluation and monitoring
specific to the needs of the Stillaguamish Tribe. Taking steps to address these knowledge gaps will
deepen Tribal understanding of how climate change may affect marine habitats, and ultimately
help ensure that adaptation efforts are targeted effectively.
8. Conduct research to inform coastal adaptation and mitigation actions.
Explore using offshore aquaculture (reefs and suspended) as a tool to reduce the
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impacts of storm energy.
Investigate the feasibility of applying blue carbon tidal wetland and seagrass
restoration methodology in Port Susan.
9. Develop sea level rise, wave, and storm surge projections; incorporate these projections
into project and planning design.
Assess the availability of locally specific sea level rise, wave, and storm surge
projections, and work to refine as needed for local issues.
Plan for higher-than-average sea level rise scenarios.
10. Evaluate the impacts of armored shorelines on nearshore habitats.
Assess the cumulative effects of bulkheads on nearshore habitat, and how the
impacts of these bulkheads will change as sea level continues to rise.
11. Investigate and monitor underlying mechanisms driving sediment dynamics affecting
coastal habitats.
Evaluate and monitor the causal factors and mechanisms that influence sediment
processes affecting coastal habitats, including sediment sources, barriers, transport,
and deposition. Where possible, coordinate these efforts to support similar
information needs for freshwater habitat included in this plan.
12. Continue monitoring and research of marine water conditions in Port Susan that may be
affected by climate change.
Continue to monitor harmful algal blooms in shellfish harvest areas in response to
changing marine conditions.
Expand or enhance current water quality monitoring programs to monitor
contaminants of emerging concern in water and biological tissues associated with
extreme precipitation events and high levels of point and non-point source pollution.
Increase flow data collection and monitoring to better describe patterns in seasonal
freshwater inflows into estuaries. Where possible, coordinate these efforts to meet
similar monitoring needs for freshwater habitat.
Work with partners to increase monitoring of marine nutrients.
Implement sediment monitoring for contaminants and other toxics (e.g., heavy
metals) of emerging concern.
Implement storm surge monitoring, and assess the possibility for land owners to
conduct their own storm surge monitoring.
13. Participate in an ocean acidification monitoring network to measure trends in local ocean
acidification conditions.
Collect data at a spatial and temporal resolution sufficient to understand the current
status of ocean acidification in local marine waters and to discern trends across space
and time.
Identify and protect ocean acidification 'refugia', i.e., areas that are naturally resilient
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to ocean acidification (including kelp and eelgrass beds).
Use Port Susan as a research site to collect baseline data on aragonite in estuarine
locations.
14. Characterize the biological responses of local species to ocean acidification and associated
stressors.
Conduct field and/or laboratory studies to characterize the effects of ocean
acidification on local species, and to aide in the future development of ocean
acidification indicators and thresholds to guide adaptation actions.
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12 Fostering Resilience Through
Outreach and Education
The Stillaguamish Tribe values a robust Natural Resources Outreach and Education program. The
program has been in place since 2003 and has expanded its audience and partners in the
watershed, each year since its creation. Currently, the Tribe delivers natural resources and
treaty rights education to local schools, organizations and community groups. The emphasis is
on the importance of protecting and restoring natural resources that are culturally significant to
the Tribe, their treaty rights and local residents in the watershed. The education includes
classroom lessons, field trips, stewardship events, workshops and presentations. It covers a
wide variety of subjects that include tribal treaty rights, ecosystems, water quality, wildlife,
marine habitat, climate change and
salmon recovery and works closely
with the Tribes Cultural Department.
The Tribe is also an active partner
with local residents, government
agencies and community
organizations that are working
together to protect and restore
critical ecosystems in the
Stillaguamish watershed. In addition,
the Tribe reaches out to local
landowners, stakeholders and
elected officials to share the
significance of protecting culturally
significant natural resources in the
watershed and protection of Tribal
Treaty Rights.

Tribal staff play an active role in outreach and education
activities. Image source: Stillaguamish NRD.

Climate change will affect many different ecosystems in the Stillaguamish watershed, which puts
Tribal treaty rights at risk. It is important to communicate the risks we face today and into the
future from climate change with tribal members and staff, local residents, government agencies,
and local partners. It takes a village to make significant change, so it critical that the Tribe
reaches out to all the residents in the watershed, providing climate change education, an
understanding of the impacts, what it will take to adapt and most important to convey a sense
of hope and empowerment that we can tackle this issue. When this happens people can make
decisions based on the best available science and embrace the positive changes that result from
those decisions.
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I. INCREASE UNDERSTANDING OF LOCAL CLIMATE CHANGE IMPACTS AND SUPPORT FOR ADAPTATION
ACTIONS
Purpose: Outreach and education plays a critical role in helping community members understand
how climate change affects species and habitats important to the Stillaguamish Tribe, and the role
of adaption in reducing climate risks. This work will be most effective when structured to reach a
wide range of audiences, including youth, through a variety of formats.
1. Research and develop coordinated and cohesive messages and tools on communicating
local climate change impacts and adaptation strategies in the Stillaguamish Watershed.
Develop targeted climate change risk communication training, newsletters and FAQ
sheets for Tribal members, the Cultural Department, communication staff and other
programs such as Economic Development, Tribal Health and Infrastructure, and the
Education Department, within the Tribe.
Research how people perceive climate risks, what messages resonate with people,
and how people learn and respond to information about climate change.
Gain a better understanding of current research on effectively communicating
Climate Science in order to move watershed communities to action.
2. Engage communities within the Stillaguamish Watershed in climate change conversations
for addressing impacts and adaptation, and provide solutions that give people a sense of
hope. Ensure they are effectively distributed to a wide variety of people and professionals,
in multiple venues, using appropriate methodologies.
Develop an outreach strategy for communicating about climate change, climate
impacts, ecosystem resilience and what people can do to help reduce climate
impacts. Methods include but are not limited to public presentations, outreach
displays, social media, and newsprint.
Develop compelling visual stories and social media to connect climate change
impacts to concerns people already have, convey the benefits of addressing climate
change, and demonstrate how actions currently underway can address impacts of
climate change.
Leverage partnerships between state agencies and research organizations to develop
clear and consistent messaging on climate change impacts and adaptation to all
ecosystems in the Stillaguamish Watershed impacted by climate change. The
messages must connect to other priority issues and resonate with people's core
values such as health, safety, and the economy.
Conduct targeted outreach to state and local elected officials, leaders, and staff to
share information and outreach materials, improve the understanding of risks, and
inform decision-making.
Educate communities in the Stillaguamish Watershed regarding invasive species
impacts and what they could do to help prevent and remove invasive species.
Conduct outreach to nurseries regarding selling invasive species and addressing
invasive seeds and pathogens in native plantings.
Provide education and outreach on the importance of wetlands for water storage in a
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rain-dominated climate.
Research and develop citizen science initiatives to help with monitoring, detection,
and response efforts.
Increase understanding of ocean acidification among key stakeholders, target
audiences, and local community to help implement adaptation strategies and
actions.
Maintain and grow partnerships to support efforts on ocean acidification, including
NANOOS, Snohomish Marine Resources Committee, and the West Coast Oceans
Partnership.
3. Engage middle and high schools in the Stillaguamish Watershed in climate change
education.
Research the need in local middle schools for climate change curriculum
development and teacher training.
Develop the necessary curriculum and background information needed to support
local teachers.
Provide teacher trainings and workshops to assist in the implementation of Climate
Change curriculum in their schools.
4. Measure communication outcomes.
Develop specific desired communications outcomes (behavior change, increased
climate change literacy, curriculum developed and implemented, etc.)
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13 Implementation
The Stillaguamish Tribe Natural Resources Department is committed to reducing the harmful
effects of climate change on the species and ecosystems that sustain the Stillaguamish people
and culture. Implementing the adaptation actions identified in this plan is vital to that
commitment.
To support implementation of the plan’s actions, Natural Resources Department staff identified
the following elements relevant to implementation for each action:









Status of the action relative to existing work: identifies how the adaptation action relates to
the work already being done by the Department/Tribe. Options were “new” (i.e., this action
is a new area of work for the Tribe), “related” (i.e., this action deals with familiar practices
and ideas, but is not something the Department is currently engaged in directly or
indirectly), and “currently doing” (i.e., the Department is already engaged in this work
directly or indirectly, via work with partners).
Implementation lead: identifies the group or program within Natural Resources Department
that should lead the effort, or otherwise be responsible for engaging with partners
conducting the work if the action is to be done by external partners.
Likely internal partners: identifies other groups or programs within the Natural Resources
Department or the Tribe that are needed to successfully implement the action.
Likely external partners: identifies the external groups, programs, or organizations needed
to successfully implement the action.
Integration home: identifies any existing plans, programs, or other decision framework that
the action can/should be integrated into to help ensure the action is implemented.
Readiness to implement: identifies how quickly the Natural Resources Department could
move to implement the action. Staff chose from “actionable” (i.e., if needed, staff could
start work on this action right away given existing resources, staff expertise, knowledge
base, partnerships, and authorities), “almost ready” (i.e., some additional work would be
required to implement, but that additional work is manageable), and “not ready” (i.e.,
action requires substantial effort to implement).

Key findings from the implementation assessment are summarized here. The results of the
implementation assessment, by action, are provided in Appendix A.
Implementing the plan’s adaptation actions will require coordination with a broad mix of
internal and external partners, including more than 40 federal, state, local, academic, and nongovernment organizations (Table 10). Available funding and unique “windows of opportunity”
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(for example, periodic updates of land use plans) will also be important factors influencing when
specific actions are implemented. As noted previously, the Natural Resources Department chose
not to prioritize actions for near-term implementation in recognition of the need to be flexible
to these interdependencies.
A key step to implementing adaptation actions is “mainstreaming”, or integrating, adaptation
actions into the current work of the Natural Resources Department. This includes integrating
adaptation actions into existing program activities (e.g., restoration, monitoring, species
management, outreach), decision processes, strategic planning activities, partnership priorities,
and budgeting decisions.
Department staff identified more than 30 current programs, regulations, or other management
tools that would be appropriate for integrating adaptation actions (Table 11). One of the most
frequently cited programs for mainstreaming adaptation actions across different habitat types is
the Chinook Salmon Recovery Plan, a salmon co-management plan developed in 2005 with
Snohomish County (SIRC 2005). The Chinook Salmon Recovery Plan includes strategies for
protecting and restoring Chinook populations in the Stillaguamish Watershed. The plan includes
strategies for habitat management, harvest management, and hatchery management, as well as
recommendations related to compliance and enforcement of existing regulations, policy and
regulatory coordination, preliminary commitments and conditions to achieve recovery
objectives, monitoring and adaptive management, and public outreach and education. The
Chinook Salmon Recovery Plan was identified as a likely implementation home for actions in five
habitat types: Forests, Freshwater, Wetlands, Montane Wetlands and Meadow, and Marine.
Other programs cited across different habitat types include the Snohomish County Shoreline
Management Plan, the Forest and Fish Law, National Park Service Management Plans, the
Northwest Forest Plan, Stillaguamish Critical Areas Guidelines, the Stillaguamish Game
Management Plan, US Forest Service Management and Monitoring Plans, Washington Dept. of
Natural Resources Management Plans, and the Stillaguamish Wetlands Program Plan.
Mainstreaming adaptation also includes more broadly integrating awareness and understanding
of how climate change affects the Natural Resources Department’s work into organizational
decisions that extend beyond the initial set of adaptation actions included in this plan. Climate
awareness involves regularly asking “How does climate change affect what we want to
accomplish?” and making the adjustments needed to reduce the potential for negative impacts
on those accomplishments.
Seventy percent (133) of the adaptation actions included in this plan currently reflect, or are
related to, activities already being conducted by Natural Resources Department to sustain
healthy populations of fish, shellfish, and wildlife in the Stillaguamish Watershed (Figure 5). In
these cases, implementation may be accomplished through adjustments to the scope and/or
funding of those current activities. Implementation of those actions may also benefit from staff
familiarity with the general nature of the work (for example, staff already know the process for
acquiring floodplain properties to increase flood storage capacity). New activities, on the other
hand, may require finding new sources of funding, additional staff or new skill sets, new
partnerships, additional authorities, or other resources not currently available to Natural
Resources Department staff.
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Table 10. Likely internal and external implementation partners, aggregated for all actions in this plan. Coordination
with any combination of these partners will vary depending on the action.

Internal Implementation
Partners

External Implementation Partners

Stillaguamish Tribe
Departments and Programs:

City of Arlington
City of Stanwood
Flood Control Districts
Island County
Land Trusts
Local Nurseries
National Fire Protection Association
National Oceanic and Atmospheric
Administration
National Park Service
Northwest Indian Fisheries
Commission
Northwest Straits Commission
Point Elliott Treaty Tribes
Private land owners
Sauk-Suiattle Tribe
Skagit Land Trust
Snohomish Conservation District
Snohomish County
Snohomish County Noxious Weed
Board (SCNWB)
Snohomish County Surface Water
Management
Sound Salmon Solutions
Stillaguamish Watershed Council

Cultural
Enforcement
Environmental Policy
Fisheries
Forest and Fish
Forestry
GIS
Legal
Marine
Outreach and Education
Planning
Restoration
Tribal Board of Directors
Water Quality
Wetlands
Wildlife

The Nature Conservancy
Tulalip Tribes
University of Washington
US Environmental Protection Agency
US Fish and Wildlife Service
US Forest Service
US Geological Survey
USDA Natural Resources
Conservation Service
UW Army Corps of Engineers
UW Climate Impacts Group
Washington Dept. of Ecology
Washington Dept. of Fish and
Wildlife
Washington Dept. of Health
Washington Dept. of Natural
Resources
Washington Dept. of Transportation
Washington Invasive Species Council
Washington Sea Grant
Washington State University
Extension
West Coast Regional Planning Body
Western Washington University
Whatcom Land Trust

Table 11. Likely integration "home" for adaptation actions, aggregated for all actions in this plan. Integration
within any of these programs, regulations, or other management tools will vary depending on the action.

Current Programs, Regulations, or other Management Tools
Blue Carbon Initiative
Stillaguamish Chinook Salmon Recovery Plan
Stillaguamish Critical Areas Guidelines
ECOHAB program
Floodplain Acquisition Strategy
Timber/Fish/Wildlife Agreement
Mountain Goat Recovery Plan
North Cascades Elk Herd Management Plan
National Park Service Management Plans
Northwest Forest Plan
Port Susan Marine Stewardship Area Conservation
Action Plan
Puget Sound Partnership Action Agenda
Puget Sound Nearshore Partnership Work Plan
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Snohomish Co. Shoreline Management Plan
Snohomish County Noxious Weed Management Plan
Stillaguamish Game Management Plan
Stillaguamish Watershed Action Plan
Sustainable Ecological Aquaculture Network (SEANET)
USFS Management and Monitoring Plans
WA Dept. of Ecology Environmental Assessment
Program
WA Dept. of Natural Resources Management Plans
WA Invasive Species Council Strategic Plan
WA Blue Ribbon Panel Report on Ocean Acidification
Washington Shellfish Initiative
Stillaguamish Watershed Action Plan
Wetlands Program Plan
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Figure 5. Summary results for status relative to existing activities underway at the Stillaguamish Natural
Resources Department and readiness to implement.

Another consideration for mapping out how and where to move forward with implementation is
an action’s “readiness to implement.” Just over half of the plan’s adaptation actions are
considered ready to implement or “actionable” (Figure 5), meaning that if needed, staff could
start work on this action given existing resources, staff expertise, knowledge base, partnerships,
authorities.
Twenty-six percent (49) of the actions were considered “almost ready.” “Almost ready” actions
are actions requiring a manageable amount of additional work to implement. This may include:





securing reasonable amounts of additional funding (or re-purposing existing funds),
securing organizational or Tribal support for the activity (with the expectation of getting
that support),
gathering a reasonable amount of additional information to support implementation,
and/or
enlisting additional partners to help with implementation.

The remaining 23% (44) of actions were identified as requiring substantial effort to implement
the action and therefore “not ready” for implementation. Substantial effort may include the
need to:



invest time in figuring out how to implement the action (e.g., because it is a new activity
or otherwise doesn’t align easily with existing work),
fill one or more substantial “must have” information gaps critical to implementing the
action,
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raise substantial new funding to implement an action,
forge new or non-traditional partnerships and relationships to implement the action,
secure organizational or Tribal support for the activity (with substantial work required to
do so because of uncertainty about how the “ask” will be received),
secure additional authorities to carry out the work, and/or
get local, state, federal policies changed to allow for implementation.

While the large number of actions considered ready to implement is an encouraging starting
point for implementation, it is important to recognize that shifting existing staff and funding
resources to implement a “ready to implement” action will require tradeoffs with other ongoing
activities. The acceptability of those tradeoffs may ultimately shift some “ready to implement”
actions to “almost ready.”
A complete listing of implementation considerations, by action, is provided in Appendix B.
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Appendix A: Overview of Adaptation
Strategies
Adaptation strategies, by habitat type. See habitat chapters for the actions associated with these
strategies.

Forests
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.

Increase late-successional forest habitat area and quality.
Increase habitat connectivity to allow for climate-driven shifts in species ranges.
Promote diversity of forest age, species, and size classes.
Promote the use of native genotypes and adapted genotypes of native species in restoration
activities.
Identify and promote early-successional natives that may be able to compete with non-natives. Use
selective planting and management techniques to increase forest drought resilience.
Manage forest structure to enhance snowpack retention.
Recognize the role of native insect and pathogen disturbances in supporting healthy forest
ecosystems, while managing to minimize negative impacts from climate-driven outbreaks of invasive
insects and pathogens.
Reduce fire risk at the urban/forest interface.
Prepare for greater area burned in forests.
Monitor for long-term changes in forest health, species distributions, phenology, and disturbance
processes to better understand how climate change is affecting forest ecosystems.

Freshwater Habitats
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Manage upland vegetation and improve soil health to retain water and snow for longer periods.
Increase flood storage capacity to reduce the flashiness of peak flows.
Increase aquatic habitat resilience to changing hydrologic conditions.
Implement water conservation approaches that increase summer streamflows and buffer against
rising stream temperatures.
Actively assist fish in times of drought.
Stop the arrival, establishment, and spread of invasive species.
Reduce turbidity levels by reducing sediment loading and facilitating sediment deposition.
Increase understanding of how seasonal streamflow regimes, thermal heterogeneity, and cold water
refugia could be affected by climate change.
Increase understanding of thermal tolerances in fish species, and how those tolerances may affect
how fish are impacted by warmer summer streamflows.
Increase understanding of how turbidity levels and other water quality parameters may be affected
by climate change.
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11. Improve monitoring for fish disease and parasites that may benefit from climate change.
12. Increase understanding of changes in, and implications of, phenological changes, species
distributions, and species interactions that may be affected by climate change.

Lowland Meadows
1. Monitor, protect, and actively maintain or expand open meadow habitat to reduce potential for
habitat loss.
2. Increase invasive species control efforts, including preventative management efforts.
3. Increase understanding of how climate change could affect the distribution, composition, and
phenology of open meadow habitat and species.

Montane Wetlands and Meadows
1. Increase resilience by preserving biodiversity in montane wetlands and meadows.
2. Reduce the risks associated with insect outbreaks, pathogen outbreaks, and invasive species in
montane wetlands and meadows.
3. Gather information that can be used to prioritize and adapt high elevation montane wetland and
meadow sites to the effects of climate change.
4. Identify, protect, and enhance mountain goat habitat that may be affected by climate change.
5. Minimize recreational disturbance on mountain goat habitat.
6. Support reduction of the amount and persistence of roads in and near mountain goat habitat.
7. Increase understanding of changes in mountain goat populations by monitoring mountain goat
populations.
8. Support snowpack retention to benefit mountain goat.

Wetlands
1.
2.
3.
4.
5.
6.
7.
8.

Maintain and enhance wetland function and conditions, particularly in priority wetlands.
Maintain the hydroperiod and water supply for wetlands.
Preserve biodiversity while maintaining populations of culturally significant species.
Reduce impacts on wetlands from human activities, including timber production, construction,
recreation, and agricultural activities.
Plan and prepare for greater wetland area burned.
Implement insect and pathogen prevention and control methods where appropriate to preserve
wetlands.
Implement wetland monitoring where appropriate.
Conduct research to inform effective adaptation for wetlands.

Marine
1.
2.
3.
4.
5.

Restore coastal habitat for climate change mitigation and adaptation.
Protect coastal habitat through regulatory and voluntary approaches.
Maintain and protect sediment sources and associated transport mechanisms.
Where possible, limit the use of, redesign, or remove shoreline armoring.
Enhance resilience of native and cultivated shellfish populations and the ecosystems on which they
depend.
6. Prevent, and where necessary, control the spread of invasive species.
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7. Reduce local land-based contributions to ocean acidification.
8. Conduct research to inform coastal adaptation and mitigation actions.
9. Develop sea level rise, wave, and storm surge projections; incorporate these projections into project
and planning design.
10. Evaluate the impacts of armored shorelines on nearshore habitats.
11. Investigate and monitor underlying mechanisms driving sediment dynamics affecting coastal
habitats.
12. Continue monitoring and research of marine water conditions in Port Susan that may be affected by
climate change.
13. Participate in an ocean acidification monitoring network to measure trends in local ocean
acidification conditions.
14. Characterize the biological responses of local species to ocean acidification and associated stressors.

Outreach and Engagement
1. Research and develop coordinated and cohesive messages and tools on communicating local climate
change impacts and adaptation strategies in the Stillaguamish Watershed.
2. Engage communities within the Stillaguamish Watershed in climate change conversations for
addressing impacts and adaptation, and provide solutions that give people a sense of hope. Ensure
they are effectively distributed to a wide variety of people and professionals, in multiple venues,
using appropriate methodologies.
3. Engage middle and high schools in the Stillaguamish Watershed in climate change education.
4. Measure communication outcomes.
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Appendix B: Implementation Details for Actions, by
Habitat Type
Included as follows:








Forests
Freshwater
Lowland Meadows
Montane Wetlands and Meadow
Wetlands
Marine
Outreach
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Forests: Adaptation Strategies and Actions
Climate impacts being addressed: Increased risk of invasive species, insects, and
pathogens; Increased risk of drought; Loss of snowpack; Increased risk of forest fire;
Increased erosion; Shifts in the distribution of forests and vegetation; Changes in
phenology and species interactions (e.g., predation, competition) of forest species;
Change in site conditions that previously supported vulnerable species

Implementation Categories

Status
Adaptation Strategies
Adaptation Action
relative to
existing work
SPECIES AND HABITAT PROTECTION, RESTORATION, AND MANAGEMENT ACTIONS
1. Increase latesuccessional forest habitat
area and quality.

2. Increase habitat
connectivity to allow for
climate-driven shifts in
species ranges.

3. Promote diversity of
forest age, species, and size
classes.

1.1. Continue to create and protect legacy structures.

Related

Implementation lead
Restoration

Likely
external
partners

Likely
internal partners

Integration home

Readiness to
implement

Wildlife, Forest and USFS, WA DNR
Fish
Restoration, Forest USFS
and Fish

USFS Management and
Monitoring Plans
USFS Management and
Monitoring Plans

Actionable

Not ready

1.2. Promote a more complex vertical forest structure Current
by thinning to accelerate development of latesuccessional forest conditions, and/or other efforts that
create gaps that allows for understory development
and increased diversity.
1.3. Continue to thin stands to promote tree vigor,
Related
complex forest structure, and produce future legacy
structures.

Wildlife

Wildlife

Restoration, Forest USFS
and Fish

USFS Management and
Monitoring Plans

1.4. Continue to restore degraded sites and identify
priority areas for acquisition, protection and
restoration.

Current

Restoration

Wildlife, Forest and USFS, WA DNR
Fish, Fisheries,
Environmental
Policy

USFS Management and
Actionable
Monitoring Plans, Stillaguamish
Critical Areas Guidelines

2.1. Protect, and where possible, acquire, expand, or
adjust priority habitats with the goal of increasing
connectivity to and among potential climate refugia.

New

Wildlife

Environmental
Private
USFS Management and
Policy, Restoration, Landowners, USFS, Monitoring Plans
Forest and Fish
Land Trusts, WA
DNR, Tribes

2.2. Prepare for species migration by managing for
multiple species across large landscapes.

Current

Wildlife

GIS

Private
Landowners, USFS,
Land Trusts, WA
DNR, Tribes

USFS Management and
Actionable
Monitoring Plans, NPS Mngmt
Plans, WA DNR Nat. Res. Mngmt
Plans, Stillaguamish Critical
Areas Guidelines

3.1. Prioritize habitats for active management,
acquisition, and protection across jurisdictional
boundaries.

Related

Wildlife

Fisheries, GIS,
Forest and Fish,
Environmental
Policy

Private
Landowners, USFS,
Land Trusts, WA
DNR

North Cascades Elk Herd
Management plan,
Stillaguamish Critical Areas
Guidelines , Stillaguamish
Stillaguamish Chinook Salmon
Recovery Plan

3.2. Manage species densities and stand scale
biodiversity to maintain tree vigor, growth potential,
and minimize monocultures.

Current

Wildlife

Forest and Fish,
Restoration

USFS, WA DNR

USFS Management and
Almost ready
Monitoring Plans, Stillaguamish
Critical Areas Guidelines
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Not ready

Actionable
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3. Promote diversity of
forest age, species, and size
classes.

Forests: Adaptation Strategies and Actions
Climate impacts being addressed: Increased risk of invasive species, insects, and
pathogens; Increased risk of drought; Loss of snowpack; Increased risk of forest fire;
Increased erosion; Shifts in the distribution of forests and vegetation; Changes in
phenology and species interactions (e.g., predation, competition) of forest species;
Change in site conditions that previously supported vulnerable species

Implementation Categories

3.3. Diversify large contiguous areas of single age and
size classes by creating skips and gaps of various sizes.

Current

Wildlife

Forest and Fish,
Restoration

USFS, WA DNR

USFS Management and
Almost ready
Monitoring Plans, Stillaguamish
Critical Areas Guidelines

3.4. Manage forest restoration for future range of
variability.

Related

Wildlife

Forest and Fish,
Restoration

USFS, WA DNR

USFS Management and
Not ready
Monitoring Plans, Stillaguamish
Critical Areas Guidelines

4. 4. Promote the use of
4.1. Plant tree species or varieties known to have a
broad range of environmental tolerances.
native genotypes and
adapted genotypes of
native species in restoration
4.2. Use seedlings of native plant species in areas with
activities.
non-native species.

Current

Restoration

Forest and Fish

USFS, WA DNR

USFS Management and
Actionable
Monitoring Plans, Stillaguamish
Critical Areas Guidelines

Current

Restoration

Forest and Fish

USFS, WA DNR,
Local Nurseries

USFS Management and
Actionable
Monitoring Plans, Stillaguamish
Critical Areas Guidelines

5. Identify and promote
early-successional natives
that may be able to
compete with non-natives.

Related

Restoration

Wildlife, Forest and USFS, Local
Fish
Nurseries

USFS Management and
Almost ready
Monitoring Plans, Stillaguamish
Critical Areas Guidelines

5.2. Maintain appropriate densities of native species
Related
and protect mature forests (i.e., forests over 80 years
old) to increase drought resilience and reduce droughtrelated mortality.

Wildlife

Restoration, Forest USFS, NPS
and Fish

USFS Management and
Monitoring Plans, NPS Mngmt
Plans

Actionable

6.1. Create and maintain forest gaps for maximum
snow retention in appropriate zones.

Current

Wildlife

Restoration, Forest USFS
and Fish

USFS Management and
Monitoring Plans

Not ready

7.1. Tolerate some natural mortality where it is not
likely to lead to widespread outbreaks.

Related

Forest and Fish

Wildlife,
Restoration

7.2. Prevent the spread of invasive species and
pathogens by identifying and targeting known sources
and vectors for invasive species (e.g., rock pits, weedfree materials for restoration).

Related

Restoration

Wildlife, Forests
and Fish

6. Manage forest structure
to enhance snowpack
retention.
7. Recognize the role of
native insect and pathogen
disturbances in supporting
healthy forest ecosystems,
while managing to
minimize negative impacts
from climate-driven
outbreaks of invasive
insects and pathogens.

5.1. plant native species that have a broader range of
moisture tolerance.
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USFS, NPS

USFS Management and
Not ready
Monitoring Plans, NPS Mngmt
Plans
USFS, WA DNR,
USFS Management and
Actionable
Snohomish County Monitoring Plans, Stillaguamish
Noxious Weed
Critical Areas Guidelines, WA
Board (Snoho. Co. DNR Nat. Res. Mngmt Plans
Noxious Weed
Board)
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7. Recognize the role of
native insect and pathogen
disturbances in supporting
Forests: Adaptation Strategies and Actions
healthy forest ecosystems,
Climate impacts being addressed: Increased risk of invasive species, insects, and
while managing to
pathogens; Increased risk of drought; Loss of snowpack; Increased risk of forest fire;
minimize negative impacts
Increased erosion; Shifts in the distribution of forests and vegetation; Changes in
from climate-driven
phenology and species interactions (e.g., predation, competition) of forest species;
outbreaks of invasive
Change in site conditions that previously supported vulnerable species
insects and pathogens.

Implementation Categories

7.3. Implement strategies for preventing the
introduction and spread of invasive species and
pathogens when planning and executing projects.

New

Restoration

Wildlife, Forest and USFS, WA DNR,
USFS Management and
Almost ready
Fish
Snohomish County Monitoring Plans, Stillaguamish
Critical Areas Guidelines, WA
DNR Nat. Res. Mngmt Plans

7.4. Where relevant, comply with USDA Forest Service
and National Park Service weed-free seed standards
and regulations to help reduce the potential for weed,
invasive species, or pathogen outbreaks.

Current

Restoration

Wildlife

USFS, NPS

7.5. Decrease the extent of invasive species and
Current
pathogens with appropriate management practices
(e.g., use of herbicides, insecticides, biological controls
or other direct eradication methods like weed removal
or burning).
7.6. Design forest gaps that create establishment
New
opportunities for unaffected species (e.g., meadow) or
different forest species (e.g., alder, cedar).

Restoration

Wildlife, Fisheries

Snoho. Co. Noxious Stillaguamish Critical Areas
Weed Board
Guidelines

Restoration

Wildlife, Forest and USFS
Fish

USFS Management and
Not ready
Monitoring Plans, Stillaguamish
Critical Areas Guidelines

7.7. Consider active management of regeneration
New
processes post-outbreak rather than relying on natural
regeneration and migration.

Restoration

Forest and Fish

USFS

USFS Management and
Not ready
Monitoring Plans, Stillaguamish
Critical Areas Guidelines

16-Coordinate invasive species management, funding, Current
and support between other tribes and natural resource
managers/agencies in the region.

Restoration

Wildlife,
Environmental
Policy, Education &
Outreach

USFS, Snohomish
County, Tribes, WA
DNR, Snoho. Co.
Noxious Weed
Board

USFS Management and
Actionable
Monitoring Plans, Stillaguamish
Critical Areas Guidelines, WA
DNR Nat. Res. Mngmt Plans

8. Reduce fire risk at the
urban/forest interface.

8.1. Support the establishment and promotion of the
Current
Firewise program and fire buffer zones throughout the
primary wildfire risk zones (urban/forest interface) to
reduce flashpoints and fuel loads that may contribute
to potentially damaging wildfire.

Environmental
Policy

Outreach &
Education, Forest
and Fish

USFS, WA DNR,
NFPA, WSU
Extension

Stillaguamish Critical Areas
Guidelines

Actionable

9. Prepare for greater area
burned in forests.

9.1. Incorporate climate change into fire-management
plans.

Wildlife

Forest and Fish,
Restoration

USFS, NPS, WA
DNR

USFS Management and
Monitoring Plans, NPS Mngmt
Plans, Stillaguamish Critical
Areas Guidelines

Not ready
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New

USFS Management and
Monitoring Plans, NPS Mngmt
Plans

Actionable

Actionable

Appendix B: Forests - Page 3

Forests: Adaptation Strategies and Actions
Climate impacts being addressed: Increased risk of invasive species, insects, and
pathogens; Increased risk of drought; Loss of snowpack; Increased risk of forest fire;
9.
Prepareerosion;
for greater
area
Increased
Shifts
in the distribution of forests and vegetation; Changes in
burned
in forests.
phenology
and species interactions (e.g., predation, competition) of forest species;
Change in site conditions that previously supported vulnerable species

Implementation Categories

9.2. Link stream inventory with topographic,
geomorphic, and vegetation layers to assess existing
landslide hazard areas and at-risk roads that may be
affected by wildfire as part of fire planning.

New

Wildlife

Forest and Fish,
Restoration,
Outreach &
Education,
Environmental
Policy

USFS, NPS, WA
DNR

USFS Management and
Monitoring Plans, NPS Mngmt
Plans, Stillaguamish Critical
Areas Guidelines

Almost ready

9.3. Increase interagency communication between
Tribes and other natural resource managers in the
region regarding shared fire risk.

New

Wildlife

USFS, NPS, WA
DNR

USFS Management and
Monitoring Plans, NPS Mngmt
Plans, Stillaguamish Critical
Areas Guidelines

Almost ready

9.4. Support increased training and resources for fire
management response teams in major wildfire
suppression.
9.5. Use regeneration and planting to influence forest
structure.
9.6. Anticipate greater need for seed sources and
propagated plants in areas affected by wildfire.

Current

Environmental
Policy

USFS, WA DNR

Stillaguamish Critical Areas
Guidelines

Actionable

New

Restoration
Restoration

USFS, WA DNR,
NPS
USFS, WA DNR

USFS Management and
Monitoring Plans
no current home

Not ready

New

Forest and Fish,
Restoration,
Outreach &
Education,
Environmental
Policy
Outreach &
Education, Forest
and Fish
Wildlife, Forest and
Fish
Forest and Fish

9.7. Experiment with planting native species to
compete with invasive species post-fire.

New

Restoration

Forest and Fish

USFS

USFS Management and
Monitoring Plans

Not ready

Current

Wildlife

Forest and Fish,
Fisheries, GIS

Private
Landowners, USFS,
Land Trusts, WA
DNR, Tribes

Forest and Fish,
Wildlife, GIS

USFS, WA DNR,
NPS

Not ready

RESEARCH AND MONITORING ACTIONS
10. Monitor for long-term
changes in forest health,
species distributions,
phenology, and disturbance
processes to better
understand how climate
change is affecting forest
ecosystems.

10.1. Identify and focus monitoring on sensitive
habitats and species in priority regions.

10.2. Monitor important phenological changes in forest New
plant and animal species.

Wildlife

10.3. Identify long-term monitoring programs to
increase knowledge of patterns, characteristics, and
rates of change in species distributions.

Restoration
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New

USFS Management and
Actionable
Monitoring Plans, NPS Mngmt
Plans, WA DNR Nat. Res. Mngmt
Plans, Stillaguamish Critical
Areas Guidelines
GIS, Forest and Fish Private
USFS Management and
Not ready
Landowners, USFS, Monitoring Plans, NPS Mngmt
Land Trusts, WA
Plans, WA DNR Nat. Res. Mngmt
DNR, Tribes
Plans, Stillaguamish Critical
Areas Guidelines
USFS Management and
Monitoring Plans, NPS Mngmt
Plans, Stillaguamish Critical
Areas Guidelines

Not ready
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changes in forest health,
species distributions,
phenology, and disturbance
processes to better
understand how climate
change is affecting forest
ecosystems.
Forests: Adaptation Strategies

and Actions

Climate impacts being addressed: Increased risk of invasive species, insects, and
pathogens; Increased risk of drought; Loss of snowpack; Increased risk of forest fire;
Increased erosion; Shifts in the distribution of forests and vegetation; Changes in
phenology and species interactions (e.g., predation, competition) of forest species;
Change in site conditions that previously supported vulnerable species
10.4. Use Forest Inventory and Analysis plot
information to determine trends in forests, including
changes in seedling survival, species composition, and
mortality of mature trees.

Implementation Categories

New

Forest and Fish

Restoration, GIS,
Wildlife

USFS, WA DNR,
NPS

USFS Management and
Monitoring Plans, NPS Mngmt
Plans, Stillaguamish Critical
Areas Guidelines

Not ready

10.5. Where relevant, consider establishing permanent New
monitoring plots in communities with vulnerable
species and share data with partners.

Restoration

Forest and Fish,
Wildlife, GIS

USFS, WA DNR,
NPS

USFS Management and
Monitoring Plans, NPS Mngmt
Plans, Stillaguamish Critical
Areas Guidelines

Not ready

10.6. Identify the range of invasive species and
New
pathogens that may affect the Stillaguamish Watershed
as a result of climate change, and take steps to monitor
their spread both on and off Tribal lands.

Restoration

Wildlife, Forest and USFS, UW Climate
Fish
Impacts Group,
Snohomish County,
Snoho. Co. Noxious
Weed Board

USFS Management and
Not ready
Monitoring Plans, Stillaguamish
Critical Areas Guidelines, WA
DNR Nat. Res. Mngmt Plans

10.7. Monitor post-fire regeneration to determine what New
can be expected after large fires.

Restoration

Wildlife, Forest and USFS, WA DNR,
Fish
NPS

USFS Management and
Monitoring Plans

Not ready

Adapted from:
 Halofsky, J., Peterson, D.L. 2016. Climate change vulnerabilities and adaptation options for forest vegetation management in the Northwestern USA. Atmosphere 7(3), 46. doi: 10.3390/atmos7030046
 Halofsky, J.E.; Peterson, D.L., eds. 2016. Climate Change Vulnerability and Adaptation in the Blue Mountains. Gen. Tech. Rep. PNW-GTR. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. 326 p.
 Halofsky, Jessica E.; Peterson, David L.; O'Halloran, Kathy A.; Hawkins Hoffman, Catherine, eds. 2011. Adapting to Climate Change at Olympic National Forest and Olympic National Park. Gen. Tech. Rep. PNWGTR-844. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 130 p.
 Neely, B., P. McCarthy, M. Cross, C. Enquist, G. Garfin, D. Gori, G. Hayward, and T. Schulz. 2010. Climate Change Adaptation Workshop for Natural Resource Managers in the Gunnison Basin: Summary. Southwest
Climate Change Initiative, The Nature Conservancy.
 Personal Communication; Stillaguamish Tribe Natural Resource Staff
 Raymond, C.L., Peterson, D.L., Rochefort, R.M. 2014. Climate Change Vulnerability and Adaptation in the North Cascades Region, Washington. General Technical Report, PNW-GTR-892. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 279 p.
 Spies, T.A., Giesen, T.W., Swanson, F.J., Franklin, J.F., Lach, D., Johnson, K.N. 2010. Climate change adaptation strategies for federal forests of the Pacific Northwest, USA: Ecological, policy, and socio-economic
perspectives. Landscape Ecology 25, 1185-1199.
 Swinomish Indian Tribal Community, Office of Planning and Community Development. 2010. Swinomish Climate Change Initiative: Climate Adaptation Action Plan. La Conner, WA.

 Whitely Binder, L.C., Krencicki Barcelos, J., Booth, D.B., Darzen, M., Elsner, M.M., Fenske, R.A., Graham, T.F., Hamlet, A.F., Hodges-Howell, J., Jackson, J.E., Karr, C., Keys, P.W., Littell, J.S., Mantua, N.J., Marlow, J.,
McKenzie, D., Robinson-Dorn, M., Rosenberg, E.A., Stöckle, C., Vano, J.A.. 2010. Preparing for climate change in Washington State. Climatic Change 102(1-2): 351-376, doi: 10.1007/s10584-010-9850-5.
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Freshwater: Adaptation Strategies and Actions
Climate impacts being addressed: Higher winter streamflow and lower summer
streamflows (i.e., changes in seasonal streamflows); Increased winter flooding;
warming summer stream temperatures; changes in water quality, including increased
turbidity levels and sediment loading; Potential increase in invasives, diseases, and
parasites; Changes in phenology and freshwater species interactions.

Implementation Categories

Status
ImplementaLikely
Likely
relative to
tion lead
internal partners external partners
existing work
SPECIES AND HABITAT PROTECTION, RESTORATION, AND MANAGEMENT ACTIONS
Adaptation Strategies

Adaptation Action

1. Manage upland
1.1. Protect headwaters through restoration,
vegetation and improve soil acquisition, or other approaches to help buffer
health to retain water and projected changes in seasonal streamflow.
snow for longer periods.

Current

Fisheries

2. Increase flood storage
capacity to reduce the
flashiness of peak flows.

2.1. Designate and restore natural channel migration
zones.

Current

Fisheries

2.2. Set back dikes, remove armoring, and address
other barriers that limit floodplain connectivity.

Current

2.3. Acquire floodplain properties, when possible, to
increase flood storage capacity.

2.4. Reduce road density near streams, where
appropriate.

Stillaguamish Tribe Natural Resources Department
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Integration home

Readiness to
implement

Forest and Fish,
GIS, Restoration,
Water Quality,
Environmental
Policy
Restoration, GIS,

USFS, WA DNR,
Stillaguamish Chinook Salmon
Stillaguamish
Recovery Plan
Watershed Council

Actionable

Fisheries

Restoration, GIS,
Forest and Fish

USFS, WA DNR,
Stillaguamish Chinook Salmon
Stillaguamish
Recovery Plan, Shoreline
Watershed Council, Management Plan
Army Corps, Flood
Control Districts

Actionable

Current

Fisheries

Environmental
Policy, GIS, Tribal
Board of Directors,
Legal

Private land
Stillaguamish Chinook Salmon
owners,
Recovery Plan, Floodplain
Stillaguamish
Acquisition Strategy
Watershed Council,
The Nature
Conservancy (and
other non-profits)

Actionable

Current

Fisheries

Forest and Fish, GIS USFS, WA DNR,
Tulalip

Stillaguamish
Stillaguamish Chinook Salmon Actionable
Watershed Council Recovery Plan,
Timber/Fish/Wildlife Agreement

Forest & Fish plan, Stillaguamish Actionable
Chinook Salmon Recovery Plan,
USFS Management and
Monitoring Plans, WA DNR Nat.
Res. Mngmt Plans
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Freshwater: Adaptation Strategies and Actions
Climate impacts being addressed: Higher winter streamflow and lower summer
streamflows (i.e., changes in seasonal streamflows); Increased winter flooding;
warming summer stream temperatures; changes in water quality, including increased
turbidity levels and sediment loading; Potential increase in invasives, diseases, and
parasites; Changes in phenology and freshwater species interactions.

Adaptation Strategies
3. Increase aquatic habitat
resilience to changing
hydrologic conditions.

Adaptation Action

Implementation Categories

Status
ImplementaLikely
Likely
relative to
tion lead
internal partners external partners
existing work

Integration home

Readiness to
implement

3.1. Increase habitat complexity and connectivity in
stream channels, off-channels, and floodplains to
improve habitat and provide refugia during high and
low flow events. Where possible, coordinate this work
to support related sediment management actions
included in this plan.

Current

Fisheries

Water Quality,
Stillaguamish
Stillaguamish Chinook Salmon
Forest and Fish, GIS Watershed Council Recovery Plan, Floodplain
Acquisition Strategy

Actionable

3.2. Increase use of logjams where feasible to provide
refugia for fish during high flow events.

Current

Forest and Fish

Fisheries, GIS,
Snoho. Co. Surface Stillaguamish Chinook Salmon
Restoration, Water Water Mngmt,
Recovery Plan
Quality
USFS, Tulalip,
Sound Salmon
Solutions

Actionable

3.3 Identify, protect, and increase priority areas used by Related
riparian and aquatic species during low flow periods.

Fisheries

Restoration, Water Snoho. Co. Surface Stillaguamish Chinook Salmon
Quality, Forest and Water Mngmt, WA Recovery Plan
Fish
DNR, USGS

Almost ready

3.4. Protect and restore riparian areas, including
Current
groundwater, wetlands, and springs, to maintain
summer base flows and reduce water temperatures,
and consider riparian treatments that enhance these
benefits.
3.5. Restore beaver habitat and beaver populations to Current
maintain summer base flows and reduce water
temperatures.
3.6. Remove dikes and levees that limit aquatic habitat Current
resilience to low summer flows.

Fisheries

Forest and Fish,
Restoration, GIS,
Environmental
Policy

WA DNR, USFS,
Stillaguamish Chinook Salmon Actionable
private landowners Recovery Plan,
Timber/Fish/Wildlife Agreement

Wildlife

Fisheries, Water
Quality, GIS

USFS, private
Stillaguamish Chinook Salmon
landowners, Tulalip Recovery Plan

Actionable

Fisheries

Marine, GIS,
Environmental
Policy

Snhomish County, Stillaguamish Chinook Salmon
private landowners, Recovery Plan
Army Corps

Actionable

Stillaguamish Tribe Natural Resources Department
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Freshwater: Adaptation Strategies and Actions
Climate impacts being addressed: Higher winter streamflow and lower summer
streamflows (i.e., changes in seasonal streamflows); Increased winter flooding;
warming summer stream temperatures; changes in water quality, including increased
turbidity levels and sediment loading; Potential increase in invasives, diseases, and
parasites; Changes in phenology and freshwater species interactions.

Adaptation Strategies

Adaptation Action
3.7. Maintain or restore riparian vegetation to limit
channel exposure to solar radiation.

Implementation Categories

Status
ImplementaLikely
Likely
relative to
tion lead
internal partners external partners
existing work

Stillaguamish Chinook Salmon
Recovery Plan,
Timber/Fish/Wildlife
Agreement, NW Forest Plan

Readiness to
implement

Restoration

Fisheries, Forestry, USFS, WA DNR,
GIS,
Sound Salmon
Solutions, Snoho.
Co. Surface Water
Mngmt, Snohomish
Conservation
District

3.8. Increase buffer widths on non-fish bearing streams Related
to reduce solar gain.

Forest and Fish

WA DNR, Private
Landowners

3.9. Prevent livestock grazing in the riparian zone and
other ecologically sensitive zones.

Current

Environmental
Policy

Fisheries,
Restoration,
Environmental
Policy
Forest and Fish,
Fisheries, Marine,
Restoration,
Enforcement,
Water Quality

3.10. Identify barriers that impede fish movement and
prioritize culvert replacement in those locations.

Current

Forest and Fish

Fisheries, GIS,
Environmental
Policy

Snoho. Co. Surface Stillaguamish Chinook Salmon Actionable
Water Mngmt,
Recovery Plan,
USFS, Sound
Timber/Fish/Wildlife Agreement
Salmon Solutions,
WA DFW, WSDOT,
WA DNR, Private
land owners

3.11. Take climate change into account when designing Current
stream crossing (including culverts) and instream fish
habitat, adjusting designs to account for higher peak
flows and to provide low-flow thalweg.

Forest and Fish

Fisheries, GIS,
Snoho. Co. Surface Stillaguamish Chinook Salmon Actionable
Restoration, Water Water Mngmt,
Recovery Plan,
Quality
USFS, Sound
Timber/Fish/Wildlife Agreement
Salmon Solutions,
WA DFW, WSDOT,
WA DNR, Private
land owners

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

Current

Integration home

Stillaguamish Chinook Salmon
Recovery Plan,
Timber/Fish/Wildlife
Agreement, NW Forest Plan
Private land owners Stillaguamish Chinook Salmon
Recovery Plan

Actionable

Almost ready

Actionable
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Freshwater: Adaptation Strategies and Actions
Climate impacts being addressed: Higher winter streamflow and lower summer
streamflows (i.e., changes in seasonal streamflows); Increased winter flooding;
warming summer stream temperatures; changes in water quality, including increased
turbidity levels and sediment loading; Potential increase in invasives, diseases, and
parasites; Changes in phenology and freshwater species interactions.

Adaptation Strategies
4. Implement water
conservation approaches
that increase summer
streamflows and buffer
against rising stream
temperatures.

5. Actively assist fish in
times of drought.
6. Stop the arrival,
establishment, and spread
of invasive species.

7. Reduce turbidity levels
by reducing sediment
loading and facilitating
sediment deposition.

Adaptation Action

Implementation Categories

Status
ImplementaLikely
Likely
relative to
tion lead
internal partners external partners
existing work

Integration home

Readiness to
implement

4.1. Work with partners to develop water conservation Current
strategies that will benefit summer instream flows,
including incentives to reduce summer water
withdrawals, improve irrigation efficiency, increase
water use metering, and development of water banks
for the Stillaguamish Watershed.

Water Quality

Fisheries, Forest
and Fish, GIS,
Wildlife, Marine,
Environmental
Policy

WA Dept of
Stillaguamish Chinook Salmon
Ecology, USGS,
Recovery Plan
Snohomish County

Actionable

4.2. Quantify Tribal instream flow water rights to assess Current
options for water conservation during times of extreme
low flows and/or drought conditions.

Water Quality

Fisheries,
Environmental
Policy

Snohomish County, Stillaguamish Chinook Salmon
USGS
Recovery Plan

Actionable

4.3. Purchase and obtain in-stream flow rights where
possible and consider donation to the Department of
Ecology's Water Trust Program.
5.1. Assist movement of fish in times of drought or
extreme low flows, as needed.
6.1. Remove or control invasive species.

Current

Environmental
Policy

Water Quality,
Fisheries

Snohomish County, Stillaguamish Chinook Salmon
private landowners Recovery Plan

Actionable

Related

Fisheries

Tribes, WA DFW

Restoration

Stillaguamish Chinook Salmon
Recovery Plan
Snoho. Co. Noxious Stillaguamish Chinook Salmon
Weed Board
Recovery Plan

Almost ready

Current

Water Quality,
Restoration
Fisheries, Forest
and Fish

6.2. Partner with other agencies to ensure continued
survey and mapping of invasive riparian and aquatic
species.

Related

Restoration

GIS

Stillaguamish Chinook Salmon
Recovery Plan

Almost ready

Forest and Fish

Fisheries, Water
Quality, GIS,
Environmental
Policy

Snoho. Co. Noxious
Weed Board,
Tribes, WA DNR,
USFS
Snohomish County,
Private
Landowners, USFS,
WA DNR, Army
Corps

Stillaguamish Chinook Salmon
Recovery Plan, Forest and Fish

Almost ready

7.1. Increase the use of log jams to help with sediment Related
sorting, where relevant.

Stillaguamish Tribe Natural Resources Department
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Freshwater: Adaptation Strategies and Actions
Climate impacts being addressed: Higher winter streamflow and lower summer
streamflows (i.e., changes in seasonal streamflows); Increased winter flooding;
warming summer stream temperatures; changes in water quality, including increased
turbidity levels and sediment loading; Potential increase in invasives, diseases, and
parasites; Changes in phenology and freshwater species interactions.

Adaptation Strategies

Adaptation Action

Implementation Categories

Status
ImplementaLikely
Likely
relative to
tion lead
internal partners external partners
existing work

Integration home

Readiness to
implement

RESEARCH AND MONITORING ACTIONS
8. Increase understanding
of how seasonal
streamflow regimes,
thermal heterogeneity, and
cold water refugia could be
affected by climate change.

8.1. Increase flow data collection and monitoring to
better describe changes in seasonal streamflow
patterns and improve hydrologic models. Where
possible, coordinate these efforts to support similar
monitoring needs for marine habitat included in this
plan.

Current

Fisheries

Water Quality,
WA Dept of
Stillaguamish Chinook Salmon
Marine, Forest and Ecology, Snoho. Co. Recovery Plan, Stillaguamish
Fish, GIS
Surface Water
Watershed Action Plan
Mngmt, USGS

Actionable

8.2. Identify and inventory cold water refugia, springs,
and groundwater input to springs.

Related

Water Quality

Fisheries, Forest
and Fish, GIS

Stillaguamish Chinook Salmon
Recovery Plan, Stillaguamish
Watershed Action Plan

Almost ready

8.3. Evaluate how cold water inputs from glacier and
snow (higher elevation) could be affected by climate
change.

New

Water Quality

Fisheries, Forest
and Fish, GIS

Stillaguamish Chinook Salmon
Recovery Plan, Stillaguamish
Watershed Action Plan

Almost ready

Water Quality

Fisheries, Forest
and Fish, GIS

WA Dept of
Stillaguamish Chinook Salmon
Ecology, Snoho. Co. Recovery Plan, Stillaguamish
Surface Water
Watershed Action Plan
Mngmt, USGS

Almost ready

Current

Water Quality

Fisheries, GIS

Snohomish County, Stillaguamish Chinook Salmon
Tribes, USGS, WA Recovery Plan
Dept of Ecology,
Western WA Univ.

Actionable

Related

Water Quality

Fisheries, GIS

Tribes

Stillaguamish Chinook Salmon
Recovery Plan

Almost ready

10.1. Increase understanding of how sediment loading Current
and transport in freshwater systems may be affected by
climate change. Where possible, coordinate these
efforts to support similar information needs for marine
habitat included in this plan.

Water Quality

Forest and Fish,
Fisheries, Marine,
GIS

USGS, Tribes

Stillaguamish Chinook Salmon
Recovery Plan, Forest and Fish

Actionable

8.4. Evaluate the influences of lakes, ditches, hyporheic Related
zones, and groundwater on stream temperatures, and
how climate change could affect those influences.
9. Increase understanding
9.1. Monitor changes in stream temperature and fish
of thermal tolerances in fish distributions in the Stillaguamish watershed.
species, and how those
tolerances may affect how
fish are impacted by
9.2. Research fish use of thermal refugia.
warmer summer
streamflows.
10. Increase understanding
of how turbidity levels and
other water quality
parameters may be
affected by climate change.

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

WA Dept of
Ecology, Snoho. Co.
Surface Water
Mngmt, USGS
Sauk-Suiattle, USFS
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Freshwater: Adaptation Strategies and Actions
Climate impacts being addressed: Higher winter streamflow and lower summer
streamflows (i.e., changes in seasonal streamflows); Increased winter flooding;
warming summer stream temperatures; changes in water quality, including increased
turbidity
levels
and sediment loading; Potential increase in invasives, diseases, and
10.
Increase
understanding
parasites;
Changes
in phenology
and freshwater species interactions.
of
how turbidity
levels
and
other water quality
parameters may be
affected
by climate
change.
Adaptation
Strategies
Adaptation Action

11. Improve monitoring for
fish disease and parasites
that may benefit from
climate change.

12. Increase understanding
of changes in, and
implications of,
phenological changes,
species distributions, and
species interactions that
may be affected by climate
change.

Implementation Categories

Status
ImplementaLikely
Likely
relative to
tion lead
internal partners external partners
existing work

Integration home

Readiness to
implement

10.2. Work with partners to monitor and identify areas Related
prone to road failure, unstable slopes, and mass
wasting, and assess how these areas might be impacted
by climate change.

Forest and Fish

Water Quality,
Fisheries, GIS,
Environmental
Policy

USFS, WA DNR,
Stillaguamish Chinook Salmon
Private
Recovery Plan, Forest and Fish
Landowners, Tribes

Almost ready

10.3. Monitor how sediment contributions from
previously glaciated areas change as a result of glacier
recession and declining snowpack.

Related

Water Quality

GIS

Sauk Suiattle, USFS Stillaguamish Chinook Salmon
Recovery Plan, Forest and Fish

Almost ready

10.4. Research channel to floodplain connectivity to
allow for sediment deposition. Where possible,
coordinate this work to support related fish habitat
actions included in this plan.

Related

Water Quality

Fisheries, GIS,
Forest and Fish,
Marine

USGS, Tribes,
Shoreline Management plan,
Snohomish County Stillaguamish Chinook Salmon
Recovery Plan

Almost ready

10.5. Continue monitoring contaminates of emerging Current
concern in relation to extreme precipitation events,
including wastewater treatment plant, stormwater, and
agricultural inputs.

Water Quality

Wildlife, Marine

WWA DFW, EPA,
USGS, Tribes

Actionable

10.6. Monitor water quality parameters that may be
Related
affected by projected changes in streamflow, including
dissolved oxygen, nutrients, pH, turbidity, water
temperature, and sedimentation.

Water Quality

Fisheries,
Restoration

USGS, WA Dept of Stillaguamish Chinook Salmon
Ecology, Tribes,
Recovery Plan
Western WA Univ.,
EPA

11.1. Survey fish health conditions and monitor for new Current
pathogens and diseases that may develop as a result of
climate change.
11.2. Collaborate and standardize fish health survey
Current
methods among agencies to account for climate change
risks to fish health.
12.1. Monitor phenological changes and species
New
interactions in riparian and aquatic species that may be
affected by climate change.

Fisheries

GIS, Water Quality, NW Indian Fisheries Stillaguamish Chinook Salmon
Marine
Comm., WA DFW Recovery Plan

Actionable

Fisheries

GIS, Marine, Water NW Indian Fisheries Stillaguamish Chinook Salmon
Quality
Comm., WA DFW Recovery Plan

Actionable

Fisheries

Marine, GIS, Water WA DFW
Quality

Not ready

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

Stillaguamish Chinook Salmon
Recovery Plan

Stillaguamish Chinook Salmon
Recovery Plan

Almost ready
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Freshwater: Adaptation Strategies and Actions
Climate impacts being addressed: Higher winter streamflow and lower summer
streamflows (i.e., changes in seasonal streamflows); Increased winter flooding;
warming summer stream temperatures; changes in water quality, including increased
turbidity levels and sediment loading; Potential increase in invasives, diseases, and
parasites; Changes in phenology and freshwater species interactions.
12. Increase understanding
of changes in, and
Adaptation
implications
of,Strategies
phenological changes,
species distributions, and
species interactions that
may be affected by climate
change.

Adaptation Action
12.2. Evaluate how invasive riparian and aquatic
species could be affected by climate change.

Implementation Categories

Status
ImplementaLikely
Likely
relative to
tion lead
internal partners external partners
existing work
New

Restoration

GIS, Marine,
Fisheries

Integration home

UW Climate
Stillaguamish Chinook Salmon
Impacts Group,
Recovery Plan
Snoho. Co. Noxious
Weed Board, Tribes

Readiness to
implement
Almost ready

Adapted from:
 Halofsky, J., Peterson, D.L. 2016. Climate Change Vulnerabilities and Adaptation Options for Forest Vegetation Management in the Northwestern USA. Atmosphere 7(3), 46. doi: 10.3390/atmos7030046
 Halofsky, J.E.; Peterson, D.L., eds. 2016. Climate Change Vulnerability and Adaptation in the Blue Mountains. Gen. Tech. Rep. PNW-GTR. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. 326 p.
 Halofsky, Jessica E.; Peterson, David L.; O'Halloran, Kathy A.; Hawkins Hoffman, Catherine, eds. 2011. Adapting to Climate Change at Olympic National Forest and Olympic National Park. Gen. Tech. Rep. PNWGTR-844. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station. 130 p.
 Hannah, L., and T. E. Lovejoy. 2003. Climate change and biodiversity: synergistic impacts. Advances synergistic impacts. Advances in Applied Biodiversity Sciences 4: 1-123.
 Jamestown S'Klallam Tribe. 2013. Climate Change Vulnerability Assessment and Adaptation Plan. Peterson, S., and J. Bell (eds.) A collaboration of the Jamestown S'Klallam Tribe and Adaptation International.
 Lawler, J.L. 2009. Climate change adaptation strategies for resource management and conservation planning. Annals of the New York Academy of Sciences. 79-98.
 Mote, P.W., E.A. Parson, A.F. Hamlet, K.N. Ideker, W.S. Keeton, D.P. Lettenmaier, N.J. Mantua, E.L. Miles, D.W. Peterson, D.L. Peterson, R. Slaughter, and A.K. Snover. 2003. Preparing for climatic change: The
water, salmon, and forests of the Pacific Northwest. Climatic Change 61:45-88.
 Palmer, M.A. 2008. Climate change and the world's river basins: anticipating management options. Frontiers in Ecology and the Environment. 6, 81-89.
 Raymond, C.L., Peterson, D.L., Rochefort, R.M. 2014. Climate Change Vulnerability and Adaptation in the North Cascades Region, Washington. General Technical Report, PNW-GTR-892. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 279 p.
 Whitely Binder, L.C., Krencicki Barcelos, J., Booth, D.B., Darzen, M., Elsner, M.M., Fenske, R.A., Graham, T.F., Hamlet, A.F., Hodges-Howell, J., Jackson, J.E., Karr, C., Keys, P.W., Littell, J.S., Mantua, N.J., Marlow, J.,
McKenzie, D., Robinson-Dorn, M., Rosenberg, E.A., Stöckle, C., Vano, J.A.. 2010. Preparing for climate change in Washington State. Climatic Change 102(1-2): 351-376, doi: 10.1007/s10584-010-9850-5.
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Lowland Meadow and Prairie: Adaptation Strategies and
Actions
Implementation Categories

Climate impacts being addressed: loss of open meadow habitat; changes in species
composition; potential increase in invasive species; changes in phenology and
species interactions.

Adaptation Strategies

Adaptation Action

Status
relative to
existing work

Implementation lead

Likely
Likely
internal partners external partners

Integration home

Readiness to
implement

SPECIES AND HABITAT PROTECTION, RESTORATION, AND MANAGEMENT ACTIONS
1. Monitor, protect, and
1.1. Identify priority open meadow areas for
actively maintain or expand monitoring, protection, and management.
open meadow habitat to
reduce potential for habitat
loss.

Current

Wildlife

Restoration

Sauk-Suiattle and
Tulalip Tribes,
Private
landowners, USFS,
WA DNR, Whatcom
Land Trust, Skagit
Land Trust

Stillaguamish Game Management Actionable
Plan, North Cascades Elk Herd
Management Plan, Stillaguamish
Critical Areas Guidelines

1.2. Monitor tree establishment patterns in open
Related
meadows and remove as needed to reduce
encroachment.
1.3. Create or expand open meadows, where possible. Current

Wildlife

Restoration

Sauk-Suiattle and
Tulalip Tribes

North Cascades Elk Herd
Management Plan

Wildlife

GIS, Restoration

Sauk-Suiattle and North Cascades Elk Herd
Tulalip Tribes,
Management Plan
Private
landowners, USFS,
WA DNR, Whatcom
Land Trust, Skagit
Land Trust

Actionable

1.4. Identify important habitat treatments that will
help maintain and protect open meadow habitat.

New

Wildlife

Restoration

Sauk-Suiattle and
Tulalip Tribes

North Cascades Elk Herd
Management Plan

Almost Ready

1.5. Where relevant, plant open meadow species that
have a broader range of moisture tolerance.

Current

Wildlife

Restoration

Sauk-Suiattle and
Tulalip Tribes

North Cascades Elk Herd
Management Plan

Actionable

Restoration

Wildlife

Sauk-Suiattle and Stillaguamish Critical Areas
Actionable
Tulalip Tribes,
Guidelines, Snohomish County
Snohomish County Noxious Weed Management Plan

Restoration

Wildlife

Sauk-Suiattle and Stillaguamish Critical Areas
Almost Ready
Tulalip Tribes,
Guidelines, Snohomish County
Snohomish County, Noxious Weed Management Plan
USFS

2. Increase invasive species 2.1. Identify, monitor, and remove invasive species that Current
control efforts, including
have the highest potential to impact open meadows.
preventative management
efforts.
2.2. Monitor the likely pathways of introduction and
points of entry for invasive species.

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

Related

Almost Ready
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2. Increase invasive species
control efforts, including
preventative management
efforts.

Lowland Meadow and Prairie: Adaptation Strategies and
Actions
Implementation Categories

Climate impacts being addressed: loss of open meadow habitat; changes in species
composition; potential increase in invasive species; changes in phenology and
species interactions.
2.3. Implement procedures for preventative cleaning of Current
heavy equipment and transport vehicles or other gear
before entering open meadow sites.

Restoration

Wildlife

Sauk-Suiattle and Stillaguamish Critical Areas
Actionable
Tulalip Tribes,
Guidelines, Snohomish County
Snohomish County, Noxious Weed Management Plan
USFS

New

Wildlife

GIS

Stillaguamish Critical Areas
Guidelines

Not Ready

New

Wildlife

Restoration, GIS

USFS, Point Elliott
Treaty Tribes, WA
DNR
Sauk-Suiattle and
Tulalip Tribes

North Cascades Elk Herd
Management Plan

Almost Ready

new

Wildlife

Restoration, GIS

Sauk-Suiattle and
Tulalip Tribes,
Whatcom Land
Trust, Skagit Land
Trust

North Cascades Elk Herd
Management Plan

Actionable

RESEARCH AND MONITORING ACTIONS
3. Increase understanding
of how climate change
could affect the
distribution, composition,
and phenology of open
meadow habitat and
species.

3.1. Evaluate how climate change could affect the
distribution and composition of open meadow
habitats.
3.2. Monitor open meadow vegetation and species to
help detect changes in the distribution, composition,
and structure of open meadow plant and animal
communities.
3.3. Monitor phenological changes in both open
meadow plant and animal species.

Adapted from:



California Invasive Plant Council. 2015. Impacts of climate change and invasive plants in Sierra Meadows: Overview and Recommendations. December, 2015. California Invasive Plant Council.
Halofsky, J., Peterson, D.L. 2016. Climate Change Vulnerabilities and Adaptation Options for Forest Vegetation Management in the Northwestern USA. Atmosphere 7(3), 46. doi: 10.3390/atmos7030046



Neely, B., P. McCarthy, M. Cross, C. Enquist, G. Garfin, D. Gori, G. Hayward, and T. Schulz. 2010. Climate Change Adaptation Workshop for Natural Resource Managers in the Gunnison Basin: Summary. Southwest
Climate Change Initiative, The Nature Conservancy.
Personal communication: Stillaguamish Tribe Natural Resource Staff





Raymond, C.L., Peterson, D.L., Rochefort, R.M. 2014. Climate Change Vulnerability and Adaptation in the North Cascades Region, Washington. General Technical Report, PNW-GTR-892. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 279 p.
Whitely Binder, L.C., Krencicki Barcelos, J., Booth, D.B., Darzen, M., Elsner, M.M., Fenske, R.A., Graham, T.F., Hamlet, A.F., Hodges-Howell, J., Jackson, J.E., Karr, C., Keys, P.W., Littell, J.S., Mantua, N.J., Marlow, J.,
McKenzie, D., Robinson-Dorn, M., Rosenberg, E.A., Stöckle, C., Vano, J.A.. 2010. Preparing for climate change in Washington State. Climatic Change 102(1-2): 351-376, doi: 10.1007/s10584-010-9850-5.
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Montane Wetlands and Meadow: Adaptation Strategies and
Actions
Climate impacts being addressed: Declining suitability for subalpine and alpine
species; shifts in species distribution; Increased risk of insects, pathogens, and
invasive species; Changes in phenology and species interactions; Shrinking mountain
goat habitat; increasing anthropogenic influence on mountain goat habitat; loss of
snowpack in mountain goat habitat; mountain goat population decline.

Implementation Categories

Status
relative to
existing work
SPECIES AND HABITAT PROTECTION, RESTORATION, AND MANAGEMENT ACTIONS
Adaptation Strategies

1. Increase resilience by
preserving biodiversity in
montane wetlands and
meadows.

2. Reduce the risks
associated with insect
outbreaks, pathogen
outbreaks, and invasive
species in montane
wetlands and meadows.

Adaptation Action

Implementation lead

Likely
external
partners

Likely
internal partners

Integration home

Readiness to
implement

1.1. Identify, protect, and increase priority areas for
active management and protection of subalpine and
alpine species.

Current

Wildlife

GIS, Wetlands

USFS, NRCS, NPS, Mountain Goat Recovery Plan,
Point Elliott Treaty USFS Management and
Tribes, WWA DFW Monitoring Plans, NPS Mngmt
Plans, Wetlands Program Plan

Actionable

1.2. Identify and protect sites that are less likely to be
affected by climate change (refugia), and focus on
those sites for restoration.

New

Wildlife

Restoration, GIS,
Wetlands

USFS, NRCS, NPS,
Point Elliott Treaty
Tribes, UW Climate
Impacts Group

Mountain Goat Recovery Plan,
USFS Management and
Monitoring Plans, NPS Mngmt
Plans, Wetlands Program Plan

Not Ready

1.3. Where rare and disjunct species are a concern,
New
identify and protect, plant, or otherwise encourage
regeneration of rare and disjunct species in appropriate
locations.
2.1. Employ relevant actions identified for Forests for
New
managing risk of insect outbreaks, pathogen outbreaks,
and invasive species.

Wildlife

GIS , Restoration

USFS, NRCS, NPS, USFS Management and
Point Elliott Treaty Monitoring Plans, NPS Mngmt
Tribes
Plans

Not Ready

Wildlife

GIS, Restoration

USFS

Not Ready

Wildlife

GIS, Restoration,
Wetlands

USFS, NRCS, NPS, Mountain Goat Recovery Plan,
Point Elliott Treaty USFS Management and
Tribes, WWA DFW Monitoring Plans, NPS Mngmt
Plans, Wetlands Program Plan

Not Ready

Wildlife

GIS, Wetlands

USFS, NRCS, NPS,
Point Elliott Treaty
Tribes, WWA DFW,
UW Climate
Impacts Group

Actionable

RESEARCH AND MONITORING ACTIONS
3. Gather information that 3.1. Identify, implement, and/or support long-term
New
can be used to prioritize
vegetation monitoring protocols to help detect changes
and adapt high elevation
in the distribution, composition, and structure of alpine
montane wetland and
and subalpine plant communities.
meadow sites to the effects
of climate change.
3.2. Monitor patterns in species abundance,
Current
demographics and productivity of populations, species
at the extremes of their ranges, adaptive capacity of
species, and shifts in species distributions.

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

USFS Management and
Monitoring Plans

Mountain Goat Recovery Plan,
USFS Management and
Monitoring Plans, NPS Mngmt
Plans, Wetlands Program Plan
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3. Gather information that
can be used to prioritize
and adapt high elevation
Montane
Wetlands
and Meadow: Adaptation Strategies and
montane
wetland
and
meadow
Actionssites to the effects
of
climate
change.
Climate
impacts
being addressed: Declining suitability for subalpine and alpine

Implementation Categories

species; shifts in species distribution; Increased risk of insects, pathogens, and
invasive species; Changes in phenology and species interactions; Shrinking mountain
goat habitat; increasing anthropogenic influence on mountain goat habitat; loss of
snowpack in mountain goat habitat; mountain goat population decline.
3.3. Focus monitoring on sensitive habitats and species Current
in priority regions.

Wildlife

GIS, Wetlands

USFS, NRCS, NPS, Mountain Goat Recovery Plan,
Point Elliott Treaty USFS Management and
Tribes, WWA DFW Monitoring Plans, NPS Mngmt
Plans, Wetlands Program Plan

Actionable

3.4. Monitor phenological changes in both montane
plant and animal species, and adapt management
activities for those changes, where possible.

New

Wildlife

GIS

USFS, NPS, Point
Mountain Goat Recovery Plan,
Elliott Treaty Tribes USFS Management and
Monitoring Plans, NPS Mngmt
Plans

Almost Ready

3.5. Monitor herbaceous plant establishment in
previously snow-covered and glaciated areas.

New

Wildlife

GIS , Restoration

USFS, NRCS, NPS, Mountain Goat Recovery Plan,
Point Elliott Treaty USFS Management and
Tribes
Monitoring Plans, NPS Mngmt
Plans, Wetlands Program Plan

Not Ready

4.1. Use local and traditional knowledge to identify
New
important mountain goat habitat (kidding/early rearing;
dispersal and migration corridors; winter ranges;
mineral licks, trails). Once identified, important habitat
for mountain goats should be formally included in
resource use decisions.

Wildlife

GIS, Environmental Point Elliott Treaty Mountain Goat Recovery Plan,
Policy
Tribes, USFS
USFS Management and
Monitoring Plans

Actionable

4.2. Prioritize habitat protection in areas where the
Related
disturbance risk to mountain goat habitat is relatively
greater (e.g., in areas with merchantable forest, oil and
gas, mineral tenures, recreation tenures, and developed
access).

Wildlife

GIS, Forest and Fish Point Elliott Treaty Mountain Goat Recovery Plan,
Tribes, USFS, NPS USFS Management and
Monitoring Plans

Almost Ready

4.3. Identify, monitor, and maintain connectivity of
forest cover between suitable mountain goat habitats
at the landscape level.

Current

Wildlife

GIS

Mountain Goat Recovery Plan,
USFS Management and
Monitoring Plans

Actionable

5.1. Minimize motorized ground-based activities in the Current
vicinity of critical mountain goat habitat during all
lifestages.

Wildlife

GIS, Forest and
Fish, Environmental DFW, Point Elliott
Policy
Treaty Tribes, WA
DNR

Mountain Goat Recovery Plan,
USFS Management and
Monitoring Plans, NPS Mngmt
Plans, Forest and Fish

Actionable

ACTIONS SPECIFIC TO MOUNTAIN GOAT
4. Identify, protect, and
enhance mountain goat
habitat that may be
affected by climate change.

5. Minimize recreational
disturbance on mountain
goat habitat.

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

Point Elliott Treaty
Tribes, USFS, NPS,
UW Climate
Impacts
Group
USFS,
NPS,
WWA
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Montane Wetlands and Meadow: Adaptation Strategies and
Actions
Climate impacts being addressed: Declining suitability for subalpine and alpine
5.
Minimize
recreational
species;
shifts
in species distribution; Increased risk of insects, pathogens, and
disturbance
on mountain
invasive species;
Changes in phenology and species interactions; Shrinking mountain
goat
goat habitat.
habitat; increasing anthropogenic influence on mountain goat habitat; loss of

Implementation Categories

snowpack in mountain goat habitat; mountain goat population decline.

6. Support reduction of the
amount and persistence of
roads in and near mountain
goat habitat.

7. Increase understanding
of changes in mountain
goat populations by
monitoring mountain goat
populations.

5.2. Use climate change information to project changes New
in recreation use patterns in the alpine environment
that may affect mountain goat habitat.

Wildlife

GIS, Outreach and
Education

5.3. Implement outreach/education and regulatory
enforcement to prevent adverse human-wildlife
interactions.

Current

Wildlife

6.1. Where possible, ensure that structures (including
roads) are designed to be temporary and strategically
located to facilitate effective removal when industrial
activity is required in or near mountain goat habitat.

Current

Mountain Goat Recovery Plan,
USFS Management and
Monitoring Plans, NPS Mngmt
Plans

Not Ready

Outreach and
USFS, NPS
Education,
Environmental
Policy, Enforcement

Mountain Goat Recovery Plan,
USFS Management and
Monitoring Plans, NPS Mngmt
Plans

Actionable

Wildlife

GIS, Forest and
Fish, Enforcement

Mountain Goat Recovery Plan,
USFS Management and
Monitoring Plans, NPS Mngmt
Plans

Actionable

6.2. Where possible, ensure that temporary roads or
Current
structures adjacent to mountain goat habitat are
decommissioned to restrict vehicular traffic within two
years after completion of industrial development
activities.

Wildlife

GIS, Forest and
USFS, NPS, WA
Fish, Enforcement, DFW
Environmental
Policy

Mountain Goat Recovery Plan,
USFS Management and
Monitoring Plans, NPS Mngmt
Plans

Actionable

6.3. Consider access control measures where roads in
proximity to mountain goat habitat could remain in
place for an extended period of time.

Current

Wildlife

GIS, Forest and
USFS, NPS, WA
Fish, Enforcement, DFW
Environmental
Policy

Mountain Goat Recovery Plan,
USFS Management and
Monitoring Plans, NPS Mngmt
Plans

Actionable

7.1. Collect baseline data on mountain goats in
forest/montane habitats using GPS collars to track
daily/seasonal movements and habitat use.

Current

Wildlife

GIS

Actionable

7.2. Continue with annual aerial population surveys and Current
consider expanding the survey area to include the
traditional goat areas.
7.3. Augment currently stressed populations of
Current
mountain goats from populations that are large and
more robust.
7.4. Monitor genetic diversity of mountain goat
Related
populations.

Wildlife

USFS, WWA DFW, Mountain Goat Recovery Plan,
Point Elliott Treaty USFS Management and
Tribes, NPS
Monitoring Plans, NPS Mngmt
Plans
GIS
USFS, WWA DFW, Mountain Goat Recovery Plan,
Point Elliott Treaty Stillaguamish Game
Tribes
Management Plan
GIS, Environmental WWA DFW, USFS, Mountain Goat Recovery Plan
Policy
NPS, Point Elliott
Treaty Tribes
GIS
WWA DFW, USFS, Mountain Goat Recovery Plan
NPS, Point Elliott
Treaty Tribes

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

Wildlife

Wildlife

UW Climate
Impacts Group,
USFS, NPS

USFS, NPS

Actionable

Actionable

Almost Ready
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Montane Wetlands and Meadow: Adaptation Strategies and
Actions
Climate impacts being addressed: Declining suitability for subalpine and alpine
species; shifts in species distribution; Increased risk of insects, pathogens, and
invasive species; Changes in phenology and species interactions; Shrinking mountain
goat habitat; increasing anthropogenic influence on mountain goat habitat; loss of
snowpack in mountain goat habitat; mountain goat population decline.
8. Support snowpack
retention to benefit
mountain goat.

8.1. Monitor changes in snowpack that may affect
mountain goats and identify areas where snowpack is
likely to be retained.

Implementation Categories

Current

Wildlife

Fisheries

NRCS, USFS,
Western
Washington
University, SaukSuiattle Tribe

Mountain Goat Recovery Plan,
USFS Management and
Monitoring Plans, NPS Mngmt
Plans, Stillaguamish Chinook
Salmon Recovery Plan

Actionable

Adapted from:








Halofsky, J., Peterson, D.L. 2016. Climate Change Vulnerabilities and Adaptation Options for Forest Vegetation Management in the Northwestern USA. Atmosphere 7(3), 46. doi: 10.3390/atmos7030046
Halofsky, J.E.; Peterson, D.L., eds. 2016. Climate Change Vulnerability and Adaptation in the Blue Mountains. Gen. Tech. Rep. PNW-GTR. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. 326 p.
Mountain Goat Management Team. 2010. Management Plan for the Mountain Goat (Oreamnos americanus) in British Columbia. Prepared for the B.C. Ministry of Environment, Victoria, BC. 87 pp.
Neely, B., P. McCarthy, M. Cross, C. Enquist, G. Garfin, D. Gori, G. Hayward, and T. Schulz. 2010. Climate Change Adaptation Workshop for Natural Resource Managers in the Gunnison Basin: Summary.
Southwest Climate Change Initiative, The Nature Conservancy.
Personal communication: Stillaguamish Tribe Natural Resource Staff
Raymond, C.L., Peterson, D.L., Rochefort, R.M. 2014. Climate Change Vulnerability and Adaptation in the North Cascades Region, Washington. General Technical Report, PNW-GTR-892. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 279 p.
Whitely Binder, L.C., Krencicki Barcelos, J., Booth, D.B., Darzen, M., Elsner, M.M., Fenske, R.A., Graham, T.F., Hamlet, A.F., Hodges-Howell, J., Jackson, J.E., Karr, C., Keys, P.W., Littell, J.S., Mantua, N.J., Marlow,
J., McKenzie, D., Robinson-Dorn, M., Rosenberg, E.A., Stöckle, C., Vano, J.A.. 2010. Preparing for climate change in Washington State. Climatic Change 102(1-2): 351-376, doi: 10.1007/s10584-010-9850-5.

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan
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Wetlands: Adaptation Strategies and Actions
Climate impacts being addressed: loss of wetland habitat; changes in wetland species
composition, phenology, and species interactions; increased risk of fire; increased risk
of insects and pathogens.

Implementation Categories

Status
Adaptation Strategies
Adaptation Action
relative to
existing work
SPECIES AND HABITAT PROTECTION, RESTORATION, AND MANAGEMENT ACTIONS
1. Maintain and enhance
wetland function and
conditions, particularly in
priority wetlands.

Implementation lead

Likely
internal partners

Likely
external
partners

Integration home

1.1. Work with partners to prioritize wetlands (e.g.,
Related
based on climate vulnerability) for active management
and protection across jurisdictional boundaries.

Wetlands

Fisheries, Wildlife,
Water Quality,
Restoration, GIS,
Marine, Forest &
Fish, O & E,
Cultural, Planning

WA Dept of
Ecology, USFS,
Snoho. Co. Surface
Water Mngmt

1.2. Translocate and increase beaver populations to
create and restore wetland habitat.

Current

Wildlife

Fisheries, Wildlife,
Water Quality,
Restoration, GIS,
Marine, Forest &
Fish, O & E,
Cultural, Planning

USFS, Tulalip Tribes Stillaguamish Chinook Salmon
Recovery Plan

Actionable

1.3. Increase microhabitat structures (e.g., woody
debris) for microclimate refugia, nesting habitat, and
egg deposition structures for species dependent on
wetland habitat.

Related

Wetlands

Fisheries, Wildlife,
Water Quality,
Restoration, GIS,
Marine, Forest &
Fish, O & E,
Cultural, Planning

Snohomish County, Wetlands Program Plan,
Snohomish County Stillaguamish Chinook Salmon
Conservation
Recovery Plan
District

Actionable

1.4. Increase habitat connectivity and heterogeneity
that improves wetland conditions.

Related

Wetlands

Fisheries, Wildlife,
Water Quality,
Restoration, GIS,
Marine, Forest &
Fish, O & E,

Snohomish County, Wetlands Program Plan,
Snohomish County Stillaguamish Chinook Salmon
Conservation
Recovery Plan
District, Private
land owners, Ducks
Unlimited

Actionable

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

Wetlands Program Plan,
Stillaguamish Critical Areas
Guidelines, Shoreline
Management plan

Readiness to
implement
Almost ready
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Wetlands: Adaptation Strategies and Actions
Climate impacts being addressed: loss of wetland habitat; changes in wetland species
composition, phenology, and species interactions; increased risk of fire; increased risk
of insects and pathogens.

2. Maintain the
hydroperiod and water
supply for wetlands.

3. Preserve biodiversity
while maintaining
populations of culturally
significant species.

Implementation Categories

1.5. Use native vegetation to increase shading of
wetlands and microhabitats.

New

Wetlands

Fisheries, Wildlife,
Water Quality,
Restoration, GIS,
Marine, Forest &
Fish, O & E,
Cultural, Planning

Snohomish County, Stillaguamish Wetlands Program Not ready
Snohomish County Plan, Stillaguamish Chinook
Conservation
Salmon Recovery Plan
District

1.6. Reduce sediment transport into wetlands by
maintaining plant cover outside of the wetland areas
and, where relevant, natural material fencing.

Related

Wetlands

Fisheries, Wildlife,
Water Quality,
Restoration, GIS,
Marine, Forest &
Fish, O & E

USFS, WA DNR,
Stillaguamish Chinook Salmon
Snoho. Co. Surface Recovery Plan
Water Mngmt

2.1. Identify, protect, and restore (where necessary)
source waters for wetlands, including groundwater
recharge areas.

New

Wetlands

Water Quality,
USFS, WA DNR, WA Stillaguamish Chinook Salmon
Restoration, GIS,
Dept of Ecology
Recovery Plan
Forest & Fish, O&E

Not ready

2.2. Where appropriate, maintain water in wetlands
and streams through water conservation techniques
such as float valves, diversion values, hose pumps,
increased water use efficiency, beaver translocation,
and improved technologies for water use.

Current

Wetlands

Wildlife, Water
Quality

USFS, Snoho. Co.
Stillaguamish Chinook Salmon
Surface Water
Recovery Plan
Mngmt, Snohomish
Conservation
Distrtict, WA Dept
of Ecology

Actionable

2.3. Identify features (e.g., roads, trails, culverts,
Related
ditches, etc.) that interfere with the hydrology of
wetlands, and implement approaches to address those
features where possible.

Wetlands

Fisheries, Water
Quality,
Restoration, GIS,
Forest & Fish

USFS, WA DNR
NW Forest Plan, Stillaguamish
Snoho. Co. Surface Chinook Salmon Recovery Plan
Water Mngmt,
Snohomish
Conservation
Distric, WA Dept of
Ecology

Actionable

3.1. Maintain appropriate densities of native wetland
species, including culturally significant species, and
promote more drought tolerant native species.

Wetlands

Fisheries, Wildlife,
Water Quality,
Restoration, GIS,
Marine, Forest &
Fish, O & E, Cultural

Snohomish County, Wetlands Program Plan
Snohomish County
Conservation
District

Not ready

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

New

Actionable
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Wetlands: Adaptation Strategies and Actions
Climate impacts being addressed: loss of wetland habitat; changes in wetland species
composition, phenology, and species interactions; increased risk of fire; increased risk
of insects and pathogens.
4. Reduce impacts on
wetlands from human
activities, including timber
production, construction,
recreation, and agricultural
activities.

5. plan and prepare for
greater wetland area
burned.
6. Implement insect and
pathogen prevention and
control methods where
appropriate to preserve
wetlands.

Implementation Categories

4.1. Review Forest Practice applications for potential
Current
impacts to wetlands.
4.2. Work with partners to reduce livestock impacts on Related
wetlands with fencing and by relocating water troughs
away from springs and riparian areas.

Forest & Fish

Wetlands, GIS

WA DNR

Wetlands

Fisheries, Wildlife,
Water Quality,
Restoration, GIS,
Marine, Forest &
Fish, O & E,

Snohomish
Stillaguamish Critical Areas
Conservation
Guidelines, Stillaguamish
District, Snoho. Co. Watershed Action Plan (1999)
Surface Water
Mngmt, WA Dept
of Ecology

Almost ready

4.3. Work with partners to identify and reduce
recreation impacts on sensitive wetland habitats.

Related

Wetlands

Fisheries, Wildlife,
Water Quality,
Restoration, GIS,
Marine, Forest &
Fish

USFS, WA DNR,
Stillaguamish Critical Areas
Snoho. Co. Surface Guidelines, NW Forest Plan
Water Mngmt

Actionable

4.4. Increase the size and enforcement of buffer zones
around wetlands.

New

Wetlands

Snoho. Co. Surface Stillaguamish Critical Areas
Water Mngmt, WA Guidelines, Shoreline
Dept of Ecology
Management plan

Not ready

5.1. Incorporate fire risk into wetland management
plans.

New

Wetlands

Fisheries, Water
Quality,
Restoration, GIS,
Forest & Fish
Restoration, GIS,
Forest & Fish

USFS, WA DNR

Not ready

Wetlands

Restroration, GIS

USFS, WA DNR,
Wetlands Program Plan
Snohomish County
Noxious Weed
Control Board

Actionable

Wetlands

Fisheries, Wildlife,
Water Quality,
Restoration, GIS,
Marine, Forest &
Fish, O & E,
Cultural, Planning

WA Dept of
Wetlands Program Plan
Ecology, USFS,
Snoho. Co. Surface
Water Mngmt

Almost ready

6.1. Work with partners to eradicate and control the
Related
spread of invasive species, pathogens, and diseases that
may affect wetland species, especially after fire.

RESEARCH AND MONITORING ACTIONS
7. Implement wetland
7.1. Define the extent and distribution of wetlands.
monitoring where
appropriate.

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

Related

Timber/Fish/Wildlife Agreement Actionable

Wetlands Program Plan
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7. Implement wetland
monitoring where
appropriate.

Wetlands: Adaptation Strategies and Actions
Climate impacts being addressed: loss of wetland habitat; changes in wetland species
composition, phenology, and species interactions; increased risk of fire; increased risk
of insects and pathogens.

Implementation Categories

7.2. Monitor for changes in wetland habitats,
particularly culturally relevant plants and animals. This
includes monitoring for changes in distribution,
phenology, and micro-climatic conditions.

New

Wetlands

Fisheries, Wildlife,
Water Quality,
Restoration, GIS,
Marine, Forest &
Fish, O & E

Snohomish County, Wetlands Program Plan
WSDOT

7.3. Support or implement compliance monitoring to
ensure that Forest Practice Applications regulations
that may affect wetlands are followed.

Current

Forest & Fish

Wetlands, GIS

WA DNR

7.4. Survey wetland health conditions and monitor for
invasive species, pathogens, and diseases.

New

Wetlands

GIS

8. Conduct research to
8.1. Investigate best management practices to increase New
inform effective adaptation snow retention in areas that will benefit wetlands;
for wetlands.
implement those practices where possible based on
these findings.

Wetlands

GIS, Forest & Fish

USFS, WA DNR,
Wetlands Program Plan
Snohomish County,
WSDOT
USFS, WA DNR
Wetlands Program Plan

Not ready

Timber/Fish/Wildlife Agreement Actionable

Not ready

Not ready

Adapted from:







Halofsky, J., Peterson, D.L. 2016. Climate Change Vulnerabilities and Adaptation Options for Forest Vegetation Management in the Northwestern USA. Atmosphere 7(3), 46. doi: 10.3390/atmos7030046
Halofsky, J.E.; Peterson, D.L., eds. 2016. Climate Change Vulnerability and Adaptation in the Blue Mountains. Gen. Tech. Rep. PNW-GTR. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific
Northwest Research Station. 326 p.
Neely, B., P. McCarthy, M. Cross, C. Enquist, G. Garfin, D. Gori, G. Hayward, and T. Schulz. 2010. Climate Change Adaptation Workshop for Natural Resource Managers in the Gunnison Basin: Summary.
Southwest Climate Change Initiative, The Nature Conservancy.
Personal Communication; Stillaguamish Tribe Natural Resource Staff
Raymond, C.L., Peterson, D.L., Rochefort, R.M. 2014. Climate Change Vulnerability and Adaptation in the North Cascades Region, Washington. General Technical Report, PNW-GTR-892. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 279 p.
Whitely Binder, L.C., Krencicki Barcelos, J., Booth, D.B., Darzen, M., Elsner, M.M., Fenske, R.A., Graham, T.F., Hamlet, A.F., Hodges-Howell, J., Jackson, J.E., Karr, C., Keys, P.W., Littell, J.S., Mantua, N.J.,
Marlow, J., McKenzie, D., Robinson-Dorn, M., Rosenberg, E.A., Stöckle, C., Vano, J.A.. 2010. Preparing for climate change in Washington State. Climatic Change 102(1-2): 351-376, doi: 10.1007/s10584-0109850-5.
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Marine: Adaptation Strategies and Actions
Climate impacts being addressed: Inundation from sea level rise, and effects of storm
surge on nearshore habitats; loss of coastal habitat; increased rates of erosion and
sediment transport; ocean acidification and other changes in marine water
conditions; potential increase in invasive species; potential changes in freshwater
inflows to estuaries; rising atmospheric carbon dioxide concentrations.

Adaptation Strategies

Adaptation Action

Implementation Categories

Status
relative to
existing work

Implementation lead

Likely
internal partners

Likely
external
partners

Integration home

Readiness to
implement

SPECIES AND HABITAT PROTECTION, RESTORATION, AND MANAGEMENT ACTIONS
1. Restore coastal habitat
for climate change
mitigation and adaptation.

2. Protect coastal habitat
through regulatory and
voluntary approaches.

1.1. Identify and prioritize areas most in need or most
valuable for restoration.

Current

Marine

Fisheries, Water
Sno Co, Island Co
Quality, GIS,
Evironmental Policy

Port Susan Marine Stewardship Actionable
Area Conservation Action plan

1.2. Implement planting and beach nourishment, where Related
applicable, as an overall restoration strategy.

Marine

Restoration

Sno Co, Island Co

PSP Action Agenda

Almost ready

1.3. Restore delta hydrology and habitat, including blind Current
channels.

Marine

Fisheries, GIS,
Water Quality

Sno Co, Island Co,
TNC, WWA DFW

Actionable

1.4. Restore salt marshes to maximize natural barriers
to storm surge.

Current

Marine

Fisheries, GIS,
Water Quality

Sno Co, Island Co,
TNC, WWA DFW

1.5. Restore eelgrass beds and forage fish spawning
habitat.
1.6. Restore or develop pocket estuaries through fill
removal (spoils of dredging), beach nourishment, and
other approaches.
2.1. Use regulatory approaches to designate and
protect marine habitat migration zones. Regulatory
responses include: rolling easements; setback
requirements; no building areas; coastal armoring;
beach nourishment; acquire land/development rights.

Related

Marine

GIS, Fisheries

Related

Marine

Fisheries, GIS

Sno Co, Island Co,
WA DNR
Sno Co, Island Co,
TNC

PSP Action Agenda,
Stillaguamish Chinook Salmon
Recovery Plan
PSP Action Agenda,
Stillaguamish Chinook Salmon
Recovery Plan
PSP Action Agenda

Related

Environmental
Policy

Marine,
Enforcement, GIS,
Fisheries

2.2. Use non-regulatory approaches to designate and
Related
protect marine habitat migration zones. Non-regulatory
responses include: easements; land trusts; sea level
migration pathway (lateral and longshore).

Marine

Environmental
Sno Co, Island Co
Policy, Education &
Outreach,Fisheries

Port Susan Marine Stewardship Actionable
Area Conservation Action plan

2.3. Work with partners to get a Tribal voice
incorporated into discussions about new bulkhead
development and, where possible, to prohibit new
bulkheads.

Marine

Environmental
ACOE, Sno Co
Policy, Education &
Outreach,Fisheries

Shoreline Mgmt plans

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

Related

Sno Co, Island Co

Almost ready

Almost ready

PSP Action Agenda,
Actionable
Stillaguamish Chinook Salmon
Recovery Plan
Shoreline Mgmt plans, Port
Actionable
Susan Marine Stewardship Area
Conservation Action plan

Actionable
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Marine: Adaptation Strategies and Actions
Climate impacts being addressed: Inundation from sea level rise, and effects of storm
surge on nearshore habitats; loss of coastal habitat; increased rates of erosion and
sediment transport; ocean acidification and other changes in marine water
conditions; potential increase in invasive species; potential changes in freshwater
inflows to estuaries; rising atmospheric carbon dioxide concentrations.

3. Maintain and protect
sediment sources and
associated transport
mechanisms.

Implementation Categories

2.4. Strengthen and support existing setback regulation Current
in Shoreline Management Act (SMA) and local
programs.

Environmental
Policy

Marine, Fisheries,
Outreach &
Education

Sno Co

Shoreline Mgmt plans

Actionable

3.1. Remove dikes and other barriers that limit
sediment transport to recover processes related to
fluvial dynamics, tidal connections, and material
transport.
3.2. Protect habitat structures that influence sediment
processes (e.g., submerged aquatic vegetation such as
eelgrass beds, seafloor morphology).

Current

Fisheries

Forest and Fish,
Marine, GIS

Sno Co, Island Co,
TNC, WWA DFW

Stillaguamish Chinook Salmon
Recovery Plan

Actionable

Related

Marine

Environmental
Policy, Fisheries

Sno Co, Island Co,
WA DNR

no current home

Not ready

3.3. Prohibit armoring on feeder bluffs.

Related

Environmental
Policy
Fisheries

Marine, Fisheries

Sno Co, Island Co

PSP Action Agenda, Shoreline
Mgmt plans
PSP Action Agenda, Shoreline
Mgmt plans

Almost ready

PSP Action Agenda,
Stillaguamish Chinook Salmon
Recovery Plan
PSP Action Agenda

Not ready

3.4. Protect connectivity between sediment sources and Related
deposition areas.

3.5. Maintain sediment input to tidal habitats to
facilitate beach and marsh building.

Related

4. Where possible, limit the 4.1. Redesign and ultimately remove existing structures Current
use of, redesign, or remove and barriers (e.g., dikes, roads, seawalls, bulkheads) to
inland migration of coastal habitat.
shoreline armoring.

5. Enhance resilience of
native and cultivated
shellfish populations and
the ecosystems on which
they depend.

Water Quality

Fisheries, Water
Quality, GIS

Environmental
Sno Co, Island Co
Policy, Education &
Outreach, Water
Quality
Restoration, GIS
Sno Co, Island Co

PSP Action Agenda

Actionable

PSP Action Agenda, Port Susan
Marine Stewardship Area
Conservation Action Plan

Actionable

Fisheries,
Environmental
Policy
GIS

Sno Co, Island Co,
WA DNR

PSP Action Agenda

Almost ready

WWA DFW

PSP Action Agenda, WA Shellfish Actionable
Initiative

Related

Marine

4.3. Explore various options for softshore armoring
(e.g., gravel, sand, logs, root masses).

Current

Marine

5.1. Preserve existing native seagrass and kelp
populations, and where possible restore these
populations.
5.2. Support restoration and conservation of native
oysters.

Related

Marine

Current

Marine

Sno Co, Island Co

Actionable

Marine

4.2. Use failure of armoring structures (e.g., dikes and
bulkheads) as an opportunity to work with partners to
remove or setback bulkheads.

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

Marine, Forest and Sno Co, Island Co
Fish, GIS,
Environmental
Policy
Fisheries, Marine, Sno Co, Island Co
GIS

Actionable
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Marine: Adaptation Strategies and Actions
Climate impacts being addressed: Inundation from sea level rise, and effects of storm
5.
Enhance
resiliencehabitats;
of
surge
on nearshore
loss of coastal habitat; increased rates of erosion and
native
and
cultivated
sediment transport; ocean acidification and other changes in marine water
shellfish
populations
conditions;
potential and
increase in invasive species; potential changes in freshwater
the
ecosystems
on which
inflows to estuaries;
rising atmospheric carbon dioxide concentrations.
they depend.
5.3. Investigate alternative shellfish agriculture
Current
methods (e.g., suspended aquaculture; vertical sea
gardens; clam gardens) to secure alternative food
sources for the Tribe.
6. Prevent, and where
6.1. Survey and map invasive marine species.
New
necessary, control the
spread of invasive species.
6.2. Remove or control marine invasive species.
New

7. Reduce local land-based
contributions to ocean
acidification.

Implementation Categories

Marine

GIS, Cultural

WA DNR

PSP Action Agenda, WA Shellfish Not ready
Initiative

Marine

GIS

WA Invasive Species Council
Strategic plan

Almost ready

Marine

Restoration,
Fisheries

WA Invasive Species Council
Strategic plan

Almost ready

Related

Environmental
Policy

Marine, Fisheries,
Water Quality,
Outreach &
Education

WWA DFW, WA
Invasive Species
Council
WWA DFW, WA
Invasive Species
Council
Sno Co, City of
Stanwood and
Arlington, Sno Cons
District, WA Dept
of Ecology

WA OA Blue Ribbon Panel
Report

Almost ready

7.2. Support and reinforce current planning efforts and Current
programs that address the impacts of nutrients and
organic carbon on marine ecosystems.

Environmental
Policy

Marine, Fisheries,
Water Quality,
Outreach &
Education

Sno Co, City of
Stanwood and
Arlington, Sno
Cons, District, WA
Dept of Ecology

WA OA Blue Ribbon Panel
Report

Actionable

Related

Marine

GIS

Sno Co, Island Co,
WA DNR

Sustainable Ecological
Almost ready
Aquaculture Network (SEANET)

New

Marine

GIS

Sno Co, Island Co,
TNC, WWA DFW

Blue Carbon Initiative

New

Marine

GIS

Washington Sea
Sno Co. Shoreline Mgmt Plan
Grant, UW Climate (potentially)
Impacts Group,
USGS, WC Regional
planning Body
(RPB)

7.1. Work with partners to implement and support
effective nutrient and organic carbon reduction
programs in locations where these pollutants are
causing or contributing to multiple water quality
problems.

RESEARCH AND MONITORING ACTIONS
8. Conduct research to
inform coastal adaptation
and mitigation actions.

9. Develop sea level rise,
wave, and storm surge
projections; incorporate
these projections into
project and planning
design.

8.1. Explore using offshore aquaculture (reefs and
suspended) as a tool to reduce the impacts of storm
energy.
8.2. Investigate the feasibility of applying blue carbon
tidal wetland and seagrass restoration methodology in
Port Susan.
9.1. Assess the availability of locally specific sea level
rise, wave, and storm surge projections, and work to
refine as needed for local issues.
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9.
Develop sea
level rise, Strategies and Actions
Marine:
Adaptation
wave,
and
storm
surge addressed: Inundation from sea level rise, and effects of storm
Climate impacts being
projections;
incorporate
surge on nearshore habitats; loss of coastal habitat; increased rates of erosion and
these
projections
into
sediment
transport;
ocean acidification and other changes in marine water
project
and
planning
conditions; potential increase in invasive species; potential changes in freshwater
design.
inflows to estuaries; rising atmospheric carbon dioxide concentrations.

10. Evaluate the impacts of
armored shorelines on
nearshore habitats.

Implementation Categories

9.2. plan for higher-than-average sea level rise
scenarios.

New

Marine

Water Quality,
Environmental
Policy

Washington Sea
Sno Co. Shoreline Mgmt Plan
Grant, UW Climate (potentially)
Impacts Group,
USGS, WC Regional
planning Body
(RPB)

Almost ready

10.1. Assess the cumulative effects of bulkheads on
nearshore habitat, and how the impacts of these
bulkheads will change as sea level continues to rise.

Related

Marine

Fisheries, Water
Quality

Washington Sea
PSP Action Agenda
Grant, UW Climate
Impacts Group,
USGS, UW, NWSC,
Sno Co, Island Co

Actionable

USGS, TNC, Sno Co, Puget Sound Nearshore
Island Co
Partnership Work plan

Actionable

11. Investigate and monitor
underlying mechanisms
driving sediment dynamics
affecting coastal habitats.

11.1. Evaluate and monitor the causal factors and
Related
mechanisms that influence sediment processes
affecting coastal habitats, including sediment sources,
barriers, transport, and deposition. Where possible,
coordinate these efforts to support similar information
needs for freshwater habitat included in this plan.

Water Quality

GIS, Fisheries,
Forest and Fish,
Marine

12. Continue monitoring
and research of marine
water conditions in Port
Susan that may be affected
by climate change.

12.1. Continue to monitor harmful algal blooms in
shellfish harvest areas in response to changing marine
conditions.

Current

Marine

Water Quality, GIS Sea Grant, NOAA,
DOH

ECOHAB program

Actionable

12.2. Expand or enhance current water quality
monitoring programs to monitor contaminants of
emerging concern in water and biological tissues
associated with extreme precipitation events and high
levels of point and non-point source pollution.

Current

Water Quality

Marine, Wildlife,
Fisheries

WWA DFW, USGS

WA Dept of Ecology
Environmental Assessment
Program

Actionable

12.3. Increase flow data collection and monitoring to
Current
better describe patterns in seasonal freshwater inflows
into estuaries. Where possible, coordinate these efforts
to meet similar monitoring needs for freshwater
habitat.

Water Quality

Marine, Water
Quality

USGS

Water Quality Program Plan

Actionable

12.4. Work with partners to increase monitoring of
marine nutrients.

Marine

Water Quality

WA Dept of
Ecology, DOH

WA Dept of Ecology
Environmental Assessment
Program

Almost ready
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Marine: Adaptation Strategies and Actions
Climate impacts being addressed: Inundation from sea level rise, and effects of storm
surge on nearshore habitats; loss of coastal habitat; increased rates of erosion and
sediment transport; ocean acidification and other changes in marine water
conditions; potential increase in invasive species; potential changes in freshwater
inflows to estuaries; rising atmospheric carbon dioxide concentrations.

13. Participate in an ocean
acidification monitoring
network to measure trends
in local ocean acidification
conditions.

14. Characterize the
biological responses of local
species to ocean
acidification and associated
stressors.

Implementation Categories

12.5. Implement sediment monitoring for contaminants New
and other toxics (e.g., heavy metals) of emerging
concern.
12.6. Implement storm surge monitoring, and assess
Current
the possibility for land owners to conduct their own
storm surge monitoring.
13.1. Collect data at a spatial and temporal resolution Related
sufficient to understand the current status of ocean
acidification in local marine waters and to discern
trends across space and time.

Water Quality

Marine, Wildlife,
Fisheries

WA Dept of
Ecology, DOH, or
USGS
USGS, Sno Co,
Island Co

WA Dept of Ecology
Environmental Assessment
Program
no current home

Almost ready

Marine

Outreach &
Education

Marine

GIS, Water Quality USGS, UW, NOAA, PSP Action Agenda, WA OA Blue Not ready
WA Dept of Ecology Ribbon Panel Report

13.2. Identify and protect ocean acidification 'refugia',
i.e., areas that are naturally resilient to ocean
acidification (including kelp and eelgrass beds).

New

Marine

Water Quality,
Environmental
Policy

UW, NOAA, WA
Dept of Ecology

PSP Action Agenda, WA OA Blue Not ready
Ribbon Panel Report

13.3. Use Port Susan as a research site to collect
baseline data on aragonite in estuarine locations.

New

Marine

Water Quality

UW, NOAA

PSP Action Agenda, WA OA Blue Not ready
Ribbon Panel Report

14.1. Conduct field and/or laboratory studies to
New
characterize the effects of ocean acidification on local
species, and to aide in the future development of ocean
acidification indicators and thresholds to guide
adaptation actions.

Marine

Water Quality,
Fisheries, Wildlife

UW, NOAA

PSP Action Agenda, WA OA Blue Not ready
Ribbon Panel Report

Actionable

Adapted from:







Personal communication: Stillaguamish Tribe Natural Resource Staff
Raymond, C.L., Peterson, D.L., Rochefort, R.M. 2014. Climate Change Vulnerability and Adaptation in the North Cascades Region, Washington. General Technical Report, PNW-GTR-892. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 279 p.
Swinomish Indian Tribal Community, Office of Planning and Community Development. 2010. Swinomish Climate Change Initiative: Climate Adaptation Action Plan. La Conner, WA.
Washington State Blue Ribbon Panel on Ocean Acidification. 2012. Ocean Acidification: From Knowledge to Action, Washington State's Strategic Response. H. Adelsman and L. Whitely Binder (eds).
Washington Department of Ecology, Olympia, Washington. Publication no. 12-01-015.
Washington State Integrated Climate Change Response Strategy. 2011. Interim Recommendations From Topic Advisory Group 3: Species, Habitats, and Ecosystems.
http://www.ecy.wa.gov/climatechange/2011TAGdocs/E2011_interimreport.pdf
Whitely Binder, L.C., Krencicki Barcelos, J., Booth, D.B., Darzen, M., Elsner, M.M., Fenske, R.A., Graham, T.F., Hamlet, A.F., Hodges-Howell, J., Jackson, J.E., Karr, C., Keys, P.W., Littell, J.S., Mantua, N.J.,
Marlow, J., McKenzie, D., Robinson-Dorn, M., Rosenberg, E.A., Stöckle, C., Vano, J.A.. 2010. Preparing for climate change in Washington State. Climatic Change 102(1-2): 351-376, doi: 10.1007/s10584-0109850-5.

Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan

Appendix B: Marine Actions
Page 5

Outreach and Education: Adaptation Strategies and Actions

Implementation Categories

Climate impacts being addressed: all local impacts in the Stillaguamish Watershed

Status
Implementa-tion
Likely
relative to
lead
internal partners
existing work
INCREASE UNDERSTANDING OF LOCAL CLIMATE CHANGE IMPACTS AND SUPPORT FOR ADAPTATION ACTIONS
ADAPTATION
STRATEGIES

1. Research and develop
coordinated and cohesive
messages and tools on
communicating local
climate change impacts and
adaptation strategies in the
Stillaguamish Watershed.

2. Engage communities
within the Stillaguamish
Watershed in climate
change conversations for
addressing impacts and
adaptation, and provide
solutions that give people a
sense of hope. Ensure they
are effectively distributed
to a wide variety of people
and professionals, in
multiple venues, using
appropriate methodologies.

ADAPTATION ACTION

1.1. Develop targeted climate change risk
communication training, newsletters and FAQ sheets
for Tribal members, the Cultural Department,
communication staff and other programs such as
Economic Development, Tribal Health and
Infrastructure, and the Education Department, within
the Tribe.
1.2. Research how people perceive climate risks, what
messages resonate with people, and how people learn
and respond to information about climate change.

Likely
external
partners

Integration home

Readiness to
implement

current

Outreach

Cultural, Economic, Frameworks
Education, Health Institute
Departments

Stillaguamish Chinook Recovery actionable
Plan

current

Outreach

No additional
internal partners

Frameworks
Institute

Stillaguamish Chinook Recovery almost ready
Plan

1.3. Gain a better understanding of current research on current
effectively communicating Climate Science in order to
move watershed communities to action.

Outreach

No additional
internal partners

Frameworks
Institute

Stillaguamish Chinook Recovery almost ready
Plan

2.1. Develop an outreach strategy for communicating new
about climate change, climate impacts, ecosystem
resilience and what people can do to help reduce
climate impacts. Methods include but are not limited to
public presentations, outreach displays, social media,
and newsprint.

Outreach

No additional
internal partners

WSU Extension,
Stillaguamish Chinook Recovery almost ready
NWIFC, Sound
Plan
Water Stewards,
Snohomish County
SWM

2.2. Develop compelling visual stories and social media new
to connect climate change impacts to concerns people
already have, convey the benefits of addressing climate
change, and demonstrate how actions currently
underway can address impacts of climate change.

Outreach

No additional
internal partners

WSU Extension,
Stillaguamish Chinook Recovery almost ready
NWIFC, Sound
Plan
Water Stewards,
Snohomish County
SWM
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Watershed in climate
change conversations for
addressing impacts and
adaptation, and provide
solutions that give people a
sense of hope. Ensure they
are effectively distributed
to a wide variety of people
Outreach
andinEducation: Adaptation Strategies and Actions
and
professionals,
Climate impacts
multiple
venues, being
using addressed: all local impacts in the Stillaguamish Watershed
appropriate methodologies.

Implementation Categories

2.3. Leverage partnerships between state agencies and related
research organizations to develop clear and consistent
messaging on climate change impacts and adaptation
to all ecosystems in the Stillaguamish Watershed
impacted by climate change. The messages must
connect to other priority issues and resonate with
people's core values such as health, safety, and the
economy.

Outreach

No additional
internal partners

NOAA, WSU
Extension, UW,
NWIFC, GPI

Stillaguamish Chinook Recovery actionable
Plan

2.4. Conduct targeted outreach to state and local
new
elected officials, leaders, and staff to share information
and outreach materials, improve the understanding of
risks, and inform decision-making.

Outreach

No additional
internal partners

Local elected
officials

Stillaguamish Chinook Recovery not ready
Plan

2.5. Educate communities in the Stillaguamish
new
Watershed regarding invasive species impacts and what
they could do to help prevent and remove invasive
species.
2.6. Conduct outreach to nurseries regarding selling
new
invasive species and addressing invasive seeds and
pathogens in native plantings.

Outreach

Banksavers,
Riparian Ecologist

City of Arlington,
Stanwood and
Granite Falls

Stillaguamish Chinook Recovery actionable
Plan

Outreach

Banksavers,
Riparian Ecologist

Local Nurseries

Stillaguamish Chinook Recovery actionable
Plan

2.7. Provide education and outreach on the importance new
of wetlands for water storage in a rain-dominated
climate to local communities, schools and regional
events.
2.8. Research and develop citizen science initiatives to new
help with monitoring, detection, and response efforts.

Outreach

Wetland Program

Local school
districts, WSU
Extension, GPI

Stillaguamish Chinook Recovery actionable
Plan

Outreach

Marine, Water
quality

Stillaguamish Chinook Recovery actionable
Plan

2.9. Increase understanding of ocean acidification
new
among key stakeholders, target audiences, and local
community to help implement adaptation strategies
and actions.
2.10. Maintain and grow partnerships to support efforts current
on ocean acidification, including NANOOS, Snohomish
Marine Resources Committee, and the West Coast
Oceans Partnership.

Outreach

Marine Biologist

WSU Extension,
GPI, Sound Water
Stewards
MRC, NANOOS,
Wet Coast Oceans
Partnership

Outreach

Marine Biologist

MRC, NANOOS,
Wet Coast Oceans
Partnership

Stillaguamish Chinook Recovery actionable
Plan

Outreach

No additional
internal partners

Local school
districts, WSU
Extension, GPI

Stillaguamish Chinook Recovery actionable
Plan

3. Engage middle and high 3.1. Research the need in local middle schools for
schools in the Stillaguamish climate change curriculum development and teacher
Watershed in climate
training.
change education.
Stillaguamish Tribe Natural Resources Department
Climate Change Adaptation Plan
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Outreach and Education: Adaptation Strategies and Actions
3.
Engage
middlebeing
and high
Climate
impacts
addressed: all local impacts in the Stillaguamish Watershed
schools in the Stillaguamish
Watershed in climate
change education.
3.2. Develop the necessary curriculum and background current
information needed to support local teachers.
3.3. Provide teacher trainings and workshops to assist current
in the implementation of Climate Change curriculum in
their schools.
4. Measure communication 4.1. Develop specific desired communications outcomes new
outcomes.
(behavior change, increased climate change literacy,
curriculum developed and implemented, etc.)

Implementation Categories

Outreach

No additional
internal partners

Outreach

No additional
internal partners

Outreach

To be determined

Local school
districts, WSU
Extension, GPI
Local school
districts, WSU
Extension, GPI
To be determined

Stillaguamish Chinook Recovery almost ready
Plan
Stillaguamish Chinook Recovery almost ready
Plan
To be determined

not ready

Adapted from:








Adelsman, H. and J. Ekrem (eds). 2012. Preparing for a Changing Climate: Washington State's Integrated Climate Response Strategy. Publication 12-01-004, Washington State Department of Ecology, Olympia,
WA.
Personal communication: Stillaguamish Tribe Natural Resource Staff
Raymond, C.L., Peterson, D.L., Rochefort, R.M. 2014. Climate Change Vulnerability and Adaptation in the North Cascades Region, Washington. General Technical Report, PNW-GTR-892. Portland, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 279 p.
Swinomish Indian Tribal Community, Office of Planning and Community Development. 2010. Swinomish Climate Change Initiative: Climate Adaptation Action Plan. La Conner, WA.
Washington State Blue Ribbon Panel on Ocean Acidification. 2012. Ocean Acidification: From Knowledge to Action, Washington State's Strategic Response. H. Adelsman and L. Whitely Binder (eds).
Washington Department of Ecology, Olympia, Washington. Publication no. 12-01-015.
Washington State Integrated Climate Change Response Strategy. 2011. Interim Recommendations From Topic Advisory Group 3: Species, Habitats, and Ecosystems.
http://www.ecy.wa.gov/climatechange/2011TAGdocs/E2011_interimreport.pdf
Whitely Binder, L.C., Krencicki Barcelos, J., Booth, D.B., Darzen, M., Elsner, M.M., Fenske, R.A., Graham, T.F., Hamlet, A.F., Hodges-Howell, J., Jackson, J.E., Karr, C., Keys, P.W., Littell, J.S., Mantua, N.J., Marlow,
J., McKenzie, D., Robinson-Dorn, M., Rosenberg, E.A., Stöckle, C., Vano, J.A.. 2010. Preparing for climate change in Washington State. Climatic Change 102(1-2): 351-376, doi: 10.1007/s10584-010-9850-5.
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