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1. Introduction
Purpose
The Stillaguamish Chinook Salmon Recovery Plan is intended to provide
guidance to local stakeholders in a collaborative effort to restore and protect
Chinook salmon populations in the Stillaguamish River watershed – Water
Resource Inventory Area (WRIA) 5. This Plan is one of fourteen local
watershed plans being prepared for submittal to the Shared Strategy for Puget
Sound. The Shared Strategy is compiling this information for a Puget Soundwide salmon recovery plan, as required by the federal Endangered Species
Act. Once the draft plan is submitted, it will undergo review by NOAA
Fisheries in advance of a final plan being produced in mid-2005.

The overall goal of the
Stillaguamish
Watershed Chinook
Salmon Recovery Plan
is to help Chinook
salmon populations
recover to sustainable
and harvestable levels.

The overall goal of the Stillaguamish Watershed Chinook Salmon Recovery
Plan is to help Chinook salmon populations recover to sustainable and
harvestable levels. This document recommends an integrated strategy for
protecting and restoring Chinook salmon populations, including individual
strategies for habitat management, harvest management, and hatchery
management, as well as an initial 10-year recovery plan with specific actions
for Chinook salmon habitat improvement. The Plan’s recommendations
include habitat projects to restore watershed processes that affect Chinook
salmon populations, protection of existing habitat through regulatory and nonregulatory strategies, stewardship education and outreach, and a monitoring
and adaptive management plan.
This watershed plan was prepared by the Stillaguamish Implementation
Review Committee (SIRC), the local stakeholder group overseeing salmon
recovery and watershed planning efforts in WRIA 5. This document is the
result of ongoing work by fisheries experts and the 25 local organizations and
citizens who participate on the SIRC and have agreed to the watershed goals
and priorities in the document.

SIRC Mission and Objectives
The Stillaguamish Implementation Review Committee (SIRC) is a broadbased watershed stakeholder committee with 25 members representing local
municipalities, tribes, state and federal government agencies, agricultural and
forestry interests, flood control districts, environmental groups, and citizens.

1
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The mission of the SIRC is “To restore and maintain a healthy, functioning
Stillaguamish Watershed by providing a local forum in which agencies,
organizations, communities, and the public can engage in a collaborative
watershed-based process of decision making and coordination.”
The SIRC was established in 1990 to review implementation of the
Stillaguamish Watershed Action Plan, which addressed water quality
problems in the Stillaguamish Watershed. In the mid-1990s, with leadership
from the Stillaguamish Tribe and Snohomish County, the SIRC began
addressing salmon habitat restoration issues in the watershed. Since 1999, the
SIRC has served as the local citizens committee for recommending prioritized
lists of salmon habitat restoration projects to the Washington State Salmon
Recovery Funding Board. In September 2000, a SIRC subcommittee called
the Stillaguamish Technical Advisory Group (STAG) produced a document
titled Technical Assessment and Recommendations for Chinook Salmon
Recovery in the Stillaguamish Watershed. The SIRC is also the local forum
for public input on Snohomish County’s long-term salmon conservation
planning effort for the Stillaguamish Watershed.
The focus of the SIRC is on collaborative watershed-based decision-making
and coordination. The SIRC will work to implement the approved
Stillaguamish Watershed Chinook Salmon Recovery Plan and will address
future issues at a watershed scale. This ongoing effort will include
coordination among the watershed’s jurisdictions and stakeholders to secure
commitments to this Plan and achieve the collective vision for Chinook
salmon recovery in the Stillaguamish Watershed.

Relationship to Shared Strategy
and Central Puget Sound ESU Efforts
The State of Washington has proposed a statewide salmon recovery plan that
covers multiple species of salmonids and Evolutionarily Significant Units
(ESUs), distinct population groups as established by NOAA Fisheries that can
receive ESA coverage. The Puget Sound Chinook salmon ESU covers all
Chinook salmon populations in the Puget Sound region from the North Fork
Nooksack River to the Elwha River on the Olympic Peninsula. The State’s
plan includes sections for a regional response within the Central Puget Sound
area as well as watershed-specific actions.
The Shared Strategy for Puget Sound is a collaborative initiative involving
public and private stakeholders to share information and coordinate recovery
planning across watersheds within the Central Puget Sound ESU region. The
Shared Strategy effort relies on local watersheds to develop most of the
technical information and public involvement effort for a Chinook salmon
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recovery strategy. The Stillaguamish Watershed is one of fourteen watersheds
that are working with the Shared Strategy to identify actions to recover
salmon and obtain the commitments needed to achieve this goal. Individual
watershed groups, such as the SIRC, are developing the technical and policy
recommendations and will identify actions and commitments for habitat,
harvest, and hatchery management to achieve local watershed goals.
The Stillaguamish Watershed will work with the Shared Strategy and the
other watersheds and stakeholders throughout Puget Sound to integrate
science and social policy into the regional recovery plan for Chinook salmon
in the Central Puget Sound ESU. The watershed goal and recovery actions
identified for the Stillaguamish Watershed will be coordinated with those
from other watersheds to develop regional implementation scenarios. A
regional consensus process will ensure that the final salmon recovery plan for
Puget Sound ultimately reflects local needs and priorities, while meeting ESA
requirements. The Shared Strategy is on schedule to deliver a regional
recovery plan by June 2005.

Stillaguamish River Watershed
Overview
The Stillaguamish River is the fifth largest tributary to Puget Sound. The
Stillaguamish Watershed drains an area of approximately 700 square miles
and includes more than 3,112 miles of river, stream, and marine shore habitat
(Figure 1). Elevations in the watershed range from sea level to about 6,854
feet on Three Fingers Mountain. The river enters Puget Sound at Stanwood,
16 miles north of Everett in northwestern Snohomish County. The watershed
drains into both Port Susan and Skagit Bay. It is also part of the Whidbey
Basin, which includes Skagit Bay, Saratoga Passage, Port Susan, and
Deception Pass.
The Stillaguamish Watershed can be divided into three general regions: the
North Fork, South Fork, and Lower Mainstem. The two forks join in
Arlington, 18 river miles from the mouth. Pilchuck, Deer, Boulder, and
Canyon Creeks are the four largest tributaries to the Stillaguamish River
system. The watershed includes land governed by Snohomish County and
Skagit County, the cities of Arlington, Stanwood, and Granite Falls, and the
Stillaguamish and Tulalip Tribes. Land use within the Stillaguamish
Watershed is 76% forestry, 17% rural, 5% agriculture, and 2% urban
(Snohomish County 1995). Federal, state, and private forest land uses occupy
the majority of the watershed.
The local climate is typically maritime with cool, wet winters and mild
summers. Rainfall is highly variable throughout the watershed, with average

3

June 2005

Stillaguamish Watershed
Chinook Salmon
Recovery Plan

annual rainfall ranging from 30 inches per year in the western lowlands of the
watershed to 150 inches per year at higher elevations in the eastern portion of
the watershed (Pess et al. 1999). Approximately 75% of the precipitation falls
between October and March. Precipitation and streamflows are highest in late
autumn and winter as a result of rainstorms and rapid snowmelt during
warmer rainstorms (called rain-on-snow events). The lowest flows occur
usually during the summer dry period from July through October.
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Figure 1.

Stillaguamish Watershed
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Salmonid Species in the
Stillaguamish Watershed
Chinook Salmon
Chinook salmon (Oncorhynchus tshawytscha) inhabit the mainstem, North
Fork and South Fork of the Stillaguamish River, as well as several of the
watershed’s larger tributaries (Pilchuck, Jim, Canyon, Squire, French, Deer,
and Boulder Creeks) (Figure 2). Two populations of Chinook salmon are
found in the Stillaguamish Watershed: North Fork summer Chinook salmon
and South Fork fall Chinook salmon. These two populations are distinguished
by temporal, and to a lesser degree, spatial differences in spawning. Juvenile
Chinook salmon rear throughout the river system. Approximately 98-99% of
Stillaguamish Chinook salmon are ocean-type that reside in freshwater habitat
for one to five months before migrating to the estuary, while the remaining 12% are stream-type that rear for approximately one year in freshwater before
migrating to the estuary (Griffith et al. 2003). While Stillaguamish-specific
information regarding the types of habitat utilized by Chinook during their
freshwater residence is lacking, it is likely that they rear in the margins and
low velocity habitats of the mainstem and larger tributaries (Healy 1991).

North Fork (Summer) Chinook Salmon
North Fork Chinook salmon are the predominant Chinook salmon population
within the Stillaguamish Watershed. The majority (80%) of the North Fork
Chinook salmon spawn in the middle and upper sections of the North Fork
Stillaguamish, with limited numbers of fish using the larger tributaries
(Boulder, Squire, Deer, and French Creeks) for spawning (STAG 2000;
Stillaguamish Tribe and WDFW, unpublished spawner survey data). North
Fork Chinook salmon select spawning areas that are associated with tail outs,
riffles, and bars in the deeper portions of the low flow channel area. These
spawning locations are at high risk for impacts from late fall and winter
flooding. North Fork Chinook salmon females typically lay 3,000 to 5,000
eggs in one or more nests (redds) (Stillaguamish Tribe, unpublished
broodstock records). Redds are generally located in gravel 1 to 3 inches in
diameter, and eggs are usually buried in gravel up to 10 inches deep. In the
Stillaguamish River, Chinook salmon eggs should reach the eyed stage from
mid-October to mid-November and should hatch in November. Emergence
from the gravel usually occurs during December and January.

South Fork (Fall) Chinook Salmon
The few small populations of fall Chinook salmon in the Stillaguamish
Watershed can be found in Jim Creek, Pilchuck Creek, and the lower portion
of the South Fork Stillaguamish. Fall Chinook salmon are also infrequently
found in French Creek and Canyon Creek. South Fork Chinook salmon tend
7
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to enter the river later than North Fork Chinook salmon, with fish arriving on
the spawning grounds during mid-September and completing their spawning
by mid-October (STAG 2000). The South Fork Chinook population salmon is
a genetically unique population from the North Fork Chinook salmon
population. Within the Puget Sound genetic units, the South Fork population
more closely aligns with the Snohomish and South Sound stocks (including
Green River) (Marshall et al. 1995).

Bull Trout
Four local populations of bull trout (Salvelinus confluentus) exist in the
Stillaguamish Watershed (USFWS 2004): the North Fork Stillaguamish River
(including Boulder Creek and potentially Squire Creek); the South Fork
Stillaguamish River; Canyon Creek; and Upper Deer Creek (including
Higgins Creek). There are also resident freshwater populations of bull trout in
the watershed. Stillaguamish bull trout populations are presumed to use
nearshore marine areas in Skagit Bay, Port Susan, and Possession Sound.
According to the latest information available, many bull trout migrate
annually, leaving the estuaries during the warm summer and early fall months.
The U.S. Fish and Wildlife Service (USFWS) has listed the Puget Sound bull
trout as Threatened under the federal Endangered Species Act. Since the
range of Chinook salmon habitat in the Stillaguamish Watershed is also used
by bull trout, it is believed that actions taken in this plan to recover Chinook
salmon will also benefit bull trout populations in areas of overlap.

Other Salmonid Species1
Coho Salmon
The SASSI identifies two distinct coho salmon (Oncorhynchus kisutch)
populations: Stillaguamish and Deer Creek . The former is considered a
mixture of native and non-native fish because of releases of hatchery coho
salmon from the early 1950s to 1981. This population is classified by SASSI
as depressed. The Deer Creek population is a native population. Its status is
unknown. The Stillaguamish Tribe operates a coho salmon brood stock
program with fish derived from naturally and hatchery spawned adults. Coho
salmon return to the Stillaguamish River in September and October, and
generally spawn from mid-November through January. They spawn in almost
all accessible tributary streams in the Stillaguamish River system, preferring
smaller streams with stable streamflow and gravel-sized substrate (Miller and
Somers 1989). Coho salmon fry emerge in March and April, and spend a full
year in the watershed before migrating as smolts to salt water (Miller and
Somers 1989). Juvenile coho salmon rear throughout the watershed,
preferring small streams, side channels, wetlands and beaver ponds. Between
1986 and 1989, the annual coho salmon smolt production estimates from the
1
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Stillaguamish watershed averaged 649,081 and ranged from a high of 826,297
(1986) to a low of 514,680 (1989) (Nelson et al. 1997).

Chum Salmon
The Stillaguamish chum salmon (Oncorhynchus keta) are geographically
separated into two populations: North Fork and South Fork. Chum salmon
enter the river from September through December. Spawning occurs from
mid- to late October through December. Chum salmon prefer to spawn in side
channels and in larger tributary streams. Chum salmon fry emerge in March
through May and leave the freshwater system almost immediately (Miller and
Somers 1989). Juvenile chum salmon may linger in the estuary for up to three
months before migrating into Puget Sound.

Pink Salmon
Pink salmon (Oncorhynchus gorbuscha) in the Stillaguamish Watershed are
geographically and temporally separated into two populations: North Fork and
South Fork. The genetic distinctions between the two stocks are unknown.
This species is believed to be native to the Stillaguamish. There is no record
of hatchery introductions. Pink salmon are listed by SASSI as healthy. Pink
salmon enter the river on odd-numbered years from early August through
early October. They are also found in the river on even-numbered years in
limited numbers. The spawning season for pink salmon begins in late August
and peaks in mid-October. Spawning mainly occurs in the North Fork and the
South Fork and in larger tributaries (especially Squire, Boulder, Jim, and
Pilchuck). Other tributaries are also used for spawning when sufficient flow
is present. Pink salmon fry emerge from the gravels in March and leave the
river almost immediately.

Steelhead Trout
Four steelhead trout (Oncorhynchus mykiss) populations have been identified
in the Stillaguamish Watershed, including one winter run and three summer
runs. The winter run is healthy according to SASSI, while summer runs are
critical or unknown. Juvenile steelhead trout rear between one and three years
in freshwater before departing for Puget Sound (Miller and Somers 1989).
The pools of small quiet streams and beaver ponds are important for the
young fry, but as the fish grow in size they are able to use the higher energy
stream environments. Spawning occurs mainly in the North Fork and South
Fork. The primary spawning tributaries include Pilchuck, Boulder, Squire,
Jim, and Canyon Creeks. Approximately 100,000 to 130,000 hatchery winter
steelhead trout smolts and 80,000 hatchery summer steelhead trout smolts are
annually released into the Stillaguamish River. Smolts migrate out of the
river from March through late June.

Sockeye Salmon
There is a small population of river sockeye salmon (Oncorhynchus nerka)
inhabiting the Stillaguamish Watershed. Whether they are strays from other
watersheds or a genetically distinct population is not known. Sockeye salmon
9
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are known to spawn in the upper North Fork, as well as several tributaries
including Jim, Deer, Squire and Boulder Creeks. Sockeye salmon generally
enter the river from July through September and spawn from August through
October. Smolts migrate out of the river from March through June.

Sea-run Cutthroat Trout
Sea-run (Oncorhynchus clarki clarki) and resident populations of cutthroat
trout are found throughout mainstem tributary habitats in the Stillaguamish
Watershed, although there has been no systematic inventory of these
populations. Resident cutthroat trout, along with rainbow trout and brook
trout, have been stocked in many lakes in the watershed (USFS 1995). Searun cutthroat trout begin entering the Stillaguamish in late July. Spawning
occurs in mid-February through mid-May. Sea-run cutthroat trout typically
rear from two to four years in freshwater before migrating to salt water, where
they spend about two to five months before returning to the watershed
(Spence et al. 1996).
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Figure 2.

Chinook Salmon Distribution
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Non-Stillaguamish Salmonid Populations
Salmonids originating from other watersheds (non-natal populations) are
known to use the Stillaguamish nearshore for juvenile rearing and adult
feeding and migration. It is assumed that salmonids from the neighboring
Snohomish and Skagit watersheds use the Stillaguamish nearshore more
heavily than salmonids from more distant watersheds, However, recent
studies have shown that juvenile salmonids are distributed widely throughout
the Puget Sound basin nearshore after they leave their natal watersheds
(Brennan et al. 2004).

Focus on Chinook Salmon
Chinook salmon is the focal species for the Stillaguamish Watershed Salmon
Recovery Plan. While the watershed stakeholders have a strong vision for
broad ecosystem restoration, the determination that Chinook salmon should be
a clear focus of this plan was based on the following factors:





Chinook salmon are listed as Threatened under the federal Endangered
Species Act (ESA).
The habitat and ecosystem processes that must be restored and protected
for Chinook salmon will benefit all other salmonids in the watershed.
Chinook salmon recovery efforts over three decades have not resulted in
achieving the former escapement goal of 2,000 (Ames and Phinney 1977).
While bull trout are also listed as Threatened under the ESA, much is
unknown about what specific measures should be taken to address bull
trout habitat needs. The USFWS is developing a Puget Sound Recovery
Plan for bull trout on a separate track from the regional Puget Sound
Chinook salmon recovery process.

13
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2. Current Status of
Stillaguamish Chinook
Salmon Populations
Independent Populations
Chinook Salmon
In March 1999, Stillaguamish Chinook salmon and other Puget Sound salmon
populations were designated as Threatened under the federal Endangered
Species Act. Substantial evidence has been accumulated to document the
decline of Chinook salmon in the Stillaguamish River watershed (STAG
2000). Estimates of historic Chinook salmon populations within the
watershed prior to extensive land use changes provide reference points to
compare with current Chinook salmon population trends.
Historic levels of Stillaguamish Chinook salmon abundance are estimated by
habitat modeling to be approximately 25,000 fish in the North Fork population
and 21,000 fish in the South Fork population (Mobrand Biometrics 2004;
Rawson et al. 2004). Habitat modeling indicates that current populations are
at about 7% of historical levels2 (Mobrand Biometrics 2004). The recent 8year average (1996-2003) combined North and South Fork population adult
escapement (fish that survive and return to their watershed of origin) is 1,326
fish (Abundance & Productivity Tables; Appendix C). The escapement goal
of 2,000 fish for the watershed (Ames and Phinney 1977) has not been met
since 1976. Figure 3 shows the pattern of Stillaguamish Chinook salmon
escapement between 1974 and 2003. These numbers include adult Chinook
salmon produced by the Stillaguamish hatchery supplementation program
(described in more detail later in this document). Escapements since 1993
have shown limited improvement, likely in response to significant reductions
in harvest shown in Figure 10 later in this chapter.

Habitat modeling
indicates that current
populations are at
about 7% of historical
levels

2

Estimated current combined populations is 3,291; estimated historic combined populations is 46,153
(see Table 10).
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Figure 3.

Chinook Salmon Escapement (including hatchery fish)
1974-2003 (Abundance & Productivity Tables)

North Fork (Summer) Chinook Salmon
The North Fork Chinook salmon population has ranged from a high
escapement of 1,768 fish in 1976 to a low escapement of 309 fish in 1984.
The recent 8-year (1996-2003) average for North Fork Stillaguamish Chinook
salmon escapement (including hatchery fish) is 1,080 fish. This average
represents approximately 81% of the combined Stillaguamish natural Chinook
salmon escapement (Abundance & Productivity Tables; Appendix C).
North Fork Stillaguamish Chinook salmon are an early timed (summer run)
Chinook that are more closely aligned with Skagit River populations. This
genetic relationship is supported by geologic information showing that the
Sauk, a tributary of the Skagit, was connected to the North Fork Stillaguamish
some 10,000 years ago (Marshall et al. 1995). “In addition to the genetic
similarities, the age distribution and length-at-age of North Fork Stillaguamish
Chinook are more similar to Chinook spawning in the lower portions of the
Skagit River Basin than they are to Chinook in the South Fork Stillaguamish
(Ruckelshaus et al. 2001).”
Eldridge and Killebrew (unpublished data) analyzed microsatellite DNA and
found that although there had been significant introductions of Green River
type hatchery Chinook salmon to the North Fork Stillaguamish between 1952
and 1974, “no legacy of Green River (hatchery) Chinook introductions was
detected in the fishery, broodstock or on the spawning grounds in the years
tested.”

South Fork (Fall) Chinook Salmon
The South Fork population has ranged from a low escapement of 65 fish in
1984 to a high escapement of 345 fish in 1993. The recent 8-year (19962003) average for South Fork Stillaguamish Chinook salmon escapement
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(including stray hatchery fish) is 246 fish. This average represents
approximately 19% of the combined Stillaguamish natural Chinook salmon
escapement (Abundance & Productivity Tables; Appendix C).
Analysis by Marshall et al. (1995) documented that the South Fork
Stillaguamish Chinook salmon (fall run) population is more closely aligned
with Snohomish Watershed Chinook salmon populations. This genetic
connection is supported by geologic evidence that the South Fork
Stillaguamish ran into the Pilchuck River area of the Snohomish Watershed in
the recent geologic past. The genetic makeup of South Fork Chinook salmon
is complicated by the outplanting of over 9 million fall Chinook salmon from
outside the Stillaguamish Watershed during the 1957-74 time period (STAG
2000). The South Fork population has seen limited hatchery planting since
1976, with the Stillaguamish Tribe acclimating very limited numbers of North
Fork summer Chinook salmon in the upper South Fork Stillaguamish above
the Granite Falls fish ladder during 1991, 1993, and 1994 (STAG 2000).
Based on recent spawning escapement numbers, a small number (<300) of
naturally spawning, genetically discrete South Fork Chinook salmon appear to
be self-sustaining at a low stable level within the current degraded
environment. In addition, spawning surveys over the last several years have
documented a number of stray Chinook salmon from outside the watershed
(Rawson, personal communication).
Recently completed preliminary microsatellite DNA analysis for the South
Fork population has indicated that the “South Fork population has a healthy
effective population size and that although the data show (some) contribution
from Green River hatchery Chinook, the population remains genetically
differentiated from the large complex of populations that are mostly Green
River derived. It is possible that the effective population size of the South
Fork fish has been inflated by strays, perhaps of Green River origin” (Spidle,
unpublished data; Appendix D). The question of the influence of straying into
the South Fork Chinook salmon population may be resolved in the near future
with the completion of genetic analysis of Green River hatchery and
Snohomish River watershed DNA information.

Habitat Requirements of Chinook
Salmon
Chinook salmon spend their earliest and latest life stages in freshwater river
and stream habitats. While becoming sexually mature, Chinook salmon spend
most of their adult lives feeding in saltwater, then return to the watersheds of
their birth for reproduction. The freshwater requirements of Chinook salmon
are reasonably well known, although many subtle and important details of the
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freshwater life histories of specific populations in the Stillaguamish
Watershed remain unknown.
Environmental conditions required during adult upstream migration include
adequate water quality and suitable streamflow velocity, temperature, cover
and depth for successful passage. Chinook salmon also require large, deep
cold pools for holding prior to spawning. Pess and Benda (1994) documented
a strong association between pool habitat and spawning location within the
Stillaguamish Watershed. Areas of the river that have usable spawning
habitat, but no pool habitat, have very limited spawning. Pess et al. (1999)
documented a 38% loss of pool habitat in the North Fork Stillaguamish since
1950.
The amount of flow within a channel can determine whether Chinook salmon
adults have access to areas within the river system traditionally used for
spawning. Substrate composition, in-stream cover, water quality, water
quantity, and habitat area are important requirements for salmon during
spawning. Healey (1991) suggested that fry and smolt production could be
more related to the amount of good spawning gravel area than to the number
of spawners.
Flow, temperature, substrate condition, and redd depth appear to be important
factors in incubation and emergence success. 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.
Excessive sediment can smother fish eggs and flooding can destroy redds.
Juvenile Chinook salmon are principally found in all mainstem areas,
including side channels and larger tributaries. As Chinook salmon fry
migrate, they may inhabit the river’s edge, backwater and off-channel
habitats, side channels, or banks with cover (Healey 1991).
Chinook salmon also require healthy estuary and marine shoreline habitat for
juvenile and adult stages of their life cycle. The estuary and marine shoreline
areas within the photic zone (i.e., the depth of water to which
photosynthetically active light can penetrate – about 30 feet) together
comprise what is referred to as the nearshore. Puget Sound nearshore and
open water marine environments provide four main habitat functions critical
to Chinook salmon survival: food production and foraging; refuge (from
predation, winter storms, etc.); areas for physiological adjustment between
freshwater and saltwater; and migratory corridors. Salmon and bull trout
move through the entire nearshore and marine ecosystem in Puget Sound
seeking opportunities to feed, take refuge from various threats, and transition
between freshwater and marine environments with minimal stress. In addition
to estuarine habitat directly connected to the main river channels, many
nearshore areas include “pocket estuaries” that provide additional estuary
rearing habitat for juvenile salmon (Beamer et al. 2003). Pocket estuaries
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include tidal lagoons that are fed by small freshwater streams or seeps as well
as the deltas of small Puget Sound tributary streams.

Factors Affecting Chinook Salmon
Populations
Population and Land Use
Prior to European settlement, many Native American tribes utilized the
Stillaguamish Valley, particularly from Barlow Pass to the river’s mouth near
Stanwood. Europeans first settled in the lower Stillaguamish basin in the
early 1860s and began diking and draining the floodplain for agricultural uses
(STAG 2000). Expanding population and land use practices have resulted in
broad landscape alteration throughout the Stillaguamish Watershed. Removal
of log jams in the river allowed access to upriver areas that were subsequently
cleared and settled, giving rise to several small towns. Logging began in the
lower watershed as early as 1863 and became more widespread as upriver
navigation and access improved. By the turn of the 20th century, nearly all of
the floodplain land on the mainstem had been cleared of trees and converted
to agricultural lands. Most of the historic tidal-influenced salt marsh habitat
was converted to agricultural uses through diking, ditching, and filling
(Collins 1997).
Basin-wide land use within the Stillaguamish Watershed (Figure 4) is 76%
forestry, 17% rural, 5% agriculture, and 2% urban (Snohomish County 1995).
However, streamside land use within the hydrologically-connected areas
utilized by anadromous fish (the anadromous zone) is comprised of 61%
forestry, 22% rural, 15% agriculture, and 2% urban (Pess et al. 1999).

19

June 2005

Stillaguamish Watershed
Chinook Salmon
Recovery Plan

Figure 4.

Future Land Use
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Forestry
Forestry is the most geographically extensive land use in the Stillaguamish
Watershed. Approximately 76% (530 square miles) of the 700-square mile
watershed is either zoned for commercial forestry or is federal land managed
for forest production and other uses (STAG 2000). Of the total forest land
area within the watershed, approximately 150 square miles (28%) is private
forest land, 110 square miles (21%) is state forest land, and 270 square miles
(51%) is federal forest land.
Federal forest land primarily managed for timber production is designated as
"Matrix". In the Stillaguamish Watershed there is a total of 11,377 acres in
Matrix land (about 18 square miles), of which 11,198 acres is in the North
Fork Stillaguamish River basin (French-Segelsen and Boulder Creek subbasins) and 179 acres in the South Fork Stillaguamish River basin (Canyon
Creek sub-basin). Some timber may also be harvested as a by-product of
other forest management activities, such as thinning to promote latesuccessional forest conditions (Karen Chang 2005, personal communication.
USDA Forest Service, Mt. Baker-Snoqualmie National Forest, Darrington
Ranger District).
Forestry continues to be an important economic activity, but since the early
1990s the rate and extent of timber harvesting and forest road construction has
declined from historic levels. This is due to a combination of factors,
including changing regional and global market conditions, exhaustion of old
growth timber supplies, and the implementation of state and federal
environmental laws. Timber harvest on private, state, and federal forest land
has been limited by the listing of Chinook salmon and bull trout, as well as
other species including the northern spotted owl, marbled murrelet, and bald
eagle, under the Endangered Species Act (Edwards 2003).
The scale of historic forest harvest activities and how forestry was historically
practiced have contributed significantly to the decline in local salmon
populations. Timber harvesting in riparian zones and on steep or unstable
slopes, inappropriate forest road construction, and draining of forested
wetlands have altered the delivery and rate of sediment and large woody
debris transport, streamflow, temperature, and other important freshwater
salmonid habitat conditions (Murphy 1995). Increased frequency and
magnitude of high stream flows is due in part to the loss of forest cover from
timber harvesting and the routing of surface runoff from forest roads into
streams (Hartman et al. 1996). This has contributed to scouring upstream
salmon spawning beds and smothering downstream spawning beds. Peak
flows may also flush juvenile salmon out of normally slower moving portions
of the river that are used for rearing habitat.
Extensive landslides and increased frequency and magnitude of high stream
flows in the Stillaguamish Watershed are attributed in large part to past timber
23
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harvesting and forest road management practices (STAG 2000; WCC 1999).
Landslides and other forms of surface erosion that may be natural or induced
by past forest practices or other land use activities have contributed to
increased sediment loading in tributaries, main channels, and the mouth of the
river. An analysis of 1,080 landslides within the Stillaguamish Watershed
revealed that 74% were associated with clearcuts and roads (Collins 1997).
Many of the landslides which originate in glacial sediments are deep-seated
and a chronic source of turbidity and suspended sediments. Increased
sediment loading has reduced the amount and quality of deep holding pools,
spawning gravel, and rearing habitat. Accretion of sediment at the mouth of
the river has created extensive sand flats that may expose returning spawners
and outmigrating smolts to increased predation.
Each of these forestry-related impacts on salmon habitat have contributed,
along with impacts from other land uses, to the decline of historic salmon
populations in the Stillaguamish Watershed and continue to limit the
productivity of existing populations.

Agriculture
Farming is the most prevalent land use in the lower floodplain of the
Stillaguamish Watershed (STAG 2000). Many key river and stream habitats
in the watershed are on or near agricultural lands. Riparian areas and
wetlands along the mainstem and larger tributaries have historically been
converted to agricultural lands and are actively farmed. Significant portions
of the floodplain have been cleared, diked, and drained for agricultural uses.
Historic tidal-influenced salt marsh habitat was converted to agricultural uses
through diking, ditching, and filling. Many rural parcels dispersed throughout
the watershed include small non-commercial farming operations. Agricultural
land uses relate to Chinook salmon recovery in the context of flood control,
drainage infrastructure, and riparian/wetland area management.
Clearing of mature riparian vegetation and degraded riparian areas throughout
the floodplain has had detrimental effects on existing habitat. Reduced
channel complexity and loss of riparian forest contributes to reduced
streambank and instream habitat. Channelization of streams, loss of wetlands,
and the construction of drainage ditches in floodplain areas for agriculture has
increased the magnitude and severity of peak streamflows, as well as
increasing the amount of nutrients, pesticides, and sediment into stream
reaches used by Chinook salmon. Many potentially productive sloughs and
side channels have been isolated from the main channel on or near farms.
Dikes, levees, revetments, and tide gates installed to protect agricultural lands
from floods and tidal influences limit Chinook salmon productivity by
restricting meander and floodplain processes that maintain and create habitats.
Culverts and other barriers on agricultural lands restrict fish passage.
Estuarine habitat is constrained by cut-off sloughs, hardened banks, sediment
deposition, and non-native invasive plants.
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Urban/Rural Land Use
Conversion of existing forest and agricultural lands to rural residential and
urban uses contributes to declining salmon populations in the watershed.
Currently, Snohomish County has a human population of nearly 637,500 and
is growing at an annual rate of 2.7%.3 The current population of the
Stillaguamish Watershed is 58,441.4 Continued population growth will place
increasing pressure on hydrologic function, water quality and habitat quality.
As evidenced in other Puget Sound watersheds, conversion of agricultural and
forest lands to rural residential and urban uses results in loss of floodplain
functions, channel migration, and other wildlife habitats, as well as a
transition from biologically-based water quality problems to point sources and
non-point sources of pollution. Increases in impervious surfaces (e.g.,
structures, concrete, and asphalt) created by urban development reduce natural
infiltration of precipitation and increase surface runoff (Spence et al. 1996).
Such urbanization negatively affects hydrologic function and water quality
through lawn fertilizer and pesticide inputs, pet waste, household and
municipal sewage discharges, industrial sources, and contaminated runoff
from roads. Development activities also result in stream channelization, bank
hardening, and poor habitat quality that negatively impact salmonids (STAG
2000). The permanence of this type of conversion contributes to a wide range
of impacts that goes far beyond impacts to salmon.

Environmental Policies and Regulations
A broad framework of federal, state, and local laws, plans, and policies are
designed to limit the environmental impacts of land use and development
activities in the Stillaguamish Watershed. A common objective of this
regulatory framework is to protect freshwater habitat and water quality, which
is intended to help salmon populations recover to sustainable and harvestable
levels. The following regulatory programs are related to habitat protection:

Growth Management
The Washington State Growth Management Act (GMA) was adopted in 1990
[RCW 36.70A] to address population growth and urban sprawl in rapidly
urbanizing areas of the state. The GMA requires certain counties and cities to
prepare comprehensive plans that outline land use management policies and
provide a framework for long-range growth planning. In addition to
addressing growth, the Act requires counties and cities to adopt development
regulations to designate and protect critical areas based on the “best available
science” [RCW 36.70A.060(2)].
Snohomish County, Skagit County, and the cities of Arlington, Darrington,
Granite Falls, and Stanwood are all subject to the provisions of the GMA.
3

As of April 2003, according to the Washington State Office of Financial Management (OFM) http://www.ofm.wa.gov/
4
Estimate prepared by Tim Koss, Snohomish County Planning & Development Services, June 3, 2005.
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Each of these local governments has prepared a comprehensive plan that
projects future growth and ensures consistency of urban infrastructure (e.g.,
transportation, capital facilities, and utilities) through land use planning and
zoning regulations. Local comprehensive plans aim to protect rural lands and
critical areas including streams, wetlands, and wildlife habitat areas, reduce
sprawl, and maintain productive agricultural, timber, and mineral resource
lands. In addition, GMA requires inter-jurisdictional coordination in
developing planning policies, which can be applicable to cross-jurisdiction
watershed management and salmon habitat protection.
Snohomish County adopted Critical Areas Regulations (chapter 30.62 SCC) in
1995 to ensure designation and protection of the county’s critical areas.
Included in the designation of critical areas are wetlands, fish and wildlife
habitat conservation areas (streams, threatened and endangered species
habitats, etc), flood hazard areas, critical aquifer recharge areas, and
geologically hazardous areas (erosion, landslide, seismic, and mine hazard
areas).
Streams, wetlands, and their buffers in the Stillaguamish Watershed are
protected under the critical areas regulations. Riparian buffers identified in
Snohomish County regulations include a 150-foot critical area and an
additional 150-foot riparian management zone on both sides of a stream if an
ESA-listed species is present. Wetland buffers range from 100 feet for a
Category 1 wetland to 25 feet for a Category 4 wetland. The critical areas
regulations require a project applicant to identify all critical areas affected by
the proposed development activity and to mitigate impacts associated with the
development. Snohomish County is in the process of updating its Critical
Areas Regulations, including a Best Available Science analysis and updated
code requirements. The County has considered the outcomes of the
concurrent Chinook salmon recovery planning process in revising these
regulations.

Shoreline Management
The Washington Shoreline Management Act (SMA) was adopted in 1972 “to
prevent the inherent harm in an uncoordinated and piecemeal development of
the state’s shorelines” [RCW 90.58]. The SMA establishes a balance of
authority between local and state government. Cities and counties are the
primary regulators of the Act. The Department of Ecology provides technical
assistance and reviews local programs and permit decisions. Designated
shorelines in Snohomish County include most streams and rivers over 20
cubic feet per second mean annual flow, lakes over 20 acres in size, marine
shorelines, lands within 200 feet of the ordinary high water mark of these
waterbodies, and their respective floodplains and associated wetlands. The
County requires buffers and structural setbacks that range between 25 feet and
100 feet from the ordinary high water mark.
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The Department of Ecology adopted new Shoreline Master Program (SMP)
guidelines in 2003. These state rules are used by cities and counties as they
update their plans to regulate development and use of shorelines.
Amendments to the Shoreline Management Act were adopted in 2003
addressing integration with the Growth Management Act and the use of Best
Available Science. These rules establish conditions for development in the
floodplain. Snohomish County is scheduled to update its Shoreline Master
Plan in 2005. The County is incorporating information from the local
Chinook salmon recovery planning efforts into the restoration element of the
Shoreline Master Plan update (Snohomish County Planning and Development
Services, personal communication).

Forestry
In 2003, the SIRC completed an analysis of existing forestry policies and
regulations as they apply to the Stillaguamish Watershed (Edwards 2003).
This analysis was requested in recognition of the importance of forestry in the
watershed. Below is a summary of the key forestry policies and regulations
pertaining to Chinook salmon recovery in the Stillaguamish Watershed.
The Washington Forest Practices Act [RCW 76.09] regulates commercial
forestry activities on all local government, state, and private forest lands. This
is the most restrictive regulation of riparian areas on private forestry land in
the U.S. (Forest Practices Draft HCP). The Forest Practices Act generally
does not cover the removal of non-commercial sized trees or other vegetation,
and includes a number of exemptions, including the removal of hazard trees
and timber on parcels smaller than 2 acres. Local governments are preempted
under state law from regulating commercial forest practices except in
designated urban growth areas, lands platted after 1960, and on any other
lands where the trees will be permanently removed. In these areas, local
governments conduct the environmental review under SEPA and may
condition these “conversion” type permits with their own local regulations
(e.g., critical areas). Alternatively, with the approval of the Department of
Natural Resources, local governments can adopt their own forest practices
regulations provided they are at least as strong as the Forest Practices Act and
the Forest Practices Rules [WAC 222].
The Timber, Fish and Wildlife (TFW) process to improve the regulation of
forestry activities under the Forest Practices Act was initiated in 1986 and
culminated in 1999 with the publication of the Forests and Fish Report. This
report presented a comprehensive set of recommendations for improving the
state’s forest practices rules. In 2000, the Forest Practices Rules were
amended based on the Forests and Fish Report’s recommendations. These
regulatory changes improved the standards and guidelines for riparian buffers
and forest road maintenance. However, these rules only apply to large
landowners (20 acres or more). The significance of this small landowner
exemption is unknown because the total acreage involving such owners in the
watershed has yet to be determined.
27
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The Washington Department of Natural Resources Habitat Conservation Plan
(HCP) was approved January 30, 1997, to protect state forest management
activities from legal liabilities related to the Endangered Species Act. The
HCP established standards and guidelines for state forest land management
that the federal government (U.S. Fish and Wildlife Service and National
Marine Fisheries Service) determined will adequately protect threatened and
endangered species. The HCP includes a Riparian Conservation Strategy that
limits timber harvesting and road building in riparian zones, unstable
hillslopes, rain-on-snow zones5, and wetlands. This strategy is the primary
mechanism by which the HCP limits forestry impacts on salmon habitat in the
Stillaguamish Watershed.
Timber harvest on federal lands is subject to the Northwest Forest Plan. This
plan, adopted jointly by the U.S. Forest Service and the Bureau of Land
Management in 1994, established a comprehensive ecosystem management
strategy for federal forest land in the Pacific Northwest. The plan created a
network of old-growth forest and riparian reserves to protect critical habitat
and watershed processes. A central part of the Northwest Forest Plan is the
Aquatic Conservation Strategy, which provides guidance for the management
of aquatic and riparian habitat. This strategy has four major components:
Riparian Reserves, Key Watersheds, Watershed Analysis, and Watershed
Restoration. The plan contains explicit standards and guidelines that must be
used to evaluate whether proposed projects or management actions “meet” or
“do not prevent attainment” of the Aquatic Conservation Strategy objectives.

Agriculture
Commercial and non-commercial farmers work within a complex regulatory
framework of federal, state, and local environmental rules that protect salmon
and aquatic habitat. Some of these rules specifically address agricultural
operations and land use. The following is a brief summary of the different
types of agriculture in the Stillaguamish Watershed and the existing
environmental policies and regulations that specifically address these
agricultural activities.
In the Stillaguamish Watershed, commercial farming operations generally
include dairies, other livestock, field and row crops, and plant nurseries (Henri
and Waller 2004). There is also some aquaculture activity in the watershed.
Federal regulations, such as the Clean Water Act, Endangered Species Act,
and National Environmental Protection Act, apply to these farming
operations. The Washington State Growth Management Act and the
Shoreline Management Act also apply to agricultural operations, with some
exceptions.
The Washington State Dairy Nutrient Management Act
5

The “rain on snow zone” is the area between 1,000 and 3,000 feet in elevation (also referred to as the
“warm snow zone”) which receives frequent snow build-up that melts shortly thereafter. Forest
management in this zone can be designed to improve or maintain desirable snowmelt hydrographs.
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specifically addresses commercial dairy operations. Landowners with farm
plans follow the rules and best management practices published in the Natural
Resources Conservation Service Technical Guidelines.
Under the Clean Water Act, commercial farming operations that discharge to
surface waters from their production or processing area may be required to
obtain a permit for storm water or industrial point source discharges of
pollutants through the National Pollutant Discharge Elimination System
(NPDES). Discharges to ground water may trigger a state waste discharge
permit from the Department of Ecology. In addition, dairies, livestock raising
operations, feedlots, and poultry houses may be classified as Concentrated
Animal Feeding Operations (CAFOs) or Animal Feeding Operations (AFOs),
and may be required to obtain specific permits based on size and historical
management. These NPDES, CAFO, AFO, or state permits set requirements
to protect water quality, use best management practices, and maintain records
(USEPA 2003). Permitted facilities are inspected periodically by the
Department of Ecology and livestock facilities are inspected by the
Department of Agriculture for compliance (Mena 2005).
The Washington State Dairy Nutrient Management Act of 1998 (RCW 90.64)
specifically applies to all licensed dairy operations. This law requires licensed
dairies to develop and implement dairy nutrient management plans to prevent
nutrient pollution of surface and ground water. Conservation districts were
responsible for approving the completion of dairy nutrient management plans
by July 1, 2002 and for certifying implementation of those plans by December
31, 2003. These plans are required to meet Natural Resources Conservation
Service technical standards. The Snohomish Conservation District has
provided technical assistance to Snohomish County farmers to help them
develop and implement these plans. Newly licensed dairies are required to
have an approved plan implemented within two years of getting their license.
Dairies are subject to compliance inspections by the Washington State
Department of Agriculture at least once every two years. In the Stillaguamish
Watershed, dairy nutrient management plans have been approved for all of the
commercial dairies and only one of those plans has not been certified
(Bartelheimer 2005).
The federal Clean Water Act and the state Water Pollution Control Act also
prohibit the discharge of pollutants from non-point sources such as
contaminated field runoff, or degradation from animal access. Non-point
source water pollution is regulated based on Total Maximum Daily Load
(TMDL) limits, which have recently been established for the Stillaguamish
Watershed (DOE 2004). A water quality cleanup plan is currently being
developed by the Department of Ecology to address the water quality issues
identified in the Stillaguamish Watershed TMDL study.
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Pesticide use including agriculture is regulated under federal and state
pesticide regulations. The Washington State Department of Agriculture is the
lead agency for proper pesticide management and carries out inspections to
ensure pesticide use is consistent with federally approved label information
(Mena 2005).
The Snohomish County Growth Management Plan includes Critical Area
Regulations that apply to farm land, with some exemptions for agricultural
activities. The Snohomish County code exempts most on-going commercial
agricultural activities from permits including tilling and plowing, drainage and
dike maintenance activities, and minor wetland filling. Some farm structures
and single family dwellings are also exempt from shoreline permits. In
floodplains, most new development activities, including structures, ditches,
and dikes are required to obtain flood hazard permits. Maintenance of
existing ditches and dikes also requires flood hazard permits (Middaugh
2005).
To preserve and enhance the local agricultural economy, Snohomish County
has produced an Agriculture Action Plan that identifies over-regulation as
“one of the largest obstacles to sustainable and successful agricultural
activities” (Snohomish County 2005). To address this issue, Snohomish
County is working with the farming community and state and federal
regulatory agencies to simplify and streamline the permitting process for
agricultural activities. Snohomish County is also participating in a pilot
project whereby state and federal permits are issued at the county level. This
effort is intended to help local farmers compete more effectively in local,
regional, and international agricultural markets. The SIRC has not yet
reviewed the Snohomish County Agriculture Action Plan to analyze the
potential affect of plan’s recommendations on salmon recovery.

Instream Flows
Instream flows are defined as the stream flows needed to protect and preserve
instream resources and values, such as fish, wildlife and recreation. Instream
flows are most often described and established in a formal legal document,
typically an adopted state rule. Once formalized in rule, instream flows are
used to determine whether water is available for new out-of-stream uses and
regulate those new uses, and to define the stream flows that need to be met in
the stream. The Washington Department of Ecology is developing watermanagement rules to help determine how water in a basin could be allocated
for future uses for people while maintaining enough water to protect important
fish species.

Instream Habitat Management
The purpose of the Washington State Hydraulic Code [RCW 77.55] is to
protect fish and shellfish and their associated habitat by regulating activities
that affect the bed or flow of the state’s salt and fresh waters. The
Washington Department of Fish and Wildlife (WDFW) has the authority to
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enforce the Hydraulic Code for preserving, protecting, and perpetuating all
fish and shellfish resources of the state. The law requires any construction
activity that would affect the bed or flow of state waters to obtain a Hydraulic
Project Approval (HPA) permit to ensure construction is done in a manner to
prevent damage to fish and their habitat. HPA permits are issued by WDFW
on a project-by-project basis.

Water Quality
The National Pollutant Discharge Elimination System (NPDES) is a
permitting mechanism to carry out the objectives of the federal Clean Water
Act to restore and maintain the chemical, physical, and biological integrity of
the nation’s waters. NPDES regulations are intended to manage discharges
such as municipal, industrial wastewater, and stormwater sources. The
Washington Department of Ecology is responsible for issuing NPDES permits
for municipal stormwater discharges, as well as for construction and
industrial-related discharges.
The Total Maximum Daily Load (TMDL) process is established by section
303(d) of the Clean Water Act. The TMDL process determines the amount of
pollution loading a water body can receive and still remain healthy for its
intended uses, such as industrial and agricultural uses, drinking, recreation,
and fish habitat. States are required to identify sources of pollution in waters
that fail to meet state water quality standards, and to develop Water Cleanup
Plans to address those pollutants. The Department of Ecology is responsible
for preparation of a list of impaired water bodies, referred to as the 303(d) list.
A Water Cleanup Plan must be developed for each of these water bodies.

Stormwater Management
Snohomish County Code chapters 30.63A and 30.63B regulate clearing,
grading, and other construction activities to minimize and/or mitigate impacts
to waterbodies and natural resources from stormwater runoff. These
regulations are intended to ensure that standards are met for water quantity
and quality. The County does not currently use the Washington State
Department of Ecology 2001 Stormwater Management Manual for Western
Washington, but the County Code has been determined to be equivalent to the
provisions included in the Department of Ecology’s 1992 stormwater manual.

Noxious Weeds
The Washington State Noxious Weed Law [RCW 17.10] holds landowners,
including counties and state land agencies, responsible for controlling weeds
on their property. The Weed Law establishes State and County weed Boards
who administer and enforce the weed laws. WAC 16-750 establishes the
State Noxious Weed List fines and penalties. Federally owned lands are
subject to the Federal Noxious Weed Act (Public Law 93-629). Education,
coordination, and enforcement activities are carried out by the Washington
State Noxious Weed Control Board, County Noxious Weed Control Boards,
and the Washington State Department of Agriculture.
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Habitat Limiting Factors
The habitat limiting factors for Chinook salmon populations in the
Stillaguamish Watershed are grouped into six categories: riparian, estuarine,
large wood, floodplain, sediment, and hydrology (STAG 2000). These
limiting factors are described in detail below. Spence et al. (1996) provides
additional context for understanding the effects of land use and land
management activities on these habitat limiting factors. This section also
includes several hypotheses for limiting factors in the nearshore and marine
environment, as well as an overview of water quality issues in the watershed.
Spawning habitat is limited for Chinook salmon in the Stillaguamish
Watershed due to poor gravel stability and high percentage of fine sediment
levels resulting from extensive landslides and flooding in the watershed.
Limited numbers of Chinook salmon are observed spawning below major
landslides in the basin (Gold Basin on the South Fork and Steelhead Haven on
the North Fork), presumably due to the impacts of fine sediment on these
potential spawning areas (WDFW aerial spawner surveys, Stillaguamish Tribe
unpublished data). While anecdotal evidence points to fine sediment limiting
Chinook salmon spawning habitat in the Stillaguamish, a study is underway
that will investigate the impacts of fine sediment on Chinook salmon habitat
in the watershed.
Conversion of much of the floodplain to agricultural production, as well as
forestry land uses throughout the watershed, have been a significant source of
habitat loss and continuing degradation. The long-term absence of mature
riparian vegetation throughout the floodplain has had detrimental effects on
existing habitat. Losses of salt marsh and tidal channels from reclamation of
tidelands, constricted channels, and cut-off sloughs have significantly reduced
the quantity and quality of juvenile and adult salmonid habitat.
Riparian and upland clearing, ditching, and associated road construction have
led to large changes in channel morphology, increased peak flows and stream
temperatures, and have caused filling of holding pools, loss of wetlands,
channel instability, and a reduction in large woody debris. These clearingrelated activities have been the primary cause of reduced salmon egg-to-fry
survival.

Riparian Areas
Riparian ecosystems perform a number of important functions that affect the
quality and quantity of salmonid habitat. The presence (or absence) of woody
riparian vegetation directly influences all life history stages of Chinook
salmon. A properly functioning riparian forest provides shade, cover, and
nutrient input/uptake; stabilizes stream banks; controls sediment; attenuates
flooding; and contributes large woody debris and other forms of organic
matter. Additionally, riparian vegetation provides a filter that reduces the
transport of fine sediment to the stream. Riparian vegetation provides shade
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and an insulating canopy that moderates water temperatures in both summer
and winter. Other benefits include habitat for terrestrial wildlife and
improvement to water quality. These functions are impaired as riparian
forests are cleared or otherwise altered.
Historical Conditions
At the turn of the century, deciduous trees (primarily red alder, black
cottonwood, and big leaf maple) dominated the lower Stillaguamish River
floodplain, accounting for 63% of individual tree species. Riparian timber
harvest between 1870 to 1910 removed most, if not all, of the large conifers
on the mainstem, lower South Fork, and North Fork up to Rollins Creek
(Collins 1997). A decade later, riparian forests in nearly all of Church Creek,
much of Pilchuck Creek, lower portions of the North Fork tributaries, and the
South Fork valley up to Granite Falls had been logged. By the 1940s, most
riparian areas in the Stillaguamish Watershed had been logged, with the
exception of upper and middle Deer Creek and uppermost Jim and Canyon
Creeks. Other riparian lands throughout the watershed have been cleared and
converted to agricultural and urban land uses.
Factors of Decline
Most of the impacts to riparian zones in the Stillaguamish Watershed have
been caused by the following actions:
 Deforestation. Removal of riparian vegetation has resulted in increased
water temperatures and erosion, as well as reduced instream cover and
food supply.
 Roads and railroads. Roads and rail beds were constructed along
riverbanks and included substantial bank hardening, fill, and vegetation
removal. Poorly designed and maintained roads and associated culverts
have substantially contributed to riparian degradation and large-scale
landslides.
 Land use. Conversion of forested lands to agricultural and residential
areas has reduced the ecological value of associated riparian areas.
 Dike, levee, and revetment installation. The installation of flood and
erosion control structures has resulted in dramatic modifications to
riparian areas and disconnection of off-channel habitats from the
mainstem. Maintenance of these structures often includes vegetation
removal6.
 Livestock grazing. Unrestricted access along riparian areas for livestock
has led to trampling of native vegetation and significant degradation of
riparian vegetation communities.
 Noxious weeds.
The proliferation of invasive weed species has
contributed to the suppression of native vegetation in riparian areas.
6

There is a risk of letting vegetation grow too big on dikes which may lead to failure. “Piping” occurs
when roots get too big, the tree eventually dies, the roots rot, and a pipe is created that water can run
through and weaken the dike.
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Current Conditions
A considerable portion of the historically forested Stillaguamish riparian zone
is composed of hydrologically immature vegetation due to forestry and
agricultural land management practices. Almost all of the lower floodplain
(area to the west of Interstate 5) is currently in agricultural use. Land cover
data from 2001 show that just over half (52%) of the area within 300 feet of
streams in the Stillaguamish Watershed is forested with hydrologically mature
vegetation7, as shown in Table 1 (Purser et al. 2003).
Table 1.

Forested Riparian Cover within Stillaguamish Subbasins
(Purser et al. 2003)

Subbasin
Gold Basin
Upper SF Stillaguamish
Upper NF
Stillaguamish

Nearstream
Forest Cover (%)
79
79
77

Upper Canyon Creek

77

Stillaguamish Canyon
Boulder River
Deer Creek
Robe Valley
Jim Creek
Lower Canyon Creek
Squire Creek

72
70
67
64
57
56
55

7

Subbasin
Upper Pilchuck Creek
French-Segelsen
Middle NF
Stillaguamish
Harvey Armstrong
Creek
Lower NF Stillaguamish
Lower Pilchuck Creek
Lower SF Stillaguamish
Port Susan Drainages
Church Creek
Portage Creek
Lower Stillaguamish

Nearstream
Forest Cover (%)
55
50
48
39
38
36
34
34
20
19
16

Hydrologically mature indicates a combined deciduous and evergreen forest cover that produces an
amount of runoff similar to the same watershed under native (historical) vegetative conditions.

June 2005

34

Stillaguamish Watershed
Chinook Salmon
Recovery Plan

Figure 5.

Stillaguamish Watershed Subbasins
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Estuary/Nearshore
Estuaries, including marine nearshore areas, provide a physiological transition
zone for juvenile salmonids to adjust to saltwater environments, an important
forage location, and cover for predator avoidance. Chinook salmon use
estuaries for rearing and smoltification. Growth during estuary residence is
critical to marine survival for Chinook salmon. Smolts (2 to 6 inches long)
congregate in estuaries on their way downstream toward the main part of
Puget Sound, where they acclimate to salt water in the brackish water of the
estuary. They also benefit from cover provided by overhanging and emergent
vegetation and abundant food sources such as crustaceans and aquatic insects.
Salt marsh blind tidal channels, tidally-influenced sloughs, eelgrass beds,
pocket estuaries, and shallow shoreline areas are also important estuary
habitat.
Stillaguamish Chinook enter Port Susan and Skagit Bay from late winter to
late spring and are found in the estuary until late summer (Stillaguamish
Tribe, unpublished beach seine data). Stream-type Chinook salmon enter the
estuary in the late winter/early spring, along with fry migrants, and move to
the delta front where they stay for a brief time. Some bypass the delta
altogether and move offshore immediately (Healy 1991). Ocean-type
Chinook salmon arrive in late winter/early spring and rear extensively in the
estuary. They move slightly offshore in the late June/July timeframe until late
summer/early fall (Beamer et al. 2003). The following life history types are
exhibited by ocean-type Chinook salmon: fry migrants use pocket estuaries
extensively, delta-fry migrants rear extensively in the delta, and parr migrants
use the delta sparingly.
Historical Conditions
Prior to European settlement (circa 1860), there were approximately 4,439
acres of salt marsh habitat connected to the Stillaguamish Watershed. By
1886, as a result of dike building, only one-third of the original salt marsh
remained. By 1968, only 15% of the original salt marsh remained, with an
associated loss in blind tidal channels (Collins 1997)8. During the period from
1886 to 1968, approximately 863 acres of new salt marsh was created through
accretion of sediment into Port Susan and Skagit Bay from the Stillaguamish
River (Table 2). These newly accreted salt marsh areas do not have the same
well-developed blind tidal channel system and do not provide the same habitat
quality as the original lost salt marsh (Collins 1997).

8

There has been no additional new dike building since 1968.
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Table 2.

Estimates of Historic and Current Salt Marsh Habitat in the
Stillaguamish River Delta (Collins 1997)

Site
South of Hatt Slough

Stillaguamish Delta
Leque Island
East of Douglas Slough
West of Douglas Slough
Camano Island
Total

1870 (Pre
Settlement)

Salt Marsh (in acres)
1968
1968
1886
Original
New

487

94

0

99

1,045
475
1,293
673
466
4,439

170
214
211
496
292
1,477

99
85
114
369
0
667

386
220
0
0
158
863

1968
Total
99
485
305
114
369
158
1,530

In addition to the salt marsh estuarine habitat connected to the Stillaguamish
River, nearshore areas in Port Susan and Skagit Bay historically included a
number of “pocket estuaries” that provided additional estuary rearing habitat
for juvenile salmon. Pocket estuaries include tidal lagoons that are fed by
small freshwater streams or seeps as well as the deltas of small Puget Sound
tributary streams. In Port Susan and Skagit Bay, pocket estuaries were located
at a number of sites, including Kayak Point and Triangle Cove. Many of these
pocket estuaries have been either lost or modified due to human land use and
shoreline modifications. The loss of pocket estuary habitat throughout Puget
Sound has likely had a significant impact on the fry migrant life history type
of Chinook salmon.
Historically, the open shoreline areas of the marine nearshore also provided
important habitat for juvenile and adult salmonids. These open marine
shoreline areas historically included mature riparian forests, active feeder
bluffs, and small Puget Sound tributary streams. The marine riparian forest
was a significant source of large woody debris, organic detritus, insects, and
shade. Marine riparian forests were some of the first areas harvested for
timber because they were close to navigable waters for transportation of logs
to saw mills. Eroding bluffs supplied as much as 90% of the sediments that
formed the depositional beaches and spits along the shoreline. Fine sand and
gravel beaches provide critical spawning habitat for sand lance and surf smelt.
Pacific herring deposit their spawn on eelgrass. All three of these forage fish
species are important prey for juvenile and adult salmonids. These forage fish
are also key links in the food chain between plankton and larger predators,
including salmonids. Eelgrass also requires fine sand and gravel substrate for
growth. Salmon and many other organisms use eelgrass beds as juvenile
nursery areas and as refuge from predation. Eelgrass is also eaten by
invertebrates, which are in turn prey for juvenile salmon. The small Puget
Sound tributary streams supplied freshwater, organic debris, and sediment to
the nearshore. Some of the Puget Sound tributary streams were also
accessible for spawning, rearing, and foraging by salmonids. These small
stream mouths are biologically productive areas within the nearshore and
serve as pocket estuaries.
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Factors of Decline
Many factors have contributed to the loss of estuarine and nearshore habitat,
including:
 Construction of dikes and the associated loss of salt marsh habitat and
blind tidal channels;
 Installation of tide-gates, flood-gates, pump-stations, weirs, and culverts;
 Construction of road, railroad, and utility crossings in the estuary;
 Loss of complex distributary channels, which has created a bottleneck and
increased exposure to predation for juvenile and adult salmon at the mouth
of Hatt Slough;
 Increased sediment deposition in the estuary due to upstream land uses;
 Draining and filling of wetlands, including pocket estuaries;
 Marine shore residential development and construction of bulkheads and
groins;
 Removal of large woody debris and log jams;
 Development and deforestation of estuary and marine riparian areas; and
 Colonization of estuarine habitat by the non-native invasive cord grass
Spartina spp.
 Water quality degradation, including high temperature and low dissolved
oxygen;
During the past decade much has been learned about Puget Sound nearshore
habitat conditions and how they influence the recovery of natal and non-natal
salmonid populations. However, the relative importance of open shoreline
nearshore areas is still not clear. Research on the use of the nearshore
environment by Stillaguamish Chinook salmon populations is being
conducted by the Stillaguamish Tribe Natural Resources Department and
preliminary results have been reported (Stillaguamish Tribe 2005).
Current Conditions
The Stillaguamish Watershed includes 22 miles of marine shoreline.
Approximately 75% of this shoreline has been armored.9 Much of the
Stillaguamish estuary has been converted to agricultural uses. Estuarine
habitat in the watershed is constrained by cut-off sloughs, hardened banks,
sediment deposition, and non-native invasive plants. Accretion of sediment
into Port Susan has increased the size of the sand and mud flats at the mouth
of the Stillaguamish River; presently there are more than 7,800 acres of
unvegetated sand and mud flats (Stillaguamish Tribe, unpublished data).

9

The percent shoreline modification was derived from the Washington State ShoreZone Inventory
(DNR 2001) using an approach recommended by the Washington State Department of Natural
Resources, Nearshore Habitat Program staff.
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The Stanwood wastewater treatment plant is located in the estuary and
releases its effluent into the old Stillaguamish channel immediately south of
Stanwood. Discharges will be released on a coordinated schedule with the
tides, as agreed to by the Department of Ecology, allowing effluent to drain
into the open waters of Port Susan and South Skagit Bay.
Compared to other watersheds in central Puget Sound, second growth forests
in the nearshore area of the Stillaguamish watershed now provide relatively
good marine riparian vegetation. However, much of this second growth forest
has been cleared to provide unobstructed views of the Puget Sound. Large
woody debris within the nearshore is also probably much less than what was
there historically.
Many of the historical feeder bluffs are still intact, but attempts to stabilize
some feeder bluffs using bulkheads at the toe of the slope to protect beach
front and bluff top residential properties have probably reduced the rate and
amount of sediment supplied to the beaches. Although depositional beaches
and sand spits within the Stillaguamish open marine shore area have been
developed for residential and recreational uses, recent forage fish spawning
habitat surveys indicate that sand lance, surf smelt, and Pacific herring
continue to spawn along the shoreline between McKees Beach and Warm
Beach (WDFW 2004).
The mouths and potential spawning areas within the lower reaches of many of
the Puget Sound tributary streams have been confined by culverts, ditches,
and bank armoring. As a result of these stream channel modifications, the
complexity and accessibility of these streams has been reduced significantly.
Nevertheless, the nearshore areas around these stream mouths are biologically
productive.

Large Woody Debris
Large woody debris is an important component of riparian and instream
habitat. It provides cover, habitat complexity, and a source of food for aquatic
insects, which are themselves sources of prey for salmon. Cover is an
important element in rearing habitat used by Chinook salmon. Cover is
defined as depth, large substrate, overhanging vegetation, undercut banks,
woody debris, floating debris, and aquatic vegetation. In the Pacific
Northwest, an important factor in complexity is large woody debris (LWD).
LWD is generally meant to describe fallen riparian wood pieces that exhibit
both large size (often >50 feet in length or >24 inches in diameter) and are
found in complex wood jams. Once they are instream, these wood pieces are
the basis for essential channel complexity and side channel formation. LWD
creates both micro- and macro-habitat features, and is an important
component throughout the drainage network from headwater streams to
estuaries.
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Historical Conditions
Giant rafts of logs are described in the history of Puget Sound settlements and
were once present in the lower Stillaguamish River. Six log raft jams were
located in a 16 km stretch of the mainstem prior to the turn of the 20th century
(Collins 1997). Settlers and the Army Corps of Engineers removed all of the
log raft jams to improve navigation and to allow for the settlement of
upstream areas. Giant snags were also systematically removed from the lower
mainstem for navigation purposes. By 1900, over one thousand snags and
leaning riparian trees were removed, mainly downstream of Hatt Slough in the
Old Mainstem. The removal of the giant log rafts may have contributed to
destabilization of the heads of floodplain sloughs, a decrease in the frequency
and magnitude of overbank flooding, downcutting of the mainstem channel,
and an increase in the amount of sediment reaching Port Susan (Collins 1997).
Factors of Decline
Changes in the amount of LWD available for recruitment have been caused
primarily by the following factors:
 Deforestation. Historic removal of riparian vegetation reduced the supply
of wood to the river.
 Conversion of forested lands to agricultural and residential areas.
 Dike, levee, and revetment installation.
 LWD removal. Historically (and to a lesser extent today) it was a
common practice to remove woody debris and snags from rivers in order
to improve navigation routes and floodwater conveyance, allow livestock
grazing, or to protect structures such as trestles and bridges.
Current Conditions
Instream wood has been documented in the Lower Stillaguamish and from the
confluence of the North Fork and South Fork Stillaguamish up to Squire
Creek and to Granite Falls. Wood counts per mile are well below properly
functioning conditions (80 pieces per mile, according to NMFS 1996).
Current counts average approximately 1 piece per mile in several of the river
reaches sampled. Table 3 presents LWD distribution data by subbasin.
Table 3.

Large Wood Counts in 5 Subbasins (Haas et al. 2003)

Subbasin
Lower Stillaguamish
Lower SF Stillaguamish
Lower NF Stillaguamish
Middle NF Stillaguamish
French-Segelsen

Main Channel Length
Surveyed (miles) 10
21.5
16.2
14.9
9.5
7.2

Pieces of LWD per mile
0.8
1.3
1.1
0.8
8.3

10

Survey data from the Lower Stillaguamish Includes Koch Slough and Hatt Slough but not the Old
Stillaguamish Channel
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Floodplain
Unconstrained floodplains provide some of the most productive habitats for
anadromous salmonids (Sommer et al. 2001). Off-channel habitats in the
floodplains of larger rivers are important refuge habitats for salmonids,
reducing competition and providing refuge during high winter flood events.
Floodplains are also a source of nutrients and organic matter for the food web.
These areas filter floodwaters and provide depositional areas for fine
sediment. Fragmentation of floodplain habitat and the resulting isolation of
populations impact the long-term viability of salmonids (Wissmar and Timm
2003).
Stream and river channels and floodplains can be degraded and simplified by
human actions that modify the landscape. This occurs directly through earthmoving projects or indirectly by land uses that alter natural processes that
shape the stream channels and floodplains. Such changes can result in
reduced pool depth and frequency, loss of side channels and sloughs,
restricted channel migration, and reduced floodplain connectivity. These
changes reduce the amount and/or quality of salmonid habitat (Regetz 2003).
Bank erosion has been a natural part of the evolution of river valleys for
millions of years. Development in the floodplain has led to the need for bank
protection. Flood control practices contribute to increases in streamflow
velocity and energy that can lead to more destructive and costly bank failures.
Historical Conditions
The draining and filling of side channels along with hardening of stream
banks has significantly reduced the quantity and quality of salmonid rearing
habitat and biological productivity in the Stillaguamish Watershed. Twothirds of this damage to floodplain habitat occurred between 1870 and 1886
(Collins 1997).
Additional alterations to the floodplain occurred between 1930 and the
present, with the loss of more than one-third of the channel area occurring
between 1933 and 1991. These alterations decreased the area that could
potentially receive floodwaters, increasing the cumulative potential for
catastrophic floods downstream. In addition, United States Army Corps of
Engineers’ records from 1955 to 1965 show over 33 miles of rip-rap placed
within the watershed, with the majority of it placed on the mainstem of the
Stillaguamish (Collins 1997).
Factors of Decline
The loss and degradation of in-channel and off-channel rearing habitat can be
linked to processes that have been altered on a watershed scale, as well as
processes and functions that operate in close proximity to rearing habitat.
Several primary factors have led to the loss of floodplain connectivity,
including the following:
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Channelization or straightening of streams
Bank protection or armoring (e.g., rip-rap)
Levee and dike construction
Removal of snags, LWD, and gravel
Railroad and road construction

Current Conditions
The floodplain has been disconnected from the river largely as a result of the
construction of levees, dikes, and other flood control structures and bank
modifications. Table 4 indicates the total miles of modified (hardened) banks
in mainstem subbasins.
Table 4.

Riverbank Modifications (Haas et al. 2003)

Subbasin
Lower Stillaguamish
Lower NF Stillaguamish
Middle NF Stillaguamish
French-Segelsen
Lower SF Stillaguamish

Bank Length
(miles)
42
29.2
19.3
12.4
31.9

Miles of
Modified Bank
22.26
4.7
2.5
1.7
4.5

% Modified
Bank
53%
16%
13%
14%
14%

Sediment
Sediment transported from upland areas and from within the channel
determines the nature and quality of salmonid habitat in streams, rivers, and
estuaries. Landslides, bank erosion, earthflows, slumps, and creeps are major
contributors of natural sediment delivery to streams. The development and
persistence of channel features used for spawning and rearing depends on the
composition and rate that sediment is delivered (Spence et al. 1996).
In freshwater habitat, the quality (gravel size and fine sediment composition)
and stability of spawning habitat are key factors affecting Chinook salmon
production. In general, fine sediment concentrations above 12% in the
substrate reduce the amount and quality of salmonid spawning and rearing
habitats and specifically impact embryo survival and emergence success in
Chinook salmon. Levels at or below 11% are often encountered in relatively
pristine habitats (Peterson et al. 1992).
Historical Conditions
During 1997, a landslide inventory was completed for the Stillaguamish
Watershed (Perkins and Collins 1997). The inventory documented 1,080
landslides within the watershed between the early 1940s and the early 1990s,
of which 851 delivered sediment to stream channels. Seventy-four percent of
the 1,080 landslides were associated directly or indirectly with human
disturbance, most commonly clearcuts (52%) or road construction (22%).
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Factors of Decline
The following factors contribute to excessive sediment deposition in the
Stillaguamish Watershed:
 Timber harvest, forest road construction and maintenance
 Landslides – natural and/or triggered by timber harvest
Current Conditions
Surveys of fine sediment in tributaries found that the Lower and Middle North
Fork Stillaguamish River, Lower Canyon Creek, and South Fork
Stillaguamish drainages exceeded fine sediment criteria (SWM 2002).
Comprehensive data on precise sediment conditions in Chinook salmon
production areas has not been collected downstream of these tributaries and
priority sources of sediment impacts have not been identified.
Efforts are underway to address human-caused landslide activity by reducing
harvest and road building on steep unstable slopes, as regulated by the DNR
HCP and the 1997 Forest and Fish Rules. The two large deep-seated glacial
landslides in the watershed (Gold Basin in the Lower South Fork, and
Steelhead Haven in the Lower North Fork) are two of the largest contributors
of sediment to the river. Impacts of these landslides extend downstream to the
estuary. As a result, the Stillaguamish Flood Control District is frequently
dealing with maintenance issues from the amount of fine sediment in the
system.
Forest road density is an important indicator of watershed health. Forested
areas with over two miles of road per square mile may not have properly
functioning sediment and water delivery to lower watersheds (NMFS 1996).11
Table 5 illustrates the extent of forest road networks that are underlain by
unstable geology and built on greater than 30% slopes. The combination of
unstable geology and steep slopes present an increased risk of sediment
routing to streams and rivers.

11

There are 1,876 total miles of roads contained in 13 subbasins dominated by forestry land uses: Upper
North Fork Stillaguamish, Deer Creek, Upper Canyon Creek, Robe Valley, French-Segelsen, Jim Creek,
Upper South Fork Stillaguamish, Gold Basin, Middle North Fork Stillaguamish, Boulder River, Upper
Pilchuck Creek, Squire Creek, Lower Canyon Creek.. The average road density of these watersheds is
2.9 mi/mi2.
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Table 5.

Forest Roads Data by Subbasin (DNR 2002)

Subbasin Information

Miles of Forest Roads with Unstable
Geology and Steep Slopes > 30%12

Road
Area
Federal
Density
Private
(mi2) Name
Lands
2
(mi/mi )
Upper North Fork
3.2
54.3
35.65
6.72
Stillaguamish
2.6
67.9 Deer Creek
4.04
8.67
1.8
38.8 Upper Canyon Creek 11.95
0.44
3.98
24.3 Robe Valley
7.24
3.69
3.06
29.6 French-Segelsen
5.55
0.41
3.92
47.0 Jim Creek
3.90
2.79
Upper South Fork
6.37
0.09
1.5
54.8
Stillaguamish
1.74
29.3 Gold Basin
6.27
0.04
Middle North Fork
3.45
35.8
0
1.98
Stillaguamish
4.43
24.4 Lower Canyon Creek
0
2.64
.56
25.8 Boulder River
0.07
0.28
Upper Pilchuck
0
0.80
4.08
46.0
Creek
1.22
26.1 Squire Creek
0.48
0.03
478.1 Totals
81.46
28.31

State
DNR

Total

% Of all
Roads at
Risk

5.43

47.80

28%

2.77
0
0.12
1.19
0.29

15.49
12.39
11.06
7.15
6.98

9%
18%
11%
8%
4%

0

6.46

8%

0

6.31

12%

3.77

5.75

5%

.01
1.74

2.65
2.09

2%
14%

0.97

1.77

1%

0
14.55

0.52
124.33

2%

In 2001, the Stillaguamish Tribe received a Washington Salmon Recovery
Funding Board grant to develop a landslide hazard zonation map, to be used
by resource managers as a decision-making tool for future land use activities
in the Stillaguamish Watershed. Using the 1997 landslide inventory described
above as a means to determine why and where landslide activity occurred
previously, a GIS tool has been developed showing zones of high potential
landslide risk for any future land use activity. This landslide hazard tool
provides us with answers to three critical questions: 1)which areas have a high
potential for landslide activity based on past land uses, 2) if a landslide occurs
will it reach fish bearing waters, and 3) if it reaches fish bearing waters, what
will the impacts be at all channel reaches downstream. The ultimate goal of
this GIS tool is to reduce human-induced landslide activity in the watershed.
Both the data in Table 5 and the recent hazard zonation study point out areas
of concern for timber harvest and road building, but field verification is
necessary to confirm unstable areas.

12

Slope-stability maps for the Puget Lowland of Western Washington often use 15% slope as a stability
threshold based on a consideration of the mechanics of failure and shear strength of a silt-clay bed
(Dunne and Leopold 1978). Table 5 shows only forest roads that are underlain by unstable geology and
are traversing greater than 30% slopes. Abandoned roads pose an additional threat in certain locations
(e.g. road sections with culverts). Site-specific analysis is always necessary to determine the specific
stability of a particular roadbed or its contribution to sediment regimes in a watershed.
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Hydrology
Natural hydrologic processes are critical in creating and maintaining suitable
habitat conditions. Hydrologic integrity is strongly correlated with upper
watershed forest cover.
Instream flow is important for the upstream migration, holding, and spawning
requirements for Chinook salmon adults. Juvenile incubation, emergence, and
rearing requirements related to flow are fundamental for the continued
survival and natural production of this species.
The stability of Chinook salmon spawning habitat is equally important.
During high flow events, spawning gravel can be moved downstream (a
process known as scour). The North Fork Stillaguamish River has shown a
trend of increasing peak flows (Figures 6 and 7), both in frequency and
magnitude, resulting in increased Chinook salmon mortality (Collins 1997;
Beamer and Pess 1999). Changes in peak flow frequencies have been
attributed to land use practices such as clear-cut harvesting, loss of wetland
function, road construction, and rural development.
Figure 6.

NF Stillaguamish peak flows summary 1920-2001 (Collins
1997, Snohomish County 2002)
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Figure 7.

North Fork Stillaguamish flood recurrence interval (Beamer
and Pess 1999)
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Beamer and Pess (1999) concluded that peak flows can constrain adult
Chinook salmon production even in years when flooding is not severe. Egg to
fry survival is sensitive to changes in peak flow (Figure 8). The historic
twenty-year flood event (1929-1949) has now become the two-year event
(1972-1995). “This means that (currently) every broodyear of spawning
Chinook has a 50% chance, rather than a (historic) 10% chance, of being
exposed to (peak) flow events that correspond to egg to fry survival rates
where the (Chinook) stock does not replace itself (Beamer and Pess 1999;
Appendix E). Even without any kind of harvest, Stillaguamish Chinook
salmon would have made the escapement goal only 3 out of the last 17 years
(PMFC 1997).
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Figure 8

Estimated egg to fry survival v. flood recurrence interval for
the North Fork Stillaguamish (Beamer and Pess 1999)
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Historical Conditions
Records have shown increasing peak flows in the North Fork Stillaguamish
over time (Figure 6). Ten of the largest eleven annual peak flows on record
occurred between 1980 and 1995 (Pess et al. 1999). Urbanization (Klein
1979; Booth and Jackson 1997) and agricultural activities (Hornbeck et al.
1970) have been shown to increase the magnitude and severity of peak flows
(Wissmar and Timm 2003).
Factors of Decline
The factors of decline that have degraded hydrologic function in the
Stillaguamish Watershed include the following:
 Deforestation. Clearing of mature forest vegetation and conversion of
these lands to other land uses that do not support forest cover.
 Industrial Forestry. This land use may not support large blocks of
hydrologically mature forest cover on a sub-basin scale and may contain
forest stands ranging in age from seedling to mature. Clearing of mature
forest vegetation over large areas of the watershed and construction and
retention of roads in upland forest areas has reduced natural infiltration,
thereby increasing runoff rates and peak flows.
 Filling and draining of wetlands and side channels has modified peak
flows in tributaries.
 Construction of dikes, levees, revetments, and bulkheads on the mainstem
and larger tributaries has reduced or eliminated floodplain connectivity
and flood storage capacity.
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Surface water withdrawals and groundwater withdrawals in areas of direct
hydrologic continuity, and policies that have allowed over-allocation of
water resources.

Current Conditions
The amount of rainfall that is absorbed into the ground and eventually
influences stream flow levels depends on the presence of vegetation. GIS
analysis of land cover showed that approximately 53% of the entire
Stillaguamish Watershed is hydrologically mature forest, within a range of
14% to nearly 85% on a subbasin scale (Table 6).
Table 6.

Forested Cover within Stillaguamish Subbasins (Purser et al.
2003)

Subbasin
Gold Basin
Upper Canyon Creek
Boulder River
Deer Creek
Upper SF Stillaguamish
Upper NF Stillaguamish
Robe Valley
Stillaguamish Canyon
French-Segelsen
Jim Creek
Upper Pilchuck Creek
Squire Creek
Middle NF Stillaguamish
Lower Canyon Creek
Lower NF Stillaguamish
Harvey Armstrong Creek
Lower Pilchuck Creek
Lower SF Stillaguamish
Port Susan Drainages
Church Creek
Portage Creek
Lower Stillaguamish

% Mature
% Young Forest
Evergreen Forest
(0-27 years)
(>100 yrs old)
12
51
12
43
11
49
20
28
16
40
23
27
24
27
22
15
25
25
24
18
27
14
20
32
32
14
29
15
31
8
29
7
39
3
30
7
37
4
31
1
30
1
28
1

%Total
Hydrologically
Mature Forest
85
82
75
75
72
70
66
65
64
60
60
56
56
51
45
40
38
34
31
19
17
14

Potential low instream flow in certain subbasins was identified as contributing
to limiting Chinook salmon production. While the list is not complete, the
following subbasins have been identified as having low instream flow:





Stillaguamish River – lower mainstem
Jorgenson Slough/Church Creek
Pilchuck Creek
NF Stillaguamish River - from Oso to Whitehorse

49

June 2005

Stillaguamish Watershed
Chinook Salmon
Recovery Plan

Water Quality
In addition to sufficient habitat, water quality is critical in protecting the
various life stages of salmonids. There is research documenting non-lethal,
but highly detrimental, effects on fish from chemical contamination of water
(Baldwin et al. 2003). Water quality standards address human health and
direct fish mortality, but not declines in fish abundance and productivity.
Human population growth in the Stillaguamish Watershed has led to
increasing demands for more roads, wastewater treatment, and commercial
activities. The most common water quality issues in the Stillaguamish include
runoff from commercial and non-commercial farms, failing septic systems,
land clearing and construction, road surface runoff, and over-allocation of
water resources. Land use conversion, urbanization, and lack of or ineffective
water quality best management practices (BMPs) have contributed to
considerable non-point source pollution in the watershed (STAG 2000).
The Stillaguamish River has experienced a deterioration of water quality, in
terms of both conventional and microbiological standards. Water quality
monitoring in the watershed by Snohomish County, the Tulalip and
Stillaguamish Tribes, and Washington Department of Ecology has found
problem areas in the mainstem, North Fork, and South Fork Stillaguamish,
and smaller tributaries. Snohomish County has conducted numerous
investigations for nutrients, heavy metals, bacteria, and other toxicants,
mainly in the lower portions of the river. The Stillaguamish Tribe’s
monitoring efforts include recording water temperature, dissolved oxygen,
turbidity, alkalinity, hardness, total suspended solids, pH, conductivity, and
bacteria.
The Washington Department of Ecology is in the process of developing Total
Maximum Daily Load (TMDL) cleanup plans for water bodies that do not
meet state water quality standards. A TMDL establishes limits on pollutants
that can be discharged to an individual waterbody and still allow state
standards to be met. Ecology is developing TMDLs for the watershed that
address the following water quality problems: temperature, fecal coliform
bacteria, pH, and dissolved oxygen.

Harvest
Chinook salmon from the Stillaguamish Watershed are vulnerable to harvest
in recreational and commercial fisheries throughout their adult range, from
Alaska to Puget Sound. Canadian and Puget Sound fisheries have accounted
for most (approximately 80%) of the historic and current harvest on
Stillaguamish Chinook salmon populations, with Washington coastal and
Alaskan fisheries accounting for harvest of the remaining portion (Figure 9).
The Stillaguamish Tribe has not had a directed Chinook salmon fishery in the
Stillaguamish River since 1982, the Tulalip Tribes have not had a directed
fishery in Area 8A since 1984, and non-Indian commercial and sport fisheries
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directed at Stillaguamish Chinook salmon have been closed since the mid1980s. Currently, fisheries are closed in most areas and during times when
significant numbers of Stillaguamish Chinook salmon are present, or they are
managed under regulations, such as gear restrictions or unmarked fish release
requirements, that minimize the harvest of wild fish.
Under the Treaty of Point Elliott (1855) as interpreted by the federal district
court (1974) and affirmed by the United States Supreme Court (1979), the
State of Washington, through its Department of Fish and Wildlife, and the
treaty tribes, through their tribal governments, share equal authority and
responsibility for management of the salmon resource. This authority and
responsibility includes assessment of stock status, setting of stock
management objectives, development of fishery and enhancement plans to
meet objectives, and implementation of plans through regulations and
enforcement. Through custom, and with some legal basis, certain tribes are
the principal managers of the salmon resource within certain river systems.
For the Stillaguamish River, this is the Stillaguamish Tribe and the Tulalip
Tribes. Thus, the co-managers for salmon stocks originating in the
Stillaguamish Watershed are the treaty tribes and the State of Washington.
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Figure 9.

Four-year moving average percentage distribution of total
fishing mortalities among fisheries and escapement for
Stillaguamish Chinook, 1993-200113. (Pooling and averaging
of data in Pacific Salmon Commission, Chinook Technical
Committee, Report TCCHINOOK04-4 Table G.22)
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Due to high harvest rates and ongoing watershed disturbances, many Puget
Sound Chinook salmon populations, including Stillaguamish Chinook salmon,
exhibited declines in abundance and were ultimately listed as Threatened
under the ESA in 1999. Given the ESA listing, all fisheries targeting wild
Chinook salmon were prohibited in Washington’s marine and fresh waters.
Fishery restrictions in local net and sport fisheries (terminal area fisheries)
over the years have been effective, as shown by the decline in terminal area
harvest rates (Figure 10). Each year since 1993, less than 10% of
Stillaguamish Chinook salmon returning to the Port Susan / Port Gardner /
Stillaguamish River area have been harvested, and all of this has been
incidental to fisheries directed at other species or hatchery Chinook salmon.

13

ESC=escapement, SUS=United States below the 49th parallel, SBC=southern British Columbia,
NCBC=northern British Columbia, AK=Alaska
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Figure 10. Trend in terminal area wild stock harvest rate for
Stillaguamish Chinook salmon, 1978-2003 (from Tulalip
Tribes terminal area run reconstruction database).
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The decline in terminal area harvest rates has been accompanied by a
reduction in pre-terminal fishery impacts on both sides of the US/Canada
border. Under the 1999 annex of the Pacific Salmon Treaty, impacts to
Stillaguamish and other Chinook salmon stocks are limited, and Canadian
fisheries have not been fishing up to the maximum levels allowed under this
agreement. The net result of changes in the management of harvest of
Stillaguamish Chinook in all areas over the past two decades has been a
reduction in overall exploitation rates from approximately 80% to 30%
(Figure 11). Under the current harvest management plan, exploitation rates
should be reduced further, to approximately 25%.
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Figure 11. Adult equivalent exploitation rates on North Fork
Stillaguamish Chinook salmon, brood years 1981-1999.
(from Puget Sound Technical Recovery Team Abundance
and Productivity Tables).
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These greatly reduced exploitation rates have resulted in increasing
escapements, although the proportional increase in spawning escapement has
not been as large as the proportional decrease in exploitation rates (Figure 12).
In recent years especially, the spawning escapement numbers have not
responded to continually declining exploitation rates. This suggests that the
system may have reached a limit in habitat capacity or productivity such that
it will not respond to further harvest rate reductions.
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Figure 12. Stillaguamish Chinook salmon spawning escapements
1983-2004. (Spawning escapement estimates from
Washington Department of Fish and Wildlife; natural origin
escapement fraction from Stillaguamish Tribe).
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In addition to fishing mortality from all sources of incidental and directed
harvest, there is known poaching of Chinook salmon in the Stillaguamish
Watershed. Poaching refers to illegal harvest that is unreported. Determining
total poaching impacts on Chinook salmon and its significance is difficult to
quantify. Co-manager biological staff annually discover snagging gear (i.e.,
heavy hooks, weights, and line), nets, and/or other illegal fishing equipment in
the Stillaguamish Watershed during field sampling activities, and annually
encounter Chinook salmon bearing scars from unsuccessful poaching
incidents. Although state and tribal enforcement efforts in the watershed have
been increased in response to these observations, staffing and funding are still
inadequate to reduce this problem to acceptably low levels.

Hatchery
Since 1952, hatchery programs have been developed in the watershed for the
purpose of enhancing fishing opportunities and mitigating habitat loss with
out-of-basin hatchery plants stopped in 1977 (STAG 2000). During 1986,
concerns over high harvest rates and degrading freshwater habitat conditions
resulted in the development of a natural stock restoration program by the
Stillaguamish Tribe. By utilizing existing wild Chinook salmon from the
North Fork Stillaguamish and providing a stable hatchery environment,
additional Chinook salmon smolts could be released each spring to
supplement the limited natural outmigration.
The current tribal natural stock restoration program contributes an estimated
one-third of the returning adults to the spawning habitat of the North Fork
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Stillaguamish River (Abundance & Productivity Tables; Appendix C).
NOAA Fisheries (formerly NMFS) has determined that the Stillaguamish
Chinook Salmon Natural Stock Restoration Program is one of the six essential
hatchery programs within the Puget Sound necessary for Chinook salmon
recovery. Based on NOAA Fisheries’ assessment of population decline and
habitat degradation, the North Fork Stillaguamish Chinook salmon would
likely further decline and become extinct without the intervention of the
natural stock restoration program (NMFS 1999).
The hatchery program uses both returning natural and hatchery Chinook
salmon adults that are captured in the North Fork Stillaguamish using small
mesh seines to provide the necessary brood stock for the natural stock
restoration program. Adults are spawned during August and September.
Chinook salmon spawning, incubation and early rearing occur at the
Stillaguamish Tribe’s Harvey Creek Hatchery while final rearing, coded wire
tagging and release occur at the WDFW Whitehorse Springs Hatchery located
in the area of the North Fork Stillaguamish where natural Chinook salmon
spawn and rear. The Tribe’s North Fork summer Chinook salmon restoration
hatchery program is succeeding at maintaining genetic diversity. No legacy of
Green River (hatchery) Chinook salmon introductions have been detected in
tested samples (Eldridge and Killebrew, unpublished data; Appendix F).
The rearing and release of salmonids from hatcheries can have potential
impacts to wild Chinook salmon populations. Hatchery-produced fish may
lack genetic vigor (Busack and Currens 1995), transfer disease to wild fish
(Busack and Currens 1995; ISAB 2002), and compete for food resources and
space (Nickelson et al. 1986; Hawkins 1998). Genetic impacts to wild/natural
spawning Chinook salmon populations from hatchery operations may include
altering of the genetic population structure, decline in long-term fitness, and
other impacts not reflected in population abundance (Busack and Currens
1995). Furthermore, increasing hatchery production theoretically makes more
fish available for harvest, resulting in increased harvest pressure on wild
salmon.
A number of actions have been implemented to reduce the risk of impacts to
both wild and hatchery fish within the Stillaguamish Watershed. These
include incorporating wild Chinook in the broodstock at a level that insures
genetic integration of the two groups, marking all Chinook salmon released
from the hatchery to minimize the masking effect, and ensuring an effective
breeding population size by implementing 5 x 5 matrix spawning and final
acclimation and release from a large gravel pond with controlled predation
exposure (STAG 2000). Genetic analysis by Willy Eldridge of the Northwest
Indian Fisheries Commission and preliminary risk/ benefit analysis by
Michael Ford of NOAA Fisheries have indicated that the natural stock
restoration program is minimizing impacts to natural spawning population of
Chinook salmon.
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In addition, Brannon et al. (2004) noted in the American Fisheries Society’s
journal Fisheries that “recent studies are quieting some of the concerns that
have been raised about the fitness of hatchery fish and the risks associated
with their use. These studies suggest that artificially propagated fish (of
similar quality and genetic background) can perform comparable to their wild
conspecifics and suggest that they can also contribute to the wild population
(Brannon et al. 2004).”

Other Factors Affecting Chinook Salmon
Populations
Estuarine/Ocean Productivity Conditions
A considerable amount of research has documented cyclical changes in ocean
conditions, which have significant impacts on the marine survival of salmon
(Mantua et al. 1997). Changes in marine currents and flows affect ocean
temperatures, which in turn can affect productivity and salmon survival
(Pearcy 1992). Although marine survival levels for Chinook salmon fluctuate
widely, decadal shifts in marine conditions may have led to reductions in
overall marine survival for Puget Sound Chinook salmon. Decadal changes in
primary productivity may be connected to the decline of forage and bottomdwelling fish species in Puget Sound over the last 20 years. In addition to
productivity changes, the effects of estuarine and oceanic shifts in
temperature, salinity, and current direction must be taken into consideration
when developing and evaluating habitat, harvest, and hatchery recovery plans.

Predation on Chinook Salmon
Outmigrant predator/prey studies by Hawkins (1998) on the Lewis River
found that both hatchery and wild salmonid smolts impact rearing juvenile fall
Chinook salmon through predation. Wild steelhead, cutthroat, and coho
smolts had higher predation rates than their hatchery counterparts. However,
there was a greater impact on juvenile fall Chinook salmon by hatchery smolts
as a result of their larger numbers at release.
There are three major mammalian predators of salmon in Puget Sound and
coastal Washington: California sea lions, harbor seals, and Orca whales.
Other non-marine mammalian predators include northern river otter, domestic
dog, and black bear. Bird predation contributes to loss of salmon at all life
stages. The Stillaguamish Tribe's North Fork Chinook salmon broodstock
program has collected hundreds of adult Chinook salmon in the river since
1986. These fish show no significant scarring, which would be evidence of
seal and sea lion predation (Pat Stevenson, personal communication, 2005).
There is insufficient data to gauge the magnitude of bird and mammalian
predation on Stillaguamish salmon populations; however, it is not likely worse
than under historical conditions (NMFS website; Ruggerone and Goetz 2004).
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Non-Native Species
Introduction of non-native aquatic nuisance species into the marine and
freshwaters of Washington threatens the ecological integrity of the State’s
water resources, as well as economic, social, and public health conditions.
Because they have few natural controls in their new habitat, these nuisance
species spread rapidly, destroying native plant and animal habitat. Spartina
spp. has demonstrated direct impacts to estuarine habitat (Dethier and Hacker
2004). The transition of inter-tidal acreage to Spartina spp.-dominated salt
marsh at and above mean ordinary high water results in exclusion of species
typically found in the inter-tidal region such as eelgrass, Dungeness crabs,
clams, juvenile fish, shorebird, and waterfowl. The proliferation of Spartina
spp. also results in the trapping of up to 6 inches of sediments annually. There
are extensive populations of Spartina spp. in Port Susan and South Skagit
Bay, which may pose a considerable threat to juvenile Chinook salmon
populations.

Climatic Shifts
Climatologists have documented a number of cyclical changes that occur in
surface temperatures and precipitation levels, which affect streamflows and
water temperature in the Pacific Northwest (Climate Impacts Group 2004).
Changes in climate and consequent shifts in weather and streamflow can have
a dramatic effect on Chinook salmon survival during the freshwater phase of
their life cycle. During warmer periods less snow pack develops, and what is
available melts more quickly, increasing flooding potential. In summer, when
air temperatures are higher, decreased snow pack and precipitation lead to
lower streamflows with higher water temperatures. Flooding during the
winter and spring impacts egg and fry survival, while lower flows in the
summer impact the amount of water available for adult migration and
spawning.
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3. Planning Targets for
Chinook Salmon Recovery
Planning Targets for Independent
Populations
The Puget Sound Technical Recovery Team (TRT) and the Shared Strategy
for Puget Sound have developed recovery planning ranges and targets (interim
recovery goals) for the 22 individual Chinook salmon populations in Puget
Sound. These ranges and targets provide a common measurement for
recovery that can be used by habitat, hatchery, and harvest managers to guide
recovery strategies within the individual watersheds and at the regional level.
These targets are approximately 80% of historic salmon production.

Planning targets
provide a common
measurement for
recovery that can be
used by habitat,
hatchery, and harvest
managers to guide
recovery actions.

The TRT planning range provides a broad estimate of the abundance needed
for an individual Chinook salmon population to be viable over time. There are
interacting factors controlling population dynamics and viability. Uncertainty
inherent to this target definition includes the quality and quantity of available
data and the inability to predict environmental conditions that will affect
individual populations in the future. The planning target is a specific measure
within a range to help evaluate recovery actions in habitat, harvest, and
hatcheries. The target predicts the abundance of a Chinook salmon population
based on a fully functioning estuary, improved freshwater conditions, restored
access to blocked habitats, and poor ocean conditions. More measures of
population viability are described in the next section.
The planning targets and current spawner equilibrium abundance for the
Stillaguamish Chinook salmon populations are shown in Table 7. The effects
of incidental harvest or hatchery operations are not shown. It is important to
recognize that these numbers represent a specific point along a population
performance curve, and that the planning target (or current condition) is a
specific curve, not any one number of fish. Movement along this curve is
influenced by human-caused and other mortality. Equilibrium abundance is
the point where spawning salmon have maximized their use of identified
habitat conditions and are just replacing themselves in the next generation.
Equilibrium abundance is used to compare current populations to those that
may result from recovery efforts or in future scenarios.
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Table 7.

Chinook Salmon Adult Abundance Planning Targets and
Current Conditions
Chinook
Population
South Fork

Current
Target

Equilibrium
Abundance
861
15,387

North Fork

Current
Target

2,430
17,795

Scenario

Figure 13 illustrates a conceptual population performance curve for one
population (from Beverton and Holt 1957). This figure is intended to
illustrate the conceptual relationship between the number of progeny or
recruits (fish in the next generation) that are produced by current spawning
fish. This ratio of spawners to progeny is the productivity of the population.
Current and historical conditions would each be represented by a separate
curve. Actual population performance curves for Stillaguamish Chinook
salmon, showing historic, current, and anticipated population performance
resulting from the recovery plan actions, are in Chapter 5.
Figure 13. Salmon Population Performance Relationship
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Viable Salmon Populations
A viable salmon population (VSP) refers to a population with a negligible risk
of extinction due to threats from demographic variation, local environmental
variation, and genetic diversity changes over a 100-year timeframe (NMFS
2000). A viable salmon population has four components, or VSP parameters,
that are used to determine relative health. Geographic distribution is assumed
to be a key factor in maintaining variation and genetic diversity, and underlies
each of the following VSP parameters:





Abundance
Productivity
Diversity
Spatial Structure

Abundance
Abundance is the number of individuals in the independent Chinook salmon
population at a given life stage or time. Abundance is generally measured in
terms of population size. Genetic risks of low abundance include inbreeding
depression, mutation accumulation, and the overall loss of genetic diversity.
When there are higher levels of environmental variability, a higher population
size is required to maintain the population at a higher level (NMFS 2000). A
population should be large enough to survive normal environmental variation,
or human caused impacts.

Productivity
Productivity, or growth rate, represents the population’s potential for
increasing or maintaining its abundance over time. Productivity and
population growth rate provide information on how well a population is
performing in the habitats it occupies during its life cycle. Sufficient
freshwater productivity is essential to maintain the overall abundance of
Chinook salmon during periods of poor ocean conditions. The productivity of
a population at low abundance, or inherent productivity, is often used to
compare population viability between current and future populations. A
continuously negative productivity value may lead a population toward
extinction (a population is consistently failing to replace itself) (NMFS 2000).

Diversity
Diversity represents the variety of life histories, sizes, and other characteristics
expressed by individuals within a population and refers to differences in
genetic and behavioral traits. Diversity helps protect a salmon population
from short-term environmental changes. Higher levels of genetic variability
(diversity) allows a species to adapt to the special environmental conditions

61

June 2005

Stillaguamish Watershed
Chinook Salmon
Recovery Plan

within its specific habitat areas, and to use a wider array of environments than
they could without this diversity. Genetic diversity also provides the raw
material for surviving long-term environmental change (NMFS 2000).

Spatial Structure
Spatial structure represents how the abundance at any life stage is distributed
among available or potentially available habitats. Spatial structure is
important because structural changes in the population may impact the
population’s evolution and its ability to adapt to habitat changes. Spatial
structure can be assessed by looking at life history variations, distribution and
type of habitat patches, spatial distribution of abundance, migration corridors,
and access to unique habitat areas (NMFS 2000).

Ecosystem Diagnosis and
Treatment
Ecosystem Diagnosis and Treatment (EDT) is a habitat modeling tool for
rating the quality, quantity, and diversity of habitat within and along a stream,
relative to the needs of a focal species such as Chinook salmon. The EDT
methodology includes a conceptual framework for decision-making and a set
of modeling tools that organize environmental information and rate the habitat
elements in regard to the focal species. In effect, it describes how the fish
would rate conditions in a stream based on our scientific understanding of
their needs. EDT has been used extensively in the Pacific Northwest for a
number of years in a variety of settings. In the Stillaguamish Watershed, EDT
was used to model the anticipated results of several Chinook salmon recovery
scenarios.
Biological performance, a central feature of the EDT framework, is defined in
terms of three elements - life history diversity, productivity, and capacity14
(and therefore abundance). These elements of performance are characteristics
of the ecosystem that describe persistence, abundance, and distribution
potential of a population.
The EDT analytical model is the tool used to analyze environmental
information and draw conclusions about the ecosystem. The model
incorporates an environmental attributes database and a set of mathematical
algorithms that compute productivity and capacity parameters for the
diagnostic species. Existing and potential conditions are compared to identify
the factors or functions that are preventing the realization of population

14

Capacity represents the upper limit that the river system can support, given available (or assumed)
habitat conditions.
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objectives. The diagnosis can be qualitative or quantitative, depending on the
type and quality of the information used to describe the ecosystem.
The EDT output is a clear statement about the present conditions of the
watershed as related to the diagnostic species. The EDT model is used to
estimate the Chinook salmon population response to alternative scenarios. It
also provides a practical, science-based approach for developing working
hypotheses as a basis for moving forward with watershed protection and
restoration activities.
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Figure 14. EDT Reaches
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Properly Functioning Conditions
The ultimate habitat recovery goal is to maintain and restore natural
ecosystem conditions that sustain salmonid productivity. To achieve this goal
for Chinook salmon, individual habitat parameters should at least meet the
quantitative measurement known as “properly functioning conditions” (NMFS
1996). Maintenance and recovery of the four VSP parameters necessary for a
healthy salmon population depend at least on the achievement of properly
functioning habitat conditions, similar in complexity and area to what was
found in the watershed historically. In order to achieve properly functioning
conditions, the following goals must be met:




Maintain and restore natural watershed processes;
Maintain a well-dispersed and well-connected network of high quality
habitat that addresses the needs of all life history stages; and
Develop, evaluate, and adapt land management activities using monitoring
and assessment in order to achieve the objectives listed above.

Properly functioning conditions have been analyzed using the EDT model for
the Stillaguamish Watershed15. These results are shown in Chapter 5. The
estimated Chinook salmon populations levels associated with properly
functioning conditions are robust and generally achieve the Shared Strategy
population target levels. These results are important since they allow the
overall Shared Strategy target to be translated into long-term properly
functioning conditions habitat condition performance targets for each of the
six habitat limiting factors categories. Habitat restoration actions, both shortterm (10 years) and long-term (50 years), to achieve properly functioning
conditions are described in Chapter 5.

Riparian
The Stillaguamish Technical Advisory Group (STAG)16 defined properly
functioning conditions for the Stillaguamish riparian zones as 80% of stream
shorelines (contiguous area within the channel migration zone) having a
riparian buffer width equal to or greater than one Site Potential Tree Height17

15

Recent EDT modeling of properly functioning conditions assumed a pre-1870 estuarine condition and
did not account for harvest impacts, loss of genetic fitness due to hatchery operations, and potential
degradation of habitat. As additional EDT modeling is completed, more specific and optimal habitat
restoration and protection strategies may be identified.
16
The STAG is made up of scientists from several agencies throughout the watershed, including the
Stillaguamish and Tulalip Tribes, Snohomish County, WDFW, USFS, the City of Arlington, and the
Snohomish Conservation District.
17
Site Potential Tree Height is over 200 feet for trees in the Stillaguamish Watershed (Pollock and
Kennard 1998). 200' SPTH applies to most riparian areas within the Chinook anadromous zone.
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on fish bearing waters to ensure properly functioning riparian habitats (NMFS
1996; STAG 2000).
Approximately 8,000 acres of riparian area would need to be planted, restored,
maintained and protected to achieve properly functioning conditions in the
nine subbasins that contribute to the majority of Chinook salmon productivity
within the Stillaguamish Watershed.18 This calculation is based on analysis of
2001 land cover (Purser et al. 2003). Areas upstream of these nine subbasins
exhibit more riparian function.

Estuary/Nearshore
The Stillaguamish Technical Advisory Group (STAG) recommends that at
least 80% of historic estuarine and nearshore habitat must be accessible and
usable for properly functioning conditions (NMFS 1996; STAG 2000). Based
on research by Collins (1997), approximately 2,020 acres of estuarine area
would have to be restored to achieve this 80% target for properly functioning
conditions.

Large Woody Debris
The STAG recommends that 80 pieces (24-inch by 50-foot) of large woody
debris (LWD) per mile be added and/or maintained on the mainstem
Stillaguamish River and tributaries to ensure properly functioning instream
wood conditions (NMFS 1996; STAG 2000). Based on instream data gathered
during 2002 from the North Fork and South Fork Stillaguamish, an additional
3,700 pieces of LWD would be needed to achieve the properly functioning
conditions standard in the 40+ miles of these reaches. This is equivalent to
approximately 62 engineered log-jams similar to those that have been built on
the North Fork Stillaguamish, with additional single pieces throughout the
system.

Floodplain
The STAG recommends that no more than 10% of streambanks in any reach19
be hardened to ensure adequate floodplain and off-channel connectivity
(NMFS 1996; STAG 2000). The existing amount of hardened bank in
Chinook-bearing reaches throughout the Stillaguamish Watershed is shown in
Table 4. The gap between current conditions and achieving this properly
functioning conditions target in the North and South Fork Stillaguamish is 4.1
miles of existing hardened bank. The total mileage of hardened bank in the
North and South Forks of the Stillaguamish from Table 4 is 13.4 miles, while
18

These key subbasins are: Lower Stillaguamish, Lower Pilchuck, Lower South Fork, Lower North
Fork, Middle North Fork, Boulder River, French-Segelsen, Squire Creek and Upper North Fork. Other
subbasins may contribute to overall ecosystem health or downstream Chinook salmon habitat but do not
have significant Chinook salmon spawning habitat within them.
19
Stream reaches identified for use in EDT analysis (Haas et al. 2003).
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the total mileage of bank length in these areas is 92.8 miles. 10% hardened
banks to achieve properly functioning conditions in the North and South Forks
would be a total of 9.3 miles. The gap between properly functioning
conditions and existing conditions is therefore 4.1 miles of hardened banks to
be removed.
The lower Stillaguamish mainstem is extremely important for both
populations of Chinook salmon and is a candidate for floodplain restoration
projects. Hardened streambanks in the lower Stillaguamish present a major
impediment to Chinook salmon productivity improvements. Achieving
properly functioning conditions in the lower Stillaguamish would require
removal of 18 miles of hardened streambanks.

Sediment
The STAG has defined properly functioning conditions as less than 12%
concentrations of fine sediment (<6.35mm) in spawning areas (Bjornn and
Reiser 1991; NMFS 1996; STAG 2000). The 2004 Stillaguamish Lead Entity
Strategy (Waller and Stevenson 2004) identified over 124 miles of potentially
unstable forest roads on federal, state and private land. At least two large
deep-seated landslides and numerous unstable banks (Haas et al. 2003) are
also known to be contributing to sediment conditions. It is unknown to what
degree the attenuation of these sources will lead to properly functioning
conditions.

Hydrology
The STAG recommends that the cumulative subbasin total of hydrologically
mature forest be 80% of total forest cover (Nichols 1990). In the 14 subbasins
dominated by forestry land use, 35,596 acres of immature forest would need
to mature to achieve the properly functioning conditions target (Purser et al.
2003).20 This assumes no net loss in existing mature forest cover. This
assumption may be overly conservative given current land use pressures and
forest management trends toward marketing smaller logs to processing plants.
Additional actions to achieve properly functioning conditions include
improving wetland function and reducing bank armoring and channelization
in the lower watershed.
Instream flow levels should be set at an optimum level to ensure recovery
goals and actions within this recovery plan are achieved. To determine
optimal flows for rearing, spawning and holding, representatives from the
Washington Department of Ecology, Washington Department of Fish &
Wildlife, Tulalip and Stillaguamish Tribes negotiated instream flow levels
based on an Instream Flow Incremental Methodology (IFIM) study. With the
20

Subbasins dominated by forestry land use are: Upper Pilchuck, Upper South Fork, Gold Basin, Robe
Valley, Upper Canyon Creek, Lower Canyon Creek, Jim Creek, Upper North Fork, Boulder River,
French-Segelsen, Squire Creek, Deer Creek, Middle North Fork, and Stillaguamish Canyon.
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study results, a determination can be made on how much flow would provide
optimum habitat for the priority species/life stage during a particular time of
the year. For example, flows will be set in the river from late August to
October to provide optimum habitat for Chinook spawning in the North Fork
Stillaguamish.
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4. Watershed Vision for
Salmon Recovery
Guiding Principles for the
Stillaguamish Watershed Chinook
Salmon Recovery Plan

Habitat, harvest, and
hatchery
management are
expected to work
together to bring
about recovery of the
two Stillaguamish
Chinook salmon
populations.

The SIRC adopted the following guiding principles for the Stillaguamish
Watershed Chinook Salmon Recovery Plan in August, 2002:
















Integration: The plan shall address water quality and salmon recovery
issues in an integrated manner, consistent with the intent of the 1990
Watershed Action Plan and the origins of the SIRC.
Fairness: The plan shall promote fair treatment and shared burden of cost
for rural, urban, business, private, local, state, federal and tribal
constituencies.
Science: The plan shall use the best available science to make technical
determinations. Existing watershed plans and analyses should be used as
the core basis of this planning information. At the request of the SIRC,
the Stillaguamish Technical Advisory Group will evaluate disagreements
on best available science.
Scope: Chinook salmon recovery shall be the primary emphasis of the
plan within a broad ecosystem restoration context designed to enhance the
watershed for all native freshwater and marine aquatic fisheries.
Evaluation: Recovery shall be measured by criteria that are broadly
accessible and that promote sustainability as well as fish population targets
or water quality standards.
Community: Recommended planning actions shall integrate scientific
principles with community, social and economic values including but not
limited to the protection and preservation of agriculture and rural quality
of life. Community resources, such as volunteers, landowners and local
knowledge, should be a part of plan implementation.
Landownership: All landowners holding farm, forestry, recreation and
residence properties may request fair compensation for the use of their
land in restoration.
Regulation: The plan shall seek to support actions that improve
enforcement of current growth management and environmental
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regulations and make them more effective rather than proposing new
regulations. Non-regulatory efforts that promote salmon recovery are
necessary elements of the plan.
Commitment: Actions shall be backed by financial and work plan
commitments of implementing organizations and shall be designed to have
measurable results.
Education: Communication of problems, proposed actions and results to
all ages of the public shall be defined as part of plan implementation in
order to facilitate public comment and plan development.
Cooperation: The plan shall recognize the individual efforts of agencies
and organizations and promote cooperation among them.
Balance: The plan shall balance long-term goals while recognizing the
need for short-term actions.

Watershed Goal
The purpose of listing the Puget Sound Chinook salmon as Threatened under
the ESA is to restore a self-supporting population that does not require legal
intervention to maintain its existence (NMFS 2000). Within the Stillaguamish
Watershed, the primary goal is to restore healthy, viable populations of
Chinook salmon to a level where natural population production is healthy
enough to support recreational and commercial fisheries. The relative health
and viability of the population will be judged by its VSP parameters:
abundance, productivity, population structure, and diversity (NMFS 2000).
These factors are essential to a viable salmon population and depend on
properly functioning habitat.
The SIRC has chosen to focus their efforts at this time on the implementation
of a 10-year strategy aimed at moving toward recovery of Chinook salmon
populations in the Stillaguamish Watershed. This strategy includes specific
habitat, harvest, and hatchery management actions, as well as policy and
regulatory commitments and conditions. The benefits of individual habitat
management actions have been modeled using EDT to generate estimated
Chinook salmon population gains that will result in achieving 30% of the TRT
planning targets. Details of the 10-year action plan are included in Chapter 5.
Implementation of these actions over the next decade will allow for ongoing
planning, monitoring, and adaptive management to achieve long-term
recovery of the species.
Beyond the initial 10-year recovery strategy and implementation of its
recommended actions, an adaptive management approach will be used to
determine the necessary actions to achieve long-term Chinook salmon
recovery objectives. The health and viability of the Stillaguamish Chinook
salmon populations will be judged by the Viable Salmonid Population (VSP)
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parameters and ongoing progress toward reaching the TRT planning targets.
Necessary long-term strategies and actions for habitat, harvest, and hatchery
management will be adopted as appropriate.
In support of the guiding principles above, the 10-year watershed goal chosen
by the SIRC in April 2004 is based on a number of planning assumptions:










The SIRC promotes restoration of natural ecosystem processes and
properly functioning conditions in the watershed with local stakeholders
participating in natural resources decision-making.
The 10-year goal will move the watershed toward properly functioning
conditions and the Shared Strategy planning target for Chinook salmon
while recognizing the extended time period recovery will require.
An ambitious approach will be taken to build on current momentum and
minimize reliance on uncertain future implementation.
Proposed watershed actions are designed to be reasonably achievable by
local organizations within the 10-year period.
Significant funding from regional, state and federal sources will be
requested to complete projects. Without this external funding, the goal will
not be achieved.
The SIRC will analyze opportunities for policy and regulatory
coordination, especially in the areas of local and forest land use policies,
and identify regulatory gaps related to habitat and watershed protection
that will need to be addressed for consistency and effectiveness of ongoing
watershed restoration projects.

Habitat Strategy
Habitat improvement is a major component of Chinook salmon recovery in
the Stillaguamish Watershed. Habitat recovery requires an understanding of
the relationships between land use practices, watershed-scale processes,
habitat conditions, and Chinook salmon requirements. Protection, restoration,
and re-connection of habitat and watershed functions, as well as more
effective regulatory enforcement, further data collection, and research, are
necessary elements in addressing habitat problems throughout the watershed.
Habitat linkages and restoration of lost habitat and related watershed functions
will play a major role in the recovery of Chinook salmon populations. Table 8
demonstrates some of the linkages between habitat-forming processes, land
use, resulting habitat conditions, and response by Chinook salmon in the
Stillaguamish watershed.
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Table 8.
Habitatforming
processes
Delivery of
water

Habitat Linkages
Affected by land
use

Resulting habitat
conditions

Chinook salmon
population response

Removal of 3540% of the
historical forest
cover, 15-20%
permanently21

Increases peakflows
that blow out large
woody debris, erode
banks; eroded banks
and upland areas
contribute greatly
increased sediment
loads that fill pools,
intrude redds, further
simplify habitat22.
Increases portion of
channel
network/habitat that is
exposed to highenergy flows; directly
reduces edge, sidechannel, slough, and
blind tidal channel
habitat critical for
juvenile rearing24

Reduced habitat diversity
and complexity leads to
reduced survival of
juveniles; reduced egg
survival, survival to
emergence; reduced adult
holding capacity; potential
pre-spawning mortality
from increase temperatures.

Construction of
dikes, levees,
revetments; cutting
off side-channels,
sloughs, blind tidal
channels23

Delivery of
wood

21

Filling or isolating
beaver ponds,
riverine and
palustrine
wetlands26

Reduces floodplain
detention and retention
storage increases flood
magnitudes,
particularly in lower
river, and increases
flow velocities that
blow out large woody
debris, erode banks27

Removal of 3540% of the
historical forest
cover in the whole
watershed and
likewise in the

Removal of riparian
forests prevents new
woody debris from
recruiting, reduces
habitat diversity and
complexity, reduces

This has the most dramatic
effect on the currently
configured Chinook
salmon populations in the
Stillaguamish. These land
use actions directly reduce
critical juvenile rearing
habitat causing estuarine
density-dependent
mortality and reducing
fitness of emigrating smolts
contributing to low ocean
survival rates25.
Reductions in habitat
diversity and complexity
caused by high magnitude
and high velocity
stormflows reduce densitydependent survival of
juvenile Chinook salmon28;
evidence is gathering for
juvenile Chinook salmon
use of freshwater offchannel habitat which these
land use actions directly
reduce.
Reductions in physical
habitat diversity and
complexity caused by high
magnitude and high
velocity stormflows reduce
density-dependent survival

See Pollock and Kennard (1998), Purser et al. (2003) and Simmonds et al. (2004)
See Lisle and Eads (1991), Rhodes and Purser (1998), and Collins (1997)
23
See Bortleson et al. (1980)
24
See COE (2000) and STAG (2000)
25
See Collins (1997) and Collins and Sheikh (2003)
26
See Pess et al. (1999)
27
See Crance (1988)
28
See STAG (2000)
22
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Habitatforming
processes

Delivery of
sediment

Affected by land
use

Resulting habitat
conditions

Chinook salmon
population response

riparian area, 1520% permanently

channel roughness
leading to increased
streamflow velocities;
contributes to high
stream temperatures29 .

Removal of inchannel wood by
streamside
landowners,
“poachers,” and
government
agencies

Reduces habitat
diversity and
complexity, reduces
channel roughness
leading to increased
streamflow velocities

Removal of 3540% of the
historical forest
cover in the whole
watershed and
likewise in the
riparian area, 1520% permanently
Extensive (lots of
road miles all over
the basin) and
intensive (high
density of road
miles in specific
basins) roading32

Eroded banks and
upland areas
contribute greatly to
increased sediment
loads that fill pools,
intrude redds, further
simplify habitat

of juvenile Chinook
salmon; contributes to
potential for densityindependent adult prespawning mortality from
high stream temperatures.30
Reductions in physical
habitat diversity and
complexity resultant from
high magnitude and high
velocity stormflows reduce
density-dependent survival
of juvenile Chinook
salmon.
Increases direct densityindependent mortality in
redds and reduces densitydependent survival of
juveniles; reduces adult
holding capacity 31.

Has contributed to
increased frequency of
landslides and
increased delivery of
fine sediment directly
from unpaved and/or
poorly drained road
surfaces; increases the
potential for intrusion
of fines into redds;
fills pools.

Suffocates or entombs eggs
and juveniles (source of
density-independent
mortality)33; pool filling
reduces density-dependent
survival of juveniles and
leads to reduced adult
holding capacity

Unconstrained floodplain reaches are highly productive habitats for
anadromous salmonids (Stanford and Ward 1992). In addition, off-channel
areas adjacent to floodplains have been shown to be important rearing habitats
for salmonids during high winter flood events (Tschaplinski and Hartman
1983). Fragmentation of habitat and the resulting isolation of populations
affects the long-term viability of salmonids.
In addressing habitat
fragmentation and connectivity for the Northern Spotted Owl, Thomas et al.

29

See Spence et al. (1996)
See Healy in Groot and Margolis (1991)
31
See Reeves et al. (1989)
32
Roading is defined as the construction of road surfaces, cut banks, fill slopes, drainage facilities and
the maintenance thereof. There acute dramatic changes from construction and chronic multi-parameter
effects from the maintenance of road systems in watersheds. See Spence et al. (1996), Collins (1997),
and Sharma and Hilborn (2001).
33
See Bjornn and Reiser (1991)
30
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(1990) outlined several general principles that are equally applicable to
salmon recovery planning (Spence et al. 1996):





Large blocks of habitat are preferable to small blocks.
Blocks of habitat that are close together are superior to those that are far
apart.
Contiguous blocks are preferable to fragmented habitats.
Corridors linking habitats function better when they resemble the
preferred habitat of the target species.

Thus, the first objective of this habitat strategy is to prevent further
fragmentation of aquatic habitat. The second objective is to improve the
connectivity between isolated habitat patches. The third objective is to protect
and restore areas surrounding critical salmon habitat from further degradation,
allowing for the expansion of existing refugia such as:






Preferred spawning areas
Off-channel floodplain habitat
Estuary and marine shoreline habitat
Complex sloughs and undisturbed blind tidal channels
Natural riverbanks

Harvest Strategy
To ensure that Washington based commercial and recreational fisheries do not
impede Chinook salmon rebuilding and recovery, the co-managers adopted
the Puget Sound Harvest Management Plan (Puget Sound Indian Tribes and
Washington Department of Fish and Wildlife 2004). Consistent with the
overall goals of the Stillaguamish Watershed Chinook Salmon Recovery Plan,
harvest of Chinook salmon will occur in a manner that will have a high
probability of not impeding the capability of the North Fork and South Fork
Stillaguamish Chinook salmon populations to rebuild to levels that will
support directed harvest and other benefits.
The following general principles guide the details of the harvest strategy:
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Harvest management alone cannot rebuild Stillaguamish Chinook salmon
populations. Harvest management must work together with habitat and
hatchery management to support a viable recovery plan.

•

Development of an appropriate harvest management plan will require
increased knowledge of the production function. One principal goal of the
monitoring and adaptive management plan will be to assure the collection
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of appropriate information to monitor, and revise if necessary, the
production function.
•

All sources of fishery-related mortality count equally in assessing the
exploitation rate. These include pre-terminal fisheries directed at Chinook
salmon such as those in Canada and in the ocean off of Washington state,
pre-terminal fisheries with incidental mortality of Chinook salmon such as
the north Puget Sound sockeye fishery, recreational fisheries directed at
Chinook salmon such as the Puget Sound winter blackmouth fishery,
hook-and-release mortality in selective recreational fisheries, and
incidental harvest of Stillaguamish Chinook salmon in terminal fisheries
directed at hatchery stocks. All mortality will be assessed in terms of
adult equivalent mortality – as the reduction in the number of adult fish (or
biomass of eggs in the new model) that would reach the spawning grounds
in the absence of fishing34.

Harvest Management Plan
The harvest management guidelines for Stillaguamish Chinook salmon
include an exploitation rate objective and a critical escapement threshold. The
exploitation rate objective is the maximum fraction of the production from
any brood year that is allowed to be removed by all sources of fishery-related
mortality, including direct take, incidental take, and non-landed mortality.
The exploitation rate is expressed as an adult equivalent rate, in which the
mortality of immature Chinook salmon is discounted relative to their potential
survival to maturity.
Analysis specific to North Fork Stillaguamish Chinook salmon was completed
to develop the exploitation rate objective to reflect, to the extent possible, the
current productivity of the stock. Brood year recruitment (i.e., number of
recruits per spawner) was estimated, for brood years 1986 through 1993, by
reconstructing the total abundance of natural origin Chinook salmon that were
harvested or otherwise killed by fisheries, or escaped to spawn. The resulting
brood year recruitment rates were partitioned into freshwater and marine
survival rates. The future abundance (i.e. catch and escapement) of the stock
was simulated for 25 years, using a simple population dynamics model, under
total fishery exploitation rates that ranged from 5 percent to 60 percent. In the
model, production from each year’s escapement was subjected to randomly
selected levels of freshwater and marine survival, and randomly selected
levels of management error. Each model run (i.e. for each level of
exploitation rate) was replicated one thousand times, and the set of projected
population abundances analyzed to determine the probability of achieving the
management objectives. The simulation for North Fork Stillaguamish
34
A formula for adult-equivalent exploitation rate is (R-E)/R, where R is the total number of fish (or
biomass of eggs in the new model) that would have returned to spawn naturally in the absence of fishing
and E is actual number (or biomass of eggs) that did spawn naturally given the fishing pattern.
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Chinook salmon, across a range of exploitation rates (Table 9), indicated that
total exploitation rates below 0.35 met the recovery criteria.
Table 9.

Summary of results of 1,000 runs of the simulation model at
each exploitation rate.

0.00

Probability of
Median
Probability of
Falling Below
Escapement
Recovery
Critical
Ratio
1%
96%
2.75

3,597

0.05

1%

96%

2.81

3,377

0.10

1%

96%

2.76

3,165

0.15

2%

95%

2.66

2,964

0.20

2%

95%

2.56

2,758

0.25

3%

93%

2.57

2,418

0.30

4%

92%

2.48

2,210

0.35

6%

92%

2.46

1,920

0.40

7%

91%

2.29

1,686

0.45

11%

87%

2.14

1,444

0.50

17%

80%

1.92

1,180

0.60

41%

52%

1.04

648

0.70

73%

12%

0.27

259

0.80

94%

0%

0.02

55

Exploitation
Rate

Median
Escapement

The fishery management objective for the 2000 management year was to
realize an exploitation rate that, if imposed consistently over a future time
interval:




Would not increase the probability that the stock abundance would fall
below the critical escapement threshold, after 25 years, by more than five
percentage points higher than were no fishing mortality to occur; and
Would result in at least an 80% of greater probability of the stock
recovering (i.e. escapement exceeding the current level) after 25 years.

Stock recovery, for this analysis, was defined as the average spawning
escapement for the final three years in the simulation period exceeding the
average for the first three years in the simulation period (Rawson 2000).
At the present time, there is very little information concerning the productivity
of the South Fork Chinook salmon population other than the fact that the
average abundance of this stock has been approximately 50% of the North
Fork Chinook salmon population based on relative escapement. Incorporating
this lower estimate of abundance, and assuming the same productivity (i.e.
recruitment rates), the simulation model predicted that exploitation rates
below 35% met the first management objective. The probability of rebuilding
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at this exploitation rate was 96%. This analysis indicates that a target
exploitation rate of 0.35 would also be appropriate for the South Fork
Chinook salmon population.
The Washington co-managers have set an exploitation rate guideline of 0.25,
as estimated by the FRAM simulation model, for the Stillaguamish Chinook
salmon management unit. According to the simulation model, this level of
exploitation results in a 4% risk of the management unit falling below the
critical escapement threshold of 500, and affords a 92% probability of
recovery (i.e., that spawning escapement will exceed the current average
level).
The low abundance threshold for North Fork Chinook salmon is 500 naturalorigin spawners. Reconstruction of the total brood abundance of adult
Stillaguamish Chinook salmon suggests that escapements of 500 (+/- 50) can
result in recruitment rates ranging from two to five adults per spawner
(Rawson 2000). The genetic integrity of the stock may be at risk and
depensatory mortality factors may affect the stock when annual escapement
falls below this threshold to 200 (NMFS Biological Opinion 2000). The
critical threshold for South Fork Chinook salmon is undetermined pending
further analysis of data. However, recent preliminary DNA analysis indicates
a critical population threshold at 100 spawners per year (Spidle, unpublished
data; Appendix G).
The low abundance threshold for the Stillaguamish management unit is based
on the 1996-2002 average fraction of the natural escapement for the years
1996-2002 in the North Fork. This average was .813 (range: .770 - .852).
Thus a management unit escapement of 500/.813 = 615 would, on average,
include 500 North Fork fish. The range of management unit escapement
thresholds computed this way is 586 to 649. Based on this, we have selected a
low abundance threshold of 650 for the Stillaguamish management unit.
Whenever spawning escapement is projected to be below this level, fisheries
will be managed to either achieve the critical exploitation rate ceiling, or
exceed the low abundance threshold.

Long-Term Harvest Management Plan
The co-managers will continue to collect and evaluate the information
necessary to develop a long-term harvest management plan for Stillaguamish
Chinook salmon. This plan will be based on updated assessments of the
productivity and capacity of the Stillaguamish system. The basis of the plan
will be production functions for each population relating recruitment biomass
to the biomass of natural spawners or fertilized eggs on the spawning grounds.
The long-term harvest management plan will be designed to provide longterm maximum sustainable harvest from the entire management unit under the
constraint that the viability and diversity of the production of each stock will
not be jeopardized. This program may use information collected as part of
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regular monitoring, but it may also include special monitoring or assessment
in addition to the monitoring program.

Hatchery Strategy
North Fork Stillaguamish
The Stillaguamish Chinook Salmon Natural Stock Restoration Program is a
state- of-the-art program designed to protect and help restore naturally
spawning Chinook salmon from the North Fork Stillaguamish. By removing
adult Chinook salmon that would naturally spawn in unstable, degraded
habitat and providing the progeny of those fish with a stable environment
within the hatchery, additional survival benefits are obtained for a given group
of eggs and sperm. The release of hatchery-reared smolts provides additional
adults back to the watershed to buffer the decline of natural spawners due to
the poor habitat conditions and the low productivity of the natural
environment.
The objectives of the hatchery program are:
 To insure the short-term preservation and long-term restoration of native
Stillaguamish River Chinook salmon populations to levels that will sustain
fisheries, non-consumptive fish benefits, and other related cultural and
ecological values; and
 To provide technical information through the US/Canada Indicator Stock
Program on harvest rates and locations, migration timing, and productivity
for north Puget Sound summer/fall natural Chinook salmon populations.
The initial intent of the program is to help preserve the listed population by
releasing up to 220,000 sub-yearling North Fork Stillaguamish-origin summer
Chinook salmon each year (STAG 2000). Specific performance standards for
the Stillaguamish program are: 1) initially maintain and then increase the total
abundance of the composite natural/hatchery summer Chinook salmon
population; 2) as habitat improves, increase the ratio of natural origin
spawners vs. hatchery origin spawners on the spawning grounds; 3) produce
adult hatchery fish that are similar to natural-origin fish in morphological and
life history traits; and 4) maintain the genetic diversity of the population
(HGMP 2000).
The hatchery program initially began adipose clipping and coded wire tagging
all of the fish released from the program. In 1997, due to conservation
concerns, the decision was made to drop the adipose clip, but continue to
coded wire tag the fish. This decision was based on anticipated selective
hatchery harvest fisheries and the regional implementation of 100% electronic
sampling for all Chinook salmon fisheries. Failure by Canada and Alaska to
implement 100% electronic sampling, combined with the importance of the
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Stillaguamish indicator stock, and improvements in escapement have resulted
in returning to adipose clipping and coded wire tagging all natural stock
restoration fish released by the hatchery.
“The Stillaguamish coded wire tag group is one of the best Chinook tag
groups we have in Puget Sound for estimating exploitation rates because a
large portion of the North Fork Stillaguamish is actually sampled for codedwire tags. In many other systems no, or very few, in-river tag recoveries are
included in the exploitation rate analysis (Rawson, personal communication).”
The benefits of the program include reducing the risk of extinction to the wild
Chinook salmon population by increasing the total (hatchery plus wild)
abundance of the population and increasing the numbers of natural origin
recruits back to the spawning grounds. Based on the NOAA Fisheries and comanagers assessment of population declines and habitat degradation, the
Stillaguamish Chinook salmon populations would likely further decline and
go extinct without the intervention of the natural stock restoration program
(NMFS 1999).
The current program size was the result of a number of factors. The first was
a concern about the long-term ability of the natural population to survive
given the high 1980s harvest rates and poor freshwater conditions. Another
factor was the risk associated with taking too many fish into the hatchery and
having something go wrong. The number of adult broodstock needed to
release enough coded wire-tagged fish to provide statistical power to the
indicator stock program was also considered.
Recently completed EDT modeling supports the hypothesis for the current
hatchery natural stock restoration program. Modeling results indicate that
"without the hatchery supplementation, escapement declines (in the North
Fork) to less than 100 fish after about 30 years. With the hatchery program,
escapement varies due to harvest, flow and marine survival variability (within
the model), but does not decline. The model suggests that the hatchery
program is providing a conservation benefit by keeping total spawning
abundance above 500 fish” (Mobrand Biometrics 2005; Appendices H and I).
The following EDT model run graphs of North Fork Stillaguamish Chinook
salmon escapement (Figures 15 and 16) are the result of inputting known
1983-1998 data for peak flow events, harvest rates, estimated low marine
survival ,and the extreme low escapements. The first model run was done
without a hatchery program being operated. The second model run included
the operation of the existing natural stock restoration program. Both model
runs include random variability, within the defined parameter limits. The blue
portion of the graphs represent wild/natural spawners and the red color
represents adult returns from the natural stock restoration hatchery program.
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Figure 15 North Fork Stillaguamish Chinook Salmon Escapement with
No Hatchery Program
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Figure 16 North Fork Stillaguamish Chinook Salmon Escapement with
Hatchery Program
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The Hatchery Scientific Review Group has developed a habitat, harvest and
hatchery management tool, the “All H Analyzer” (AHA model)
(www.hatcheryreform.org). Preliminary model runs of the North Fork
Natural Stock Restoration Program suggests that the current program size
minimizes hatchery impacts such as fitness loss to the natural population. The
program results in having the correct ratio of hatchery-origin spawners (HOS)
to natural-origin spawners (NOS) in both the broodstock and on the spawning
grounds to fully integrate the hatchery restoration program with the naturally
spawning population.
The goal for the natural stock restoration program is to see four consecutive
years of natural origin escapements over 700 into the North Fork
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Stillaguamish and its tributaries. The 700 NOS target was based on setting an
escapement number above the 500 NOS minimum escapement low abundance
threshold included in the 2004 Puget Sound Harvest Management Plan. That
500 NOS harvest management target was set based on several studies that
indicated that annual escapements below 500 NOS’s would pose a risk for the
population (Allendorf et al. 1997; McElhany et al. 2000; HSRG 2005). The
co-managers chose a number above 500 to allow for some protection/buffer in
the event that the population went into steep decline with suspension of the
natural stock restoration program.
The adaptive management plan for the natural stock restoration program is to
monitor the spawning escapement numbers and geographic distribution of
those fish within the watershed. Should the natural origin spawning
escapement fall below 500 fish for four consecutive years, the co-managers
will evaluate either restarting the natural stock restoration program (if it has
been de-activated) or expanding the scope of the existing program to preserve
the genetic diversity of the population.
Hatchery management has evolved significantly over the last twenty years to
reduce disease risk and improve genetic fitness. The 1999 listing of Puget
Sound Chinook salmon has focused attention on the effects of hatchery
programs on natural populations, in particular as they may affect the genetic
fitness and survival of natural populations. In cooperation with Washington
Department of Fish and Wildlife (WDFW) and NOAA Fisheries, the
Stillaguamish Tribe has developed a Hatchery Genetic Management Plan
(HGMP) for the Harvey Creek Hatchery program.
The HGMP
comprehensively describes the short- and long-term operating and monitoring
procedures that ensure the program is consistent with recovery goals for the
North Fork Stillaguamish population and the Puget Sound Evolutionarily
Significant Unit (ESU).
The HGMP and associated monitoring and evaluation plans provide a
management framework for the program, such that genetic and ecological
risks associated with artificial production and supplementation can be
researched and evaluated. This information can then be used to modify the
program to reduce or eliminate the risks. The HGMP may or may not call for
immediate changes in hatchery practices or production objectives. NOAA
Fisheries is expected to review the co-managers’ Hatchery Management Plan,
of which the HGMP is an integral part, with respect to conservation criteria
established by the ESA’s 4(d) rule.
Although the review of all Puget Sound HGMP’s is still in process and no
final authorization by NOAA Fisheries has been issued, the preliminary
review of the Stillaguamish Chinook Natural Stock Restoration Program by
Tim Tynan of NOAA Fisheries noted the following: “From a review of
estimated natural recruit per spawner and Stillaguamish hatchery Chinook
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contribution data, the program clearly is helping to sustain the listed
population in the midst of severe freshwater habitat degradation resulting from
surrounding land use practices. Protocols applied through the program appear
adequate to minimize the risk of genetic change and loss of genetic diversity
and fitness within the propagated populations, and among regional Chinook
populations” (Tynan 2000).
In addition to the review of the HGMP by NOAA Fisheries, an independent
science panel of fisheries experts, the HSRG panel, also reviewed the Chinook
salmon natural stock restoration program. Their evaluation includes the
following observations: “This program is consistent with short-term and longterm goals. The program appears to be reducing the risk of demographic
extinction of summer Chinook salmon in the North Fork Stillaguamish River.
The demographic benefits of this program outweigh the risks. The program
has a high likelihood of achieving its goals, particularly if pre-spawning
mortality and disease transmission can be controlled, and potentially reduced,
at the Harvey Creek Hatchery. This is a valuable program that has the
potential to provide very important long-term conservation benefits (HSRG
2002).”
In the HSRG’s upcoming report to Congress, the panel made the following
statements: “It is clear that the co-mangers in the Stillaguamish/Snohomish
region fully understand and subscribe to the principles and concepts
developed in the Hatchery Reform Project. Goals are clearly articulated,
credible progress has been made (or will soon be made) to implement reforms
and the infrastructure necessary to track progress and assure success over time
is evolving. In the near-term, the greatest value is likely to be produced from
investment in those regions where the co-managers are most prepared to
implement hatchery reform. The co-managers in those regions – most notably
the Stillaguamish/Snohomish, but also Hood Canal, Eastern Straits, and North
Coast regions – have demonstrated a firm understanding of the process of
hatchery reform and have made the decisions to implement change (HSRG
2005).”
Michael Ford (NOAA) and Kip Killebrew (Stillaguamish Tribe) completed
the preliminary 1999 draft Benefit Risk/Assessment Tool for the
Stillaguamish Natural Chinook Restoration Program. That assessment
utilized watershed specific data, broodstock information, escapement
/spawner ground surveys, and coded wire tag information from the Tribe’s
Hatchery Genetic Management Plan to complete the assessment. In addition
to this assessment, a preliminary analysis of North Fork microsatellite DNA
data by Willy Eldridge of the Northwest Indian Fisheries Commission has
further documented that the Tribe’s restoration hatchery program is
succeeding at maintaining genetic diversity (Eldridge and Killebrew,
unpublished data; Appendix F).
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The co-managers will utilize recently created models to evaluate ecological
interactions and the corresponding risk assessment and minimization (Busack
et al. 2005). In addition, the program’s potential impacts of domestication and
inbreeding depression will be evaluated using new modeling being developed
by NWIFC and WDFW. These factors and the associated risks can then be
evaluated against the risk of extinction modeling efforts underway by Greene
(personal communication, 2005) and Mobrand Biometrics (2005; Appendix I).

South Fork Stillaguamish
The SIRC believes that the limiting factors contributing to poor freshwater
survival in the North Fork Stillaguamish are also affecting freshwater survival
in the South Fork Stillaguamish. Therefore, the survival data and models
outlined in the North Fork Stillaguamish section of this chapter are applicable
and appropriate for the South Fork Stillaguamish as well.
The Hatchery Scientific Review Group has recently completed a technical
white paper “When Do You Start A Conservation Hatchery Program?” that
provides guidance based on a population’s effective size as to when that
population is at risk. A review of that document and recently completed DNA
analysis on the South Fork Chinook salmon population has indicated that “the
SF Stillaguamish fall run of Chinook is not at genetic risk requiring immediate
remediation in a new hatchery program. A restoration program should be
considered when the long term (1986-present) harmonic mean run size drops
to 180 fish per year, which would equate to an escapement of 100 adults per
year each year from 2005-2011 (Spidle, unpublished data; Appendix G).”
“The Chinook salmon from the South Fork Stillaguamish River have a healthy
effective population size, at the least, as evidenced by microsatellite data. It is
possible that the effective population size of the population has been inflated
by strays, perhaps of Green River (hatchery) origin. The South Fork
population remains genetically differentiated from the complex of Green
River derived populations (Spidle, unpublished data; Appendix D)”

Integrated Strategy
The Stillaguamish Watershed Chinook Salmon Recovery Plan includes habitat
management, harvest management, and hatchery management actions. The
plan discusses how the actions in each area are expected to affect the four
VSP parameters of the two Chinook salmon populations in the Stillaguamish
system, following the technical guidance for developing salmon recovery
plans (Puget Sound Technical Recovery Team and Shared Strategy Staff
Group 2003).
An essential part of this plan is a demonstration of how the actions in habitat,
harvest, and hatchery management are expected to work together to bring
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about recovery of the populations. Although the benefits of harvest
management (i.e., increased escapement) are realized almost immediately,
significant increases in habitat productivity will take decades to occur. The
best evaluation of whether habitat protection and restoration efforts are
successful or not in the Stillaguamish Watershed will be if increases in
Chinook salmon population productivity occurs over time. The planning
targets for Stillaguamish Chinook salmon populations reflect a condition of
restored habitat and a range of harvest scenarios. As long as habitat
conditions are restored to planning target levels, that habitat, along with
harvest management, will provide VSP consistent with recovered populations.
In the Stillaguamish Watershed, the inter-relationship between habitat,
harvest, and hatchery management can be examined by looking at the effects
of various recovery actions on the populations under different scenarios. The
current status and recovery targets for the two Stillaguamish Chinook salmon
populations can be expressed graphically in terms of spawner-recruit curves
from the output of Ecosystem Diagnosis and Treatment (EDT) modeling
(Figure 17). This figure shows the current status, recovery target, and historic
population numbers for the North Fork Stillaguamish Chinook population.
As demonstrated in the spawner-recruit curve, there is an upper limit on the
number of fish the system can produce under any particular scenario. This
upper limit is based on habitat condition limitations. It follows, then, that the
way to increase the upper limit is to improve habitat conditions.
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Figure 17. Expected population response if habitat improves and
harvest is managed at a low maximum exploitation rate.

The integration of the habitat, harvest, and hatchery recovery components of
the plan are driven by the monitoring status of the two Stillaguamish Chinook
salmon populations. Consistent negative changes over time in the trends in
abundance of the two populations will initially trigger short-term adaptive
management modifications to the hatchery and harvest management plans.
These two components of the plan can be modified the most quickly and will
potentially show a more immediate population response, in comparison to
changing habitat restoration activities. It is imperative that immediate
measures are taken in order to maintain effective population size. Habitat
restoration measures are likewise important, but can take longer to become
effective.
Adaptive harvest management triggers have been established for declining
escapements so that should the total (both North Fork and South Fork)
Stillaguamish Chinook salmon escapement drop below the critical threshold
of 650 fish, fisheries will be managed to either achieve the critical exploitation
rate ceiling, or exceed the low abundance threshold. The short-term strategy
is to harvest at less than the maximum sustainable harvest rate so as not to
impede recovery.
In addition to these harvest management triggers, the hatchery program
adaptive management plan is set up to respond to steadily declining trends,
over several years, in North Fork Chinook salmon escapement to below 500
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natural origin spawners. Recently completed DNA analysis of the South Fork
Chinook salmon population has indicated that “ the South Fork Stillaguamish
fall run of Chinook is not at genetic risk requiring immediate remediation in a
new hatchery program. A restoration program should be considered when the
long term (1986-present) harmonic mean run size drops to 180 fish per year,
which would equate to an escapement of 100 adults per year for each year
from 2005-2011 (Spidle, unpublished data; Appendix G). Should either of the
populations decline to these levels, the co-managers would develop plans to
either activate or expand natural stock restoration programs to provide enough
natural origin hatchery releases to maintain the population above the critical
threshold based on current survival estimates. In addition, to meet HSRG
guidelines on broodstock mining and to avoid the founder effect and
inbreeding depression concerns, no more than 25% of the run will be used for
broodstock annually. The exception to this target would be a catastrophic
decline in the population that endangered its immediate survival, in which
case genetics specialists would be consulted to determine the appropriate
broodstocking level.
While further reductions in harvest rates and increasing the output of hatchery
natural restoration smolts is expected to bring the population above the critical
low abundance threshold in the short-term, additional habitat restoration
activities will need to be implemented to improve the productivity of naturally
spawning fish. The currently proposed recovery plan relies in a significant
way on the improvement of habitat conditions to improve productivity,
capacity and equilibrium abundance. Productivity, or recruits per spawner, is
determined primarily by freshwater, estuarine, and marine survival related to
habitat conditions. Adaptive management of habitat restoration and protection
is driven by the assessment of which component(s) of the freshwater and
estuarine habitats are not meeting plan goals and objectives for
implementation or effectiveness or are indicative of unsupported assumptions
or hypotheses about watershed, riparian, in-channel, or estuarine function in
the Stillaguamish Watershed. Ecological conditions can be re-assessed
regularly by using Ecosystem Diagnosis and Treatment (EDT) modeling with
new effectiveness assumptions and new actions in new recovery scenarios.
The recovery trigger/goal for modifying the North Fork hatchery natural stock
restoration program is to see four consecutive years of increasing natural
origin escapements over 700 into the North Fork Stillaguamish and its
tributaries. The 700 NOS target was based on setting an escapement number
above the 500 NOS minimum escapement low abundance threshold included
in the 2004 Puget Sound Harvest Management Plan. That 500 NOS harvest
management target was set based on several studies that indicated that annual
escapements below 500 NOS’s would pose a risk for the population
(Allendorf et al. 1997; McElhany et al. 2000; HSRG 2005). The co-managers
chose a number above 500 to allow for some protection/buffer in the event

June 2005

88

Stillaguamish Watershed
Chinook Salmon
Recovery Plan

that the population went into steep decline with suspension of the natural
stock restoration program.
Habitat improvements and constrained harvest levels should allow the
population to recover to self-sustaining levels that support directed harvest in
most years. If the Chinook salmon populations show a positive response to
habitat recovery efforts, the co-managers will determine the future need and
size of Chinook hatchery programs to meet other management objectives such
as the U.S./Canada Indicator Stock Study and interim harvest goals.
As the populations recover, the long-term integrated strategy is to continue to
monitor abundance and spatial distributions through spawner ground surveys,
and productivity through operation of the smolt trap to ensure that all
components of the population are improving.
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5. Habitat Restoration
Strategy
10-Year Habitat Restoration
Projects
As described in Chapter 4, the SIRC has chosen to pursue an ambitious tenyear recovery strategy in the Stillaguamish Watershed that will result in a
projected increase in Chinook salmon populations to 30% of the TRT
planning target. Recognizing that there are many uncertainties associated
with a strategy over a ten-year time period, such as political, economic, and
social support for this strategy, poaching impacts, and natural climatic
occurrences, the SIRC agreed to a prioritized list of habitat projects that will
benefit Chinook salmon populations throughout the Stillaguamish Watershed.
Factors such as feasibility, landowner willingness, permitting, engineering and
coordination were considered in developing habitat project lists.

The SIRC has chosen to
pursue an ambitious
ten-year recovery
strategy that will
increase Stillaguamish
Chinook salmon
populations to 30% of
the TRT planning target.

Over 50 projects have been completed in the Stillaguamish Watershed since
1998 to manage and restore Chinook salmon habitat and watershed functions.
These have included riparian enhancements, engineered log jams, road decommissioning, landslide hazard mapping, bank stabilization, erosion and
sediment control, wetland buffer restoration, and conservation easements.
The Stillaguamish Lead Entity Strategy (Waller and Stevenson 2004) was
prepared in 2004 to guide and prioritize future voluntary actions and projects
in the watershed for funding by the Washington state Salmon Recovery
Funding Board. The Lead Entity Strategy organized habitat restoration
projects into six main categories (riparian, estuary, large woody debris,
floodplain, sediment, and hydrology), corresponding to the limiting factors for
Chinook salmon populations in the Stillaguamish Watershed.
The ten-year habitat restoration strategy adopted by the SIRC reflects the
categories and geographic priorities identified in the Lead Entity Strategy.
Addressing all habitat categories and watershed processes is essential for
salmon recovery efforts to be successful. The habitat management and
restoration actions proposed by the Stillaguamish Watershed Chinook Salmon
Recovery Plan follow the geographically-based criteria described below for
each limiting factor.
The SIRC has prioritized locations within the Stillaguamish Watershed where
management or restoration projects would assist in returning properly
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functioning conditions. Projects are ranked by criteria linked to the overall
watershed strategy for Chinook salmon recovery. Priorities for restoration
projects focus on key reaches where Chinook salmon are currently productive,
including spawning grounds, migration corridors and rearing areas. Some
projects will be implemented first in order for subsequent projects to be
effective (e.g. reduce upstream sediment sources before creating downstream
spawning habitat). However, individual projects identified by the community,
such as the Steelhead Haven landslide, are prioritized if they have the
potential to address multiple limiting factors.
The SIRC recognizes that some individual habitat restoration actions can have
potential liabilities. Impacts on adjacent or downstream properties should be
analyzed and addressed in project design and monitored during project
implementation. Adjacent property owners and other stakeholders should be
informed during feasibility and design phases to ensure broad-based
community support and appropriate project design.

Riparian
Riparian Project Types
Potential actions for protecting, restoring, and enhancing ecological functions
of the riparian zone include measures listed below:
Overall habitat enhancement:
 Planting native vegetation in the riparian corridor, especially in locations
where poor riparian conditions are present
 Streambank stabilization using native plants
 Exclusion of livestock
 Removal and control of noxious weeds
 Pest control measures
Restoring hydrologic processes:
 Inventory and evaluation of existing levees, dikes, roads, and railroads for
potential removal, relocation, or vegetation enhancement
Preservation actions:
 Protection of existing riparian corridors with fee-simple or conservation
easement acquisition
 Maintenance of existing vegetation communities in the riparian corridor

Riparian Geographic Criteria
Riparian restoration project sites will be selected using one or more of the
following criteria:
 Areas where Chinook salmon use is highest or adjacent to these areas
 Potential to restore basic riparian function:
June 2005

92

Stillaguamish Watershed
Chinook Salmon
Recovery Plan










reduction in water temperature
large wood recruitment
bank stabilization
cover and nutrients for salmon
In areas lacking properly functioning riparian forest cover located in upper
watersheds that will contribute to the greatest area of downstream
conditions for Chinook salmon.
Predominantly in rural, urban, and agricultural land uses and private
ownership.35

Riparian priority areas in the Stillaguamish Watershed are shown on Figure
18.

Approved Riparian Projects
The SIRC approved the following riparian restoration actions, including
riparian planting, maintenance, thinning, fencing, and weed control. Projects
are listed in the order that they may be implemented, according to the
geographic priorities described above.
1.

2.
3.








Restore 135 acres in Upper North Fork, Squire Creek, FrenchSelgelsen subbasin
Restore 65 acres in Lower South Fork Stillaguamish
Restore 65 acres in Middle North Fork Stillaguamish
Restore 35 acres in Lower South Fork Stillaguamish
Restore 65 acres in Middle North Fork Stillaguamish
Restore 35 acres in Lower South Fork Stillaguamish

Riparian buffers in the upper watershed regulated under the USFS Northwest
Forest Plan, the DNR Habitat Conservation Plan, and the Forests and Fish
Rules will provide a large percentage of the 8,000 acres needed for properly
functioning conditions in the Stillaguamish Watershed. Other portions of the
riparian zone throughout the Stillaguamish Watershed are in public ownership
under the jurisdiction of Snohomish County, WDFW, the cities of Arlington,
Stanwood, Granite Falls, and Darrington, and the Stillaguamish and Tulalip
Tribes. SIRC stakeholders have worked with numerous private landowners to
install and maintain voluntary buffers of varying widths. Private landowners
can also enroll in programs such as the Conservation Reserve Enhancement
Program (CREP) to be compensated for taking land out of production to
maintain riparian buffers.
35

Effective riparian restoration and management on state, federal and private industrial forestlands is a
critical component of salmon recovery in the Stillaguamish. However, this criterion recognizes that most
opportunities for community sponsored riparian restoration will not focus on state, federal and private
industrial forestlands. Riparian policy and project implementation in these areas are administered
according to established forest policies in federal and state laws as well as adopted habitat conservation
plans such as the Forests and Fish HCP (see Edwards 2003).
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Estuary/Nearshore
Estuary/Nearshore Project Types
Potential actions for restoration and enhancement of lost or degraded estuarine
and nearshore habitat areas include measures listed below.
Overall habitat enhancement:
 Restoration or enhancement of blind tidal channels and salt marsh habitats
through dike removal and/or setback (Hood 2004)
 Restoration of pocket estuaries
 Shoreline restoration to remove bulkheads and enhance native vegetation
 Construction of log-jams to enhance tidal channel formation in the river
delta
 Removal of noxious weeds in the estuarine environment
Restoring hydrologic processes and improving water quality:
 Removal of existing levees, dikes and revetments, where appropriate
 Dike setbacks to restore tidal processes and re-establish cut-off sloughs
 Tide gate retrofits
 Reduction of pollutants entering the estuary
Preservation actions include the following:
 Protection of functioning estuary, pocket estuary, and marine shoreline
habitats
 Purchase of fee-simple or conservation easements on estuary and marine
shoreline property

Estuary/Nearshore Geographic Criteria
Restoration project sites in estuaries and the nearshore will be selected using
one or more of the following criteria:
 Transition zones from fresh water to salt water, migratory corridors,
opportunities to escape predators, and foraging opportunities for Chinook
salmon
 Adjacent to areas subject to frequent tidal or seasonal flooding
 Shoreline areas that border Chinook salmon migration routes
 Evidence of historic blind tidal channel or salt marsh habitat
 Exhibit sustainable project development attributes:
 large parcels
 parcels with less development and utility infrastructure
 transportation or flood control structures
 parcels with marginal economic use that may improve through habitat
restoration
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Estuary priority areas in the Stillaguamish Watershed are shown on Figure 18.

Approved Estuary/Nearshore Projects
The SIRC approved the following estuarine actions, including estuary
restoration through dike setback and channel reconfiguration, estuary creation
by placing large wood in tidal areas, and increasing blind tidal and distributary
channels for Chinook salmon . Projects are listed in the order that they may
be implemented, according to the geographic priorities described above.
1.



2.



3.



Restore 115 acres of salt marsh estuarine habitat including 18 acres
of blind tidal channel habitat at Leque Island
Restore 80 acres of salt marsh estuarine habitat at The Nature
Conservancy property
Attempt to create 120 acres of salt marsh estuarine habitat by
placing 10 engineered log jams on the mud/sand flats (experimental
pilot project: to be monitored by adaptive management process)

Potential Estuary/Nearshore Projects
Restoration and protection of nearshore pocket estuary sites in Port Susan is
needed for the recovery of Stillaguamish Chinook salmon and bull trout
populations. However, there are only a few potential pocket estuary
restoration sites in WRIA 5. Most of the significant pocket estuary restoration
opportunities are located within the Lower Skagit River basin (WRIA 4),
Island County (WRIA 6), and the Snohomish River basin (WRIA 7).
Therefore, it is recommended that in addition to pursuing nearshore and
pocket estuary restoration in WRIA 5, the SIRC and TAG coordinate with
WRIAs 4, 6 and 7 to promote and support nearshore and pocket estuary
protection and restoration actions throughout Whidbey Basin and especially in
Port Susan and Skagit Bay. This coordination could include the following
SIRC and TAG actions:
 Review and understand the Port Susan and Skagit Bay nearshore elements
of the WRIA 6 and WRIA 7 salmon conservation plans;
 Explore opportunities to support protection and restoration nearshore
projects in WRIAs 4, 6 and 7;
 Support studies that improve scientific knowledge of the Whidbey Basin
nearshore habitat conditions and how they influence the recovery of natal
and non-natal salmonid populations; and
 Support public education, outreach, and technical assistance that addresses
the need for Port Susan and Skagit Bay nearshore habitat protection and
restoration.
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Large Woody Debris (LWD)
Large Woody Debris Project Types
Habitat enhancement:
 Placement of engineered log-jams and or individual wood pieces in
mainstem rivers to enhance instream habitat
 Use of large wood revetments or smaller structures to stabilize
streambanks or attenuate landslides
 Enhancement of riparian features in locations where poor riparian
conditions are present
Preservation actions:
 Purchase of fee simple or conservation easements to protect existing
riparian function
 Retention of mature forest characteristics in floodplain and stream
corridors

Large Woody Debris Geographic Criteria
Large woody debris project sites will be selected using one or more of the
following criteria:
 Areas where Chinook salmon use is highest or adjacent to these areas
 Promote effective restoration of Chinook salmon habitat upstream of the
confluence of the North and South Fork Stillaguamish Rivers.36:
 side channel connections
 pool development
 in-channel cover
 Sites where placement of large wood will also work to prevent chronic
landslides.
 Reaches where instream refugia are needed.
 Reaches where placing LWD will not jeopardize personal safety of
residents or cause damage to private property.
Large woody debris priority areas in the watershed are shown on Figure 20.

Approved Large Woody Debris Projects
The SIRC approved the following large woody debris actions, including large
wood placement in stream channels to increase pools, roughness, flow
variability, scour, and habitat types for Chinook salmon. Projects are listed in
the order that they may be implemented, according to the geographic priorities
described above.
36

Areas upstream of the confluence present more favorable floodplain connectivity and instream
conditions that make large wood placement more likely to produce habitat benefits. While the Lower
Stillaguamish floodplain lacks significant wood, it has more hardened banks that decrease the
effectiveness of wood placement.
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1.






5 engineered log jams (ELJs) in Lower South Fork-Upper (SF 3)
10 ELJs in French Segelsen and Middle North Fork (NF 7 & 4)
2 ELJs at North Meander
2 ELJs at Smokes Farm

2.





6 ELJs in Lower South Fork (SF 2)
9 ELJs in Lower North Fork (NF 2 & 3)
2 ELJs in North Fork (NF 3 & 5)

3.




9 ELJs in Lower North Fork (NF 2 & 3)
6 ELJs In Lower South Fork (SF 3)

Floodplain
Floodplain Project Types
The natural dynamics of a watershed are dependent on a natural rate of stream
meandering for recruitment of large woody debris (LWD), sediment
management for spawning gravels, and side channel habitat development.
These dynamics are necessary at a certain level for natural watershed
processes to be restored. Actions that may be utilized to improve floodplain
conditions include:
 Restoration of fish access to abandoned side channels and sloughs
 Re-connection of floodplains and forested wetlands to main river channels
 Dike setback and excavation to achieve either of the above

Floodplain Geographic Criteria
Floodplain restoration project sites will be selected using one or more of the
following criteria:
 Provide peak flow refugia and juvenile rearing and adult holding capacity
at a normal range of stream flows
 Promote instream connectivity between existing intact floodplain habitats
 Restore floodplain functions directly downstream of key spawning areas
to improve conditions for all juveniles and particularly stream-type
Chinook salmon
 Provide flood storage and mitigate peak flows consistent with the
Stillaguamish River Comprehensive Flood Hazard Management Plan
 Identified by willing landowners where hardened banks may be removed
 Owned by existing public entities or conservation organizations
 Low risk to life or property
 Marginal economic uses that may increase through restoration
 Threatened by development
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Floodplain priority areas in the watershed are shown on Figure 19.

Approved Floodplain Projects
The SIRC approved the following floodplain restoration actions including
dike setbacks, channel re-configuration, and creation of off-channel habitat.
Projects are listed in the order that they may be implemented, according to the
geographic priorities described above.
1.



2.



3.



4.



Restore 10 acres of new side channel at North Meander and Smokes
Farm
Restore 14 acres of new side channel in Lower and Middle North
Fork Stillaguamish
Restore 6 acres of new side channel in Lower South Fork
Stillaguamish
Remove 4.1 miles of bank armoring in North and South Fork
Stillaguamish

The SIRC will look for additional opportunities to include removal of
hardened bank throughout the watershed in other types of projects, such as
those addressing flood hazard management. If bank stabilization is preventing
available side channel flood relief and juvenile Chinook flood refuge, and
other approaches are acceptable to the current landowners, bank armoring
removal is recommended. Future outreach and stewardship efforts will
inform landowners of the importance of removing bank armoring throughout
the watershed. Information on alternative methods of bank stabilization
should also be provided to landowners.

Sediment
Sediment Project Types
Restoration of natural sediment regimes must address sediment sources where
mass wasting or land use activities route fine sediment directly to streams.
Potential actions to restore natural sediment regimes include the following:
 Engineered slope stabilization to reduce direct inputs from chronic and
deep-seated landslides that are active near main river channels
 Targeted road decommissioning and treatment
 Wetland restoration to stabilize small tributary sediment regimes
 Plant riparian vegetation and add LWD to protect and stabilize
streambanks

Sediment Geographic Criteria
Sediment project sites will be selected using one or more of the following
criteria:
 Where sediment routing has been documented from landslides or road
networks
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In areas identified by landslide hazard zoning maps
In subbasins with road densities greater than 2 miles of road per square
mile in conjunction with greater than 5% of the total road network on
unstable geology and traversing steep slopes

Sediment priority areas in the watershed are shown on Figure 20.

Approved Sediment Projects
The SIRC approved the following sediment actions including forest road
treatment and decommissioning, and landslide remediation to improve
embeddedness, turbidity and fine sediment. Projects are listed in the order
that they may be implemented, according to the geographic priorities
described above.
1.












Landslide remediation at Steelhead Haven - Lower North Fork
Landslide remediation at Gold Basin - Lower South Fork
Treat 48 miles of roads in Upper North Fork (federal, state, and
private)
Treat 5 miles of roads in the French-Segelsen subbasin (federal
only)
Treat 11 miles of roads in Deer Creek subbasin (state, private)
Treat 6 miles of roads in Middle North Fork (state, private)
Treat 12 miles of roads in the Upper Canyon Creek subbasin
(federal)
Treat 7 miles of roads in the Robe Valley subbasin (federal)
Treat 4 miles of roads in the Robe Valley subbasin (state, private)
Treat 3 miles of roads in the Lower Canyon Creek subbasin (state,
private)

Forest road treatment options range from storm-proofing to total road
obliteration, where the entire road prism is removed. Sediment reduction and
transport of water to natural channels is the primary objective. Many forest
roads were built by old standards and are brought up to current standards. In
most cases, culverts are replaced, upgraded, or removed, side-cast material is
pulled back, and ditches are maintained to carry water to the next natural
channel. Installation of numerous cross drains is another solution to sediment
and water problems. At a minimum, removing culverts can save roads from
being completely washed out in the absence of ongoing maintenance.
Responsible agencies have standards for different types of road decommissioning projects, which may include re-vegetation, based on existing
conditions. The SIRC supports coordination among the appropriate agencies
and stakeholders to ensure the success of these road treatment and decommissioning projects.
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Hydrology
Hydrology Project Types
The following actions have the potential for improving hydrological
conditions in the Stillaguamish Watershed:
 Restoration of floodplains, including wetlands, to increase infiltration,
slow runoff, and reduce downstream peak flow impacts
 Development of plans in forested regions that target the reduction of road
density and de-commissioning of under-utilized forest roads
 Improve the age class and cumulative acres of forested land cover
 Identification of optimum instream flow levels and actions to reduce water
consumption throughout the watershed.

Hydrology Geographic Criteria
Hydrology project sites will be selected using one or more of the following
criteria:
 Floodplain and wetland restoration in higher elevation watersheds
upstream of Chinook salmon spawning areas impacted by peak flows
 Forest protection strategies in the rain-on-snow zone (1000–3000 feet
elevation)
Hydrology priority areas in the watershed are shown on Figure 19.

10-Year Habitat Project Costs
A summary of habitat projects, with estimated cost information, included in
the SIRC’s approved 10-year strategy, is shown in Table 10.
Table 10. SIRC 10-Year Watershed Goal: Habitat Project Costs
Project Type
Riparian
Estuary
Large Wood
Floodplain
Sediment

Units
Acres Planted
Acres Restored
Acres Created
Engineered Log Jams
Acres Restored
Armoring Removed
Landslide Treatments
Forest Road Treatment
(miles)
Acres Acquired

Acquisition
Subtotal
+40% Contingency & Inflation
Total
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Quantity
400
195

Cost/Unit
$7,500
$20,000

Total Costs
$3,000,000
$3,900,000

120
51
30.0
4.1

$6,700
$67,000
$100,000
$250,000

$804,000
$3,417,000
$3,000,000
$1,025,000

2

$2,250,000

$4,500,000

$30,000
$6,000

$3,180,000
$8,670,000
$31,496,000
$12,598,400
$44,094,400
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These costs can include acquisition or compensation if necessary, depending
on the wants of the public or private landowner. As stated earlier, most
salmon recovery funding at this time comes from the Washington State
Salmon Recovery Funding Board. The CREP program pays farmers for
cropland taken out of production while a buffer is planted to restore the
riparian zone. Many of the landowners in the Stillaguamish valley value the
forests, streams and wildlife and want to participate in the restoration process
voluntarily, but compensation will be considered when appropriate.
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Figure 18. Riparian and Estuary Priority Areas.

103

June 2005

Stillaguamish Watershed
Chinook Salmon
Recovery Plan

Figure 19. Floodplain and Hydrology Priority Areas
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Figure 20. Large Wood and Sediment Priority Areas.
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Anticipated Results
Table 11 presents EDT model results for current conditions, the SIRC
watershed goal, properly functioning conditions, the Shared Strategy target,
and historical conditions (Mobrand Biometrics 2004).
Table 11. Chinook salmon population performance for a range of
habitat conditions (Mobrand Biometrics 2004)
Scenario
Current
10-Year
Goal
PFC
Target
Historical

Chinook
Population
South Fork
South Fork

Life History
Diversity
45%
79%

Intrinsic
Productivity
1.4
3.4

3,028
4,543

Equilibrium
Abundance
861
3,196

South Fork
South Fork
South Fork

100%
100%
100%

10.0
10.7
15.1

17,170
16,973
22,638

15,460
15,387
21,141

Capacity

Current
10-Year
Goal
PFC

North Fork
North Fork

58%
86%

2.7
5.4

3,839
7,316

2,430
5,950

North Fork

100%

10.6

19,297

17,482

Target
Historical

North Fork
North Fork

100%
100%

11.9
15.6

19,435
26,725

17,795
25,012

Figures 21 and 22 graphically represent the expected results of the 10-year
strategy on the two Chinook salmon populations in the Stillaguamish
Watershed (Mobrand Biometrics 2004).
The short-term (10-year) goal for South Fork Stillaguamish Chinook salmon
is an equilibrium abundance of 3,196 spawners. Assuming that the South
Fork population has been self-sustaining under the current degraded habitat
conditions and harvest management guidelines, this population should
respond in a positive manner to the implementation of the proposed habitat
improvements. The population should show an increase in both abundance
and productivity as the fish take advantage of a broader range of habitat
conditions. As the population increases, a response in the distribution of
spawners over a larger geographic range and time period should be
anticipated. This assumption has been documented with the transfer of west
coast Chinook salmon to the Great Lakes region and New Zealand (Quinn et
al. 2000).
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Figure 21. South Fork Population Performance
SF Stock Recruitment Relationship
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The long-term (11-50 years) goal for South Fork Stillaguamish Chinook
salmon is an equilibrium abundance of 15,387 spawners. That equilibrium
abundance will be achieved through the implementation of additional habitat
restoration plans. If the co-managers determine that the South Fork
population is not self-sustaining or does not respond positively to the habitat
restoration activities, a natural stock hatchery restoration program would be
considered under an adaptive management scenario.
The short-term (10-year) goal for North Fork Stillaguamish Chinook salmon
is an equilibrium abundance of 5,950 spawners. This population should
respond in a positive manner to the implementation of the proposed habitat
improvements in the North Fork Stillaguamish. The population should show
an increase in both abundance and productivity as the fish take advantage of a
broader range of habitat conditions.
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Figure 22. North Fork Population Performance
NF Stock Recruitment Relationship
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The long-term population planning target for North Fork Chinook salmon is
an equilibrium abundance of 17,795. These fish will be distributed
throughout the known historic range of usage for both the mainstem North
Fork and its tributaries with a population productivity (11.9) sufficient to
support terminal area fisheries in most years.

Long-Term Habitat Restoration
Projects
Following the implementation of restoration projects outlined in the SIRC’s
approved 10-year strategy, the watershed will reach approximately 30% of
properly functioning conditions and the Chinook salmon population target. In
years 11-50, the restoration actions shown in Table 12, if fully implemented,
should result in reaching both the properly functioning conditions and
population targets for the watershed. All restoration efforts are contingent
upon protecting existing habitat using a combined enforcement and incentive
program, and assume natural oceanographic conditions and predictable
harvest and natural predation levels.
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Table 12. Habitat project costs, years 11-50
Project Type
Riparian

Units
Acres Planted

Estuary

Acres Restored
Acres Created

Quantity
7600

Cost/Unit
$7500

Total Costs
$57,000,000

1,055

$20,000

$21,100,000

650

$6,700

$4,355,000

Large Wood

Engineered Log
Jams

11

$67,000

$737,000

Floodplain

Acres Restored

120

$100,000

$12,000,000

Armoring
Removed
Landslide
Treatments
Forest Road
Treatment
Acres Acquired

18

$250,000

$4,500,000

8

$2,250,000

$18,000,000

424

$30,000

$12,720,000

5780

$6,000

$34,680,000

Sediment

Acquisition
Subtotal

+40% Contingency and Inflation
Cost for Years 11-50
Cost for Years 1-10 (from Table 10)
SIRC 50 Year Plan Total Costs

$165,092,000
$66,036,800
$231,128,800
$44,094,400
$275,223,200

Stakeholders for Implementation
A wide variety of Stillaguamish Watershed stakeholders are capable of
implementing the habitat projects described above. These agencies and
organizations were influential in the development of the project concepts
through the SIRC and will be involved in implementation of project actions,
as well as overseeing progress toward the overall goals of this plan.
Implementing the habitat project actions identified in this chapter will require
commitments from a number of stakeholder organizations. In many cases,
meeting these commitments will require certain conditions such as funding
from federal or state sources, willing landowner support, permitting, technical
assistance, or a formal public review process. These commitments and
conditions will evolve over time with ongoing analysis and coordination
related to on-the-ground project actions. Assumed capabilities and past
project implementation experience of habitat restoration project stakeholders
are shown below (subject to refinement):
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Washington Department of Fish and Wildlife – Estuarine wetland
restoration, fish passage improvements, riparian fencing, re-vegetation,
off-channel rearing, technical assistance
Stillaguamish Flood Control District – Estuarine, floodplain, riparian
Snohomish Conservation District – Forest road treatment, riparian,
floodplain, best management practices
U.S. Forest Service – Forest road treatment and hydrology
Washington Department of Natural Resources – Forest road treatment and
hydrology
Adopt-A-Stream - Riparian
Stilly-Snohomish Fisheries Enhancement Task Force – Riparian,
floodplain, side channels, LWD, estuarine projects
Stillaguamish Tribe Banksavers - Riparian
Ducks Unlimited – Estuarine
The Nature Conservancy – Estuarine
City of Arlington – Hydrology, riparian, floodplain
Department of Ecology – TMDLs, water quality issues
Private landowners – All project types
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6. Habitat Protection Strategy
Existing Habitat Protection Actions
The following is a brief description of the jurisdictions or agencies in the
Stillaguamish Watershed that have adopted regulatory or programmatic
actions to protect those habitat functions necessary to recover sustainable
populations of Chinook salmon. Table 13 is a summary of the various
jurisdictions’ and agencies’ existing habitat protection actions, as linked to the
six limiting factors for Chinook salmon in the Stillaguamish Watershed.
City of Arlington
 GMA Comprehensive Plan (developing 10-year update in 2005)
 Critical Areas Regulations
 Land use codes

Without protecting
existing habitat
functions, restoration
activities cannot
reverse the decline in
Chinook salmon
populations.

City of Stanwood
 GMA Comprehensive Plan (developing 10-year update in 2005)
 Critical Areas Regulations
 Land use codes
Snohomish County
 GMA Comprehensive Plan (developing 10-year update in 2005)
 Critical Areas Regulations (under revision in 2005)
 Shoreline Master Plan (scheduled for update in 2005)
 Land use codes
Skagit County
 GMA Comprehensive Plan (developing 10-year update in 2005)
 Critical Areas Regulations
 Shoreline Master Plan
 Land use codes
Washington Department of Ecology
 Developing TMDL water quality plans
 Instream flow rule setting
 Wetlands protection regulations
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Washington Department of Fish and Wildlife
 Hydraulic Project Approval permits
 Enforcement officers
Washington Department of Natural Resources
 Habitat Conservation Plan (for state managed lands)
 Forest and Fish Rules (for private forestry)
U.S. Forest Service
 Northwest Forest Plan
Table 13. Relationship of Chinook salmon habitat protection to limiting
factors
Jurisdiction/
Agency
City of
Arlington
City of
Stanwood
Snohomish
County
Skagit County
WA State
Department of
Ecology
WA
Department of
Fish and
Wildlife
WA
Department of
Natural
Resources
US Forest
Service

Riparian

Estuary

Large
Woody
Debris

3

3

Floodplain
3

3

3

3

3

3

Sediment
3

Hydrology
3

3

3
3
3

3

3

3

3
3

3

3

3

3

3

3

3

3

3

3

Habitat Protection Tools
Protecting existing, functioning habitat in the Stillaguamish Watershed is
absolutely necessary to ensure recovery of Chinook salmon populations. The
current and future status of Chinook salmon in the watershed depends on
protecting the remaining places where good habitat functions still exist. High
quality habitat increases salmon population productivity which, in turn, helps
maintain adequate numbers. Without protecting existing habitat functions,
restoration activities cannot reverse the decline in Chinook salmon
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populations. In addition, protection of existing habitat is cost-effective and
provides a degree of certainty to achieving salmon recovery objectives.
Protection can be achieved with a variety of tools that provide different levels
of certainty for specific habitat attributes and long-term benefits to the
environment. It is important to utilize a variety of protection strategies to
meet the overall needs of the watershed, as well as to match site-specific
conditions. The SIRC has emphasized its desire for a comprehensive
approach that balances protection of Chinook salmon habitat with
preservation of private property rights. This balance can be achieved through
use of a variety of regulatory tools and incentive-based voluntary actions.
According to stakeholder interests and landowner needs, a mix of both
regulatory and non-regulatory tools should be used in achieving salmon
recovery objectives in the Stillaguamish Watershed.
The goal of the strategies described in this section is to protect existing
salmon habitat throughout the Stillaguamish Watershed to ensure no net loss
and to prevent further degradation. There are a number of policy, regulatory,
and programmatic approaches that may be utilized for protection of salmon
habitat to achieve recovery objectives.
The following are potential
mechanisms that would be beneficial to salmon recovery efforts in the
Stillaguamish Watershed. Each of these is addressed in more detail below.





Non-regulatory and programmatic actions, such as incentive-based
approaches
Integration of salmon recovery goals and objectives with local
comprehensive plans and land use policies
Compliance and enforcement of existing regulations
Revisions to existing regulations or adoption of additional regulatory
requirements as necessary

Incentives and Non-Regulatory Approaches
Incentives such as financial, public relations, social, or cultural rewards can be
used to encourage positive actions that contribute to salmon recovery and
watershed protection efforts. Incentives are often less expensive than
investments in costly capital facilities, and provide watershed stakeholders
with recognition for their good stewardship. Recovery of listed salmon
species and removal from the ESA list will reduce landowner costs through
expedited permit processes and by no longer requiring preparation of projectrelated biological assessments.
The following are some potential incentives and other innovative approaches
that may be utilized to achieve salmon recovery and watershed protection
objectives:
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Develop or continue programs that allow tax reductions for protection and
restoration of riparian and forested areas. Examples of eligible activities
may include setting aside buffers larger than those required by critical
areas regulations, and enhancing degraded riparian buffers or open space
parcels.
Promote recognition programs for local farmers and other landowners to
encourage active stewardship and participation in salmon recovery efforts.
Provide financial incentives and technical assistance for ecologically
sensitive alternatives to bank armoring. Snohomish County’s Cooperative
Bank Stabilization Program provides technical assistance and some
material costs. Landowners are responsible for project permitting and
construction.
Promote streamlined permitting processes for restoration projects and for
rural residential landowners who plan to develop or re-develop their lots if
they agree to engage in voluntary stewardship activities.
Use transfer or purchase of development rights programs to protect forest
cover and minimize development of impervious surfaces. These programs
allow willing rural landowners to sell unused development rights to
property owners in urban areas, helping to preserve rural land uses and
densities, as well as retain agricultural and forest lands in the watershed.
Snohomish County and the City of Arlington have a transfer of
development rights pilot program.
Encourage implementation of recovery actions by qualifying
implementing agencies for state and federal grant and loan programs.
Develop incentives to reduce or minimize impervious surfaces through the
use of low impact development techniques to reduce stormwater runoff.
Offer reduction in stormwater fees for those landowners who build and
maintain stormwater drainage systems that exceed minimum regulatory
requirements.
Develop incentives to promote water conservation throughout the
watershed.
Create other innovative programs to provide regulatory flexibility and
encourage stewardship by individual land owners.

Comprehensive Plans and Policies
Comprehensive plans and policies provide a broad framework that can be
used in developing and implementing salmon recovery plans. Planning
policies related to salmon habitat include those for natural resources,
protection of environmentally sensitive areas and open space, agriculture, and
to an extent, transportation. However, as related to protection of salmon
habitat, potential conflicts may be found between comprehensive plan
policies. For example, preservation of sensitive fish habitat may conflict with
designated land uses or densities, agricultural uses, economic development
initiatives, or siting of essential public facilities.
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Local governments should review and revise their comprehensive plans and
policies to incorporate the objectives of salmon recovery planning. Revision
of these policies may prioritize salmon habitat protection through conserving
resource lands and open space areas, minimizing land use patterns that
encourage urban sprawl, and maintaining economic development that supports
processing and marketing the capacity of local natural resource production.
Following are some additional recommendations regarding comprehensive
plans and polices related to salmon habitat protection:






Revise existing policies and incorporate new policies to specifically
address protection of salmon habitat.
Incorporate higher levels of salmon habitat protection (such as livestock or
vegetation management guidelines) into applicable policies.
Adopt county or city comprehensive plan goals that integrate salmon
recovery objectives with critical areas protection, forest cover retention,
habitat connectivity, stormwater management, open space planning, and
parks and recreation.
All cities, counties, state and federal agencies, tribes, and other
stakeholder organizations in the Stillaguamish Watershed should adopt
policies and objectives to protect and restore salmon habitat and watershed
processes. Specific actions supporting these policies and objectives may
include:
 Support low-density/low impact land uses in rural areas outside of
urban growth areas;
 Protect and restore appropriate riparian areas;
 Maintain and restore natural streambank conditions;
 Protect and restore natural watershed functions in the floodplain and
channel migration zone;
 Retain large woody debris in streams to support salmon habitat and
restore natural watershed processes;
 Eliminate existing fish passage barriers such as culverts and tide gates
and prevent the creation of new barriers;
 Achieve no net loss of wetland functions and values, and restore
degraded wetlands where possible;
 Avoid cumulative adverse impacts to streams, riparian corridors, and
wetlands throughout the watershed; and
 Address salmon habitat protection in management plans for natural
areas and open spaces.
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Land Use Recommendations
Agriculture
Working with these landowners is a critical piece of a comprehensive salmon
recovery effort in the watershed. The SIRC has developed a cooperative and
collaborative approach to involve Stillaguamish farmers in watershed issues,
including salmon habitat protection and restoration. Ongoing efforts to work
with this important community should include the following:










Support policies and programs that contribute to profitable and sustainable
agriculture.
Retain the infrastructure necessary to support sustainable agricultural land
potential.
Avoid subdividing of agricultural land.
Purchase conservation easements where appropriate from willing sellers.
Install vegetated riparian buffers, utilizing funding from the Conservation
Reserve Enhancement Program, discretionary funds, local cost-share
programs, and other sources.
Provide technical assistance, incentives, cost sharing, and recognition to
help implement on-the-ground projects (e.g. removing/replacing culverts
or other fish passage barriers; restoring stream banks to natural conditions;
livestock fencing).
Identify the needs and differences between the regulated commercial
agricultural community and non-regulated hobby farmers.

Forestry
Approximately three-quarters of the Stillaguamish Watershed is in forestry
land uses. The following are recommendations for salmon habitat protection
on forestlands under various ownership, including federal and state lands,
large commercial lands, and private rural forestlands:
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Protect intact forest lands and minimize forest cover loss.
Maintain viable forest lands through sustainable forestry.
Support land use policies that keep forest lands in forestry production.
Discourage conversion of forest lands to residential development.
Encourage development of forest stewardship plans, transfer/purchase of
development rights, and acquisition to protect and restore forest cover.
Acquire forested parcels providing high benefit to salmon habitat through
fee or easement or acquiring harvest rights.
Provide education and technical assistance to small forestry operations and
private rural forest landowners.
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Utilize monitoring results in an adaptive management process to develop
and refine recommended actions.

Rural Residential and Urban Land Use
Rural residential areas make up a large percentage of the Stillaguamish
Watershed. These lands are outside of Urban Growth Area (UGA) boundaries
and areas zoned for commercial or industrial use. Urban areas in the
watershed include the cities of Arlington, Stanwood, and Granite Falls and
their associated UGAs, as well as a portion of the Darrington UGA. State and
local laws require the protection of existing environmental functions in both
urban and rural areas. Focusing growth in existing urban areas will protect
remaining habitat in the rural areas of the watershed. Retention of rural land
uses is critical to achieving salmon recovery objectives.
Rural residential and urban development can result in decreased forest cover
and increased impervious areas, including roads, parking lots, roofs, and
driveways. These activities contribute to reduced natural infiltration and
evapotranspiration and increased stormwater runoff, which cumulatively lead
to degraded hydrologic functions, sediment transport processes, and in-stream
habitats. The following are recommendations for rural residential and urban
land uses to protect salmon habitat and watershed processes:












Avoid expansion of Urban Growth Area Boundaries adjacent to critical
Chinook salmon habitat areas.
Avoid creation of high-density residential developments or commercial
centers outside established urban growth areas.
Focus growth and development where infrastructure already exists.
Protect existing wetlands, riparian areas, forest cover and other habitat
areas where possible.
Encourage higher densities and cluster development in urban areas and
away from riparian corridors and wetlands to allow for maximum buildout of developable lands and to maintain maximum forest cover.
Enforce clearing and grading and tree retention regulations for new
development and site alterations.
Minimize new impervious surfaces and implement low impact
development practices to maintain hydrologic function.
Develop urban forestry programs to retain existing trees, encourage
planting, and engage volunteers.
Provide education and technical assistance to landowners on natural yard
care and gardening practices.
Utilize monitoring results in an adaptive management process to develop
and refine recommended actions.
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Roads and Utilities
Siting roads and utility corridors across streams, wetlands, riparian and
wetland buffers can degrade salmon habitat and restrict fish passage. The
following are recommendations to reduce the impacts of these activities on
salmon habitat:








Avoid or minimize effects of existing and future roads on critical areas.
Apply best available science in construction and maintenance of roads and
utilities that minimizes riparian, floodplain, and water quality impacts.
Develop road mitigation practices consistent with salmon recovery goals.
Identify alternative siting or designs that reduce impacts to critical areas.
Limit expansion of urban infrastructure beyond urban growth areas.
Site new infrastructure away from riparian areas, channel migration zones,
and marine shorelines.
Prevent new barriers to anadromous fish passage.

Regulatory and Programmatic Actions
A variety of regulatory and programmatic tools may be applied for protection
of salmon habitat and watershed processes. These include local Growth
Management Act land use regulations and programs, as well as other state and
federal regulations such as the Shoreline Management Act, Department of
Natural Resources’ Habitat Conservation Plan (HCP), Clean Water Act, Fish
and Forest Rules, and the Northwest Forest Plan. Environmental regulations
should be used wherever applicable to provide the necessary levels of
protection, but should also be flexible to adjust to local environmental
conditions and functions based on the best available science. The following
are regulatory and programmatic tools that can be utilized to protect the
Chinook salmon habitat and reduce the impacts of the habitat limiting factors
in the Stillaguamish Watershed.

Riparian








June 2005

122

Include all riparian zones around streams as fish and wildlife habitat
conservation areas in critical areas regulations.
Avoid clearing and development in riparian buffer areas, except for
projects that will restore natural processes and native vegetation, through
critical areas regulations.
Maintain sufficient buffers along fish-bearing streams based on sitespecific biological assessments or best available science when local
regulations are not available.
Protect wetlands and their functions and values that support salmon habitat
and other watershed processes through critical areas regulations.
Avoid, minimize, restore, and mitigate for impacts to wetlands.
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Large Woody Debris





Prohibit removal, relocation, or modification of large woody debris in
aquatic habitats and adjacent banks.
Remove or re-locate large woody debris posing an imminent threat to
infrastructure and essential facilities. Place wood back into the system at a
location where it will not pose an immediate hazard and where the lack of
large woody debris has been identified as a problem.
Install large woody debris in a manner that does not prevent navigation.

Floodplain

















Discourage new development in the floodplain through critical areas
regulations or flood hazard management regulations.
Identify channel migration zones as critical areas because they are
important fish and wildlife conservation areas.
Only allow development where these activities will not increase flood
elevations, decrease storage capacity, prevent restoration of historical
floodways, or restrict natural erosion and accretion processes.
Inform those wishing to build in these areas of the value of natural
floodplains and channel migration zones for salmon habitat and the
potential hazards of development.
Where development is allowed in the floodplain, encourage restoration
and enhancement of floodplain processes and habitat where feasible.
Prohibit new dikes, levees, tide gates, floodgates, pump stations, culverts,
dams, water diversions, and other floodplain alterations unless these
activities will not impair floodplain processes, restrict adult or juvenile
habitat access or escape, or it has been demonstrated that no feasible
alternative exists.
Incorporate large woody debris or other habitat enhancements into flood
control and bank stabilization measures to protect and enhance salmon
habitat.
Consider setbacks and the use of bioengineering techniques where it is not
feasible to decommission existing flood control facilities.
Locate new development away from shoreline areas wherever feasible to
reduce the need for future bank stabilization measures.
Allow bank stabilization of natural shorelines with equivalent mitigation
only after demonstrating a threat to existing residential or commercial
structures or public facilities.
Require bioengineering techniques that incorporate vegetation and woody
debris when there is no feasible alternative but to stabilize banks or repair
existing dikes or levees. These techniques have lower long-term
maintenance costs and provide a more suitable environment for salmon
than riprap or other bank hardening structures.
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Where shorelines have been modified, encourage re-development
activities to include salmon habitat improvements through methods such
as bioengineering and construction of setback dikes and levees.
Use the Washington State Department of Fish and Wildlife Integrated
Streambank Protection Guidelines as guidance for shoreline modifications.

Sediment









Identify and map landslide hazard areas for protection through critical
areas regulations.
Prohibit clearing and grading activities and building of new roads in
landslide hazard areas except where necessary for public health and safety.
Stabilize human-caused slope failures or landslides only to the extent
necessary to prevent damage to people, property, and salmon habitat.
Bioengineering methods and materials should be used where feasible.
Adopt clearing and grading ordinances to limit impacts of sedimentation
and to encourage development and retention of mature conifer forests,
especially in riparian zones and headwater areas.
Require effective erosion and sedimentation controls, such as silt fences,
hydroseeding, and slope stabilization.
Develop seasonal rules that reduce risk during high precipitation periods.

Hydrology
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Protect and restore hydrologic processes, groundwater recharge and
natural storage areas.
Promote natural infiltration wherever feasible.
Adopt grading ordinances that protect natural drainage swales that provide
measurable storage during storm events.
Develop and/or adopt a stormwater design manual, equivalent to the
Washington State Department of Ecology’s Stormwater Management
Manual for Western Washington (Washington State Department of
Ecology 2001). This manual should include standards for development
activities during both the construction and post-construction phases,
including management of stormwater runoff and maintenance of
stormwater management facilities.
Develop stormwater comprehensive plans that inventory and prioritize
retrofitting or replacement of stormwater management facilities as needed.
Minimize impervious surfaces to reduce stormwater flows and pollution.
Use low impact development techniques to manage stormwater from new
development or re-development activities wherever feasible.
Protect and restore wetlands.
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Water Quality





Identify water quality problem areas and existing pollutant sources.
Reduce or eliminate pollution sources that affect salmon (i.e., dissolved
oxygen, turbidity, suspended solids, and heavy metals).
Participate in regional and local water quality monitoring efforts through
TMDL, NPDES, and wellhead protection programs.
Protect and restore wetlands.

Noxious Weeds




Implement a comprehensive Integrated Pest Management program to
eradicate noxious weeds through removal, technical assistance, education,
outreach, and volunteer programs.
Develop a process that assures land management activities and restoration
projects include a noxious weed control component.

Mitigation




Mitigation for impacts to salmon habitat and wetlands should be directed
to watershed restoration and protection efforts.
Consider the potential for mitigation banking to preserve functioning
habitat in the watershed.
Develop an application and qualification process for SIRC stakeholders to
access mitigation funds resulting from regulatory violations.

Acquisition
To achieve adequate habitat protection, the existing inventory of sensitive
riparian habitats used by Chinook salmon can be refined using assessments
and new information. This updated inventory can be used for the
development of a priority list for acquisition. Priorities for habitat protection
should focus on habitat linkages and ecosystem connectivity. Critical habitats
can be acquired by willing landowners using fee simple or conservation
easements.

Compliance and Enforcement
Compliance and enforcement of existing regulations is essential to prevent
continuing habitat degradation and to ensure long-term salmon recovery and
watershed protection objectives.
All federal, state, local, and tribal
governments and other stakeholder organizations in the Stillaguamish
Watershed should ensure that compliance with existing regulations is enforced
to the maximum extent practicable. This should include inter-jurisdictional
cooperation to meet regulatory goals and additional emphasis on enforcement.
Lack of enforcement personnel and funding is a significant contributor to
current poor habitat conditions. Local jurisdictions must have the capacity to
enforce regulations in order to prevent further degradation and loss of
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Chinook salmon habitat. Existing local government zoning, critical areas, and
other development regulations should be enforced to:
 Protect riparian areas and wetlands
 Prevent resource extraction or development in streams and wetlands
 Prevent increases in sediment transport and increased stream temperatures
 Prevent increase in stormwater flow frequency and transport
Priorities for regulatory enforcement should include areas that have high
restoration potential and areas that maintain habitat linkages.
Another enforcement issue is poaching of threatened salmon including
Chinook salmon at over 30 public access sites on the Stillaguamish River.
Both the Stillaguamish Tribe and WDFW have a limited number of
enforcement officers to catch all violators and often have to rely on citizen
reports. Illegal nets are confiscated on a regular basic during peak fishing
time. A combination of more enforcement officers, stiff fines for violations,
and citizen education will be essential to solve this problem.
Potential opportunities for improved compliance and enforcement of existing
regulations include:
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Provide adequate funding for technical assistance, field inspection, and
enforcement staff (e.g., ongoing code compliance, erosion control
inspection).
Increase coordination and consistency between agencies for development
review issues related to protection of salmon habitat and aquatic resources.
Provide additional training as necessary for permit review, inspection,
monitoring, and enforcement staff in the latest best management practices.
Maintain a 24-hour phone line, web address, and other mechanisms to
report violations related to Chinook salmon.
Consider adequacy of mitigation requirements and penalties for code
violations. Significant impacts to existing conditions must be mitigated or
compensated for.
Adopt common scientific performance measures to track effectiveness of
enforcement activities over time.
Review results of violations reporting in an adaptive management process
triggered by data gathered during monitoring activities indicating failure
to meet desired targets.
Utilize monitoring results in the development of recommended actions.
Establish an annual review of the various adaptive management processes.
Disqualify those stakeholders for state and federal grant and loan
programs who do not follow or meet their commitments to this Plan.
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7. Stewardship Education
and Outreach Strategy
Introduction and Background
Stewardship education and outreach are essential elements of the
Stillaguamish Watershed Chinook Salmon Recovery Plan because many of
the proposed actions require the support of the general public and the
involvement of landowners who are willing to protect and restore salmon
habitat on their private property. Regulatory actions alone cannot adequately
protect and restore salmon or the freshwater and marine habitat conditions that
are required for salmon recovery. Therefore, it is necessary to actively work
with the general public and private property owners to identify and implement
locally acceptable actions that will produce measurable results for Chinook
salmon recovery in the Stillaguamish Watershed.

The greatest impact, in
terms of both public
engagement and
action, occur with a
combination of
information,
educational activities,
and technical
assistance.

In response to the need for a well-defined, results-oriented effort to promote
public awareness and support for salmon recovery, this stewardship education
and outreach strategy achieves the following:







Explains the stewardship approach recommended by the SIRC for
organizing public education and outreach efforts for salmon recovery;
Defines the SIRC’s public education and outreach goals;
Identifies important target audiences;
Prioritizes specific topics for public education and outreach;
Describes existing and recommended stewardship activities; and
Recommends base funding for core stewardship activities.

Stewardship Approach for Public
Education and Outreach
To effectively raise public awareness and engage citizens in Chinook salmon
recovery, education and outreach activities must be guided by clear goals and
a conceptual model that defines the mechanisms by which such activities will
generate useful results. Opinion research among Snohomish County residents
shows that the concepts of “stewardship” and “personal responsibility”
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resonate with local residents and they are strong motivators for action (Ward
and Ransley 2004). The SIRC therefore supports a “stewardship approach”
for organizing public education and outreach activities.
The SIRC recognizes the importance of understanding the types of results that
can be expected from different types of stewardship education and outreach
activities. Wide-reaching activities, such as newsletters and brochures, are
useful for reaching large audiences and have a relatively low per capita cost,
but generally do not produce significant measurable results in terms of
behavioral change or action. At the other end of the spectrum, direct technical
assistance to individual landowners is generally more effective at promoting
specific actions, such as the adoption of best management practices (BMPs)
and landowner participation in salmon habitat protection and restoration
projects. Direct personal contact has a higher per capita cost, but the
measurable results in terms of salmon habitat protection and restoration are
much greater. The greatest impact, in terms of both public engagement and
action, occur with a combination of information, educational activities, and
technical assistance. This conceptual model simply explains what many
stewardship practitioners already know to be true and provides clear
justification for investments in those stewardship activities that produce
results.

Public Education and Outreach
Goals
Following this stewardship approach, Chinook salmon recovery education and
outreach activities in the Stillaguamish Watershed should be conducted to
achieve the following goals:
1. Increase public awareness, engagement, and support for Chinook salmon
recovery.
2. Promote the adoption of BMPs by the general public and targeted
audiences.
3. Encourage civic involvement and policy awareness.
4. Mobilize citizens to participate in restoration and protection of Chinook
salmon habitat.
5. Recognize model demonstration projects and reward good stewardship
practices.
6. Develop a long-term strategy to provide training and technical assistance
to targeted audiences for BMP implementation.
7. Emphasize activities that promote measurable actions by landowners and
residents.
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Stewardship Audiences
The SIRC recognizes that the activities of the following stakeholder groups in
the Stillaguamish Watershed can directly impact salmon habitat in either
positive or negative ways. Therefore they are important target audiences for
stewardship education and outreach:














Industrial and non-industrial forestland owners;
Livestock and crop farmers, including owners of plant nurseries and tree
farms;
Business and residential landowners with freshwater and marine
shorelines and wetlands;
Other rural residential landowners;
Developers and real estate professionals;
Construction companies;
Excavation and land clearing companies;
Gravel mining companies;
Earth moving and land clearing equipment rental companies;
On-site septic system builders;
Public and private utilities;
Small non-commercial farmers; and
Recreational water users.

Stewardship education and outreach activities should be tailored to directly
engage these stakeholder groups in salmon recovery. To do this successfully,
stewardship education and outreach practitioners will need to identify barriers
that might inhibit and motivating factors that might encourage these groups to
adopt BMPs. This will require time and effort to develop an understanding of
barriers and motivating factors. Local stewardship practitioners should work
cooperatively to conduct this important research and development effort.
A large percentage of forestland in the Stillaguamish Watershed is owned and
managed by the USDA Forest Service and the Washington State Department
of Natural Resources. These public agencies are currently engaged in salmon
recovery efforts and are therefore not addressed in this stewardship education
and outreach strategy. Information on efforts to ensure sustained and future
involvement of these agencies is included in the previous chapter.
Personal priorities and motivating factors differ between those who depend on
the land for their livelihood, such as farmers, forest landowners, and business
owners, and those who use the land to foster a particular lifestyle. The former
are often concerned with or need technical assistance with shoreline
regulations, land use regulations, and financial incentive programs. Livestock
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and crop farmers in particular are also motivated by water availability for
livestock and crops, meeting land needs of livestock and crops, and excess
shade created by riparian buffers. Outreach specialists and technical service
providers should be prepared to address these issues when approaching
landowners about Chinook salmon recovery efforts. Priorities and concerns
of residential landowners with shorelines or wetlands and non-commercial
small farmers include shoreline regulations, land use options, and freedom to
landscape their land as suits their lifestyle. Recreational water users are most
concerned about water access, water quality, and safety.
Stewardship education and outreach practitioners should consider the different
priorities and motivating factors of each stakeholder group and tailor
education, outreach, and technical assistance accordingly.
In the
Stillaguamish Watershed, the highest level of success has generally been
achieved through person-to-person contacts and compromise. Developing
trust and social acquaintance with stakeholder groups and individuals is
usually necessary before they will engage in salmon habitat protection and
restoration activities. Through direct personal contact with stakeholder
groups, educators have an opportunity to learn from citizens and landowners
valuable information about the current and recent historic conditions of the
community and the land. This local knowledge should be respected and
utilized in the organization of local stewardship activities.
The general population should not be overlooked in its relationship to
Chinook salmon recovery. Each individual in the watershed has some
influence on the quality and quantity of water, which is intimately linked with
salmon success. Ward and Ransley (2004) found that more than 50% of
Snohomish County residents may be willing to engage in reducing their
personal impact on streams and rivers. Stewardship practitioners should take
advantage of these positive attitudes by providing people with information
that they can use in their daily lives to affect change. This includes providing
information about opportunities for members of the general population to
become actively involved in policy-making processes.

Stewardship Education and
Outreach Topics
The following topics should be addressed through stewardship education and
outreach for Chinook salmon recovery. Promoting public awareness and
knowledge of these topics is the first step toward encouraging human
behaviors that are beneficial to salmon.
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Function of shoreline, wetland, and nearshore
habitats
Shoreline, wetland, and nearshore habitats support complex ecosystems of
which salmonids are a key part . These habitats are formed and maintained by
complex physical and chemical inputs and processes. Educators should be
able to provide clear explanations of how each of these habitats functions at a
landscape level, and consequently explain how protection and restoration of
these habitats are essential to successful Chinook salmon recovery. The
function and importance of riparian vegetation should be emphasized.

Salmon ecology and habitat requirements
In order to appreciate the need for habitat protection and restoration, people
must understand the complex life cycle and habitat requirements of Chinook
salmon as well as historic habitat conditions. Therefore, educators should use
a complete life-cycle approach when providing information about Chinook
salmon, from birth and spawning in fresh water to adulthood in the open
oceans to transitional periods in estuarine environments.

Noxious weeds and invasive species
The power of invasive species to disrupt properly functioning ecosystems is
immense. Educators should be able to identify and provide information about
invasive species of concern in the Stillaguamish Watershed (e.g. Japanese
knotweed and hybrids, reed canary grass, etc.) and how to deal with them
appropriately.

Water quality issues
Because clean water is essential Chinook salmon recovery as well as human
health, water quality should be addressed in public education and outreach
programs. Appropriate issues include, but are not limited to: stream water
quality, aquifer recharge and stream flow, marine water quality, chemical
pollutants, and septic systems. The cumulative water quality impacts of
factors such as pet waste, vehicle pollution, failing septic systems, litter, and
household waste must not be overlooked.

Best management practices
Technical service providers and outreach specialists should be prepared to
offer information on land use practices that are the most beneficial and the
least detrimental to both the environment and the landowner. The majority of
residents want to do the right thing and stewardship practitioners need to be
equipped to help them do so.
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Policy affecting landowners
In order for landowners to make informed decisions about how they use their
property, they must be aware of their impact on the watershed and they must
understand government laws and policies affecting their land. Technical
assistance providers should therefore be able to offer educational information
and relevant contacts for policies such as shoreline regulations, critical area
regulations, the Endangered Species Act, and permitting processes.

Stewardship Activities
Existing Stewardship Activities
Several governmental and non-governmental organizations in the
Stillaguamish Watershed have existing stewardship education and outreach
efforts (Table 14). Each of these organizations has programs that focus on
salmon recovery as one of their primary objectives.
Table 14. Existing Stewardship Education and Outreach Efforts
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Activity
Carcass distributions

Agency
SSFETF

Festival participation
(information booths)

CA, SCSWM, SCD,
SSFETF, ST

Field trips

SCSWM, SSFETF, ST

Invasive plant control

SCD, SCSWM, SSFETF, ST

Mailings

CA, SCD, SCSWM,
SSFETF, ST

Native plant salvages
Native seed collections
Native vegetation plantings

SCD, SCSWM, SSFETF, ST
ST
SCSWM, SCD, SCSWM,
SSFETF, ST

Newsletters

CA, PSAT, SCD, SCSWM,
ST, SSFETF

Phone consultations
Salmon surveys
School presentations

CA, SCD, SCSWM,
SSFETF, ST
SSFETF, ST
SCSWM, SSFETF, ST

Site visits

CA, SCD, SCSWM,

Target Audiences
fishing groups, students,
home school groups
volunteers, property owners,
general public, legislators,
partners, potential partners
general public, volunteers,
partners, potential partners,
legislators
volunteers, property owners,
general public information,
legislators, partners, potential
partners
members, volunteers,
property owners, general
public, local businesses
property owners, volunteers
volunteers
volunteers, property owners,
general public, local
businesses
volunteers, property owners,
general public, local
businesses
property owners, volunteers,
general public
volunteers, fishing groups
students, teachers, (friends
and families of students)
property owners, legislators
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Activity
Trash removal

Agency
SSFETF,ST
SSFETF, ST

Volunteer opportunities

SCD, SCSWM, SSFETF,
WSUE

Website

PSAT, SCD, SCSWM, ST,
SSFETF

Workshops

CA, PSAT, SCSWM,
SSFETF, WSUE

Target Audiences
property owners, volunteers,
general public, local
businesses
volunteers, other agencies,
general public, local
businesses
volunteers, partners and
potential partners, general
public, local businesses,
property owners,
volunteers, agency staff,
legislators

CA=City of Arlington
PSAT=Puget Sound Action Team
SCD=Snohomish Conservation District
SCSWM=Snohomish County Surface Water Management
SSFETF=Stillaguamish Snohomish Fisheries Enhancement Task Force
ST=Stillaguamish Tribe
WSUE=WA State University Extension

Outreach specialists can provide information on the topics described above to
targeted audiences and the general public through broadcast activities such as
outreach booths, newsletters and other written materials, the media, the
Internet, classes and workshops. More specialized future events and technical
services can be offered through these broadcast activities. These activities are
useful for raising public awareness.
Examples of activities targeted toward interested audiences include but are not
limited to restoration events such as native vegetation plantings, native plant
salvages, salmon carcass distributions, youth education, watershed tours,
policy and habitat workshops. These endeavors attract the landowners most
likely to engage in active salmon recovery efforts, whether in the form of
habitat improvement projects on their land or civic engagement.
Finally, outreach efforts and technical assistance should be offered to all
landowners. Watershed stewards can fulfill this role by getting to know local
landowners and their issues of concern. The SIRC recognizes that there is
much to be gained from the knowledge that many landowners have to offer
based on their experiences living in the watershed. While this process takes
time and patience it is a worthwhile investment because the restoration of
properly functioning habitats and sustainable salmon populations is a longterm project. In many cases, mutually beneficial actions can be identified and
implemented that meet the needs of both landowners and Chinook salmon.
Providing technical assistance will be necessary to ensure the success of onthe-ground watershed projects and restoration activities. Technical resources
will assist project sponsors in working with diverse landowners and watershed
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residents to access funding and customize restoration and stewardship efforts
to Chinook salmon habitat needs and unique site-specific circumstances.

Recommended Stewardship Activities
The following stewardship education and outreach activities will support
public involvement in salmon recovery actions and build public awareness
and support for the recovery of local salmon populations:
1. The SIRC should continue to serve as the local clearinghouse and
coordinator of available technical resources to reduce duplication of effort
and competition for limited stewardship funds.
2. Continue to provide governmental and non-governmental assistance to
landowners, stakeholder, and other residents to:
a. Build awareness of Chinook salmon recovery and watershed
protection efforts;
b. Help create a stewardship ethic among watershed residents;
c. Assist landowners with on-the-ground projects to benefit Chinook
salmon habitat and natural watershed processes; and
d. Focus stewardship activities on Chinook salmon recovery plan
priorities.
3. Integrate Chinook salmon recovery outreach objectives with other water
resource management efforts, such as instream flow protection, water
quality clean up, flood hazard management, and marine resource
conservation.
4. Provide technical assistance to small forest landowners to support
protection of existing forest cover, restoration of degraded forest areas,
implementation of timber harvest and forest road management BMPs, and
retention of forest land for timber production.
5. Provide technical assistance to agricultural landowners to support
protection of intact riparian areas and forest cover, restoration of degraded
riparian areas and forest cover, removal or improvement of culverts and
other fish passage barriers, establishment of off-channel habitat, and
promotion of alternatives to bank hardening.
6. Provide technical assistance to upland as well as freshwater and marine
shoreline landowners to promote forest protection and restoration
incentive programs, low impact development techniques, bioengineering
alternatives, native plant use, and watershed stewardship.
7. Provide technical assistance to landowners to prevent and/or clean up
point and non-point source water pollution.
8. Develop a strategy to educate elected officials and policy makers on the
SIRC’s adaptive management process and provide adequate lead time to
seek the support necessary to implement the identified actions.
9. Coordinate ongoing hands-on watershed restoration efforts such as
volunteer planting, animal exclusion through fencing, native plant salvage
events, and bioengineering projects.
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10. Sponsor presentations, open houses, and workshops to involve watershed
residents in the Chinook salmon recovery process. Potential venues
include community and neighborhood presentations, youth education,
evening seminars, watershed tours and site visits. Present to existing
groups at their regularly scheduled meetings whenever possible.
11. Educate residents about the multiple benefits of watershed restoration
activities, such as flood hazard management, drinking water protection,
and water quality enhancement.
12. Provide advanced educational opportunities to build knowledge base and
skills of interested community members to act as stewards on behalf of
salmon recovery through their own efforts or in conjunction with existing
educational or programmatic activities.
13. Develop and distribute educational materials related to salmon
conservation, including written materials, media, websites, and
workshops.
14. Maintain a watershed library and website containing general watershed
information, salmon recovery plan summaries and updates, SIRC meeting
agendas and meeting summaries, and watershed event information, as well
as a mechanism for the public to comment and submit salmon and
watershed-related inquiries.
15. Install interpretive signs throughout the watershed identifying rivers and
creeks, as well as highlighting restoration projects or acquisition sites.
These signs would emphasize the importance of Chinook salmon habitat
in the watershed, collaborative salmon recovery and watershed protection
efforts, and site-specific restoration activities.

Funding for Stewardship
Existing programs that have base funding are generally more successful in
implementing long-term strategies. While it is possible to obtain grants and
other special funds to support education and outreach activities, long-term
base funding is needed to sustain the results-oriented stewardship approach
called for in this strategy. Like maintenance programs of all sorts,
stewardship education and outreach programs need to be on-going. Effective
stewardship education and outreach programs have three basic levels of
activity: broad dissemination of general information, transferal of specific
knowledge to targeted audiences, and direct technical assistance to individuals
with action projects. For a program to be effective, all three levels need to be
continuously available to citizens. This means core program elements should
receive base funding and should not be dependent on grant funding. Once
base program elements are funded, grants should be used for special, shortterm initiatives.
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8. Monitoring and Adaptive
Management Strategy
Introduction and Purpose
Monitoring and
adaptive management
provides a mechanism
to evaluate our progress
at the sub-basin, basin,
and Chinook salmon
population scales and
adjust our direction if
necessary as we
implement the Plan.

This Plan lists many actions designed to improve the quality, quantity,
diversity, and complexity of habitat for Chinook salmon in the Stillaguamish
Watershed. The Plan also calls for investment in conservation programs,
projects, and other actions designed to protect high-quality habitat and to
prevent degraded habitat from becoming worse or lost altogether. Hatchery
and harvest strategies developed by the co-managers are also part of the Plan.
Monitoring and adaptive management provides a mechanism to evaluate our
progress at the sub-basin, basin, and Chinook salmon population scales and
adjust our direction if necessary as we implement the Plan.
Monitoring is the systematic, measurable observation of watershed, habitat,
and population characteristics; project and program implementation and
effectiveness; and process studies designed to test the assumptions on which
the Plan is based. Monitoring is a critical element of the recovery effort
because it allows us to evaluate progress toward desired results. Adaptive
management is the formal use of monitoring results, combined with preset
criteria that serve as “triggers” to evaluate and revise, if necessary, project and
program designs, implementation schedules, overall action strategies, and our
assumptions and expectations about the desired results of our actions.
The following is a “bare bones” list of items to be monitored in order to know
whether the Plan is being effectively implemented. It relies on existing
monitoring efforts and other monitoring actions that have a high likelihood of
being performed on a regular basis in the future. These monitoring actions
include field inventory using explicit, quantitative protocols; basin-scale land
cover analysis; data collected in hatchery and harvest operations; and, either
directly or by reference, monitoring of Chinook salmon recovery actions and
programs carried out by local, state and federal agencies. The monitoring
elements are prioritized based on importance to our near-term and long-term
understanding of Chinook salmon population performance and habitat quality.
Although this Monitoring and Adaptive Management Strategy is specifically
designed to monitor and evaluate this Plan, the SIRC recognizes that many
stakeholders have their own methods of monitoring the progress of their
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respective salmon recovery activities. Some stakeholders have already
established baseline conditions using indicators, such as the NOAA Fisheries
Matrix of Pathways and Indicators, and they are implementing monitoring and
adaptive management plans developed in consultation with regulatory
authorities. The SIRC welcomes stakeholders to share the results of any
relevant monitoring conducted outside of the framework of this Monitoring
and Adaptive Management Strategy.

Monitoring Elements
This Monitoring and Adaptive Management Strategy is focused on
unambiguous, quantifiable measures. As such it requires the use of standard
measurement methods and techniques. Comparisons and triggers are carefully
defined to provide clear indicators of whether and when adaptive actions are
necessary. This strategy focuses on the following types of monitoring
elements, or measures:
1. Specific Chinook salmon population and habitat conservation actions
called for in this Plan (Implementation Monitoring);
2. Conservation actions that must be effective, rather than just accomplished
(Direct Effectiveness Monitoring);
3. Conservation actions that are effective in a timeframe consistent with the
Plan’s stated goals, objectives, and targets (Cumulative Effectiveness
Monitoring); and
4. Key assumptions that form the basis for undertaking actions and expecting
specific responses (Validation Monitoring).
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Implementation Monitoring
The purpose of implementation monitoring is to determine whether we did
what we said we were going to do. If we did do what we said we were going
to do, then adaptive action is not required. If we did not, then some kind of
adaptive action may be necessary. This section defines the implementation
monitoring framework for specific elements of the harvest, hatchery, and
habitat strategies.
Table 15. Habitat Restoration Implementation Monitoring
Project
Riparian restoration

Indicator
Acres of riparian
vegetation planted

Comparison
Annualized progress
toward target acres

Floodplain
connectivity

Side-channel acres
reconnected

Pro-rated five year
total acres

Treat landslides

Landslides treated

Reduce sediment
from roads

Miles unpaved forest
roads on potentially
unstable slopes
restored or treated
Engineered log jams
installed

1 landslide treatment
constructed by 2009
and 1 more by 2014
Annualized progress
toward target miles

Increase large
woody debris
(LWD)
Estuary restoration

1. Leque Island and
The Nature
Conservancy (TNC)
properties restored to
tidal influence
2. River delta log
jams installed

Annualized progress
toward target
numbers, locations
1. 115 acres of Leque
Island and 80 acres
of TNC property
restored to tidal
influence
2. 10 log jams
installed in river
delta

Trigger
Two consecutive
years not meeting
targets
Performance does
not meet pro-rated
five year total acres
No permits by end of
2008
Two consecutive
years not meeting
targets
Third year totals do
not meet target;
seven year totals do
not meet target
1. No tidal influence
restored to either
Leque Island or TNC
property by 2010
2. No log jams
installed by 2010
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Table 16. Habitat Protection Implementation Monitoring
Protection Element
Critical Areas
Regulations (CAR)
Comprehensive
Growth Management
Plan (Comp. Plan)
Shoreline
Management Plan
(SMP)
Hydraulic Code

Indicator
CAR updated

Comparison
Current CAR

Trigger
Update not complete
on time
Update not complete
on time

Comp. Plan updated

Current Comp. Plan

SMP updated

Current SMP

Update not complete
on time

1. No unpermitted
projects
2. NMFS (1996)
hardened bank
criteria

1. 2 in a calendar
year
2. > 10% in EDT
reach

Temperature Total
Maximum Daily
Load (TMDL)

1. # projects
constructed without
required Hydraulic
Project Approval
(HPA) permit
2. % hardened bank
in EDT reach under
HPAs
TMDL water quality
cleanup plan
completed

No TMDL water
quality cleanup plan

Habitat designated
for conservancy

Acres of habitat
conserved

Annualized progress
toward target

TMDL water quality
cleanup plan not
approved by DOE by
2007
2 consecutive years
of not meeting
annualized target

Table 17. Harvest Strategy Implementation Monitoring
Harvest Element
Non-incidental
harvest

Indicator
% of fish harvested

Comparison
Maximum annual
target

Incidental harvest

% of fish harvested

Maximum annual
target

Canada harvest

% of fish harvested

Maximum annual
target

Trigger
Two consecutive
years of exceeding
target %
Two consecutive
years of exceeding
target %
Two consecutive
years of exceeding
target %

Table 18. Hatchery Strategy Implementation Monitoring
Hatchery Element
Selection of program
fish

Smolt release
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Indicator
Portion/geographic
distribution of
population selected
for program
Number and size of
smolts released

Comparison
Targeted distribution
in time/space of
program fish

Trigger
Less than 80% of run
time or geography
selected for program

Minimum number of
Chinook smolts
released

Two consecutive
years of not meeting
minimum smolt
release numbers
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Effectiveness Monitoring
The purpose of effectiveness monitoring is to determine whether projects and
other elements of the Plan are effective at what they were designed to
accomplish. It also addresses cumulative effectiveness of the overall recovery
plan and whether it is having the desired or planned affect on Chinook salmon
productivity. This section defines the direct and cumulative effectiveness
monitoring framework of specific elements of the harvest, hatchery, and
habitat strategies as well as the Plan as a whole.
Table 19. Habitat Restoration Effectiveness Monitoring
Project
Riparian restoration

Floodplain
connectivity

Treat landslides

Reduce sediment
from roads

Increase large woody
debris (LWD)

Indicator
Acres of conversion
from bare ground,
grass land cover to
shrubs/small trees
(use periodic land
cover analysis every
3-5 years)
1. Do project side
channels remain
reconnected? (%
connection
maintained)
2. Are reconnected
side channels used
by juvenile Chinook
salmon?
(juvenile density in
summer, winter)
Is sediment reduced
from landslide
treatments? (% fines
in spawnable gravel
downstream from
landslide treatments)
Is sediment reduced
from road
treatments? (% fines
in spawnable gravel
downstream from
road treatments)
Are log jams
increasing habitat
diversity (% pool
area [primary and
backwater], pool
frequency)?

Comparison
Pro-rated progress
toward riparian
restoration acre
targets in Plan

Trigger
Two consecutive
periods of not
meeting pro-rated
progress toward
riparian restoration
acre targets in Plan

1. % reconnected
channel area that is
wetted and contains
> 8 ppm DO in
August
2. Published juvenile
density values
(Stillaguamish Tribe,
Washington Trout,
NOAA Fisheries)

1. Less than 50% of
new side-channel
remains connected
five years after
construction
2. Less than 50% of
published juvenile
density in sidechannel after 5 years

Stillaguamish fine
sediment criteria
(STAG 2000)

Does not meet
Stillaguamish fine
sediment criteria
within 2 years after
construction

Stillaguamish fine
sediment criteria
(STAG 2000)

Road-derived fine
sediment does not
meet standard by
2009

Pool area and
frequency criteria in
Chinook salmon
habitat

<5% increase in pool
area in 5 years
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Project
Estuary restoration

Indicator
Acres of salt marsh
habitat restored or
created

Comparison
Annualized progress
for the following
projects:
1. Leque Island
2. TNC property
3. River delta log
jams

Cumulative
effectiveness

Chinook salmon
productivity

Annualized progress
toward productivity
target

Trigger
Salt marsh habitat
restored or created
by 2010:
1. Leque Island 60
acres
2. TNC property 40
acres
3. River delta log
jams 60 acres
Productivity by 2009
does not meet
annualized progress
toward productivity
target

Table 20. Habitat Protection Effectiveness Monitoring
Protection Element
Critical Area
Regulations (CAR)

Comprehensive
Growth Management
Plan (Comp. Plan)

Shoreline
Management Plan
(SMP)
Forest Practices
Regulations, DNR
HCP, and Northwest
Forest Plan

Hydraulic Code

Temperature Total
Maximum Daily
Load (TMDL)
Habitat designated
for conservancy
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Indicator
1. Nearstream Total
Impervious Area
(TIA) acres (see
Purser et al. 2003)
2. Wetland acres
1. Nearstream acres
in forest land cover
types (see Purser et
al. 2003)
2. Wetland acres
Bank hardening
length in priority
reaches
1. % hydrologically
mature forest in
subbasin (see Purser
et al. 2003)
2. Road density
3. Miles of road on
potentially unstable
slopes

Comparison
1. Spence et
al.(1996)
2. No net loss of
wetland acres

Feet of hardened
bank allowed in
Chinook salmon
reaches
Stream temperature
(7-day running
average high)
% forest land cover;
wetland

Current amount of
hardened bank (see
Haas et al. 2003)

1. Spence et al.
(1996)
2. No net loss of
wetland acres
Spence et al., 1996;
NMFS, 1996
1. Nichols (1990)
2. NMFS (1996)
3. Baseline miles of
road on potentially
unstable slopes (see
Table 5)

Trigger
1. >3% increase in
TIA in 5 years
2. >3% net loss of
wetland acres in 5
years
1. >3% loss of forest
land cover in 5 years
2. >3% net loss of
wetland acres in 5
years
>3% increase in 5
years
1. > or = 10% of
historically forested
portion of sub-basin
< 20 years old
2. > 2.0 road miles /
sq. mi. in any basin
3. any new roads
built on potentially
unstable slopes
Net increase in
hardened bank

TMDL numerical
objective

5-year, 10-year
milestones not met

No net loss

>3% loss in 5 years
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Table 21. Harvest Strategy Effectiveness Monitoring
Harvest Element
Spawning
escapement

Indicator
Adult escapement

Comparison
Annualized progress
toward target

Canada harvest

Canada harvest

Agreed upon limit to
Canadian harvest

Trigger
Two consecutive
years of not meeting
annualize progress
toward target
Two consecutive
years of not meeting
annualize progress
toward target

Table 22. Hatchery Strategy Effectiveness Monitoring
Hatchery Element
Manage hatchery for
high return of
program fish
Manage hatchery for
high smolt survival
Manage program
smolts to emulate
natural smolts
Manage program
adult fish to emulate
natural adult fish

Indicator
Ratio of adults
spawned to returning
hatchery spawners
Egg to release
survival (%) of
hatchery fish
Size distribution and
outmigration timing
of hatchery and
natural juveniles
Age and sex
composition, time
and area of spawning
of returning hatchery
and natural adults

Comparison
Ratio of hatchery
spawners to natural
spawners
Natural-origin egg to
release survival

Trigger
< 2.0 returning adults
per hatchery spawner

No statistically
significant difference
between hatchery
and natural juveniles
No statistically
significant difference
between hatchery
and natural adults

Statistically
significant difference
in size distribution or
outmigration timing
Statistically
significant difference
in age or sex
composition or time
of spawning or area
of spawning between
hatchery-origin and
natural-origin adults

< 70% survival
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Validation Monitoring


Validation monitoring tests our assumptions about what our actions will
achieve, the time-frame for achievement, and whether a particular method
or strategy is adequate for achieving target conditions. Specifically for this
Plan, validation monitoring is a tool we can use to test our hypotheses
about watershed processes and Chinook salmon population performance.
Significant differences between what we think happens and what actually
happens trigger adaptive management.

Table 23. Habitat Restoration Validation Monitoring
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Project/Hypothesis
Riparian restoration
(voluntary approach
can achieve targets)
Floodplain
connectivity
(reconnected side
channels increase
Chinook salmon
rearing habitat and
smolt escapement)

Indicator
Acres replanted by
subbasin

Treat landslides
(landslides are the
major sources of
redd-intruding
sediment)
Reduce sediment
from roads
(landslides and/or
road-derived
sediment are the
largest sources of
redd-intruding
sediment)
Increase large woody
debris (log jams
improve habitat
diversity and
complexity for
juvenile Chinook
salmon )

Sediment from
roads; fines in redds

Stillaguamish fine
sediment criteria
(STAG 2000)

Sediment from
landslides; fines in
redds

Stillaguamish fine
sediment criteria
(STAG 2000)

1. % pool area in
EDT reach
2. Juvenile density in
and around log jams

1. % pool area in
EDT reach before
restoration
2. Juvenile density
before restoration

1. % backwater pool
2. Juvenile Chinook
salmon use of
upstream sidechannels
3. Smolt escapement

Comparison
Plan targets for
riparian restoration
acres by subbasin
1. % pool target
2. Juvenile density
target
3. Smolt escapement
target

Trigger
Two consecutive
years of not meeting
annualized targets
1. No increase in
pool area
2. Low level of use
by juvenile Chinook
salmon
3. Low # of natural
smolts 3 years in a
row
Fine sediment
criteria not met in
downstream redds
within 5 years after
treatment
Fine sediment
criteria not met in
downstream redds
within 5 years after
treatment

1. No net increase in
pool area % in reach;
2. No use for
Chinook salmon
juvenile rearing

Stillaguamish Watershed
Chinook Salmon
Recovery Plan
Project/Hypothesis
Estuary restoration
(restoration or
creation of salt marsh
habitat improves
habitat diversity and
complexity for
juvenile Chinook
salmon )

Indicator
Juvenile density in
restored or created
salt marsh

Comparison
Juvenile density in
existing salt marsh

Trigger
Less than 50% of
published juvenile
density within 3
years of restoration

Table 24. Habitat Protection Validation Monitoring
Protection
Element/Hypothesis
Critical Area
Regulations (CAR)
protect riparian
buffers
Shoreline
Management Plan
(SMP) protects
against modifications
to banks in Chinook
salmon habitat
Forest Practices
Regulations, DNR
HCP, and Northwest
Forest Plan protect
riparian buffers

Indicator

Comparison

% forest cover

2001 land cover

% hydromodification

2002 data from SC

% forest cover

2001 land cover

Trigger
Loss of mature
evergreen and
medium evergreen
forest cover in
nearstream
Increase in %
modification

Loss of mature
evergreen and
medium evergreen
forest cover in
nearstream

Table 25. Harvest Strategy Validation Monitoring
Harvest
Element/Hypothesis
Harvest of ESAlisted fish (e.g.,
blackmouth fishery;
assumption is that
there are fish surplus
to recovery)

Indicator

Comparison

Trigger

1. Harvest %
2. Adult escapement

1. Harvest ceiling %
2. Adult escapement
for South Fork and
North Fork
populations

1. Two consecutive
years of exceeding
harvest ceiling
2. Two consecutive
years of not meeting
adult escapement
targets
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Table 26. Hatchery Strategy Validation Monitoring
Hatchery
Element/Hypothesis
Conservation
hatchery program
will increase
composite North
Fork Chinook
salmon population
above critical
threshold

Conservation
hatchery program
can produce Chinook
salmon that are not
significantly
different genetically
from the naturally
spawning population

June 2005

146

Indicator

Comparison

Relative productivity
of natural spawners
versus hatchery
spawners

Productivity of
natural spawners
compared to
hatchery spawners

Periodic DNA
monitoring of the
hatchery component
and naturally
spawning component
of the North Fork
population

Genetic composition
of hatchery
component
compared to
naturally spawning
component

Trigger
Conservation
hatchery does not
increase composite
North Fork
population for 3
consecutive years
and hatchery fish do
not return with >2.0
natural spawner to
hatchery spawner
survival rate
Genetic composition
of hatchery
component changes
significantly from
naturally spawning
component within 4
years

Stillaguamish Watershed
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Administration
Implementation of this Monitoring and Adaptive Management Strategy, will
require the following conditions:
1. Commitment to fund and implement monitoring and evaluation actions;
2. Timely reporting of monitoring results;
3. Regular and timely evaluation of whether criteria are met; and
4. Commitment to change what we said we will do if it is found to be
infeasible, ineffective, or if the underlying assumptions of the action
cannot be validated.
Monitoring responsibilities, priorities, and adaptive management responses for
the habitat, harvest, and hatchery strategies are summarized in the following
tables. The Stillaguamish Technical Advisory Group (TAG) will review all
monitoring results annually in March. The TAG will determine the particular
barriers to success related to inadequate progress on implementation of the
Plan, ineffectiveness of actions, or invalid assumptions. The TAG will present
its findings and recommendations to the SIRC in April. The SIRC will
determine appropriate management response and take action accordingly.
The lead agencies indicated in the monitoring responsibility and priority tables
below are coded as follows:
CLC
Cascade Land Conservancy
SC
Snohomish County
ST
Stillaguamish Tribe
DOE
Washington State Department of Ecology
WDFW
Washington State Department of Fish and Wildlife
DNR
Washington State Department of Natural Resources
FS
United States Forest Service
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Table 27. Habitat Restoration Monitoring Responsibilities and Priorities
Monitoring Element
Riparian Restoration
Acres of riparian vegetation
planted
Acres of conversion from bare
ground, grass land cover to
shrubs/small trees
Acres replanted by subbasin
Floodplain Connectivity
Side-channel acres/miles
reconnected
1. % side-channel connection
maintained
2. Juvenile density in summer and
winter
1. % backwater pool
2. Juvenile Chinook salmon use of
upstream side-channels; smolt
escapement
Treat Landslides
Landslides treated
% fines in spawnable gravel
downstream from landslide
treatments
Sediment from landslides, other
sources; fines in redds
Reduce Sediment from Roads
Miles unpaved forest roads on
potentially unstable slopes restored
or treated
% fines in spawnable gravel
downstream from road treatments
Sediment from landslides, other
sources; fines in redds
Increase Large Woody Debris
Engineered log jams installed
% pool area (primary and
backwater), pool frequency
juvenile Chinook density in and
around log jams
Estuary Restoration
1. Leque Island and The Nature
Conservancy (TNC) properties
restored to tidal influence
2. River delta log jams installed
Acres of salt marsh habitat restored
or created
Juvenile density in restored or
created salt marsh
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Lead
Agency

Reporting
Frequency

Evaluation
Frequency

Priority
(1 – 3)

ST

Annually

Annually

3

SC

Every 3-5
years

Every 3-5
years

3

SC

Every 3-5
years

Every 3-5
years

3

SC

Annually

Five years

3

SC/ST

Annually

Annually

3

SC/ST

Annually

Annually

3

ST
ST/SC

Annually
Annually

Five years
Annually

2
2

ST/SC

Annually

Annually

2

DNR/FS

Annually

Annually

2

ST/SC

Annually

Annually

2

ST/SC

Annually

Annually

2

SC
SC

Annually
Annually

3-4 years
Annually

2
2

ST

Annually

Annually

2

ST

Annually

Five years

1

ST

Annually

Five years

1

ST

Annually

Five years

1
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Table 28. Habitat Protection Monitoring Responsibilities and Priorities
Monitoring Element

Lead
Agency

Critical Areas Regulations (CAR)
CAR updated
SC
1. Nearstream Total Impervious
Area (TIA) acres
2. Wetland acres
% forest cover

SC

Reporting
Frequency
Annually
Every 3-5
years

SC

Every 3-5
years
Comprehensive Growth Management Plan (Comp. Plan)
Comp. Plan updated
SC
Annually
1. Nearstream acres in forest land
SC
cover types
2. Wetland acres
No validation monitoring
Shoreline Management Plan (SMP)
SMP updated
SC

Every 3-5
years

Annually

Evaluation
Frequency

Priority
(1 – 3)

Legal due
date
Every 3-5
years

1

Every 3-5
years

1

Legal due
date
Every 3-5
years

1

Legal due
date
Annually

1

Bank hardening length in priority
SC
Annually
reaches
% hydromodification
SC
Annually
Annually
Forest Practices Regulations, DNR HCP, and Northwest Forest Plan
No implementation monitoring
1. % hydrologically mature forest
SC
Every 3-5
Every 3-5
in subbasin
years
years
2. Road density
3. Miles of road on potentially
unstable slopes
% forest cover
SC
Every 3-5
Every 3-5
years
years
Hydraulic Code
1. # projects constructed without
WDFW
Annually
Annually
required Hydraulic Project
Approval (HPA) permit
2. % hardened bank in EDT reach,
under HPAs
Feet of hardened bank allowed in
SC
Annually
Annually
Chinook salmon reaches
No validation monitoring
Temperature Total Maximum Daily Load (TMDL)
TMDL water quality cleanup plan
DOE
Annually
Legal due
completed
date
Stream temperature (7-day running DOE
Annually
Five years
average high)
No validation monitoring
Habitat designated for conservancy
Acres of habitat conserved
CLC
Annually
Annually
% forest land cover; wetland
SC
Every 3- 5
Every 3-5
years
years
No validation monitoring

1

1

1
1

1

1

1

1

1
1

2
2
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Table 29. Harvest Monitoring Responsibilities and Priorities
Monitoring Element
Non-incidental % or number of fish
harvested
Incidental % or number of fish
harvested
Canada % or number of fish
harvested
Harvest %; adult escapement

Lead
Agency
ST

Reporting
Frequency
Annually

Evaluation
Frequency
Annually

Priority
(1 – 3)
1

ST

Annually

Annually

1

ST

Annually

Annually

1

ST

Annually

Annually

1

Table 30. Hatchery Monitoring Responsibilities and Priorities
Monitoring Element
Portion/geographic distribution of
population selected for
conservation hatchery program
Number and size of smolts released
Egg to release survival (%) of
hatchery fish
Size distribution, outmigration
timing of hatchery and natural
juveniles
Age and sex composition, time and
area of spawning of returning
hatchery and natural adults
Relative productivity of natural
spawners versus hatchery fish
Periodic DNA monitoring of the
hatchery component and naturally
spawning component of the North
Fork population
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Lead
Agency
ST

Reporting
Frequency
Annually

Evaluation
Frequency
Annually

Priority
(1 – 3)
1

ST
ST

Annually
Annually

Annually
Annually

1
1

ST

Annually

Annually

1

ST

Annually

Annually

1

ST

Annually

Annually

1

ST

Annually

Annually

1
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Table 31. Implementation Adaptive Management Responses
Monitoring
Element
Habitat
Restoration
Implementation

Trigger

Habitat
Protection
Implementation

Protective
measures not
implemented
or updated

Harvest
Strategy
Implementation

Recovery
Exploitation
Rate (RER)
exceeded or
minimum
escapement
not reached

Hatchery
Strategy
Implementation

Program goals
not met

Projects not
implemented

Barriers to
Success
Inadequate
SRFB funding;
lack of staff
commitment,
project sponsors;
inability to
obtain permits;
no willing
landowners

Determine
Cause
Review funding,
agency
resources;
review permit
requirements;
outreach to
landowners

Lack of agency
cooperation;
internal
obstacles for
implementing
agencies; work
programming
does not
prioritize
protection
Poor pre-season
estimate of run
size; Inaccurate
preseason
fishery impact
assessments;
Failure to adhere
to RER or
minimum
escapement
guideline

Review current
protection
policies to
determine
adequacy;
review work
priorities

Work
programming;
poor escapement

Review program
fish selection
methods; review
escapement
parameters

Review
preseason
forecast
methodology
and impact
assessment
models
(postseason
reports); harvest
north of
US/Canada
border too high
to be
compensated in
US fisheries

Potential
Responses
Seek other
sources of
funding;
encourage
prioritization of
project
development and
implementation;
seek ways to
improve
permitting;
improve
outreach to
recruit sponsors
and willing
landowners
Propose policy
revisions and
prioritization of
habitat
protection; work
directly with
elected officials,
agency directors

Modify
preseason
forecast input
data or
methodology;
recalibrate
impact
assessment
model Reduce
fishery impacts
to adhere to RER
or minimum
escapement
guideline;
renegotiate US
Canada treaty
Revise program
operations to
align with
program
objectives
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Table 32. Effectiveness Adaptive Management Responses
Monitoring
Element
Habitat
Restoration
Effectiveness
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Trigger
Restoration
targets not met

Barriers to
Success
Poor
implementation
(pace, methods,
etc.); inadequate
juvenile
production;
assumptions
invalid

Habitat
Protection
Effectiveness

Degradation of
riparian forest,
wetlands, banks,
forest cover,
stream
temperature

Poor
administration
and/or lack of
enforcement of
protective
measures

Harvest Strategy
Effectiveness

Escapement
trend not
reflective of
population
productivity
trend

Recovery
Exploitation
Rate (RER) not
appropriate for
population
productivity

Hatchery
Strategy
Effectiveness

Low survival of
hatchery fish
and/or natural
fish

Poor selection of
program fish;
problems with
hatchery
operations;
natural fish
production
limiting
program
production

Determine
Cause
Review project
designs,
locations;
review
construction
methods;
review, revise
validation
monitoring, test
new hypotheses
Review
protection and
enforcement
policies

Review input
data and
methodology for
derivation of
RER and
minimum
escapement
Review program
fish selection
methods,
hatchery
methods,
escapement
parameters,
habitat
availability

Potential
Responses
Focus on
projects that are
known to be
successful; try
new designs,
locations,
methods; revise
monitoring
strategy
Propose
revisions to
protection
policies, new
enforcement
policies, new
standards and/or
codes; connect
administration
and enforcement
to current
conditions,
desired future
conditions
Revise
computation of
RER and
minimum
escapement

Revise program
operations to
align with
program
objectives
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Table 33. Validation Adaptive Management Responses
Monitoring
Element
Habitat
Restoration
Validation

Trigger

Barriers to
Success
Continued use of
ineffective ideas,
data, technology,
methods

Determine
Cause
Review
hypotheses,
assumptions and
develop new
hypotheses

Habitat
Protection
Validation

Assumptions/h
ypotheses not
valid

Continued use of
ineffective ideas,
data, technology,
methods

Review
hypotheses,
assumptions and
develop new
hypotheses

Harvest
Strategy
Validation

Assumptions/h
ypotheses not
valid

Continued use of
ineffective ideas,
data, technology,
methods

Review
hypotheses,
assumptions and
develop new
hypotheses

Hatchery
Strategy
Validation

Assumptions/h
ypotheses not
valid

Continued use of
ineffective ideas,
data, technology,
methods

Review
hypotheses,
assumptions and
develop new
hypotheses

Assumptions/
hypotheses not
valid

Potential
Responses
Revise Plan to
incorporate new
hypotheses and
revise
Monitoring
Strategy to test
new hypotheses
Revise Plan to
incorporate new
hypotheses and
revise
Monitoring
Strategy to test
new hypotheses
Revise Plan to
incorporate new
hypotheses and
revise
Monitoring
Strategy to test
new hypotheses
Revise Plan to
incorporate new
hypotheses and
revise
Monitoring
Strategy to test
new hypotheses

Funding for Monitoring
The proposed Monitoring and Adaptive management Strategy includes
measurable actions, indicators, comparison criteria, evaluation trigger points,
and management responses. It also provides a supporting framework for refocusing our efforts, if necessary, based on the results of our evaluation
process. This Monitoring and Adaptive Management Strategy should also
serve as an explicit platform for obtaining political and financial support for
actions that are proven to be successful for Chinook salmon recovery in the
Stillaguamish Watershed. Much of the work called for in this Monitoring and
Adaptive Management Strategy is currently funded and underway. However,
much of the current funding is short-term and its continuation is uncertain.
Therefore continuation of the currently funded monitoring and evaluation
work is also uncertain. Long-term funding is an essential condition for
implementing this Monitoring and Adaptive Management Strategy.
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9. Long-Term Planning Issues
Commitments and Conditions
The Stillaguamish Watershed Chinook Salmon Recovery Plan is a voluntary
plan. All participating jurisdictions and stakeholders have the option to adopt
the whole Plan, endorse specific recommendations, or not support the Plan.
At this time, all of the jurisdictions and stakeholder organizations participating
in the SIRC are working together to restore salmon. The SIRC will ask for
letters or resolutions from participating jurisdictions and stakeholder
organizations to describe their level of commitment to the Plan’s
recommendations and to Chinook salmon recovery in the Stillaguamish
Watershed.

The SIRC is committed to
an aggressive approach
to Chinook salmon
recovery and will
continue building
relationships with
individual agencies and
other stakeholders as
necessary to develop
policy and regulatory
commitments.

Many different entities have authority over the factors that contribute to the
decline of Stillaguamish Chinook salmon. The State of Washington and the
Washington State Treaty Tribes are co-managers of salmon harvest and
operate most salmon hatcheries. A host of other agencies, including the
United State Forest Service (USFS), Washington Department of Natural
Resources (WADNR), counties, cities, and private landowners have
jurisdiction in areas that influence habitat conditions.
The policy and regulatory issues described above are complex and will require
a significant amount of coordination with the appropriate local, state, and
federal government agencies. The SIRC is committed to an aggressive
approach to Chinook salmon recovery and will continue building relationships
with individual agencies and other stakeholders as necessary to develop policy
and regulatory commitments. There is concern among the SIRC that ongoing
local land uses may continue to degrade salmon habitat and watershed
processes while voluntary restoration actions are making progress to recover
Chinook salmon populations. As a result, the SIRC will look for state and
regional leadership on regulatory matters, including:





Implementation of local land use policies and zoning regulations that
protect critical areas and other watershed functions that support sensitive
fish habitat
Enforcement of forest management regulations and improved forest
management practices on private, state, and federal lands
Review and modification of the U.S. Army Corps of Engineers riparian
maintenance policy
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Streamlined permitting from state and federal agencies for implementation
of voluntary restoration actions
Poaching enforcement and penalties in the Stillaguamish Watershed,
Puget Sound, and in the Pacific Ocean

Economic Analysis
A generalized economic impact analysis of the Stillaguamish Watershed
Chinook Salmon Recovery Plan has not been conducted. A general economic
impact analysis for salmon recovery would be most reliable when done on a
larger-than-watershed scale (for example, a Puget Sound-wide analysis).
Economic data is more available and accurate at the regional level, in addition
to the fact that secondary economic impacts are not usually captured at the
local (i.e. Stillaguamish) level. For a Stillaguamish-specific economic
analysis to be accurate, these secondary effects would have to be measured.
Significantly larger Chinook salmon populations could potentially bring
positive economic benefit to Snohomish County and the surrounding region.
However, the projected increase in Chinook salmon populations is not
significant in the initial 10-year timeframe of this Plan. Whether or not these
additional fish would be available for harvest would be a matter of policy, not
economics, at that time. Even assuming that policy did allow their harvest,
the economic significance for commercial or sport fishing would be small, due
to the small population size. Over a longer time horizon of 100 years,
Chinook salmon populations might regain sufficient robustness to withstand
significant harvest and create a significant economic benefit. However,
economic projections over such a long time period are not reliable.
The attractive natural environment is a factor which draws many people to
live in the Pacific Northwest region. According to state projections, the
population of Snohomish County is expected to grow from its current level of
639,400 to 930,000 by the year 2025 (an increase of 45% in twenty years)37.
While this population increase will bring new businesses and jobs to the
region, it will also have an associated infrastructure cost to support these new
inhabitants, as well as an environmental impact cost which could actually
have a negative impact on Chinook salmon population recovery.
Some localized economic analyses of land protection measures associated
with salmon recovery programs have been completed in the region, which
detail micro- and macro-economic impacts to farming communities and
enterprises38. A regional economic analysis of Skagit County’s proposed
riparian protection program in 2003 showed reduced agricultural production
37

Snohomish County Planning and Development Services.
http://www1.co.snohomish.wa.us/Departments/PDS/
38
It should be noted that these were not comprehensive studies of all salmon recovery efforts.
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as a result of the program, accompanied by a decline in farm proprietor and
labor income, as well as a decrease in farm-related jobs. No significant
benefit to the salmon fishing industry resulted from the program (Skagit
County 2003). An economic analysis of farm buffers in the Stillaguamish
Watershed showed that while buffers can have a negative impact on the farm
enterprise, this is not always the case. The net impact depended highly on the
type of farm, its size, and the availability of buffer cost share programs
(Resource Consulting 2004).

Funding
The Shared Strategy has created a task force to develop a preliminary salmon
recovery financing strategy. This committee will assess current and potential
sources of salmon funds, and identify different scenarios for funding recovery
actions. They will solicit input and feedback from watershed planners and
stakeholders, and present their recommendations for regional funding
strategies to the Shared Strategy’s Development Committee.
The task force has identified a set of key assumptions about salmon recovery
funding:












The financing strategy will result in increased funding of salmon recovery
in the Puget Sound region, will be developed in consultation with other
regions, and will use funding strategies that benefit the entire state
whenever possible.
The financing strategy will result in greater dependability in the level of
funding and sources available for salmon recovery needs for the first ten
years of implementing the recovery plan.
The financing strategy will result in greater efficiency in the awarding of
capital funding, with less money spent on competition for funding and
more on on-the-ground results.
The financing strategy will depend primarily on more effective use of
existing funding sources and compliance with state, federal, and local
regulatory programs.
The financing strategy will address capital and key operating costs for
habitat, hatcheries, and harvest management.
The financing strategy will reward leadership, commitment, and results.
The financing strategy will support a tangible set of achievements at the
local, regional, and/or statewide scale in the first ten years of plan
implementation.

The regional financing strategy will identify sources of salmon funding, the
conditions for accessing those funds, and the dependability of those funding
sources. The task force will work to identify funding gaps and strategies to
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raise the necessary funds to fill those gaps. Initial cost estimates identified for
salmon recovery in the Stillaguamish Watershed will be combined with
estimates from the other Puget Sound watersheds to identify the total
estimated costs related to recovery actions for the first ten years of plan
implementation. The task force will identify mechanisms for matching
funding needs with adequate funding sources, as well as identifying potential
new funding sources. Lastly, the financing strategy will evaluate the
commitments necessary to implement the regional financing strategy, and
ways to develop those commitments.

Research and Data Gaps
A significant amount of research has been completed in the Stillaguamish
Watershed. A list of key past research accomplishments is included in
Appendix B. This research includes studies on riparian and habitat conditions
in the watershed; the effects of land use on salmonid habitat and water quality;
limiting factors for salmon habitat; technical assessment and
recommendations for Chinook salmon recovery; and several subbasin
assessments. This information is being applied through modeling and on-theground actions.
Current gaps in available information may limit the effectiveness of a
comprehensive Chinook salmon recovery strategy. A comprehensive limiting
factors analysis has been completed for the Stillaguamish Watershed outlining
a prioritized list of data and information gaps. Below is a sample of data gaps
and corresponding research that could fill these gaps as funding allows.
Population Estimation
 South Fork Chinook salmon spawner surveys
Estuary/Nearshore
 Analyze juvenile Chinook salmon use of estuarine and lower river habitat
(type of habitat used and timing) – in progress
 Undertake a baseline study of nearshore habitat conditions and usage by
juvenile Chinook salmon – in progress
 Evaluate effectiveness of salt marsh habitat restoration
 Encourage co-managers and federal agencies to evaluate extent of
predation on Stillaguamish Chinook salmon populations
Large Woody Debris
 Survey LWD in Chinook salmon production reaches which have not yet
been surveyed (lower Armstrong Creek, Pilchuck Creek, Jim Creek, Deer
Creek). Starting in 2005, re-survey those reaches surveyed since 2000.
 Co-monitor pools and juvenile usage of wood structures.
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Floodplain
 Identify high quality habitat and willing landowners for future restoration
activities.
Sediment
 Monitor and develop a sediment budget focused on fine sediment which
impacts Chinook salmon redds.
Hydrology
 Establish the effect of instream flows and water rights withdrawals on
summer low flow conditions.
 Model effect of wetland degradation and forest cutting on base-, mean,
and peak-flows and stages.
 Assess proportion of hydrologic change due to natural vs. anthropogenic
causes
Water Quality
 Evaluate temperature impacts in the lower river on Chinook salmon
survival and fecundity
Noxious Weeds
 Evaluate the effects of Spartina spp. on salt marsh habitat functions for
juvenile Chinook salmon
 Evaluate the effects of knotweed on riparian habitat functions for Chinook
salmon
As this information becomes available, it should be incorporated into the
management activities of those agencies regulating habitat and land use in the
watershed.

Policy and Regulatory Issues
In addition to individual project actions to protect and restore Chinook salmon
habitat, a number of policy and regulatory issues exist that will need to be
addressed in order to pursue a comprehensive Chinook salmon recovery
strategy. In the past, the SIRC has chosen primarily to focus on compliance
and enforcement of existing regulations related to salmon habitat and
watershed processes. However, in order to achieve an effective overall
Chinook salmon recovery strategy, the SIRC will identify areas for regulatory
coordination and may identify specific policy and regulatory gaps. Policies
and regulations would be analyzed in the context of how they help or hinder
watershed processes and Chinook salmon conservation.
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Land Use Regulations
Chinook salmon habitat restoration will not be effective if environmental
degradation continues due to population growth and urban/suburban
development. Land use policies and regulations that affect fish habitat and
watershed processes include those related to growth management; protection
of critical areas, including streams, wetlands, and geological hazard areas
(steep slopes, landslide-prone areas); development in the floodplain; and
protection of channel migration zones. The SIRC should conduct an
evaluation of how effective all existing local land use regulatory programs are
on protecting salmon habitat and make recommendations to the relevant
jurisdictions to improve those policies and regulations found to be deficient
for protecting salmon habitat and watershed functions.
Adequate refinement and enforcement of existing local land use regulations
must reflect growth management policies designed to protect habitat. Growth
management allows cities such as Arlington and Stanwood to expand within
their urban growth areas, as well as expand their urban growth boundaries.
Population increases are expected in the Arlington and Stanwood Urban
Growth Areas, as well as a small commercial expansion in the vicinity of
Darrington to increase employment opportunities in that community. Despite
the intent of GMA, new commercial development and conversion of
agricultural lands to rural residential land use can continue to impact sensitive
habitat areas and conflict with watershed-based planning and restoration
efforts. The conversion of existing forest and agricultural lands to rural
residential and urban uses is a significant future concern.
Uncertainty related to local development regulations will present a challenge
to salmon recovery efforts. As required by the Washington state Growth
Management Act, counties and cities are required to update their Critical
Areas Ordinances by December 2005 and update their Shoreline Management
Master Programs by 2012. These updates provide an opportunity to
coordinate local government policies and regulations with salmon recovery
objectives. The protections offered by these regulations include stream and
wetland buffers that are essential to preserving Chinook salmon habitat. The
SIRC is monitoring development of the Snohomish County 10-Year GMA
Comprehensive Plan Update, Critical Areas Regulations and Shoreline Master
Plan updates, and will review and provide input during the appropriate
comment periods. The SIRC has encouraged Snohomish County Planning
and Development Services to consider the contents of the Stillaguamish
Watershed Chinook Salmon Recovery Plan in drafting these new County
policies and regulations.
Other regulatory and non-regulatory tools, including wetland preservation,
sensitive area acquisition, site design, development guidelines, assessment,
and monitoring should be utilized to support natural habitats and manage
growth impacts. A landscape-level watershed planning approach will be
June 2005
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important in order to minimize and mitigate the effects of increasing
urbanization throughout the watershed. Local government comprehensive
plans and development regulations should consider these additional tools:
 Designate zoning classifications that meet natural landscape attributes and
limit impervious surfaces by sub-basin
 Encourage natural floodplain processes and prohibit incompatible
floodplain land uses such as bank hardening

Nearshore/Marine Environment
The goal of the nearshore component of a Chinook salmon recovery plan is to
develop actions and planning area commitments to protect and restore those
places of significance to salmon in the nearshore and marine areas of Puget
Sound. The nearshore-marine system still has functioning habitats and
processes that are critical to protect and restore. An integrated approach to
harvest, hatchery, and habitat management in the nearshore-marine
environments will be essential to addressing cumulative effects on salmonid
populations.
The complexity of the use of the nearshore-marine environment by all Puget
Sound Chinook salmon populations, combined with lack of sufficient
information on these populations, limit the present ability to make quantitative
nearshore-specific predictions relative to the VSP parameters in the timeframe
of the Shared Strategy process. The Puget Sound Technical Recovery Team
(TRT) will define the biological basis for nearshore-marine recovery related to
Puget Sound Chinook salmon populations, and the USFWS Puget
Sound/Olympic Peninsula Recovery Unit Team (RUT) will define the
biological basis for nearshore-marine recovery related to bull trout
populations. A separate regional nearshore-marine chapter of a recovery plan
will be developed by the Puget Sound Action Team for the Shared Strategy to
incorporate initiatives like the Puget Sound Nearshore Ecosystem Restoration
Project (PSNERP), as well as technical and implementation issues best
addressed at the regional scale.
Given the growth pressures in the region and developing understanding of the
nearshore habitats and processes, the focus of short-term efforts will be to
protect existing processes and habitats, and to ensure future opportunities for
restoration and protection. Quantitative habitat expectations will be set for
nearshore-marine contributions at the regional scale as the watershed-level
information is compiled across Puget Sound. The Shared Strategy salmon
recovery plan will incorporate more technically robust long-term strategies
under development by NOAA Fisheries, PSNERP, and The Nature
Conservancy as understanding of what actions are required and how those
actions directly benefit fish populations improves.
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Viability of Fisheries, Agriculture, and Forestry
Fishing, farming, and forestry are economically and socially important in the
Stillaguamish Watershed. The ongoing viability of these natural resource
industries is vital to Chinook salmon recovery as well as to the regional
economy. The SIRC has strong support from the natural resource sector as a
result of ongoing recognition of the benefits and value of local agriculture,
forestry, and fisheries in the Stillaguamish Watershed.
Many key stream and river habitats in the Stillaguamish Watershed are on or
near agricultural and forest lands. The potential impacts from agriculture and
forestry to Chinook salmon habitat can be reduced by stewardship activities
initiated by willing landowners. Recognizing that protection, restoration, and
management of riparian areas and wetlands within the floodplain are
important to salmon recovery, incentives must be in place to allow farmers
and foresters to participate in Chinook salmon habitat restoration and
protection. Without these incentives, farm and forest owners may consider
selling and converting their lands to residential and commercial uses. The
permanence of change resulting from this type of land use conversion has
significant long-term impacts that conflict with the goals of salmon recovery
and ecosystem restoration. The SIRC will continue to develop collaborative
and coordinated approaches to watershed protection and restoration that
include the interests of local farmers and foresters throughout the watershed.
The fishing economy is critical to the Tribal and non-Tribal community of the
Stillaguamish Watershed. Tribal and non-Tribal fisheries have been severely
impacted by reductions in fish populations. Voluntary reductions in harvest
activities have reduced the impact from direct take of Chinook salmon. The
SIRC feels the resource industries in the Stillaguamish Watershed need to
continue to be viable and are essential to meaningful salmon recovery efforts.

Floodplains
While floodplains provide both important habitat features and components of
hydrologic function critical for salmon, they are also the location of some
economically and socially valuable land uses in the watershed. The ability for
upstream floodplain storage to reduce flood impacts downstream is important
to the Stillaguamish community and the SIRC. Therefore, restoring floodplain
connectivity is also viewed by the SIRC as an opportunity to reduce the
impact of floods downstream on human infrastructure. To secure future
enhancement of floodplain function, the SIRC will support efforts to maintain
agricultural uses of the floodplain, as well as implementation of restoration
projects and agricultural Best Management Practices wherever applicable to
reduce the negative impacts of agriculture in the floodplain.
The Stillaguamish River Comprehensive Flood Hazard Management Plan
(Flood Plan) considers the impacts of flooding on aquatic habitats. One of the
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plan’s goals states “To the maximum extent possible, allow and encourage
natural floodplain processes.” Approximately 9,530 acres of mainstem
floodplain is used for agriculture due to the rich soils provided by floodplain
processes. The Flood Plan also states “Encouraging retention of low-density
uses on large parcels (such as farmland) is key to preventing future flood
damages from occurring.” The zoning of this area is designated as “Ag-10”,
allowing for the potential construction of up to 800 new homes in the
floodplain. Approximately 1, 540 additional acres are zoned as “Rural
Residential”, with the potential for up to 130 new homes to be constructed in
other parts of the floodplain. The total number of new homes that could
potentially be built in the floodplain is almost twice the number of existing
homes in the floodplain.
The hypothesis is that the largest threat to restoring floodplain connectivity in
the Stillaguamish is the conversion of existing agricultural lands to rural
residential uses. Due to poor economic conditions associated with farming,
the current land use trend is splitting of large agricultural lands by retiring
farmers into the smallest parcels allowed by county zoning. These parcels
would then be developed for rural residential uses. While agricultural uses
and some seasonal combined uses are compatible with floodplain function,
rural residential uses and the resulting roads and infrastructure may be
incompatible with both floodplain function and existing agricultural uses.
The role of sediments in relationship to floodplain function is widely
misunderstood. Residents of the floodplain regularly refer to historic
dredging of the river and comment on recent build-up of sediments causing
increases in flood damage. Contrary to local opinion and surprisingly to some
local residents, the stream bottom in some sections of the lower river is
actually lower (degraded) than it was historically. The relationship between
sediments and flooding is described in Section 3.4.2 of the Flood Plan. This
section describes the movement of sediments through the river system and
identifies locations where the river channel is aggrading and degrading. The
plan includes a description of the various flood planning efforts that have
occurred over the decades. The most beneficial of these planning efforts in
relation to salmon recovery is the U.S. Army Corps of Engineers’
Stillaguamish River Ecosystem Restoration Final Feasibility Report and
Environmental Assessment (2000). This study identified locations in the
floodplain and estuary that, if restored, would provide aquatic habitat and
functions beneficial to downstream habitats, and, if implemented, also provide
some flood relief.
The Flood Plan states that flood control activities from 1930 to the present
have resulted in the loss of more than one-third of the mainstem channel area
(Collins 1997). Section 6.2.2 states that gravel removal from the river bed
may contribute to the disconnection of side-channel slough from the main
channel, or disconnection of the floodplain from the main channel by
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deepening the channel. Section 6.2.3 prioritizes alternatives encouraging
natural floodplain processes, such as re-establishing natural storage area or
conveyance channels.
Current floodplain projects in the watershed include complete removal of
flood control structures to allow for restoration of natural processes (Smokes
Farm), and other projects that take more of an engineered maintenance
approach (North Meander) due to funding and modeling constraints. It has
long been the position of the SIRC to restore natural floodplain functions
whenever possible, but if necessary to gain the support of individual SIRC
members, alternatives will be considered. The SIRC recognizes that the
various floodplain restoration actions are attempting to correct impacts that
have occurred over the past 125 years. The SIRC also recognizes that it may
be decades before floodplain lands are available for dike setback or removal.
In the short-term, specific floodplain projects may have a narrow focus for the
benefit of salmon recovery, while social and economic conditions develop
over the long-term for consideration of other potential alternatives.
The SIRC may explore opportunities to remove hardened banks and restore
floodplain habitats in the lower mainstem Stillaguamish River and other
reaches with significant bank armoring. The lower mainstem reach of the
river historically had abundant side channels and higher incidence of channel
migration, but is now heavily modified. Restoration of this and other
floodplain reaches would require negotiation with riparian landowners.
Other alternatives that are in the discussion stages include the intentional
flooding of farmland for wetland banking. The Transfer of Development
Rights program is funded and being developed at Snohomish County with
support of the council and executive. FEMA is aware that there is a need for
better flood elevation information on the Stillaguamish. The SIRC members
can also continue to work with individual landowners as we have done with
the Smokes farm, North Meander and old Channel projects.
To provide for a greater level of certainty, the SIRC will organize a
subcommittee to develop a comprehensive floodplain function strategy. This
subcommittee will conduct an analysis of those regulatory agencies impacting
floodplain function, including Snohomish County, the Cities of Arlington and
Stanwood, and the Washington State Departments of Ecology and Natural
Resources. Subcommittee representatives from those agencies will meet with
other relevant stakeholders, including the Stillaguamish Flood Control
District, Stillaguamish and Tulalip Tribes, agricultural representatives, land
trust agencies, and other interested parties.

Forest Lands
Current use of forest lands has three relevant considerations for salmon
recovery planning. First, cumulative timber harvest activities in steep
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headwaters have and continue to cause channel widening and significant
sediment loads in tributaries of the North and South Fork Stillaguamish River.
Second, improper forest road construction has been a significant contributor to
cumulative sediment loads and impacts to hydrology. Third, the management
of riparian zones in headwater streams is key to maintaining the integrity of
the hydrologic regime and instream stability.
In the future, timber harvest, forest road building and forest practices on steep
slopes and riparian areas need to be conducted with full consideration of
habitat conditions. Because forestry is such an extensive land use in the
Stillaguamish Watershed, it is important for local salmon recovery efforts to
account for how the existing regulatory framework for the forestry sector
contributes to the protection and restoration of salmon habitat. Recent
changes to the Washington State forest practice rules are encouraging.
However, these rules must be |implemented and monitored if the changes are
to be effective. The SIRC recognizes the longevity of timber production,
coupled with market and regulatory uncertainty, adversely impacts the
economic viability of forest land ownership and that conversion to urban
development may result in more significant impacts over time. The
permanence of change resulting from this type of land use conversion has
significant long-term impacts that conflict with the goals of salmon recovery
and ecosystem restoration. Incentives should be established to encourage and
enable continued private forest land participation in the protection and
restoration of salmon habitat.
The sustainability of timber harvest is tied to both the hydrological function as
well as sustainable economics in the watershed. Excessive harvest in the
short-term will not leave enough timber to harvest in the future. Protecting
the watershed function and sustainable forestry can be mutually beneficial if
the right balance between timber harvest and watershed function is achieved.
The SIRC should coordinate with the appropriate state and federal agencies to
encourage the following policies that support Chinook salmon recovery in the
Stillaguamish Watershed:
 Improved forest management protection of riparian habitat
 Forest road BMPs and some hydrologic restoration
 Increase in forest harvest rotation intervals leading to more mature forest
 Maintain forest cover of 80% at subbasin scale
Changes in forest practices would provide multiple benefits throughout the
watershed. In addition to improving salmon habitat, retention and creation of
mature forest would reduce flooding in the lower reaches of the watershed.
The Snohomish County General Policy Plan contains sections on forestry
(GPP Goal LU-8). Forestry goals and policies in the County GPP do not
include a goal or policy to conduct forest practices in a manner that are
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consistent with the Stillaguamish Watershed Chinook Salmon Recovery Plan.
Forestry policies that would be consistent with the direction of this Plan would
include encouraging growth and retention of mature forests, limiting erosion
from forest road construction, encouraging efforts to limit the impact of
landslides on sedimentation, and making efforts to control peak water runoff
from clear cut logging operations. The SIRC encourages revisions to the
General Policy Plan to include forestry policies that are consistent with
meeting habitat protection and salmon recovery objectives.
The SIRC recognizes that the Forest and Fish Agreement has changed the way
forestry is conducted in Washington State and that it is contributing to the
recovery of Chinook salmon in the Stillaguamish Watershed. However, the
SIRC also recognizes that existing science also indicates a need for additional
habitat improvements that go beyond the requirements of the Forest and Fish
Agreement. Because of this, the SIRC encourages the exploration of
incentives that would enable forest land owners to take the additional steps
that are needed to restore salmon habitat and watershed processes.

Instream Flows
State instream flow regulations seek to ensure perennial rivers and streams of
the state have base flows necessary to provide for preservation of wildlife,
fish, scenic, aesthetic, navigational, and other environmental values, while
also providing water for future human needs. The Washington Department of
Ecology is currently in the process of establishing an instream flow rule for
the Stillaguamish, with input from watershed stakeholders. While providing
sufficient reserves for future rural development, the proposed Stillaguamish
water management rule will set instream flows needed in streams at specific
locations and times to protect fish spawning and rearing, among other
objectives.
The Department of Ecology anticipates setting instream flows at the following
points in the Stillaguamish Watershed:
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It is recognized by all interests that there is a limited amount of water
available during the low flow periods between July and October. It is
unknown at this time to what extent diversions or water withdrawals cause or
contribute to the low flow problems in the watershed. The proposed instream
flows will protect against future diversions or junior water rights exacerbating
low flow problems. The Department of Ecology, along with Snohomish
County, the City of Arlington, and the Stillaguamish Tribe, is implementing a
stream monitoring program in the watershed to collect basic data and to
implement the future instream resource protection program.
During the spring of 2005 the Stillaguamish Tribe, Snohomish County, and
Northwest Hydraulics initiated a Stillaguamish Instream Flow Assessment
Pilot Project funded by the Shared Strategy for Puget Sound. The pilot study
will use a geographically-focused approach to target discrete subbasins within
the Stillaguamish Watershed where human actions are likely to be affecting
flow regimes, both now and in the future. The pilot study looks to relate these
human-induced flow changes to impact on salmonids by the use of Ecosystem
Diagnosis and Treatment (EDT) and possibly SHIRAZ modeling, coupled
with HSPF hydrologic modeling. The overall approach incorporates two
contrasting, but very representative and transferable, case studies. Pilchuck
Creek is a large Chinook salmon-bearing stream assumed to be affected
primarily by water withdrawals, Church Creek is a smaller coho salmonbearing stream affected primarily by current and future land use changes. The
project will conclude by Fall 2005, with management recommendations to the
watershed concerning human activities that potentially impact low flows. If
successful, the pilot approach would be applied throughout the Puget Sound
and beyond.

Water Quality
The Stillaguamish community has worked hard for 15 years to clean up the
watershed for all citizens. Initiatives to protect and restore water quality were
the foundation of the SIRC. Efforts continue to develop cleanup plans for
impaired waterbodies and to address failing septic systems. Some water
quality issues, such as improvements in sediment and temperature, are closely
linked to salmon recovery. It is an objective of the SIRC that parallel efforts
continue on water quality initiatives while salmon recovery work progresses.
Compliance with federal and state water quality laws has significant
implications for salmon recovery. Snohomish County and other jurisdictions
within the Stillaguamish Watershed must ensure compliance with regulations
such as the Clean Water Act. The goals of the Act are to achieve and
maintain “swimmable and fishable” waters. Municipalities and other entities
subject to National Pollutant Discharge Elimination System (NPDES) permits
are required to set standards for pollution, establish stringent conditions for
development activities, and enforce violations.
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The SIRC and its member agencies and individuals are working with the
Department of Ecology, which is the state agency with responsibility for
maintaining and protecting surface and groundwater quality, in developing
implementation plans for two Total Maximum Daily Load (TMDL) projects.
These projects address current water quality problems in the Stillaguamish
where the waters do not meet state water quality standards for dissolved
oxygen, fecal coliform bacteria, pH and temperature. The implementation
plans will include strategies and activities needed to make water quality
improvements; identification of responsible agencies and funding needs; and a
timetable to bring about water quality improvements by the year 2009.
The Stanwood wastewater treatment plant is currently close to meeting its
obligations to upgrade, operate and test their system to meet the Department
of Ecology’s NPDES requirements. The upgraded wastewater treatment plant
should reduce the potential release of excessive fecal coliform and dissolved
oxygen demands. These water quality improvements will benefit juvenile
salmonids that utilize the old Stillaguamish channel and estuary locations
which may have formerly been impacted by effluent discharges from the
treatment plant.
Snohomish County and cities that have not adopted Ecology’s Stormwater
Manual for Western Washington should develop a stormwater program that is
equivalent to this manual in ensuring that development projects are designed
with the goal of infiltrating most of their stormwater. Infiltration addresses
both the negative quality (i.e., carrying fecal coliform bacteria) and quantity
(i.e., increasing peak flows and scouring as impervious areas increase) aspects
of stormwater in urbanizing areas. Local stormwater management regulations
should include provisions to:
 Retrofit/re-design infrastructure to decrease sediment and flow effects
 Provide incentives for low impact development design techniques (e.g.,
reduced impervious surfaces and increased stormwater infiltration)

Treaty Tribes and the Salmon Culture
The Stillaguamish and Tulalip Tribes have a deep cultural and economic stake
in viable salmon populations. Rights to fish for salmon are protected by
federal treaty and have been verified by subsequent court decisions. Because
populations are so depressed, the Tribes have not had a directed Chinook
salmon fishery in the watershed for over two decades. It cannot be overstated
how critical the cultural survival of the Tribes is dependent on the survival of
salmon. For centuries, the Tribes have followed and depended on the
migration of the salmon for subsistence, ceremonial and, eventually, economic
livelihood. The Boldt decision upheld the Tribes’ right to harvest salmon in
their usual and accustomed areas, and began the discussion of co-management
with the State of Washington over habitat protection. The Tribes will
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continue to be a key partner for salmon recovery and one with a special stake
in its success.

Closing
Meeting all of the goals identified in this Stillaguamish Watershed Chinook
Salmon Recovery Plan will be the responsibility of the people living in the
Stillaguamish Watershed over the next 100 years. In addition to those
contained in this plan, the SIRC will continue to make recommendations for
additional actions to benefit Chinook salmon, watershed residents, and the
overall Stillaguamish River ecosystem.
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APPENDIX A: GLOSSARY
Adaptive
Management

The process of implementing policy decisions as scientifically driven
management experiments that test predictions and assumptions in
management plans, and using the resulting information to improve future
management plans.

Anadromous

Species that hatch in freshwater, mature in salt water, and return to
freshwater to reproduce.

Aquatic insects

Insects that live in water for all or a portion of their life history.

Artificial
production

Fish production that depends on spawning, incubation, hatching, or rearing
in an artificial production facility such as a hatchery or rearing pen.

Bar

An accumulation of sand, gravel, or other alluvial material formed at any
point in a stream channel where a decrease in water velocity induces
sediment deposition.

Brood Stock

Adult salmonids that are destined to be the parents for a particular stock or
smaller group of fish.

Bull Trout
(Salvelinus
confluentus)

Found in the Stillaguamish River basin in both resident and anadromous
forms. Spawning areas are usually associated with cold-water springs,
groundwater infiltration, and the coldest streams in a watershed. They may
hybridize with Dolly Varden.

Channel
Morphology

The form and structure of a stream channel.

Chinook
Salmon
(Oncorhynchus
tshawytscha)

Also known as king salmon or blackmouth salmon. Chinook are
distinguished from other salmon by their large size. The species generally
spawns in moderate to large streams and main channels. Chinook are
classified as either stream-type or ocean-type, and typically live three to six
years, but may reach eight years of age before spawning.

Degradation

The geologic process by which streambeds and floodplains are lowered in
elevation by the hydraulic removal of material.

Deposition

The settlement or accumulation of suspended or bed load material out of the
water column onto the stream bed or floodplain. It occurs when the energy
of flowing water and channel gradient are unable to transport the sediment
further.

Ecosystem

The biological community and its chemical and physical environment
functioning as a system.

Endangered
Species Act

A 1973 Act of Congress mandating the protection and restoration of
endangered and threatened species.

Escapement

Fish that have survived all fisheries and natural predation to make up a
spawning population.

Escapement
Goal

A predetermined number of salmonids that are not subject to harvest and
will be parent spawners for a wild or hatchery stock of fish.

Estuary

A partially enclosed embayment where freshwater and seawater meet and
mix.

Evapotranspiration

Sum of the loss of moisture by evaporation from air and water surfaces and
by transpiration from plants.

A population or group of populations of a species that is reproductively
Evolutionary
Significant Unit isolated from other population units, and represents an important component
in the evolutionary legacy of the species.
(ESU)
Fingerling

A small fish, usually up to one year of age.

Fishery

The act, process, or occupation of attempting to catch fish, whether they are
retained or released.

Fitness

Genetic contribution by an individual’s descendents to future generations.

Flooding

The covering or inundation of land with water.

Floodplain

A low level area that may be submerged by floodwaters or an area built up
by stream deposition.

Fluvial

Pertaining to a stream or river, or an event produced by stream action.

Fry

Young salmonids that have emerged from the gravel and are up to one
month of age.

Genetic
Diversity

Genetic variation within a group or population. Genetic diversity of a
species includes both genetic differences between individuals within a
population and between populations.

Geomorphology

A science that deals with the structure and origin of land and submarine
features on the Earth’s surface.

Habitat

Place where a plant or animal lives during all or part of its life cycle.

Holding
Area/Habitat

Area used by fish for rest between periods of activity. Holding areas are
generally characterized by low temperatures, cover, flow, or pools formed
by rocks, fallen wood, and debris.

Hydrology

A science dealing with the properties, circulation, and distribution of water
on the surface of the land, in the soil, and underlying rocks.

Impervious
Surface

Surfaces that restrict or reduce the infiltration of surface water into soils (e.g.
pavement, compacted soils, etc.)

Large Woody
Debris (LWD)

Large logs (generally 30 cm or 12 inches in diameter, or larger) and root
wads that fall or are placed in or near a stream and become part of the
riparian or aquatic habitat.

Life History

A history of the changes through which an organism passes in its
development from the primary stage to its natural death.

Log Jams

Accumulation of large woody debris within a stream, which over time can
increase in size creating holding areas for salmonid species.

Mainstem

The principal stream or channel for any drainage basin.

Mass Wasting

Landslide processes including debris falls, debris slides, avalanches, debris
flows, rockslides, slumps, and collapse of road cuts and fills.

Meander

The turning or winding of a stream.

Mixed Stock

A stock whose individuals originated from commingled native and nonnative parents, or a previously native stock that has undergone substantial
genetic alteration.

Natural
Production

Fish production that is sustained by natural spawning and rearing in natural
habitat.

Ocean-type

The portion of a Chinook salmon population that migrates out to sea during
the first year of life and spend a considerable longer period of time in
estuary habitat than stream-type Chinook.

Off-channel
Habitat

A relatively calm portion of a stream outside of the main flow such as a side
channel, slough, dead-end channel, or wetland.

Outmigration

Movement of young salmonids from freshwater spawning and rearing
habitat to estuary and marine waters.

Outplanting

Placement of typically juvenile fish from a hatchery or other watershed into
an area where they were not naturally produced. Outplanting can alter the
genetic diversity of a stock.

Population

A group of fish that is genetically self-sustaining and isolated geographically
or temporally during reproduction.

Rain-on-Snow
Event

Occurs when warm, moisture-laden air masses pass over snow, causing
condensation of water on the snow surface; this process releases large
amounts of latent energy, facilitating the rapid melting of substantial
volumes of snow

Reach

Any specific section of a stream’s length that is usually identified by
geographic barriers or unique characteristics.

Rearing
Habitat

Habitat favored by juvenile salmonids for growth and development before
migrating to sea. Generally characterized by shady pools and quiet water,
ponds, and sloughs.

Recruitment

Addition or reproduction of new individuals to a population.

Redd

Fish nests made in gravel (particularly by salmonids) consisting of a
depression that is created and then covered once eggs are deposited.

Resident
Salmonid
Species

Salmonid species that spend their entire lives in freshwater with no
migration to marine waters.

Riffles

A shallow area extending across a streambed causing broken water, often
with a fast moving current.

Riparian
Habitat

Area along the banks of rivers and streams, provides a transition zone
between river and upland habitat.

Rip-rap

Large rocks, broken concrete, or other structure used to stabilize stream
banks and other slopes.

River Mile

Distance of a given point (in miles) from the mouth of the river.

Riverine

Pertaining to river or stream systems.

Run

The sum of stocks of a single salmonid species that migrate to a particular
region, river, or stream of origin at a particular season.

Salmonid

Any fish of the taxonomic family Salmonidae, including salmon, trout, char,
whitefish, and grayling.

Scour

The removal of material by erosion due to moving water.

Sedimentation

The action or process of forming or depositing sediment.

Side Channel

A channel that typically runs parallel to the main channel, but is still
connected. Characterized by lower flows than the main channel.

Site Potential
Tree Height

The average maximum height of the tallest dominant trees (200 years or
more) on a given site, depending on soil type.

Slough

A place of deep mud, usually an inlet from a river; a section of abandoned
stream channel containing water during all or part of the year. Often a creek
in a marsh or tide flat.

Smolt

Young salmon that is about two years old and at the stage of development
when it assumes the appearance of the adult; undergoing physiological
changes allowing for a shift in lifestyle from freshwater to marine water.

Smoltification

The process that occurs in young salmonids as they prepare to migrate
downstream from a fresh water life stage to a marine life stage.

Spawning

The production and deposition of eggs by aquatic animals. May also include
the act of nest (redd) construction and egg fertilization.

Spawning
Grounds

Specific stream reaches where spawning occurs.

Spawning
Habitat

Area favored by salmonids (in particular) for spawning. Generally
characterized by cool flowing water, clean gravel, and a low percentage of
fine sediment.

Stakeholder

Active member/group of a process or interested party.

Stream-type

Chinook salmon that rear for one year in freshwater habitats before
outmigration.

Substrate

Mineral and organic material that forms a streambed. Surface upon which
an organism lives.

Suspended
Solids

Suspended mineral and organic material suspended, but not dissolved by the
energy of moving water.

Tributary

A stream feeding a larger stream or lake.

Turbidity

Relative water clarity measured by the extent which light passing through
water is reduced by suspended and dissolved materials.

Watershed

The total land area that drains to any single river or stream. Also known as a
basin or catchment.

Weir

A device placed across a stream to divert fish into a trap, to raise the water
level, or to divert its flow. Also, a notch or depression in a dam or other
water barrier through which the flow of water is measured or regulated.

Wetland

Areas that have a predominance of hydric soils and that are inundated or
saturated by surface or ground water at a frequency and duration sufficient
to support, and under normal circumstances do support, a prevalence of
hydrophytic vegetation typically adapted for life in saturated soil conditions.

Yearling

A fish that has lived more than one year and is in its second year of life.
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Stillaguamish Chinook escapement estimates
Stillaguamish Natural Chinook Escapement
NF
SF
Total
1013
1974
837
176
1198
1975
990
208
2140
1976
1768
372
1475
1977
1218
257
1232
1978
1018
214
1042
1979
861
181
821
1980
678
143
630
1981
520
110
773
1982
638
135
387
1983
320
67
374
1984
309
65
1409
1985
1148
261
1277
1986
980
297
1321
1987
1065
256
717
1988
516
201
811
1989
537
274
842
1990
575
267
1632
1991
1331
301
780
1992
486
294
928
1993
583
345
954
1994
667
287
822
1995
599
223
1244
1996
993
251
1156
1997
930
226
1540
1998
1292
248
1098
1999
845
253
1646
2000
1403
243
1349
2001
1066
283
1588
2002
1253
335
988
2003
856
132
96-03avg
1080
246
1326
SOURCE: A&P Tables 6/14/2004 for 1974-2002
Pete Verhey WDFW for
2003

0.798
0.804
0.839
0.770
0.852
0.790
0.789
0.866
0.814

Stillaguamish Non-Hatchery Natural Chinook
Escapement
NF
SF
Total
1013
1974
837 176
1198
1975
990 208
2140
1976
1768 372
1475
1977
1218 257
1232
1978
1018 214
1042
1979
861 181
821
1980
678 143
630
1981
520 110
773
1982
638 135
387
1983
320
67
374
1984
309
65
1409
1985
1148 261
1277
1986
980 297
1321
1987
1065 256
707
1988
506 201
757
1989
483 274
701
1990
434 267
1279
1991
978 301
716
1992
422 294
725
1993
380 345
743
1994
456 287
654
1995
431 223
935
0.732
1996
684 251
839
0.731
1997
613 226
863
0.713
1998
615 248
767
0.670
1999
514 253
1127
0.784
2000
884 243
936
0.698
2001
653 283
1083
0.691
2002
748 335
2003
96-03avg
673 263
936
0.719
SOURCE: A&P Tables 6/14/2002 for 1974-2002
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Population structure in Chinook salmon from the South Fork of the
Stillaguamish River.

Summary
Genetic distance analysis indicates that the South Fork Stillaguamish population of Chinook salmon has
absorbed significant Green River ancestry. Compared to other basins where Green River fish have been
introduced, such as parts of the Snohomish basin or Nisqually River, the influence of Green River Chinook
salmon is much less in the Stillaguamish, however. Although the data show contribution from Green River
hatchery fish, the South Fork population remains genetically differentiated from the large complex of populations
that are mostly Green River derived. The South Fork of the Stillaguamish population appears to have a healthy
effective population size, as estimated from microsatellite DNA data and also from demographic data on the
variation of run size through time. It is possible that the effective population size of the population has been
inflated by strays, perhaps of Green River origin. Assignment testing of fish collected from the South Fork
Stillaguamish suggests a substantial contribution from Snohomish basin fall Chinook, though no more than has
been observed in Skagit basin fall collections or Snohomish basin summer collections. Completion of
microsatellite datasets for populations from the Green River hatchery population and from the Snohomish basin
should form a baseline to allow a finer scale resolution of the relationship of the South Fork Stillaguamish
Chinook to populations from neighboring rivers, over both the long term and the more immediate scale of
present-day gene flow.
Data
Unpublished allozyme and microsatellite DNA data from WDFW were used to address questions about
the ancestry and effective population size of Chinook salmon from the South Fork of the Stillaguamish River, as
well as the source of contribution from non-native Chinook salmon that may stray into the South Fork of the
Stillaguamish. Additional populations of interest include Chinook salmon from the Snohomish River basin that
may be historically ancestral to Stillaguamish Chinook as well as potentially providing current contribution from
strays, Chinook from the Skagit River basin that may also be able to stray into the Stillaguamish basin, and,
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finally, the Green River hatchery strain of Chinook salmon, which have been stocked into the Snohomish basin in
the past.
Multilocus DNA genotypes (15 microsatellite loci) were taken from 585 Chinook salmon from the North
Fork of the Stillaguamish from 1985 through 2001, and from 159 Chinook salmon from the South Fork over the
period from 1992-2001. Until data are available from outside the Stillaguamish basin, the existing data are
sufficient to estimate demographic parameters such as effective population size and distribution of genetic
variation within and between the two forks of the Stillaguamish River, but they cannot be used to address
questions involving relationship of Stillaguamish fish to those from populations in other basins. Data from a 31locus suite of allozymes is available for populations from throughout Puget Sound (WDFW unpublished data,
also Waples et al. 2004), and this dataset can be used to form a preliminary view of the relationship among
Chinook salmon populations from the north and south forks of the Stillaguamish as well as the neighboring
Snohomish and Skagit basins and the widely stocked Green River hatchery strain. Specific sample information
(location and year of collection) is given in Table 1a (microsatellites) and 1b (allozymes).
Analyses
Variance effective population size (NeV) was estimated from microsatellite data collected from samples
representing brood years 1988-1999 (Table 1a), roughly 3 generations start to finish, using the program
NeEstimator. Point estimates of Ne, calculated from temporal variation in allele frequencies, were 88 based on
the method of moments described by Waples (1991), with 95% CI 49-235, and 205 from the pseudolikelihood
method of Wang (2001), with 95% CI 111-1028. The point estimates ranged from 34-80% of the harmonic mean
annual run size (255; SaSI 2002) over the time period sampled. The low end is fairly typical of salmonids, while
the high end is definitely elevated relative to observations from Pacific salmon (Waples 2002; though not
necessarily from Atlantic salmon, see Spidle et al. 2003, 2004). To the extent that the pseudolikelihood method’s
point estimate is correct, and the 95% confidence estimate far exceeds observed run size, it may reflect increased
ancestry from a large population out of basin such as the Green River hatchery strain. It is also possible that redd
counts may have underestimated actual spawning escapement, though obviously not to the degree implied by the
width of the confidence interval. Additionally, inbreeding effective population size (NeI) was calculated using the
technique of Simon et al. (1986, see also Spidle et al. 2004). Variation in number of spawners from year to year
was calculated from 1986-2004 escapement data (SaSI online at http://wdfw.wa.gov/mapping/salmonscape/),
under the assumption of a sex ratio of 3 males : 2 females in the escapement. The inbreeding coefficient FIS was
estimated, using the program GenePop and the same microsatellite data used to estimate NeV, to be 0.0175.
Simon et al. (1986) had estimated that in hatchery coho salmon, variance in mean family size was 2-4 times the
typical mean family size, a range that, with the demographic data from SaSI, lead to estimates of Ne I from 91 to
152, very similar to the range of estimates for NeV.
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The question of the ancestry of the present-day South Fork Stillaguamish population of Chinook salmon
was addressed by estimating genetic distances among allozyme datasets from the north and south forks of the
Stillaguamish, from the Soos Creek Green River hatchery population, and wild and hatchery populations from the
Snohomish basin, while using collections from the south and north forks of the Nooksack River as outgroups, and
from the Nisqually River as an ‘ingroup’ to show the relatedness of a population known to have been heavily
influenced by the Green River strain. A genetic distance matrix (Da, Nei et al. 1983) was estimated from the
allozyme dataset (Table 1b) using the program dispan. From there, two separate analyses were conducted: a
multidimensional scaling plot of each population was made, in Systat, to illustrate the relatedness of each
population and subpopulation (Figure 1), and then the subpopulations from rivers were combined into pools and a
neighbor-joining tree was calculated from the matrix using the program ‘neighbor’ from the Phylip package. The
tree was bootstrapped (2000 replicates sampling over loci) using the program NJBPOP. Populations that
significantly (as indicated by bootstrapping of the tree) were highlighted on the MDS plot (Figure 1).
The origin of potential strays into the gene pool of the South Fork Stillaguamish Chinook population was
inferred by using individual assignment tests where the likelihood of an individual genotype being drawn from its
gene pool of origin (or some other gene pool) is measured. Only populations that could feasibly contribute strays
to the Stillaguamish basin were used as potential sources of origin. Genetic distance analysis suggested similarity
between collections with the same run timing across tributaries within a basin, so populations were pooled by run
time across basins with more than one tributary sampled (Snohomish, Skagit). Table 2 gives the rates at which
individuals from known populations were assigned back to each of the populations in the dataset. Salmon from
the South Fork of the Stillaguamish River were incorrectly assigned back to the Snohomish basin fall pool at a
slightly greater rate than they were correctly assigned back to the South Fork. For comparison’s sake, the
Snohomish summer Chinook were assigned back to the Snohomish fall origin pool at the same rate as South Fork
Stillaguamish fish were. Individuals from both the Snohomish summers and the South Fork Stillaguamish falls
were correctly identified at similar rates. Interestingly, Skagit basin fall Chinook were also mis-assigned to the
Snohomish basin fall pool at a similar rate as South Fork Stillaguamish and Snohomish summers. Snohomish fall
Chinook, North Fork Stillaguamish summers, and Skagit spring Chinook were most often assigned to their actual
collection of origin rather than to any other collection. Skagit summers were most often mis-assigned to either
North Fork Stillaguamish summers or to Skagit springs. Green River influence in the South Fork Stillaguamish,
therefore, can be inferred to be comparable to that in summer run Snohomish basin Chinook, and fall run Skagit
basin Chinook, but less than has been estimated for fall run Snohomish basin Chinook.
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Table 1a Origin of microsatellite samples collected from north and of the Stillaguamish River.
Collection location

Year

N

NF Stillaguamish mainstem

1985

20

NF catch area 786

1985

17

Upper NF spawning survey

1985

52

NF spawning ground

1987

69

NF spawning ground

1988

26

NF spawning ground

1996

108

NF hatchery broodstock

2001

118

NF spawning ground carcasses

2001

79

Total North Fork N

488

SF Jim Creek catch area 322

1992

13

SF Jim Creek catch area 322

1993

7

SF Jim Creek catch area 322

1994

19

SF Jim Creek catch area 322

1995

16

SF Jim Creek catch area 322

1996

60

SF Jim Creek catch area 322

1997

7

SF catch area 324

1997

6

SF catch area 350

2001

1

SF catch area 1

2001

3

SF Jim Creek catch area 322

2001

27

Total South Fork N

159
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Table 1b Origin of allozyme samples used in the present analysis. South Fork Stillaguamish collections
are the same as from Table 1a (through 1996).
Collection location, run timing

Year

N

NF Nooksack Hatchery
SF Nooksack River
Total Nooksack basin springs

1988, 1993
1993-1995, 1998

201
104
305

Suiattle River
Upper Sauk River
Cascade Hatchery
Upper Cascade River
Total Skagit basin springs

1986-1990, 1998
1986, 1994, 1998
1990, 1993-1994, 1996
1993-1994

505
163
428
83
1179

Upper Skagit River
Lower Sauk River
Total Skagit basin summers

1986, 1994-1995
1986

284
74
358

1986-1988, 1998

128

1987-1988, 1996

184

1992-1996

113

Wallace River
Skykomish River
Bridal Veil Creek
Wallace Hatchery
Total Snohomish basin summers

1988-1989
1988-1989, 1993, 1996
1987-1988
1987-1988, 1996

94
182
87
259
919

Sultan River
Snoqualmie River
Wallace Hatchery
Total Snohomish basin falls

1987-1989
1988
1987

95
101
106
302

1998

30

1987-1998

399

Lower Skagit River falls
NF Stillaguamish summers
SF Stillaguamish falls

Nisqually River falls
Green River Hatchery falls

6

Table 2. Result of individual assignment tests. Each cell indicates the percentage of fish from a given row assigned to the river represented in each
column. Percentages sum to 1.00 across rows. Grayed cells indicate percentage of fish correctly assigned to their population of origin.
Bold indicates the collection (column) to which fish from the row in question were most frequently assigned.
Population of
origin

Percentage assigned to each population
Snohomish
summers

Snohomish
falls

SF
Stillaguamish

NF
Stillaguamish

Skagit
springs

Skagit
summers

Skagit
falls

Snohomish
summers

0.24

0.34

0.10

0.09

0.08

0.06

0.09

Snohomish
falls

0.13

0.52

0.11

0.07

0.03

0.06

0.09

SF
Stillaguamish

0.09

0.33

0.25

0.11

0.10

0.03

0.11

NF
Stillaguamish

0.10

0.16

0.05

0.32

0.17

0.14

0.07

Skagit
springs

0.11

0.15

0.09

0.14

0.36

0.10

0.06

Skagit
summers

0.13

0.12

0.10

0.18

0.18

0.15

0.12

Skagit
falls

0.16

0.31

0.12

0.15

0.09

0.10

0.08
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Figure 1. Multidimensional scaling plot of genetic distance (Da) between Chinook salmon populations from
Stillaguamish and Snohomish basins. Nooksack, Green River hatchery, and Nisqually River collections of
Chinook were used as outgroups. Circles indicate populations that cluster together on a neighbor-joining tree of
genetic distance with greater than 45% bootstrap support. Color-codes indicate run timing (green = spring, blue
= summer, red = fall).
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Effects of peak flows on Chinook (Oncorhynchus tshawytscha) spawning
success in two Puget Sound River Basins
Eric M. Beamer1 and George R. Pess2

INTRODUCTION
Freshwater habitat conditions at the earliest life stage can be a
major constraint to salmon (Oncorhynchus spp.) productivity in the
Puget Sound. Lower egg-to-fry survival rates and smolt production
estimates have been correlated to larger flood events. We analyzed the
relationship between peak flows during the egg incubation period with
six different Skagit and Stillaguamish River chinook stocks to
investigate whether the effects of peak flow during egg incubation
constrained chinook production at the adult life stage. Our measure of
adult production used was a chinook spawning recruitment ratio, which
is the number of spawning adult chinook to returning adult chinook for
a brood year.
Seiler and others (1998) found a strong negative relationship
between peak flows and egg to migrant fry survival estimates for
Skagit Chinook. We transformed peak flood events into a flood
recurrence interval (years) using a log-Pearson Type III distribution
and developed a general model of chinook egg to migrant fry survival
from these data. The model was then applied to Stillaguamish River
summer chinook data in order to investigate the sensitivity of chinook
egg to fry survival to changes in peak flow hydrology.
RESULTS
We found that six different stocks of Skagit chinook and one
stock of Stillaguamish chinook were unable to produce enough return
spawners to “replace” themselves if peak flow during the egg
incubation period was equivalent to a 20-year event or larger (Figure
1). A 20-year flood recurrence interval corresponds to a 5% chinook
egg to migrant fry survival rate (Figure 2). Figure 1 also shows an
apparent “boundary condition” where chinook recruitment did not exceed
1

Skagit System Cooperative, P.O. Box 368, LaConner, WA 98257 (360/466-7241) ericbeamer@aol.com
National Marine Fisheries Service, Northwest Fisheries Science Center, 2725 Montlake Blvd. East, Seattle, WA 981122097. (206/860-3450). george.pess@noaa.gov
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a certain level for a given peak flow, presumably due to constraints
in egg incubation survival. Egg incubation survival limited chinook
recruitment over 30% of the time, suggesting that the egg to fry life
stage of the chinook life cycle can limit adult production even when
flooding is not severe. Factors at other life stages can also limit
chinook production. This can include, but is not limited to, the longterm loss of estuary habitat at the juvenile life stage or fishing
mortality at the adult life stage.

Chinook recruitment ratio (adult to adult)

7.0
Cascade summer run
Lower Skagit fall run
Upper Skagit summer run
Upper Sauk spring-run
Lower Sauk summer-run
Suiattle spring-run
Stillaguamish summer-run
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4.0

Boundary condition - no data points outside of
line
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Figure 1. Chinook recruitment ratio as a function of peak flows during
the egg incubation period for wild Chinook of the Skagit and
Stillaguamish Rivers (Brood years 1974 to 1990).
In the North Fork Stillaguamish River, increases in peak flows
over the last 70 years have changed the flood frequency curve (see
Figure 3). By applying our model of chinook egg to migrant fry
survival (Figure 2) we hypothesize chinook egg to fry survival has
been reduced from 10% to 5% for the two-year flood event (Figure 4).
This means that every brood year of spawning chinook has a 50% chance,
rather than a 10% chance, of being exposed to flow events that
correspond to egg to fry survival rates where the stock does not
replace itself. Possibly not by coincident, naturally spawning North
Fork Stillaguamish chinook have been unable to replace themselves over
70% of the time since 1980 (Figure 1).
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Figure 2. Egg to migrant fry survival as a function of peak flow
during egg incubation (at Mt. Vernon) in the Skagit
River basin
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(1989 to 1996) (y=0.1285e-0.0446x,R =0.97).
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Figure 3. North Fork Stillaguamish flood recurrence interval
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Figure 4. Estimated egg to fry survival v. flood recurrence interval
for the North Fork Stillaguamish.
CONCLUSIONS
Peak flows can constrain adult chinook production even in years
where flooding is not severe. Freshwater habitat conditions at the egg
to fry life stage can therefore be a “bottleneck” to production of
chinook stocks. Because of the exponential decay shape of the curve
(see Figure 2), egg to fry survival is sensitive to changes in peak
flow. A change in peak flows can reduce egg to fry survival levels to
the point where one generation of chinook cannot produce enough
returning adults to replace themselves. This information is important
in predicting run sizes for fisheries harvest management, and also has
significant landscape management implications when considering how to
protect and restore chinook stocks.
REFERENCES
Seiler,D., L.Kishimoto, and S.Neuhauser. 1998. 1997 Skagit River wild
0+ Chinook production evaluation. Washington Department of Fish
and Wildlife, Olympia, WA. 57 pp.

Genetic Diversity in Supplemented North Fork Stillaguamish River
Chinook Salmon: 1980 - 2001

Report to the Northwest Indian Fisheries Commission

Willy Eldridge
Northwest Indian Fisheries Commission
and
Kip Killebrew
Stillaguamish Tribe

FINAL
August 29, 2003

Background
The Stillaguamish Tribe initiated a conservation program for depressed North
Fork Stillaguamish River summer chinook in 1986 at the Harvey Creek Hatchery to
increase the abundance and preserve genetic diversity in the depressed population. At the
same time the Tribe stopped fishing on this stock to avoid further decline. The Tribe
would like to use the conservation program to maintain the effective population size (Ne)
and minimize domestication in the population, and avoid incorporating non-native genes.
Fish that originated in the hatchery program as well as fish that originated in the wild are
taken for broodstock each year to foster genetic exchange between the two components
and minimize potential domestication due to hatchery rearing. Both components also
spawn in the wild each year.
Historically, Green River fall chinook salmon were stocked in the Stillaguamish
River in substantial numbers until 1974. Most managers believe that these plants
contributed few returns because fish were planted mostly as green eggs or unfed fry,
which tend to produce few returning adults in chinook salmon. But this assumption has
never been tested in the Stillaguamish River. Hatchery reform funding provided an
opportunity for the Stillaguamish Tribe to evaluate the effectiveness of the hatchery
program at maintaining genetic diversity and to test for the presence of Green River fall
chinook salmon in the Stillaguamish River.
Methods
Scales, fin clips or liver tissues were already available from chinook salmon
sampled in the Tribal in-river fishery, hatchery broodstock, or on the spawning grounds
in the Stillaguamish River between 1980 and 1996, additional fin clips were collected in
2001(Table 1and Table 2). All samples were from early returning adults believed to be
North Fork summer chinook as opposed to the South Fork fall chinook also in the system.
We subcontracted to the Washington Department of Fish and Wildlife to characterize the
genetic diversity in the samples. They used standard microsatellite and allozyme
technology to generate genotype information. Using the genotypes generated by WDFW
and additional allozyme genotypes already available for North Fork Stillaguamish
Chinook, we evaluated within-year population structure by testing for Hardy-Weinberg
equilibrium and linkage equilibrium using the computer program POWER MARKER;
and when there was evidence for population structure, we assigned individuals to their
most likely cluster of origin using a Bayesian approach (STRUCTURE). We then
calculated global and pair-wise Fst and G-test statistics between all years (GENEPOP for
most tests, POWER MARKER was used to calculated 95% confidence interval of Fst) to
test for genetic differences between years; and when samples were available, we
compared genetic diversity in program with natural origin fish, and fish sampled in the
broodstock with fish sampled on the spawning grounds using the same pair-wise tests to
test for within year genetic differences. We described genetic diversity each year
(average heterozygosity and average number of alleles, POP TOOLS, an Excel add-in)
and calculated the effective population size over different time periods (Ne
ESTIMATOR) to test for change in genetic diversity over time. We also conducted an
assignment test using Stillaguamish River chinook and Green River fall chinook raised at
the Kendall Creek Hatchery in the Nooksack River to test for the presence of Green River
chinook (WHICHRUN).
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Results and Discussion
Unfortunately, the data from the 1980 samples was insufficient for our analysis
because of apparent degradation of larger DNA fragments (Table 40). Absence of the
1980 samples notwithstanding, we made some noteworthy findings. Within year genetic
diversity in North Fork Stillaguamish River summer chinook salmon has been maintained
since supplementation started in 1986. Between 1985 and 2001 the number of alleles and
the average heterozygosity has not changed significantly, although the trend is slightly
negative for the number of microsatellite alleles (Figure 1). The number of alleles and
average heterozygosity was equivalent to a relatively large hatchery population of Green
River chinook salmon, albeit one with a long history of hatchery influence (Table 3). In
addition, the effective population size determined genetically was consistent with the
demographic estimate determined from census number of spawners indicating that
genetic diversity is faithfully passed on (Table 4). No legacy of Green River chinook
introductions was detected in the fishery, broodstock or on the spawning grounds in the
Stillaguamish River during the years tested (Figure 2). There were some irregularities in
the genetics that may cause concern, however.
In 1996 the program and natural origin returns were genetically indistinguishable,
but by 2001 the program and natural origin returns had significantly different allele
frequencies at microsatellite markers (Fst = 0.005, Table 5 and Figure 3). This level of
divergence does not necessarily indicate life history or biological differentiation, but that
concern does exist. For example, this level of divergence is comparable to the divergence
between two hatchery populations of Green River Chinook, one in the Soos Creek
Hatchery and the other in the Kendall Creek Hatchery (Fst = 0.007, Table 7 DNA
Characterization of Nooksack River Chinook, WDFW Report, Nov. 2002). This level of
divergence was also seen between two year classes of sockeye in Lake Ozette spawning
in the same location, which overwhelmingly return as four year olds (Olsen beach 1999
vs. Olsen beach 2000 Fst=0.007, Genetic Characterization of Lake Ozette Sockeye,
Report to the HSRG 2001).
Genetic divergence between two components, in this case the hatchery and natural
origin summer chinook, generally indicates a reduction in geneflow. It is possible that
genetic exchange between the fish from the hatchery and fish from the spawning grounds
is unbalanced despite the Tribe’s efforts to completely integrate program and natural
origin fish (Figure 4). Program fish have been observed on the spawning grounds in
large numbers, 10-60% of all spawners, but they may not perform as well as natural
origin fish. We estimated 54 genetic migrants between the two components per
generation among 2001 returns (Table 6). However, if the components have yet to reach
equilibrium of genetic drift and geneflow, the real rate of geneflow between program
origin and natural origin chinook may be even lower.
A potential cause of reduced geneflow between fish spawned in the hatchery and
fish that spawn naturally is domestication selection, which favors performance in the
hatchery and reduces performance in the wild. Power was insufficient to evaluate
domestication, although it was encouraging to see that in a test for parentage of 2001
returns by 1996 hatchery brood all four mating types were identified: program x program,
natural x natural, program x natural and natural x program (Table 12). If selection is
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occurring, it does not completely preclude integration of natural origin fish into the
broodstock.
Alternatively, the program and natural origin chinook may diverge if non-target
chinook adapted to a different system were incorporated into the broodstock. There was
strong evidence for population structure among the 1988 broodstock and 1996 hatchery
origin component (Table 7). It is possible that individuals with ancestries outside the
Stillaguamish River were collected for broodstock in 1988 and 1996. The 1988 sample
may have been composed of one cluster of 13 individuals and a second cluster of 3
individuals (Table 8and Table 10). The 1996 hatchery origin component was most likely
composed of 41 individuals in one cluster and 7 individuals in a second cluster (Table 8
and Table 9). Interestingly, all seven individuals in the second cluster from 1996 were
hatchery origin, presumably from the Harvey Creek Hatchery, as indicated by a fin clip
or coded wire tag in the snout applied as juveniles. By comparison, there was no
evidence for population structure among the natural origin fish in 1996 (Table 7).
PSMFC records indicated that in 1996 one chinook was captured for broodstock carrying
a tag from the Kendall Hatchery spring chinook program, although our records were
insufficient to determine if this was one of the fish we identified as an outlier. PSMFC
records also indicated that four fish from the Marblemount Hatchery in the Skagit River
had also been captured for broodstock in 1994 (Table ##).
It is also possible that the fish in the second cluster from 1996 were not strays, but
were from the North Fork Stillaguamish summer chinook population. Four of the seven
individuals in the second cluster appeared to be siblings. Unequal reproductive success
(low Ne/N) can lead to linkage disequilibrium1, which we used as an indicator of
population structure. By 2001 the fish in the second cluster appeared to be completely
integrated into the hatchery origin component, one fish used for broodstock in 2001 was
the offspring of one of the 1996 outliers and another natural origin fish (Table 12), and
there was no evidence for population structure (Table 7).
In the future genetic diversity should continue to be monitored among
Stillaguamish River chinook because of potential reduction in genetic diversity in the
long term. In 1996 we identified four apparent siblings that were the offspring of fish
spawned in a hatchery in 1993 (Table 9). If offspring from these parents returned in
equal proportions to the Stillagumaish River as two, three, four and five year olds it is
possible that a total of 43 siblings from the same parent-pair returned to spawn in the
river, much higher than the two offspring per parent-pair expected for a stable population.
Over time, large variance in reproductive success will lead to a loss of genetic diversity in
the population.
Two individuals sampled in the 1983 fishery were unlikely North Fork summer
chinook. Between the two of them they contained five microsatellite alleles not seen in
any other individual (Table 13). Their true origin could not be determined, although the
fishery occurs early in the year in the lower river and these fish may have been unlucky
wanderers. Had these fish not been caught in the fishery, it is not clear that they would
have spawned in the Stillaguamish River, so we are not attaching high significance to
detecting them.

1

Waples, R. and Teel, D. 1990. Conservation genetics of Pacific salmon I. Temporal changes in allele
frequency. Conservation Biology. 4: 144-156.

4

In conclusion, the Stillaguamish Tribe’s supplementation program for North Fork
Stillaguamish River summer chinook is succeeding at maintaining genetic diversity.
Also, Green River fall chinook are not established in the North Fork Stillaguamish River.
There is cause for concern of genetic divergence between hatchery origin and natural
origin fish, and variance in reproductive success. The Tribe has already taken efforts to
address most of these issues. The Tribe shifted the location of broodstock collection and
reads coded-wire tags prior to spawning to reduce the chance of incorporating non-target
fish. The Tribe also adopted a modified “matrix” spawning protocol to reduce the
variance in reproductive success between families. The Tribe might also consider
mimicking the natural environment in the hatchery to reduce domestication and continue
genetic monitoring of the wild component for geneflow with program origin fish. It is
possible that the genetic divergence observed in 2001 was a sampling artifact or has
already been alleviated by the efforts taken in the past few years.
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Genetic Samples
Table 1 Allozyme and microsatellite tissue samples from Stillaguamish River chinook salmon.
Individuals scored at nine or more microsatellite loci were used in further analysis.

Year
1980
1983
1984
1985

WDFW Allozymes
Code
samples
80AA
83AA
83AB
84AA
85AA
85AB
85AC

Microsatellite
samples
(used)
105(74)
1(1)
2(1)
4(3)
20(20)
17(16)
52(39)

Sampling location

Tissue type

In-river fishery
In-river fishery
In-river fishery
In-river fishery
Spawning grounds
In-river fishery
Spawning grounds

Scales
Scales
Scales
Scales
Scales
Scales
Scales
Liver and
scales
Scales
Liver and
scales
Fin clips
Fin clips

1987

87AK

70

70(69)

Broodstock

1988

88QN

36

26(16)

Broodstock

1996

96EB

108

108(99)

Broodstock

2001

01DY
01DZ

115

118(114)
79(28)

Broodstock
Spawning Grounds

Table 2 Breakdown of 1996 and 2001 samples into hatchery, wild and unknown origin.

1996H
1996W
2001H
2001W
2001U

Allozyme
53
55
36
79
0

Microsatellite
48
51
42
91
9

Escapement, Heterozygosity and Number of Alleles Over Time
1600

Natural (stippled) and Hatchery (waves) Origin Escapement

1400

Abundance

1200
1000
800
600

Start
Hatchery

400
200
0

0.1

0

15

Na[32]

12

Exp. Hz.

Allozymes

1

Microsatellites

0.8

9

0.6

6

0.4

3

Exp. Hz.

Na[34]

0.2

2.1
1.8
1.5
1.2
0.9
0.6
0.3
0

0.2

* F-test P=0.15
0
1977

1982

1987

1992

1997

0
2002

Year
Figure 1 Stillaguamish summer chinook salmon natural and hatchery origin escapement (top) and
genetic diversity standardized for a common number of samples (in brackets on Y-axis). Middle
chart is based on 30 polymorphic allozyme loci from broodstock sampled in 1987, 1988, 1996 and
2001. Bottom chart is based on 16 microsatellite loci from broodstock and spawning ground samples
collected in 1985, 1987-88, 1996 and 2001 (no fishery samples were included). Trends in number of
alleles (Na) or expected heterozygosity (Exp. Hz.) were not significantly different than zero (F-Test).
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Chinook Genetic Diversity
Table 3 Average allelic richness and expected heterozygosity at six microsatellite loci in
Stillaguamish chinook salmon and Green River fall chinook at the Kendall Creek Hatchery.

1980 1985 1987-8 1996 2001 Green River
Na[23] 9.6 11.0 10.0 10.9 10.7
10.2
Hz 0.75 0.80 0.82 0.82 0.82
0.81

Effective population size
Table 4 Effective population size (and 95% confidence interval).

N
19771986
19851987
19851996
19852001
19871996
19872001
19962001

618

754

Nbdemographic
184

209

NbTemporal

20
(11-63)
99
(59-204)
127
(86-206)
144
(74-557)
228
(118-780)
100
(53-335)

Generation Generations
(yrs.)
3.59
1
3.59

3

3.59

5

3.59

3

3.54

4

3.54

1.5

Note 1 Demographic Nb=0.3*4*(Males+Females)/(Males*Females). The ratio of Males to Females
each year on the spawning grounds was estimated from the hatchery broodstock records; Nb
composite=Nb Hatchery + Nb Wild; Nb-Temporal was estimated using the approach of Waples 1990
using the computer program Ne Estimator.
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Population Structure

Table 5 Microsatellite pair-wise Fst and 95% confidence intervals.

1987
1996H
1996W
2001H
0.0024
1996H
(-0.0007, 0.0057)
-0.0006
0.0025
1996W
(-0.0026, 0.0012) (0.0000, 0. 0053)
0.0020
0.0010
0.0018
2001H
(-0.0019, 0.0065) (-0.0023, 0.0043) (-0.0014, 0.0053)
0.0019
0.0017
0.0009
0.0046
2001W
(-0.0002, 0.0043) (-0.0006, 0.0043) (-0.0012, 0.0030) (0.0005, 0.0090)

H v. W

Genetic migration rate
Table 6 Estimated number of migrants per generation between the hatchery and spawning grounds

1996 H and W
2001 H and W

Fst
0.0025
0.0046

Nm
100
54

Note 2 Fst=1/(4Nm+1)
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Population Structure
Table 7 Numbers of pairs of loci out of linkage equilibrium, H-hatchery origin, W-natural origin, A
and C- spawning grounds, in 1985 B – fishery, and in 2001 B- broodstock. See Figure 5 to Figure
8.for results for specific markers.

P > 0.05

P < 0.05

P < 0.01

P < 0.001

Allozymes
1987
1988
1996 All
1996H
1996W
2001 All
2001H
2001W

419
424
417
422
418
425
423
428

15
10
10
7
15
8
9
6

1
0
6
5
2
2
3
1

0
1
2
1
0
0
0
0

Microsatellites
1980
1983
1984
1985 All
1985A
1985B
1985C
1987
1988 All
1988A
1988B
1996 All
1996H
1996W
2001 All
2001H
2001W
2001A
2001B

114
28
112
112
120
113
114
113
101
120
105
110
102
119
110
112
112
111
103

4
0
0
4
0
5
5
7
16
0
0
5
11
0
8
7
6
6
12

2
0
0
2
0
2
1
0
2
0
0
3
3
1
1
1
2
3
5

0
0
0
2
0
0
0
0
1
0
0
2
4
0
1
0
0
0
0
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Population Structure
Table 8 Results of STRUCTURE analysis for 1988 fish (16) and 1996 hatchery origin fish (48). User
inputs number of clusters to test and STRUCTURE divides individuals among that number of
clusters to maximize Hardy-Weinberg equilibrium and linkage equilibrium. Models with the
maximum likelihood (closest to zero for negative numbers) are most consistent with the data.

No. Clusters Likelihood Cluster 1 Cluster 2 Cluster 3
1
-889.1
16
2
-976.6
13
3
3
-943.1
13
3
0
1996 H
1
-3077.5
48
2
-3061.6
41
7
3
-3446.5
37
11
0
1988

Note 3 The likelihood is the average of three simulations

Table 9a 1996 broodstock in second cluster as indicated by computer program STRUCTURE, *
indicates possible siblings.

96EB0018*
96EB0051
96EB0075*
96EB0076*
96EB0079
96EB0083*
96EB0086

Origin
H
H
H
H
H
H
H

Age
3
3
3
-

Length (cm)
77
97
73
75
71
75
71

Sex
F
F
F
F
M
F
M

Table 9b Genotypes of apparent siblings from 1996 broodstock
Individual Ocl-1

Ogo-2

Ogo-4

One-114 One-13M One-6

96EB0018 160/164 221/221 132/137 ?/?

One-8

Ots-1

229/189 205/201 166/180 ?/?

Ots-100 Ots-101 Ots-107 Ots-108 Ots-2M Ots-3M Ots-G474 Ssa-197
295/305 214/153 ?/?

?/?

156/152 149/151 181/157 255/150

96EB0075 164/164 227/221 132/161 350/285 229/189 205/205 159/166 188/192 295/305 222/153 232/232 96/105 156/133 136/145 165/157 259/171
96EB0076 164/164 221/221 137/151 350/285 229/189 205/205 159/166 192/192 295/305 214/153 228/232 105/125 152/133 136/149 169/165 171/150
96EB0083 160/164 221/221 151/161 350/281 191/189 ?/?

166/180 ?/?

295/327 222/206 196/232 96/105 133/133 149/151 165/157 255/150

Table 10 1988 individuals in second cluster as indicated by computer program STRUCTURE.

88QN0010
88QN0018
88QN0020

Origin
N
N
N

Age
4
5
-

Length (cm)
90
94
86

Sex
F
F
F
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Strays
Table 11 Coded wire tagged fish originating outside the North Fork Stillaguamish River observed on
the spawning grounds or in the broodstock between 1989 and 1997. PSMFC database.

Return
Year
1989

Broodstock

1994
1996

4

Spawning
Grounds
1
1
2

1
3
1
1
1

1997

1
1

Stock
BY 1985 Marblemount Hatchery spring chinook
BY 1986 Capitol Lake fall chinook
BY 1990 Marblemount Hatchery spring chinook
BY 1993 Tulalip spring chinook
BY 1992 Kendall Hatchery spring chinook
BY 1993 Tulalip spring chinook
BY 1993 Kendall Hatchery spring chinook
BY 1994 Kendall Hatchery spring chinook
BY 1994 Marblemount Hatchery spring chinook

Parentage Assignment
Table 12 Parentage assignment of 2001 returns to 1996 broodstock parents using 16 microsatellite
loci. Assignments were made using the program CERVUS. Matches were supported at all loci.
Offspring
01DY0002
01DY0003
01DY0017
01DY0056
01DY0081

Sex/
Origin
F/H
F/H
M/H
F/H
F/H

Father

Origin

96EB0092
96EB0079
Unknown
96EB0045
96EB0008

N
H

Age/Length
(cm)
-/68
-/71

N
H

-/90
-/66

Mother

Origin

96EB0072
96EB0082
96EB0025
96EB0033
96EB0030

H
N
N
N
H

Age/Length
(cm)
4/84
-/88
-/90
-/87
-/72
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Different Types of Alleles and Private Alleles Per Sample
Table 13 Number of different types of alleles and private alleles (alleles seen in no other sample)
detected within each sample at 16 microsatellite loci in groups of chinook from the Stillaguamish
River between 1983 and 2001.

Alleles sampled Different alleles detected Private alleles
1983
48
41
5
1984
82
60
0
1985 1985A
600
190
1
1985B
462
170
3
1985C
1168
231
7
1987
2092
264
5
1988 1988A
334
141
5
1988B
82
38
1
1996 1996HA
1112
255
2
1996HB
208
78
0
1996W
1424
249
6
2001 2001H
1294
228
2
2001W
2854
287
16
2001U
262
129
1

Different Allleles Detected

350
300
250
200
150
100
50
0
0

500

1000

1500

2000

2500

3000

Total Alleles Sampled

Allele sampling for 16 microsatellite loci in Stillaguamish River chinook salmon collected between
1980 and 2001.
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Figure 2 Assignment probabilities for chinook salmon from the Stillaguamsih River and Green River (reared at the WDFW Kendall Creek Hatchery on
the North Fork Nooksack River) based on sixteen microsatellite loci. Points above line are more likely Stillaguamish River origin and points below line
are more likely Green River origin. The 2001 brood was used as the genetic baseline for Stillaguamish River chinook (WHICHRUN).

1985
2001

N

Stillaguamish River
Puget
Sound

1996
2001
1980
1983

?

1987
1988

1984
1985

Figure 3 Relationship among chinook salmon returning to the Stillaguamish River between 1980
and 2001 as indicated by pair-wise Fst. Circle location indicates approximate location within the
river the sample was collected, House indicates hatchery origin and cobble indicates natural origin.
Like colored circles are most similar. Fish in 1984, 1985, 1987, and natural origin fish in 1996 were
most similar to each other. Fish in 1980 could not be compared because of apparent DNA
degradation. Two fish were sampled in 1983 that were probably not from the North Fork
Stillaguamish River based on genetic differences. The 1988 broodstock and 1996 hatchery origin
fish may have included individuals from the North Fork Stillaguamish River and another group of
unknown origin. The 2001 hatchery origin and natural origin fish were genetically different from
each other, but both groups were similar to earlier returns. See Tables 1 and 2 for samples size
information.
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Model 1
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N
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1 Gen. Spawners

N
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H

N

N

3rd Gen. Returns
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1st Gen. Spawners

Model 2

Figure 4 Alternative models for the distribution of genetic diversity as it progresses through Hatchery (H) and Natural (N) components.
Under model 1, complete geneflow, hatchery and natural components are integrated during spawning. Hatchery origin parents are equally
productive in the hatchery and on the spawning grounds, and similarly for natural origin parents. Under model 2, restricted geneflow or
divergent selection, hatchery and natural components are weakly isolated during spawning. Hatchery origin parents are more productive
in the hatchery than on the spawning grounds, and vice versa for natural origin parents. Under model 2 reproductively isolated groups will
diverge genetically due to genetic drift.
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Appendix
Table 14 Allozyme heterozygosity for polymorphic allozyme loci. Deviations from Hardy Weinberg
equilibrium indicated by * P < 0.05 or ** P < 0.01.

Year
Marker

1987
1988
1996
2001
Obs. Hz Exp. Hz Obs. Hz Exp. Hz Obs. Hz Exp. Hz Obs. Hz Exp. Hz
mAAT1 0.229 0.305 0.361 0.383 0.276 0.323 0.298 0.323
mAAT2 0.243 0.264 0.206 0.187 0.320 0.322 0.286 0.288
sAAT2 0.086 0.131* 0.139 0.128 0.111 0.136 0.096 0.106
SAAT3 0.061 0.058 0.167 0.194 0.094 0.089 0.092 0.087
sAAT4 0.134 0.124 0.194 0.176 0.107 0.133 0.048 0.065
ADA1 0.286 0.243 0.306 0.325 0.243 0.240 0.157 0.158
ADA2 0.071 0.068 0.083 0.079 0.074 0.071 0.061 0.059
mAH4 0.157 0.144 0.056 0.053 0.113 0.106 0.078 0.075
0.329 0.309 0.278 0.240 0.420 0.407 0.322 0.354
sAH
0
0
0
0
0
0.017 0.017
0
FDHG
GPIA 0.086 0.082 0.139 0.128 0.068 0.086 0.096 0.091
0
0
0
0
0.010 0.010 0.044 0.043
GPIB2
0.028**
0
0.053*
0
0.021**
0
0
0
GPIr
0
0
0.014 0.014 0.056 0.053 0.019 0.018
GR
sIDHP1 0.100 0.095 0.028 0.027 0.120 0.114 0.070 0.067
sIDHP2 0.114 0.107 0.056 0.053 0.150 0.153 0.061 0.059
LDHC 0.064 0.061 0.056 0.053 0.069 0.067 0.011 0.010
sMDHB2 0.057 0.055 0.111 0.105 0.074 0.080* 0.078 0.075
sMEP1 0.543 0.457 0.583 0.486 0.505 0.500 0.439 0.473
0.386 0.451 0.361 0.407 0.406 0.421 0.456 0.407
MPI
0
0
0.047 0.046 0.026 0.026
PEPA 0.029 0.028
PEPB1 0.500 0.443 0.417 0.407 0.574 0.455** 0.583 0.469*
0
0
0
0
0
0.009 0.009
0
PEPD2
PEPLT 0.029 0.028 0.083 0.079 0.022 0.021 0.061 0.059
PGK2 0.557 0.489 0.417 0.488 0.470 0.471 0.368 0.467*
0
0
0
0
0.028 0.028
0
0
PGM1
sSOD1 0.386 0.405 0.417 0.336 0.417 0.377 0.426 0.444
sSOD2 0.329 0.342 0.177 0.204 0.404 0.376 0.295 0.356
0
0
0.043 0.042 0.028 0.027 0.037 0.036
TPI3
0.100 0.094 0.083 0.079 0.056 0.054 0.087 0.083
TPI4
Average 0.164 0.162 0.160 0.158 0.174 0.172 0.152 0.156
Note 4 No individuals were heterozygous at the GPir locus. Three individuals were homozygous for the rare
allele, one in each of the three samples out of HWE. All other individuals were homozygous for the common
allele. .
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Table 15 Microsatellite heterozygosity, deviations from Hardy-Weinberg equilibrium indicated by * P < 0.05, ** P < 0.01, *** P < 0.001.

Year
Marker
1983
1984
1985
1987
Obs. Exp. Obs. Exp. Obs.
Exp.
Obs.
Exp.
1.000 0.250 1.000 0.660 0.781 0.780 0.830
0.797
Ocl-1
0.755
Ogo-2 1.000 0.250 1.000 0.563 0.783 0.805 0.773
0.788
Ogo-4 1.000 0.250 0.500 0.391 0.764 0.799 0.768
0.920
One-114 1.000 0.250 0.500 0.281 0.818 0.936* 0.836
0.897
One-13M 1.000 0.563 1.000 0.626 0.920 0.883 0.884
0.248
One-6 0.000 0.000 0.333 0.232 0.212 0.253 0.279
0.824
One-8 1.000 0.250 0.500 0.281 0.887 0.850 0.841
0.000 0.250 1.000 0.560 0.487 0.486 0.515 0.598***
Ots-1
0.948
Ots-100 0.500 0.391 1.000 0.660 0.986 0.955 0.924
0.928
Ots-101 1.000 0.563 1.000 0.694 0.920 0.934 0.954
0.930
Ots-107 0.500 0.391 1.000 0.694 0.973 0.937 0.941
Ots-108 0.000 0.000 1.000 0.563 0.873 0.918 0.923 0.913*
Ots-2M 1.000 0.563 1.000 0.563 0.865 0.869 0.866 0.884**
0.797
Ots-3M 1.000 0.521 1.000 0.626 0.784 0.787 0.803
Ots-G474 1.000 0.563 0.667 0.498 0.680 0.694 0.696 0.736*
0.912
Ssa-197 1.000 0.250 0.500 0.391 0.800 0.933** 0.887
Average 0.750 0.331 0.813 0.518 0.783 0.801 0.795
0.805

1988
Obs.
Exp.
0.786
0.761
0.800 0.808*
0.750 0.797**
0.786 0.877*
0.700
0.780
0.200
0.162
0.600 0.704*
0.643
0.614
1.000
0.845
0.867 0.872*
0.923
0.837
0.833
0.829
0.500 0.841***
0.813 0.775*
0.636
0.730
0.933
0.883
0.736
0.757

1996
Obs. Exp.
0.816 0.805
0.740 0.770
0.781 0.779
0.954 0.938
0.785 0.849
0.219 0.197
0.832 0.846
0.621 0.621
0.938 0.955*
0.968 0.943
0.829 0.927*
0.857 0.906
0.870 0.898
0.798 0.800
0.798 0.751
0.969 0.935
0.798 0.808

2001
Obs. Exp.
0.852 0.799
0.758 0.785
0.777 0.794
0.922 0.938*
0.911 0.885
0.184 0.185
0.812 0.832
0.619 0.628
0.964 0.959
0.964 0.938
0.942 0.921
0.905 0.920
0.906 0.883
0.836 0.834*
0.659 0.723
0.907 0.929
0.807 0.810
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Tests for population subdivision: All years
Table 16 Global tests for population subdivision among all samples.

All years
Exact Test
G-Test

Allozymes
0.0623
0.9996

Microsatellites
0.0000
0.0000

Table 17 Allozyme pair-wise exact test P-values

All years
1988
1996
2001

1987
.63206
.99801
.43188

1988

1996

.41029
.16208

.15404

Table 18 Allozyme pair-wise G-test P-values

All years
1988
1996
2001

1987
0.70611
0.99382
0.45519

1988

1996

0.44993
0.17593

0.21568

Table 19 Allozyme pair-wise Fst values and 95% confidence intervals.

All years
1988
1996
2001

1987
0.0002
(-0.0041, 0.0055)
-0.0016
(-0.0038, 0.0010)
-0.0007
(-0.0029, 0.0018)

1988

1996

0.0062
(-0.0019, 0.0157)
0.0078
(0.0014, 0.0153)

0.0012
(-0.0018, 0.0048)

Table 20 Microsatellite pair-wise exact test P-values, only samples with more than 10 individuals were
compared.

All years
1987
1988
1996
2001

1985
1987
1988
1996
0.00756
0.00002 0.00000
0.00050 0.07943 0.00000
0.00000 0.00129 0.00000 0.01924
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Table 21 Microsatellite pair-wise G-test P-values, only samples with more than 10 individuals were
compared.

All years
1987
1988
1996
2001

1985
1987
1988
1996
0.06047
0.00008 0.00065
0.00204 0.1282 0.00002
0.00000 0.00449 0.00000 0.01844

Table 22 Microsatellite pair-wise Fst values and 95% confidence intervals only samples with more than 10
individuals were compared.
All years
1987
1988
1996
2001

1985

1987

1988

1996

0.0026
(0.0000, 0.0055)
0.0110
(0.0036, 0.0187)
0.0029
(0.0003, 0.0056)
0.0041
(0.0022, 0.0068)

0.0055
(-0.0001, 0.0108)
0.0002
(-0.0015, 0.0018)
0.0012
(-0.0002, 0.0027)

0.0076
(0.0019, 0.00130)
0.0086
(0.0018, 0.0167)

0.0000
(-0.0011, 0.0010)

20

Tests for population subdivision: Hatchery vs. wild
Table 23 Allozyme pair-wise exact test P-values.

H v. W
1988
1996H
1996W
2001H
2001W

1987
0.63265
0.99809
0.56607
0.94565
0.58643

1988

1996H

1996W

2001H

0.28731
0.41773
0.88381
0.45101

0.61451
0.79790
0.26890

0.96919
0.37705

0.98030

Table 24 Allozyme pair-wise G-test P-values.

H v. W
1988
1996H
1996W
2001H
2001W

1987
0.69205
0.99939
0.50747
0.91291
0.58136

1988

1996H

1996W

2001H

0.31821
0.40283
0.91261
0.47651

0.75843
0.79262
0.43521

0.95004
0.47044

0.94984

Table 25 Allozyme pair-wise Fst values and 95% confidence intervals.

H v. W
1988

1987

1988

1996H

1996W

2001H

0.0002
(-0.0039, 0.0054)

1996H
1996W
2001H
2001W

-0.0046

0.0045

(-0.0064, -.0.0025)

(-0.0048, 0.0163)

0.0049

0.0117

0.0059

(-0.0036, 0.0180)

(-0.0039, 0.0356)

(-0.0049, 0.0210)

-0.0048

0.0033

-0.0036

0.0003

(-0.0074, -0.0017)

(-0.0038, 0.0106)

(-0.0074, 0.0012)

(-0.0075, 0.0088)

-0.0005

0.0080

0.0015

0.0055

-0.0050

(-0.0034, 0.0028)

(0.0003, 0.0175)

(-0.0032, 0.0070)

(-0.0025, 0.0158)

(-0.0087, 0.0007)

Table 26 Microsatellite pair-wise exact test P-values, only samples with more than 10 individuals were
compared.
H v. W

1985A

1985B

1985C

1987

1988

1996H

1996W

2001H

1985B
1985C
1987
1988
1996H
1996W
2001H
2001W

0.08501
0.37397
0.00481
0.00874
0.00011
0.38324
0.00000
0.00196

0.01154
0.10807
0.00720
0.00000
0.13365
0.00053
0.00861

0.00276
0.00001
0.00001
0.15856
0.00000
0.00003

0.00001
0.00003
0.67242
0.00000
0.01165

0.00000
0.00023
0.00004
0.00003

0.00037
0.00625
0.00816

0.00659
0.04399

0.00028
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Table 27 Microsatellite pair-wise G-test P-values, only samples with more than 10 individuals were
compared.
H v. W

1985A

1985B

1985C

1987

1988

1996H

1996W

2001H

1985B
1985C
1987
1988
1996H
1996W
2001H
2001W

0.07062
0.70910
0.07714
0.03726
0.00024
0.64781
0.00282
0.02048

0.03304
0.26227
0.06945
0.00025
0.22833
0.00143
0.01895

0.02388
0.00026
0.00003
0.18234
0.00001
0.00004

0.00066
0.00015
0.60873
0.00031
0.01779

0.00000
0.00166
0.00017
0.00020

0.00042
0.00419
0.00538

0.00384
0.03813

0.00032

Tests for population subdivision: Within Year Comparisons
1985
Table 28 Microsatellite global test for population structure among 1985 samples.

Microsatellites
1985
Exact test
0.0420
G-Test
0.1213
Table 29 Microsatellite pair-wise exact test P-values

1985
1985B
1985C

1985A
0.08368
0.37871

1985B
0.01024

Table 30 Microsatellite pair-wise G-test P-values.

1985
1985B
1985C

1985A
0.07027
0.69011

1985B
0.03965

Table 31 Microsatellite pair-wise Fst values and 95% confidence intervals.

1985
1985B
1985C

1985A
0.0035
(-0.0035, 0.0102)
0.0008
(-0.0049, 0.0079)

1985B

0.0052
(-0.0012, 0.0114)
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Tests for population subdivision: 1988
Used computer program STRUCTURE to assign 16 individuals from 1988 broodstock into two
most likely groups (88A- 13 individuals, 88B- 3 individuals (88QN0010, 88QN0018,
88QN0020))
Table 32 Global test for population subdivision among 1988 samples.

1988
Exact test
G-Test

Microsatellites
0.0000
0.0000

Table 33 Microsatellite pair-wise exact test P-Values of two 1988 groups and 1987 sample.

1988
1988A
1988B

1987
0.00083
0.00000

1988A
0.00001

Table 34 Microsatellite pair-wise G-test P-values of two 1988 groups and 1987.

1988
1988A
1988B

1987
0.01397
0.0000

1988A
0.00051

Table 35 Microsatellite pair-wise Fst and 95% confidence intervals of two 1988 groups and 1987.

1988
1988A
1988B

1987
0.0016
(-0.0043, 0.0080)
0.1129
(0.0606, 0.1756)

1988A

0.1157
(0.0543, 0.1821)

Tests for population subdivision: 1996
Used computer program STRUCTURE to assign 48 hatchery origin individuals from 1996
broodstock into two most likely groups (1996HA- 41 individuals 1996HB- 7 individuals
(96EB18, 51, 75, 76, 79, 83, 86)).
Table 36 Global tests for population strucutre

Microsatellite
1996
Exact Test
0.0000
G-Test
0.0000
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Table 37 Microsatellite pair-wise exact test P-values

1996
1996HB
1996W

1996HA
0.00000
0.01121

1996HB
0.00000

Table 38 Microsatellite pair-wise G-Test P-values

1996
1996HB
1996W

1996HA
0.00000
0.01957

1996HB
0.00000

Table 39 Microsatellite pair-wise Fst values and 95% confidence intervals

1996
1996HB
1996W

1996HA
1996HB
0.0556
(0.0309, 0.0794)
0.0018
0.0557
(-0.0015, 0.0054) (0.0334, 0.0777)
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Suspect Microsatellite Heterozygosity from 1980
Table 40 Microsatellite heterozygosity within suspect 1980 sample, deviations from Hardy-Weinberg
equilibrium indicated by * P < 0.05, ** P < 0.01, *** P < 0.001.

Marker
Ocl-1
Ogo-2
Ogo-4
One-114
One-13M
One-6
One-8
Ots-1
Ots-100
Ots-101
Ots-107
Ots-108
Ots-2M
Ots-3M
Ots-G474
Ssa-197
Average

1980
Obs.
Exp.
0.779 0.784
0.828 0.790*
0.838 0.789
0.737 0.918***
0.686 0.862***
0.121 0.262**
0.792 0.844
0.433 0.353
0.882 0.948*
0.879 0.906**
0.818 0.910***
0.917 0.903
0.875 0.874**
0.855 0.745
0.786 0.686
0.875 0.936***
0.756 0.782
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Figure 5. Allozyme linkage disequilibrium in northfork Stillaguamish summer chinook salmon. Exact Test pvalues, red: p >0.05, Yellow: p< 0.05, light green: p <0.01, dark green: p <0.001. Clockwise from top left:
1987, 1988, 2001 and 1996.
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Figure 6. Allozyme linkage disequilibrium in northfork Stillaguamish River summer chinook salmon. Exact
Test p-values, red: p >0.05, Yellow: p< 0.05, light green: p <0.01, dark green: p <0.001. Clockwise from top
left: 1996 hatchery, 1996 wild, 2001 wild and 2001 hatchery.
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Figure 7. Microsatellite linkage disequilibirum in northfork Stillaguamish River summer chinook salmon. Exact Test p-values, red: p >0.05, yellow: p<
0.05, light green: p <0.01, dark green: p <0.001, white not tested. Clockwise from top left: 1985, 2001, 1996, 1988 and 1987.
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Figure 8 Microsatellite linkage disequilibirum in northfork Stillaguamish River summer chinook salmon. Exact Test p-values, red: p >0.05, Yellow: p<
0.05, light green: p <0.01, dark green: p <0.001, white not tested. Left to right from top left: 1985 NF spawning grounds, 1985 fishery, 1985 upper NF
spawning grounds, 1988A, 1988B, 1996 hatchery, 1996 wild, 2001 hatchery, 2001 wild, 2001 broodstock, 2001 spawning grounds.
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Table 41 Allele frequencies at 16 microsatellite loci in Stillaguamish chinook over time
a-number of different alleles in sample
n- number of individuals scored at the particular locus
N- number of individuals sampled
Marker
Ocl-1
Ocl-1
Ocl-1
Ocl-1
Ocl-1
Ocl-1
Ocl-1
Ocl-1
Ocl-1
Ocl-1
Ocl-1
Ocl-1

Allele
147
152
154
156
158
160
162
164
166
168
170
174
a
n
N

1980
0
0.0147
0.0294
0.2059
0.0956
0.2647
0.0662
0.2868
0.0074
0
0.0074
0.0221
10
70
74

1983
0
0
0
0.5
0
0.5
0
0
0
0
0
0
2
2
2

1984
0
0.1667
0
0.1667
0
0.3333
0.1667
0
0.1667
0
0
0
5
3
3

1985
0
0.0391
0.0313
0.2266
0.1094
0.3281
0.0469
0.1953
0.0078
0
0.0156
0
9
75
75

1987
0
0.0472
0.0189
0.0943
0.2358
0.2642
0.0849
0.2264
0
0
0.0189
0.0094
9
69
69

1988
0
0
0
0.0357
0.3214
0.25
0.1071
0.1429
0
0
0.0714
0.0714
7
10
16

1996
0.0051
0.0102
0.0051
0.1327
0.1837
0.25
0.0765
0.2602
0.0561
0
0.0051
0.0153
11
93
99

2001
0
0.0141
0.007
0.1408
0.1725
0.2887
0.0458
0.2465
0.0141
0.0035
0.0317
0.0352
11
135
142

Marker
Ogo-2
Ogo-2
Ogo-2
Ogo-2
Ogo-2
Ogo-2
Ogo-2
Ogo-2
Ogo-2
Ogo-2
Ogo-2
Ogo-2
Ogo-2
Ogo-2
Ogo-2
Ogo-2

Allele
207
211
213
215
217
219
221
223
225
227
229
231
233
235
237
255
a
n
N

1980
0
0.0234
0.0078
0.1484
0.0234
0.2344
0.3203
0.0156
0.0078
0.1484
0
0.0234
0.0078
0.0234
0.0156
0
13
64
74

1983
0
0
0
0
0
0.5
0
0
0
0.5
0
0
0
0
0
0
2
1
2

1984
0
0
0
0.25
0
0.25
0.25
0.25
0
0
0
0
0
0
0
0
4
2
3

1985
0
0.0145
0.0145
0.1522
0.0725
0.2681
0.2681
0.0362
0
0.1159
0.0145
0
0.0217
0.0217
0
0
11
69
75

1987
0
0.0152
0.0152
0.1439
0.0455
0.2273
0.3788
0.0076
0.0076
0.1439
0
0.0076
0
0
0.0076
0
11
66
69

1988
0
0.0333
0
0.1667
0.0333
0.2333
0.2
0.0667
0
0.1667
0
0
0.0333
0
0
0.0667
9
15
16

1996
0
0.0205
0.0137
0.1301
0.0479
0.2055
0.3767
0.0274
0.0137
0.137
0.0068
0
0
0.0205
0
0
11
73
99

2001
0.0114
0.0189
0.0152
0.0871
0.0682
0.2311
0.3598
0.0417
0.0114
0.1174
0.0152
0
0.0038
0.0114
0.0076
0
14
132
142
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Marker
Ogo-4
Ogo-4
Ogo-4
Ogo-4
Ogo-4
Ogo-4
Ogo-4
Ogo-4
Ogo-4
Ogo-4
Ogo-4
Ogo-4
Ogo-4
Ogo-4
Ogo-4

Allele
126
132
137
139
141
143
151
153
155
157
159
161
163
167
171
a
n
N

1980
0
0.3108
0.2162
0.0878
0
0
0.0135
0.0068
0
0.0203
0.0135
0.2162
0.0405
0.0743
0
10
74
74

1983
0
0.5
0
0
0
0
0
0
0
0
0
0.5
0
0
0
2
1
2

1984
0
0.5
0.25
0
0
0
0
0
0
0
0
0.25
0
0
0
3
2
3

1985
0
0.2986
0.1875
0.0278
0
0
0.0694
0.0069
0.0069
0.0069
0.0278
0.2222
0.0278
0.1181
0
11
72
75

1987
0
0.2971
0.2754
0.0362
0
0.0072
0.0217
0.0217
0
0.0072
0.0217
0.1594
0.0435
0.1087
0
11
69
69

1988
0.0625
0.25
0.2813
0.0625
0
0
0.0938
0
0
0
0.0938
0.0625
0.0313
0.0313
0.0313
10
16
16

1996
0
0.2344
0.3177
0.0365
0
0
0.0573
0.026
0
0
0.0052
0.224
0.0365
0.0625
0
9
96
99

2001
0
0.2698
0.2914
0.0396
0.0072
0.0072
0.054
0.0216
0
0.0108
0.018
0.1835
0.018
0.0791
0
12
139
142
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Marker
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114
One-114

Allele
233
237
241
245
249
253
257
261
265
269
273
277
281
285
289
293
297
301
305
310
314
318
322
326
330
334
338
342
346
350
354
358
370
377
393
397
413
433
437
441
445
449
461
469
477

1980
0
0
0
0
0
0
0
0
0.0175
0.0351
0.0702
0.0351
0.1053
0.0789
0.114
0.114
0.0439
0.0439
0.0702
0.0526
0.0526
0.0614
0.0439
0.0263
0.0175
0
0.0088
0
0
0
0
0.0088
0
0
0
0
0
0
0
0
0
0
0
0
0

1983
0
0
0
0
0
0
0
0
0
0.5
0
0
0
0
0
0
0.5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1984
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.25
0.75
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

1985
0
0.0227
0
0
0
0.0076
0.0076
0
0.0227
0.0455
0.0455
0.0303
0.0606
0.0833
0.053
0.0455
0.0227
0.0909
0.0682
0.0909
0.0682
0.053
0.053
0.0152
0.0303
0.0076
0
0
0.0076
0
0.0076
0.0303
0
0.0076
0.0076
0
0
0
0.0076
0
0
0
0.0076
0
0

1987
0
0
0
0
0
0
0.0075
0.0075
0.0149
0.0075
0.0075
0.0522
0.0373
0.0672
0.1194
0.0821
0.0746
0.0821
0.0746
0.0448
0.1194
0.0448
0.0522
0.0522
0
0
0.0075
0
0.0075
0
0
0.0149
0.0075
0
0
0
0
0
0.0075
0
0
0
0
0
0.0075

1988
0
0
0
0.0714
0.0714
0
0
0
0
0.1429
0.0714
0
0
0.0714
0.1071
0
0.0357
0.0357
0.0714
0.0714
0.0357
0.1071
0
0
0.0714
0
0
0
0
0
0
0
0.0357
0
0
0
0
0
0
0
0
0
0
0
0

1996
0.0057
0.0115
0.0057
0
0
0.0115
0.0057
0.0172
0.0057
0.0115
0.0172
0.0632
0.0862
0.0517
0.046
0.0862
0.046
0.046
0.1149
0.0345
0.0632
0.0345
0.046
0.0632
0.0115
0
0
0
0.0057
0.0172
0.0115
0.0057
0.0115
0
0
0
0.0115
0
0.0057
0
0.0287
0.0057
0.0057
0
0.0057

2001
0.0035
0.0035
0.0035
0.0035
0
0.0035
0.0071
0.0142
0.0035
0.0248
0.0816
0.0745
0.0638
0.0745
0.078
0.0709
0.0674
0.0603
0.0993
0.0177
0.039
0.0355
0.0284
0.0213
0.0426
0
0
0.0035
0.0035
0.0142
0.0035
0.0035
0
0
0
0.0035
0
0.0035
0.0035
0.0035
0.0071
0.0142
0.0071
0.0035
0
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One-114

501
a
n
N

0
19
57
74

0
2
1
2

0
2
2
3

0
28
66
75

0
24
67
69

0
14
14
16

0
34
87
99

0.0035
38
141
142

Marker
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M
One-13M

Allele
179
187
189
191
199
201
203
205
207
209
211
213
215
217
219
225
229
235
237
249
251
260
284
286
292
304
310
316
322
328
340
a
n
N

1980
0.0214
0.1
0.2071
0.1357
0.1786
0
0.05
0.1286
0.0643
0.0357
0
0
0.0071
0
0.0071
0
0
0.0071
0
0
0
0
0.0429
0
0.0071
0
0.0071
0
0
0
0
15
70
74

1983
0
0
0.25
0
0
0
0
0.25
0
0.25
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.25
0
0
0
0
4
2
2

1984
0
0.1667
0.3333
0
0.1667
0
0
0.3333
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
4
3
3

1985
0.0333
0.1533
0.1467
0.12
0.08
0
0.0467
0.18
0.0733
0.02
0
0
0.0333
0
0.04
0
0.0067
0
0
0.0067
0
0
0.02
0
0.0067
0.02
0.0067
0
0
0.0067
0
18
75
75

1987
0.0362
0.1739
0.1377
0.1087
0.0942
0
0.0362
0.1087
0.0725
0.0435
0
0
0.0435
0
0.0362
0
0.029
0
0
0
0
0
0.0072
0.0072
0.0145
0.0072
0.0072
0.0145
0.0072
0.0145
0
20
69
69

1988
0
0.1
0
0.3
0
0.1
0
0.2
0.05
0.05
0
0.05
0
0
0.1
0.05
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
9
10
16

1996
0.0323
0.2366
0.1237
0.2151
0.0968
0.0054
0.043
0.1183
0.0323
0.0108
0
0
0.0108
0
0.0215
0
0.0215
0
0.0054
0
0
0
0
0
0.0161
0.0054
0.0054
0
0
0
0
17
93
99

2001
0.0481
0.163
0.1333
0.1852
0.0963
0.0111
0.0481
0.1185
0.0519
0.0296
0.0037
0
0.0074
0.0037
0.0148
0
0.0296
0
0
0.0037
0.0074
0.0037
0.0037
0
0.0222
0.0074
0
0
0
0.0037
0.0037
23
135
142

Marker
One-6
One-6
One-6

Allele
199
201
205
a
n
N

1980
0.0758
0.0758
0.8485
3
33
74

1983
0
0
1
1
1
2

1984
0.1667
0
0.8333
2
3
3

1985
0.0455
0.0985
0.8561
3
66
75

1987
0.0588
0.0809
0.8603
3
68
69

1988
0
0.1
0.9
2
5
16

1996
0.0313
0.0781
0.8906
3
32
99

2001
0.0074
0.0956
0.8971
3
136
142
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Marker
One-8
One-8
One-8
One-8
One-8
One-8
One-8
One-8
One-8
One-8
One-8
One-8
One-8
One-8
One-8
One-8
One-8

Allele
155
157
159
161
163
166
168
170
172
174
176
178
180
182
184
186
192
a
n
N

1980
0.0069
0
0.1667
0
0.0208
0.0208
0.125
0.1181
0.0903
0.2639
0.1042
0
0.0347
0.0069
0
0.0417
0
12
72
74

1983
0
0
0
0
0.5
0
0.5
0
0
0
0
0
0
0
0
0
0
2
1
2

1984
0
0
0
0
0
0
0
0
0.75
0.25
0
0
0
0
0
0
0
2
2
3

1985
0
0.0141
0.0915
0.007
0.0141
0.0282
0.0986
0.1197
0.1479
0.2676
0.1127
0
0.0211
0
0.007
0.0563
0.0141
14
71
75

1987
0
0
0.1304
0
0.0072
0.029
0.1377
0.0797
0.1667
0.3043
0.058
0.0072
0.0072
0.0145
0.0072
0.0507
0
13
69
69

1988
0
0
0.1
0
0.0333
0.0667
0
0
0.1
0.4667
0.0667
0.0333
0
0
0
0.1333
0
8
15
16

1996
0
0
0.1158
0
0.0263
0.0474
0.0842
0.1421
0.1632
0.2684
0.0684
0.0053
0.0263
0
0.0053
0.0316
0.0158
13
95
99

2001
0
0
0.1087
0
0.0145
0.0362
0.1304
0.2101
0.1377
0.2609
0.0543
0.0036
0.0145
0
0.0036
0.0217
0.0036
13
138
142

Marker
Ots-1
Ots-1
Ots-1
Ots-1
Ots-1
Ots-1
Ots-1
Ots-1
Ots-1

Allele
158
164
180
182
184
186
188
192
194
a
n
N

1980
0
0
0.0083
0.175
0.0083
0
0
0.7833
0.025
5
60
74

1983
0
0.5
0
0
0
0.5
0
0
0
2
2
2

1984
0
0
0
0.3333
0
0.1667
0
0.5
0
3
3
3

1985
0.0068
0
0.027
0.2027
0
0.0405
0.0068
0.6824
0.0338
7
74
75

1987
0
0
0.0152
0.303
0
0.0682
0.0152
0.5455
0.053
6
66
69

1988
0
0
0.0714
0.3214
0
0.0357
0.0357
0.5
0.0357
6
14
16

1996
0
0
0.0682
0.2727
0
0.0682
0.0152
0.5379
0.0379
6
66
99

2001
0
0
0.0597
0.291
0
0.0858
0.0037
0.5224
0.0373
6
134
142
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Marker
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100

Allele
170
239
243
247
252
256
260
262
264
268
270
272
274
276
278
280
282
284
286
288
291
293
295
297
299
301
303
305
310
314
318
322
327
331
333
335
337
339
341
343
345
347
349
351
355

1980
0
0
0.0098
0.0196
0.0294
0.0784
0.0294
0
0.0098
0.0294
0
0.0196
0.0196
0.0098
0.0392
0
0.0686
0.0196
0.0098
0.0196
0
0.0588
0.0196
0.0294
0
0.0784
0.0098
0
0.0392
0.0392
0.049
0.049
0.0294
0.0196
0
0.0294
0.0098
0.0098
0
0.0098
0.0098
0.049
0.0098
0.0098
0.0098

1983
0.5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.25
0.25
0
0
0
0
0

1984
0
0
0
0
0.1667
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.3333
0
0.1667
0
0
0
0.1667
0
0
0
0
0
0.1667
0
0
0
0
0
0
0
0
0

1985
0
0
0
0
0.0137
0.0274
0.0616
0.0068
0.0137
0.0068
0.0137
0.0068
0.0068
0.0342
0.0205
0.0479
0.0274
0.0274
0.0342
0.0274
0.0274
0.0274
0
0.0479
0.0068
0.0616
0.0068
0.0479
0.0479
0.0274
0.0548
0.0548
0.0274
0.0068
0
0.0205
0
0.0342
0.0068
0
0.0068
0.0616
0.0137
0.0205
0

1987
0
0
0
0.0303
0.0303
0.0303
0.0833
0
0.0152
0.0227
0
0.0152
0
0.0682
0.0152
0
0.0379
0.0152
0.0076
0.0076
0.0152
0.0379
0.0076
0.0455
0
0.0606
0
0.0303
0.0758
0.0303
0.0758
0.0455
0.0227
0.0076
0
0.0379
0.0076
0.0152
0.0076
0.0076
0.0227
0.0227
0
0.0152
0

1988
0
0
0
0
0
0.0714
0
0
0.1429
0
0.0714
0
0
0.0714
0
0
0
0
0
0.0714
0
0
0
0.0714
0
0
0
0
0
0.0714
0.0714
0.0714
0.1429
0
0
0.0714
0
0
0
0
0.0714
0
0
0
0

1996
0
0.0052
0
0.0206
0.0052
0.0258
0.0567
0
0.0206
0.0155
0.0052
0.0052
0.0103
0.0103
0
0.0361
0.0412
0.0361
0.0309
0.0155
0.0515
0.0206
0.0619
0.0309
0.0155
0.0206
0
0.0773
0.0567
0.0309
0.0567
0.0567
0.0258
0.0155
0
0.0206
0.0052
0.0052
0
0.0206
0.0052
0.0052
0
0.0412
0

2001
0
0
0
0.0109
0.0073
0.0292
0.0657
0
0.0146
0
0.0109
0.0146
0.0073
0.0474
0.0109
0.0036
0.0255
0.0219
0.0073
0.0073
0.0511
0.0328
0.0365
0.0438
0.0036
0.0474
0.0036
0.062
0.0219
0.0584
0.0292
0.0584
0.0365
0.0182
0.0036
0.0401
0.0109
0.0109
0.0036
0.0036
0.0182
0.0219
0.0109
0.0109
0.0109
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Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100
Ots-100

357
369
373
376
378
380
384
a
n
N

0
0
0.0098
0
0
0.0098
0
37
51
74

0
0
0
0
0
0
0
3
2
2

0
0
0
0
0
0
0
5
3
3

0
0.0068
0
0
0
0
0.0068
38
73
75

0
0
0
0.0227
0
0.0076
0
35
66
69

0
0
0
0
0
0
0
12
7
16

0.0052
0.0155
0
0.0103
0
0
0.0052
40
97
99

0.0073
0.0328
0
0.0219
0.0036
0
0
44
137
142
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Marker
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101
Ots-101

Allele
153
157
161
165
169
173
174
178
182
186
190
194
198
202
206
210
214
218
222
226
230
234
238
242
246
251
255
259
263
267
271
275
279
283
287
291
320
a
n
N

1980
0.0227
0
0.0152
0
0
0
0
0
0
0.0152
0.0076
0.0379
0.053
0.0455
0.0909
0.1515
0.1667
0.0682
0.0833
0.0606
0.0379
0.0227
0.0227
0
0.0076
0
0
0
0.0303
0
0.0303
0.0152
0.0076
0
0.0076
0
0
22
66
74

1983
0
0
0
0
0
0
0
0
0
0
0
0
0
0.25
0
0
0
0
0
0
0
0.25
0
0
0
0
0
0
0
0.25
0
0
0
0
0
0
0.25
4
2
2

1984
0
0
0
0
0
0
0
0
0.1667
0
0
0
0.1667
0
0.1667
0.1667
0
0.1667
0
0.1667
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
3
3

1985
0.0133
0
0.02
0.0333
0.0067
0.0067
0.0067
0.0267
0.0067
0.0067
0.02
0.0333
0.0533
0.0533
0.1067
0.06
0.12
0.0733
0.06
0.0667
0.0267
0.04
0
0.0067
0.0533
0.0067
0.0067
0.0067
0.02
0.0067
0.0133
0.0333
0
0.0067
0
0
0
31
75
75

1987
0.0308
0
0.0077
0
0
0
0.0154
0.0231
0.0231
0.0231
0.0077
0.0308
0.0385
0.0692
0.1
0.0462
0.0615
0.1385
0.0308
0.1
0.0538
0.0308
0.0385
0
0.0154
0.0154
0
0.0462
0.0077
0
0.0231
0.0154
0.0077
0
0
0
0
26
65
69

1988
0
0
0
0
0
0
0
0.0333
0.1
0
0
0.0667
0
0.0333
0.1
0.1333
0.1667
0.0667
0
0.0667
0.0667
0.0667
0.0667
0
0
0.0333
0
0
0
0
0
0
0
0
0
0
0
13
15
16

1996
0.0579
0
0.0158
0.0211
0
0
0.0053
0.0211
0.0368
0.0105
0.0053
0.0737
0.0368
0.0316
0.1
0.0579
0.0684
0.0789
0.0474
0.0211
0.0263
0.0421
0.0421
0.0105
0.0474
0
0.0105
0.0579
0.0263
0.0211
0.0158
0.0053
0
0
0
0.0053
0
29
95
99

2001
0.0288
0.0036
0
0.018
0
0
0.0216
0.0144
0.0252
0.0252
0.0108
0.0504
0.0899
0.0468
0.0827
0.0791
0.0899
0.0863
0.0504
0.0827
0.0324
0.0288
0.0108
0.0144
0.0252
0
0
0.0144
0.0288
0.0072
0.0144
0
0.0108
0.0072
0
0
0
28
139
142
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Marker
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107
Ots-107

Allele
172
176
180
184
188
192
196
200
204
208
212
216
220
224
228
232
236
240
244
248
253
257
261
265
269
293
323
327
331
335
339
a
n
N

1980
0.0273
0
0.0455
0.1818
0.0545
0.0636
0.0636
0.0545
0.0727
0.0091
0
0
0.0182
0.0182
0.1091
0.0455
0.0273
0.0636
0.0091
0.0727
0.0182
0.0091
0.0091
0.0182
0.0091
0
0
0
0
0
0
22
55
74

1983
0
0
0
0.25
0
0
0
0
0
0
0
0
0
0
0
0.25
0
0
0
0
0.5
0
0
0
0
0
0
0
0
0
0
3
2
2

1984
0
0
0
0
0
0.1667
0.1667
0
0
0
0
0
0
0
0.1667
0.1667
0.1667
0
0.1667
0
0
0
0
0
0
0
0
0
0
0
0
6
3
3

1985
0.027
0.0405
0.0473
0.1014
0.0068
0.0203
0.027
0.0811
0.0743
0
0
0.0068
0.0338
0.0135
0.0608
0.0608
0.0676
0.0405
0.0405
0.0541
0.0608
0.0541
0.0068
0.0473
0.0135
0
0
0.0068
0
0.0068
0
25
74
75

1987
0.0147
0.0074
0.0956
0.1103
0.0074
0.0294
0.0515
0.0809
0.0662
0
0.0074
0.0147
0.0221
0.0294
0.0368
0.0588
0.0441
0.0588
0.0662
0.0882
0.0441
0.0221
0
0.0147
0.0221
0
0.0074
0
0
0
0
24
68
69

1988
0
0
0.0769
0.2692
0.0385
0.0385
0
0.1538
0.0769
0
0
0.0385
0.0769
0
0
0.0385
0.0769
0
0.0385
0.0385
0
0.0385
0
0
0
0
0
0
0
0
0
13
13
16

1996
0.0461
0.0132
0.0263
0.1118
0.0197
0.0329
0.0263
0.1053
0.0658
0
0
0
0.0066
0.0132
0.0921
0.0855
0.0658
0.0592
0.0526
0.0526
0.0395
0.0066
0
0.0263
0.0329
0
0
0.0132
0
0
0.0066
23
76
99

2001
0.018
0.0144
0.0576
0.1475
0.018
0.0288
0.0324
0.0683
0.0576
0
0
0.0144
0.0288
0.0216
0.036
0.1367
0.0504
0.0576
0.0396
0.0971
0.036
0.0108
0.0144
0
0.0072
0.0036
0
0
0.0036
0
0
24
139
142
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Marker
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108
Ots-108

Allele
105
109
113
117
121
125
129
133
138
142
147
155
160
164
168
172
176
180
184
188
192
196
200
204
208
212
216
220
96
a
n
N

1980
0.0167
0.1333
0.0167
0.1833
0.075
0.05
0.0167
0.0083
0.1
0
0
0.0417
0.025
0.0083
0.0333
0.0667
0.0333
0
0.0167
0.0167
0
0
0.0083
0.0167
0.0167
0.0083
0.0083
0.0083
0.0917
24
60
74

1983
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
1
2

1984
0
0.25
0
0
0.25
0
0
0
0.25
0
0
0
0.25
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
4
2
3

1985
0.0397
0.1508
0.0238
0.1111
0.0317
0.0635
0.0159
0.0079
0.119
0.0238
0.0238
0.0397
0.0079
0.0159
0.0159
0.0714
0.0397
0.0556
0.0238
0.0079
0.0079
0
0.0238
0.0079
0.0159
0
0
0
0.0556
25
63
75

1987
0.0231
0.0846
0.0231
0.1231
0.0462
0.1538
0.0077
0
0.1077
0.0154
0
0.0077
0.0538
0.0308
0.0538
0.0769
0.0308
0.0077
0.0385
0
0
0.0077
0
0.0077
0.0462
0
0.0077
0.0077
0.0385
23
65
69

1988
0
0.1667
0
0.1667
0
0.125
0.0417
0
0.0833
0
0
0
0.0417
0
0
0.0417
0
0
0.0417
0
0
0
0
0.0417
0.0417
0
0
0
0.2083
11
12
16

1996
0.0325
0.1623
0.0195
0.1558
0.026
0.0844
0.013
0
0.1104
0.0455
0
0.0195
0.0195
0
0.039
0.0649
0.0195
0.026
0.039
0.0065
0.0065
0.0065
0
0.0195
0.0325
0
0
0
0.0519
22
77
99

2001
0.0438
0.1095
0.0182
0.1387
0.0182
0.0839
0.0219
0
0.1168
0.0146
0
0.0073
0.0182
0.0036
0.0803
0.0766
0.0146
0.0401
0.0292
0
0.0109
0.0073
0
0.0365
0.0182
0.0146
0.0036
0.0109
0.062
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142
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0.0156
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74
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0
0
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2
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1985
0
0.2365
0.0135
0.0743
0
0.0608
0.0676
0.0878
0.0405
0.0203
0.1216
0.0338
0
0.0135
0.0068
0.0068
0.1689
0.0203
0.0135
0.0135
17
74
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1987
0.0075
0.1642
0.0448
0.0672
0
0.0224
0.1269
0.0672
0.0373
0.0149
0.1716
0.0597
0
0.0149
0.0075
0
0.1343
0.0149
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0.0299
17
67
69

1988
0
0.0938
0.0625
0.1563
0
0.1875
0.1563
0.0625
0
0
0.0625
0.0625
0.0313
0
0
0
0
0.0938
0
0.0313
11
16
16
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0.0054
0.1467
0.0326
0.0924
0.0054
0.0543
0.0924
0.0543
0.0543
0.0272
0.1522
0.0598
0
0.0109
0.0054
0.0054
0.1359
0.0163
0.0109
0.038
19
92
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0
0.1486
0.029
0.1051
0
0.0725
0.1304
0.0507
0.0543
0.0072
0.1594
0.029
0.0036
0
0.0109
0
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0.0109
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0.0145
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0
0
0.0652
0
0
0.0217
0.1014
0.2754
0.3841
0.087
0
0.0652
0
7
69
74

1983
0
0.25
0.5
0
0
0
0
0.25
0
0
0
0
0
3
2
2

1984
0
0
0
0
0
0
0.3333
0.1667
0.1667
0
0
0.3333
0
4
3
3

1985
0
0
0.0811
0
0
0
0.1081
0.3446
0.1486
0.1486
0
0.1622
0.0068
7
74
75

1987
0
0
0.0758
0
0
0
0.1212
0.3333
0.1439
0.1439
0.0076
0.1515
0.0227
8
66
69

1988
0
0
0.0313
0
0
0
0.1875
0.2188
0.2188
0.25
0
0.0625
0.0313
7
16
16

1996
0
0
0.0859
0.0101
0
0.0051
0.1212
0.3283
0.1111
0.1616
0
0.1667
0.0101
9
99
99

2001
0.0036
0
0.125
0
0.0107
0.0071
0.1714
0.2571
0.0929
0.1464
0.0286
0.1429
0.0143
11
140
142
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1980
0.0071
0.4929
0.0786
0.1714
0.1714
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0.0286
0.0214
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0
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1983
0.25
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0.25
0.25
0
0
0
0.25
4
2
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1984
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0.5
0.1667
0.3333
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0
0
0
0
0
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3
3
3

1985
0.0067
0.46
0.0467
0.26
0.1267
0.0267
0.0533
0.0067
0.0133
0
0
9
75
75

1987
0
0.4348
0.1087
0.1667
0.1594
0.0217
0.0507
0.0145
0.029
0.0145
0
9
69
69

1988
0.1818
0.3636
0.0909
0.1364
0.1818
0
0.0455
0
0
0
0
6
11
16
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0.0101
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0.0202
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0.0202
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10
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0
0.4203
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0.0978
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0.0145
0.0109
0
9
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0.0156
0.0078
0.0313
0.0078
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0
0
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0.5
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2
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0
0
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0
0
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0.02
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0.07
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0.01
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0.0094
0.0189
0.0094
0.0094
0.0283
0.0094
0
0
0.0472
0.0094
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0
0.0189
0
0.0189
0.0094
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0
0.0283
0.0377
0.1509
0.1132
0.1226
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0.0472
0.066
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0.0377
0.0283
0.0094
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0
25
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0
0
0
0
0.1
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0
0.0667
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0
0.0333
0.0333
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0.0333
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0.0667
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0.0333
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15
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0.0052
0.0309
0.0155
0.0155
0.0361
0
0.0206
0.0052
0.0412
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0.0052
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0.0206
0.0052
0
0
0.0361
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0.0321
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0.025
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Northwest Indian Fisheries Commission
6730 Martin Way E.

Olympia, Washington 98516-5540

Phone : (360)438-1180

FAX : (360)753-8659

TO:

Kip Killebrew, Stillaguamish Tribe

FROM:

Adrian Spidle, 360-528-4301

DATE:

5 April 2005

SUBJECT:

When to start a conservation hatchery for Chinook salmon from the
South Fork of the Stillaguamish River?

The HSRG Technical Discussion Paper #3 “When Do You Start A Conservation Hatchery
Program?” gives guidelines for taking declining populations into a new hatchery program. The
guidelines involve biological significance, genetic diversity, population trends, numerical thresholds,
and numerical concerns for the effect of new hatchery population on the wild population. The biological
significance of the SF Stillaguamish stock can be somewhat assessed in limited terms of genetic and life
history diversity. As a northern Puget Sound population of fall run Chinook with limited but definite
Green River influence, the population has been somewhat introgressed but retains a substantial portion
of its native gene pool. Its biological significance can therefore be at least equated with that of other fall
run Chinook salmon populations from north of the Snohomish basin. Additional life history
characteristics may be measured.
The HSRG document lists rules of thumb to estimate the value or risk of particular levels of
effective population size. The SF Stillaguamish fall run of Chinook variance effective population size
(NeV) estimates are well above the Ne=50 threshold suggested as necessary to maintain inbreeding
depression and detectable decrease in viability over a 2-5 generation period, the minimum criterion
suggested for viability of an individual population within ESU. Additionally, the HSRG guideline
suggests that when population numbers are rapidly declining, Ne V may be substantially lower than the
inbreeding effective population size (Ne I). The South Fork Stillaguamish Chinook population appears
to have very similar estimates of Ne I and Ne V (90-150 and 88-200, respectively), implying that the
population is relatively stable. The age structure of spawners in the North Fork of the Stillaguamish
suggests that there are equal contributions to a single spawning pool from four year-classes of adults,
effectively quadrupling the effective number of breeders each year. These results suggest that the SF
Stillaguamish fall run of Chinook is not at genetic risk requiring immediate remediation in a new
hatchery program.
1

The next guideline involves population trend. Is the population actually steadily declining? The
trend in escapement for the SF Stillaguamish fall Chinook was flat from 1986-2002, with notably lower
returns in 2003 and 2004 according to the Washington state salmonid stock inventory (SaSI). Is the
decline in 2003-2004 sufficiently significant to consider a new conservation hatchery program? The
HSRG document’s rules of thumb for genetic diversity suggest the SF Stillaguamish fall run has
sufficient genetic diversity to weather risk from genetic drift over a 2-5 generation period, an 8-20 year
span. If a mechanism for the recent downturn in escapement is suspected, it might be easier to remedy
that factor (additional spawning or rearing habitat restoration, for instance) while waiting to see if the
population rebounds, rather than to immediately begin a new hatchery program.
The numerical thresholds are heavily dependent on rules of thumb and the assumption that the
effective population is one tenth to one third the census population. The mean of two point estimates of
the effective population is 57% of the harmonic mean escapement over the period the effective
population size data were collected. The rule of thumb for numerical threshold is that the census
population should equal 500*(ratio of effective population to census population) divided by generation
length. In the case of SF Stillaguamish fall Chinook, that threshold is roughly 70 fish census size
(500*0.57/4) per year for a stretch of four years, according to the current estimate of Ne. In that respect
the SF Stillaguamish fall population seems quite healthy and not in need of rescue from demographic
hazard.
To avoid broodstock mining, the HSRG document recommends leaving at least ¾ of the natural
population to spawn in the wild. To avoid founder effect and inbreeding in the proposed hatchery
population, at least 125 adults should be taken into the hatchery per year. Given that the SF
Stillaguamish population appears to have about double the ratio of effective to census population that is
assumed in other rules of thumb, perhaps that figure could be halved, and at least 60 adults should be
taken into a proposed conservation hatchery in order to minimize founder effects (as long as 180 adults
are available to be allowed to spawn in the wild. That is about the exact population size the SF
Stillaguamish maintained from 1986-2002. There is risk in taking a quarter of a population that has
been self-sustaining and introducing it to a new set of demographic and stochastic risks in a new
hatchery program (in addition to the risk of introducing domestication selection to a proportion of the
run), and simultaneously reducing the number of fish allowed to spawn in the wild, increasing their
susceptibility to both demographic risk (low flow during egg incubation, say) as well as genetic drift.

2

In sum, the SF Stillaguamish fall run of Chinook meets or exceeds genetic diversity and
numerical thresholds below which HSRG guidelines indicate that populations should not fall. The
population is potentially exactly the right size that it could support taking a quarter of the run to spawn
in a hatchery program, but at a cost of increased risk to the two segments of the population (hatchery and
natural spawners). The main question remaining regards the trend of population size. Was the
population coasting from 1986-2002 and is finally crashing, (assuming there was not an immediately
obvious reason for the decline in escapement, such as increased fishery, or loss of known spawning or
rearing habitat), or was the low escapement in 2003 and 2004 simply a blip that will be passed right over
in subsequent generations, as long as sufficient habitat remains available. If habitat restoration is
ongoing in the drainage, it would be most conservative, from the standpoint of conservation genetics, to
avoid the risk of splitting the population into two components (hatchery and natural reproduction) and
let the returning fish expand out into restored habitat as it becomes available.
When should a conservation hatchery program be seriously considered? The two numerical
thresholds suggested by HSRG are quite divergent; 70 fish per year for 4 years meets the minimal
numeric threshold, but 240 fish per year would be preferred to minimize risk to separated hatchery and
natural components of the population. The long-term harmonic mean escapement in the SF
Stillaguamish happens to be 240 over the period 1986-2004. I would recommend considering a
conservation hatchery program when the long term (1986-present) harmonic mean run size drops to 180
fish per year, which would equate to escapement of 100 adults per year each year from 2005-2011. This
is more conservative than the HSRG recommendation, but I believe gives the population more time to
respond both to natural variation in climate or other factors affecting spawner recruitment, and to occupy
and make use of newly restored habitat in the river.
Finally, before starting a hatchery, consideration needs to be given to identifying the factors
limiting Chinook return to the South Fork of the Stillaguamish. A hatchery is most likely to help if there
is a problem identified at the egg to fry stage. If there is a problem with later-stage rearing habitat, or in
saltwater, a conservation hatchery is not likely to provide meaningful support to the population. For that
reason, some effort is needed to identify limiting factors during the next few years while observing the
population’s behavior from this point forward. In the best case, population recovery will proceed at the
same rate as habitat recovery, with returning spawners occupying recovered habitat as it becomes
available. In the worst case, if the population continues to decline, and egg-fry survival problems are
identified, then a hatchery program may be further considered.
3

MEMORANDUM
TO:

Michael Purser (Snohomish County)
Kit Rawson (Tulalip Tribes)

FROM:

Greg Blair

DATE:

March 31, 2005

RE:

EDT Population Model Results for Stillaguamish and Snohomish

This memo summarizes model assumptions used in the EDT Population model for Chinook
recovery plan analyses in the Stillaguamish and Snohomish rivers. The model analyses examine
the integrated effects of habitat, hatchery, and harvest plans for these rivers.
An overview of the model and model results are presented in the attached power point
presentation. A version of the EDT Population model is available for your use.
Thank you for the opportunity to assist you in the development of recovery plans for Chinook
in the Snohomish and Stillaguamish basins by performing analyses with the EDT Population
model. We look forward to the possibility of working together on additional analyses.
Snohomish Basin
Two recovery plans were analyzed for the Snohomish Basin. The plans differ in hatchery brood
stock strategies for Chinook reared and released from the Wallace River and Tulalip Bay.
Plan 1 includes natural origin brood stock collected at the Wallace River. Approximately ten
percent of the total brood stock was of natural origin.
Plan 2 was developed by the comanagers to include a higher percentage of natural origin adults
in the Wallace River brood stock—approximately eighty percent of the total brood stock was of
natural origin collected at Sunset Falls and the Wallace River. The plan assumed that fish
released at the Tulalip Bay facility were entirely from hatchery origin returns to the Wallace
River facility (i.e., 100% were hatchery origin brood stock).
The habitat strategy modeled under both Plans 1 and 2 was based on restoration actions used in
the EDT habitat model that were developed by the Snohomish Basin Salmon Recovery Forum.
Snohomish County provided assumptions for the action time series required by the population
model (100 yr simulation period).
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The harvest strategy modeled under both Plans 1 and 2 was developed by the comanagers. The
strategy assumed a recovery exploitation rate of 24 percent, and a bias of 1.03 with a variance of
0.0186 was added to this exploitation rate. The bias and variance represent the difference
between planned exploitation rate and actual exploitation rate.
Stillaguamish Basin
A single recovery plan was modeled for the Stillaguamish Basin. This plan includes hatchery
supplementation of the North Fork Stillaguamish population and habitat restoration in the
North Fork, South Fork, Stillaguamish mainstem, and tributaries. A recovery exploitation rate
of 25 percent was used.
The hatchery strategy modeled under this plan was based on information provided by the
Stillaguamish Tribe. All returning hatchery adults spawn in nature. Hatchery brood stock
includes about 60 percent natural origin adults (recent year average).
The habitat strategy modeled under this plan was based on restoration actions used in the EDT
habitat model that were developed by the Stillaguamish Implementation Review Committee.
Snohomish County provided assumptions for the action time series required by the population
model (100 yr simulation period).
The harvest strategy modeled under this plan was developed by the comanagers. The strategy
assumed a recovery exploitation rate of 25 percent, and a bias of 1.03 with a variance of 0.0186
was added to this exploitation rate. The bias and variance represent the difference between
planned exploitation rate and actual exploitation rate.
An additional analysis was completed to evaluate the benefits of the hatchery strategy with
habitat and harvest conditions, as they existed from 1983 to 1998. Kip Killebrew with the
Stillaguamish Tribe provided assumptions for this analysis. An exploitation rate of 0.43, with a
variance of 0.0151 was modeled, representing the average and variance for 1983 to 1998. Flow
conditions were limited to the period 1983 to 1998, and habitat condition was kept at the current
condition for the 100 yr simulation run. Low marine survival was modeled for the entire 100 yr
simulation.
GB
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 Estuary
 Marine
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EDT Population Model – Defining Habitat
Assumptions for Future Conditions
 EDT Scenario Builder:
 Actions include an explicit set of
assumptions describing what will
change and where
 Restoration Actions
 Degradation (Future Land
use/Build-out Actions)
 Protection Actions
 Actions can be combined into
multiple scenarios
 Scenarios may focus on a
particular strategy
 Scenarios may vary based
on level of effort
((cost/feasibility)
y)
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d l – Habitat
H bit t Scenarios
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Hypothetical Restoration Action
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Assumed environmental
response to action
Modeled as discrete time
steps
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i population
l ti model
d l
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i hB
Basin
i – EDT H
Habitat
bit t Model
M d l
 A3 Habitat Scenario

7,000
E
Escapement

6,000
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3,000
2,000
1,000
0
Current 5 yr 10 yr

25 yr

50 yr

100 yr

Habitat Potential SF Stillaguamish Chinook
4,000
3,500
3,000
Escape
ement

 Maximum habitat
potential for 50-75 yr
lag
g
 Sharp decline for 75100 yr lag
 NF Stillaguamish
increase ~ 200%
over current condition
 SF Stillaguamish
increase ~ 400%
over current condition

Habitat Potential NF Stillaguamish Chinook
8,000

2,500
2,000
1,500
1,000
500
0
Current 5 yr 10 yr
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S h i h Basin
Snohomish
B i – EDT H
Habitat
bit t Model
M d l
 CP Habitat Scenario
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4,000
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Habitat Potential Snoqualmie Chinook
9,000
8,000
7,000
Escapem
ment

 Maximum habitat
potential for 50-75 yr
lag
g
 Small to Moderate
decline for 75-100 yr
lag
 SnohomishSkykomish increase
~ 35% over current
condition
 Snoqualmie increase
~ 85% over current
condition

H bit t Potential
Habitat
P t ti l Snohomish-Skykomish
S h
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M d l Variability
Model
V i bilit – Marine
M i S
Survival
i l
Juvenile FW
Abundance

Observed Variability
Ocean Phase
(cyclic)

Within Phase
Variance (log
normal dist)

Age 1
Immature
Abundance
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M d l Variability
Model
V i bilit – Marine
M i S
Survival
i lD
Data
t
 Marine Survival

14

A pattern of marine survival is
entered representing high,
medium and low survival
conditions (NPS Survival index
provided by Kit Rawson for 1971
- 1995):

12
10
Survival Index
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M d l Variability
Model
V i bilit – Freshwater
F h t Peak
P k Flow
Fl
Reach Characterization
Current and
Future
Condition

Flow model

Bed Scour
Rating
(median flow)

Annual Peak
Flow

Bed Scour
Sensitivity to
Peak Flow

Modified Bed
Scour
Species-Habitat Rules
Life Stage
Sensitivity to
Bed Scour
Modified Life
Stage Survival
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M d l Variability
Model
V i bilit – Freshwater
F h t Peak
P k Flows
Fl
120,000
100,000

Peak flow

60,000

40,000
,
20,000

19
99

89
19
94

84

19

19

4

9

79
19

19
7

4

19
6

19
6

19
59

19
54

44
19
49

39

19

19

9

34

0

19

 USGS p
peak flow data
series (exclude periods of
increasing or decreasing
peak flows)
 Calculate frequency peak
flow
 Randomly select peak flow
for category

80,000

19
2

Simulating 100 yr Peak
Flow Data Series

Flow (cfs)
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M d l Variability
Model
V i bilit – Freshwater
F h t Capacity
C
it
Flow model
Reach Characterization
Wetted
Current and
Channel Area
Future
and Habitat
Condition
Types

Annual Mean
Flow

Overall Channel
S
Sensitivity
iti it to
t
Flow

Season Channel
Sensitivity to
Flow
Modified
Monthly
Channel Area
B-H Model
Computation
Life Stage
Capacity
Modified Life
Stage
Capacity
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EDT P
Population
l ti M
Model
d l – Hatcheries
H t h i

Response
Spawn
Composition

Fitness

Abundance

Hatchery Controls
Broodstock (#
and source)

In-Hatchery
Survival

Adult
Destination
Interactions
Genetic
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EDT P
Population
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Model
d l – Harvest
H
t

Harvest Strategy
Management
Precision

Harvest Control
Harvest
Location

Harvest Age
Additional Development
Escapement
Floor Based
Strategy

P.O. Box 724

•

9920 SW Bank Road

•

Vashon, Washington 98070

•

206-463-5003

Sliding
Harvest Rate
Strategy

•

Fax 206-463-9312

Others?

•

www.mobrand.com

Still
Stillaguamish
i hB
Basin
i – Model
M d lR
Results
lt
12,000

250

11,000
10,000

200
9,000
8,000

150

7,000
6,000
5,000

100

4,000

Coefficie
ent of Variation

 ~60% NoR BS
 100% HoR Spawn
in nature
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SF Stillaguamish Chinook
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NF Stillaguamish
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i h – Escapement
E
t
Habitat Plan

Current Habitat
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NF Stillaguamish Hatchery Benefit Analysis
(different abundance categories and time steps compared to other charts)
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>2,000

75 - 100 yrs

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
<50

50 - 500

500 1,000

1,000 2,000

>2,000

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
<50

50 - 500

500 1,000

1,000 2,000

>2,000

<50

50 - 500

500 1,000

1,000 2,000

>2,000

Snoqualmie Chinook - Proposed Plan with Old Hatchery
1 - 25 yrs

25 - 50 yrs

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
<50

P.O. Box 724

50 - 75 yrs

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

•

50 - 500

500 1,000

1,000 2,000

>2,000

9920 SW Bank Road

<50

•

75 - 100 yrs

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
50 - 500

500 1,000

1,000 2,000

>2,000

Vashon, Washington 98070

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
<50

•

50 - 500

500 1,000

206-463-5003

1,000 2,000

•

>2,000

<50

50 - 500

Fax 206-463-9312

500 1,000

•

1,000 2,000

>2,000

www.mobrand.com

Appendix J. Freshwater Actions, Reaches, and Assumed Effectiveness of Actions on Attributes
Scenario Name
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

Action Name
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide treatment SH
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
Landslide Treatment GB
LWD SF1
LWD SF1

AttribCode
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BdScour
FlwIntraAnn

Reach
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-4
SouthFork-4
SouthFork-4
SouthFork-4
SouthFork-5
SouthFork-5
SouthFork-5
SouthFork-5
SouthFork-6
SouthFork-6
SouthFork-6
SouthFork-6
SouthFork-3
SouthFork-3

Effectiveness
0.10
0.10
0.10
0.10
0.20
0.20
0.20
0.20
0.30
0.30
0.30
0.30
0.20
0.40
0.40
0.40
0.70
0.70
0.70
0.70
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.80
0.60
0.60
0.60
0.60
0.40
0.20

A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

LWD SF1
LWD SF1
LWD SF1
LWD SF1
LWD SF1
LWD SF1
LWD SF2
LWD SF2
LWD SF2
LWD SF2
LWD SF2
LWD SF2
LWD SF2
LWD SF2
LWD NF1
LWD NF1
LWD NF1
LWD NF1
LWD NF1
LWD NF1
LWD NF1
LWD NF1
LWD NF1
LWD NF1
LWD NF1
LWD NF1
LWD NF1
LWD NF2
LWD NF2
LWD NF2
LWD NF2
LWD NF2
LWD NF2
LWD NF2
LWD NF2
LWD NF2
LWD NF2
LWD NF2
LWD NF2
LWD NF2
LWD NF2
LWD NF2
LWD NF2
Sediment Roads1fs
Sediment Roads1fs

FlwLow
HbBckPls
HbGlide
HbPls
HbPlTails
WdDeb
BdScour
FlwIntraAnn
FlwLow
HbBckPls
HbGlide
HbPls
HbPlTails
WdDeb
BdScour
FlwIntraAnn
FlwLow
HbGlide
HbPls
HbPlTails
WdDeb
BdScour
FlwIntraAnn
FlwLow
HbGlide
HbPlTails
WdDeb
BdScour
FlwIntraAnn
FlwLow
HbBckPls
HbGlide
HbPls
HbPlTails
WdDeb
BdScour
FlwIntraAnn
FlwLow
HbBckPls
HbGlide
HbPls
HbPlTails
WdDeb
BenComRch
Emb

SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-5
NorthFork-5

0.20
0.40
0.40
0.40
0.40
0.40
0.40
0.20
0.20
0.40
0.40
0.40
0.40
0.40
0.60
0.30
0.60
0.60
0.60
0.60
0.60
1.00
0.50
0.50
1.00
1.00
1.00
0.35
0.17
0.17
0.35
0.35
0.35
0.35
0.35
0.30
0.15
0.15
0.30
0.30
0.30
0.30
0.30
0.50
0.50

A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads1fs
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a

FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi

NorthFork-5
NorthFork-5
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-8
NorthFork-8
NorthFork-8
NorthFork-8
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-7
Canyon-1
Canyon-1
Canyon-1
Canyon-1
Canyon-2
Canyon-2
Canyon-2
Canyon-2
Canyon-3
Canyon-3
Canyon-3
Canyon-3
CanyonNF-1
CanyonNF-1
CanyonNF-1
CanyonNF-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-3
SouthFork-3
SouthFork-3

0.50
0.50
0.80
0.80
0.80
0.80
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.80
0.80
0.80
0.80
0.25
0.25
0.25
0.25
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.75
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25

A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
Sediment Roads2a
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD NF3
LWD SF3
LWD SF3
LWD SF3
LWD SF3
LWD SF3
LWD SF3
LWD SF3
LWD SF3
LWD SF3
LWD SF3
LWD SF3
Sediment Roads2c
Sediment Roads2c
Sediment Roads2c
Sediment Roads2c
Sediment Roads2c

Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BdScour
FlwIntraAnn
FlwLow
HbBckPls
HbBvrPnds
HbGlide
HbLrgCbl
HbPls
HbPlTails
HbSmlCbl
BdScour
FlwIntraAnn
FlwLow
HbBckPls
HbBvrPnds
HbGlide
HbLrgCbl
HbPls
HbPlTails
WdDeb
BdScour
FlwIntraAnn
FlwLow
HbBckPls
HbBvrPnds
HbGlide
HbLrgCbl
HbPls
HbPlTails
HbSmlCbl
WdDeb
BenComRch
Emb
FnSedi
Turb
BenComRch

SouthFork-3
SouthFork-4
SouthFork-4
SouthFork-4
SouthFork-4
SouthFork-5
SouthFork-5
SouthFork-5
SouthFork-5
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
DeerCreek-1
DeerCreek-1
DeerCreek-1
DeerCreek-1
NorthFork-2

0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.25
0.30
0.15
0.15
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.35
0.17
0.17
0.35
0.35
0.35
0.35
0.35
0.35
0.35
0.40
0.20
0.20
0.40
0.00
0.40
0.40
0.40
0.40
0.40
0.40
0.20
0.20
0.20
0.20
0.20

A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

Sediment Roads2c
Sediment Roads2c
Sediment Roads2c
Sediment Roads2c
Sediment Roads2c
Sediment Roads2c
Sediment Roads2c
Sediment Roads 3a
Sediment Roads 3a
Sediment Roads 3a
Sediment Roads 3a
Sediment Roads 3a
Sediment Roads 3a
Sediment Roads 3a
Sediment Roads 3a
Sediment Roads 3a
Sediment Roads 3a
Sediment Roads 3a
Sediment Roads 3a
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads 2d
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b

Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb

NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-4
SouthFork-4
SouthFork-4
SouthFork-4
SouthFork-5
SouthFork-5
SouthFork-5
SouthFork-5
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
Canyon-1
Canyon-1
Canyon-1
Canyon-1
Canyon-2
Canyon-2
Canyon-2
Canyon-2
Canyon-3
Canyon-3

0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
Sediment Roads3b
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1

FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
BenComRch
Emb
FnSedi
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch

Canyon-3
Canyon-3
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
French-1
French-1
French-1
French-1
French-1
French-1
French-1
French-1
French-1
French-1
French-1
French-1
French-1
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-8
NorthFork-8
NorthFork-8
NorthFork-8
NorthFork-8
NorthFork-8
NorthFork-8
NorthFork-8
NorthFork-8

0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.50
0.50
0.50
0.20
0.20
0.50
0.50
0.50
0.50
0.25
0.25
0.25
0.50
0.50
0.50
0.50
0.20
0.20
0.50
0.50
0.50
0.50
0.25
0.25
0.25
0.50
0.50
0.50
0.50
0.20
0.20
0.50
0.50
0.50
0.50

A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1

TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch

NorthFork-8
NorthFork-8
NorthFork-8
NorthFork-8
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-9
Squire-1
Squire-1
Squire-1
Squire-1
Squire-1
Squire-1
Squire-1
Squire-1
Squire-1
Squire-1
Squire-1
Squire-1
Squire-1
Squire-2
Squire-2
Squire-2
Squire-2
Squire-2
Squire-2
Squire-2
Squire-2
Squire-2
Squire-2
Squire-2
Squire-2
Squire-2
NorthFork-7
NorthFork-7

0.25
0.25
0.25
0.50
0.50
0.50
0.50
0.20
0.20
0.50
0.50
0.50
0.50
0.25
0.25
0.25
0.50
0.50
0.50
0.50
0.20
0.20
0.50
0.50
0.50
0.50
0.25
0.25
0.25
0.50
0.50
0.50
0.50
0.20
0.20
0.50
0.50
0.50
0.50
0.25
0.25
0.25
0.50
0.50
0.50

A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianNF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1

DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat

NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-7
NorthFork-7
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2

0.50
0.20
0.20
0.50
0.50
0.50
0.50
0.25
0.25
0.25
0.50
0.50
0.20
0.50
0.20
0.20
0.50
0.50
0.50
0.50
0.20
0.20
0.20
0.20
0.50
0.20
0.50
0.20
0.20
0.50
0.50
0.50
0.50
0.20
0.20
0.20
0.20
0.50
0.20
0.50
0.20
0.20
0.50
0.50
0.50

A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianSF1
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2

NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka

SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-3

0.50
0.20
0.20
0.20
0.20
0.50
0.20
0.50
0.20
0.20
0.50
0.50
0.50
0.50
0.20
0.20
0.20
0.20
0.25
0.10
0.25
0.10
0.10
0.25
0.25
0.25
0.25
0.10
0.10
0.10
0.10
0.25
0.10
0.25
0.10
0.10
0.25
0.25
0.25
0.25
0.10
0.10
0.10
0.10
0.25

A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianNF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2

BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol

NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B

0.10
0.25
0.10
0.10
0.25
0.25
0.25
0.25
0.10
0.10
0.10
0.10
0.25
0.10
0.25
0.10
0.10
0.25
0.25
0.25
0.25
0.10
0.10
0.10
0.10
0.25
0.10
0.25
0.10
0.10
0.25
0.25
0.25
0.25
0.10
0.10
0.10
0.10
0.20
0.10
0.20
0.10
0.10
0.20
0.20

A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2
RiparianSF2

MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb

Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-2
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3
SouthFork-3

0.20
0.20
0.10
0.10
0.10
0.10
0.20
0.10
0.20
0.10
0.10
0.20
0.20
0.20
0.20
0.10
0.10
0.10
0.10
0.20
0.10
0.20
0.10
0.10
0.20
0.20
0.20
0.20
0.10
0.10
0.10
0.10
0.20
0.10
0.20
0.10
0.10
0.20
0.20
0.20
0.20
0.10
0.10
0.10
0.10

A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3

Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls

Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
Mainstem-4B
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-1
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2

0.20
0.10
0.20
0.10
0.10
0.20
0.20
0.20
0.20
0.10
0.10
0.10
0.10
0.20
0.10
0.20
0.10
0.10
0.20
0.20
0.20
0.20
0.10
0.10
0.10
0.10
0.20
0.10
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0.20
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0.20
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A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3
RiparianNF3

MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
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FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
Turb
Alka
BenComRch
DisOxy
Emb
FnSedi
MetSedSls
MetWatCol
MscToxWat
NutEnrch
TmpMonMn
TmpMonMx
TmpSptVar
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Alka
BenComRch
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MetSedSls
MetWatCol
MscToxWat
NutEnrch
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TmpMonMx
TmpSptVar

NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-2
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-4
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
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0.10
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0.20
0.10
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0.20
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A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary

RiparianNF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
RiparianSF3
North Meander
North Meander
North Meander
North Meander
North Meander
North Meander
Smokes Farm
Smokes Farm
Smokes Farm
Smokes Farm
Smokes Farm
Smokes Farm
Smokes Farm
A2NFFloodplain
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BenComRch
DisOxy
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MetSedSls
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BenComRch
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Emb
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WidthMx
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NorthFork-5
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
Mainstem-4A
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Mainstem-4B
Mainstem-4B
Mainstem-4B
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Mainstem-4B
Mainstem-4B
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Mainstem-4B
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
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SouthFork-1
SouthFork-1
SouthFork-1
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Mainstem-3
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0.05
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0.02
0.05
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0.50
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0.02
0.04
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A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
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A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
A3 Restonly no Estuary
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A3 Restonly no Estuary
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A3 Restonly no Estuary

A2NFFloodplain
A2NFFloodplain
A2NFFloodplain
A2NFFloodplain
A2NFFloodplain
A2NFFloodplain
A2NFFloodplain
A2NFFloodplain
A2NFFloodplain
A2NFFloodplain
A2NFFloodplain
A2NFFloodplain
A2NFFloodplain
A3LSFFloodplain
A3LSFFloodplain
A3LSFFloodplain
A3LSFFloodplain
A3LSFFloodplain
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv
SedimentRoads1priv

HbBckPls
HbBvrPnds
HbPls
WdDeb
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NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-3
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-5
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
SouthFork-1
NorthFork-5
NorthFork-5
NorthFork-5
NorthFork-6
NorthFork-6
NorthFork-6
NorthFork-8
NorthFork-8
NorthFork-8
NorthFork-9
NorthFork-9
NorthFork-9
NorthFork-7
NorthFork-7
NorthFork-7
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1.00
0.20
0.18
0.30
0.50
1.00
1.00
1.00
0.20
0.18
0.30
0.50
0.30
1.00
1.00
0.11
0.22
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30
0.30

Reaches used in Stillaguamish EDT (49 total reaches)
Reach Name
Armstrong-1
Boulder-1

Description
Mouth of Armstrong Creek to upper extent chinook utilization (CM 0 to CM 0.9)
Mouth of Boulder River to upper extent chinook utilization (RM 0 to RM 2.9)
Mouth of Canyon Creek to cascades and low falls (partial chinook obstruction) (CM 0 to CM
Canyon-1
1.1)
Canyon-2
Cascades and low falls (partial chinook obstruction) to CM 5.1 (CM 1.1 to CM 5.1)
CM 5.1 to confluence with NF Canyon Creek; upper extent chinook distribution (CM 5.1 to CM
Canyon-3
8.9)
CanyonNF-1
Mouth of NF Canyon Creek to upper extent chinook utilization (CM 0 to CM 0.1)
DeerCreek-1
Mouth of Deer Creek to upper extent chinook utilization (CM 0 to CM 2)
Mouth of French Creek to upper extent chinook utilization (CM 0 to CM 2); length was revised
French-1
to reflect chinook range
Grant-1
Mouth of Grant Creek to upper extent chinook utilization (CM 0 to CM 1.3)
Mouth of Jim Creek to CM 3.8 - transition from confined to moderately confined, upstream of
JimCreek-1
Siberia Creek confluence (CM 0 to CM 3.8)
JimCreek-2
CM 3.8 to CM 9.3; reach breaks based on confinement classification (SSHIAP)
JimCreek-3
CM 9.3 to upper extent chinook utilization (CM 9.3 to CM 13.4)
Mainstem-1
Top of estuary to bottom of South Slough (Rm 3 to RM 6.1)
Top of South Slough to Cook Slough (RM 6.1 to Rm 10.8); Pilchuck Creek enters upper end
Mainstem-3
of this reach.
Mainstem-4A
Cook Slough to confluence Armstrong Creek (RM 10.8 to RM 15.8)
Mainstem-4B
Confluence Armstrong Creek to North and South Stillaguamish (RM 15.8 to RM 17.8)
NorthFork-1
Mouth of NF Stillaguamish River to confluence unnamed tributary 05.0136 (RM 0 to RM 2.4)
NorthFork-2
Confluence unnamed tributary 05.0136 to confluence Grant Creek (RM 2.4 to RM 9.4)
NorthFork-3
Confluence Grant Creek to confluence Deer Creek (RM 9.4 to RM 14)
NorthFork-4
Confluence Deer Creek to confluence Rollins Creek (RM 14 to RM 19.4)
NorthFork-5
Confluence Rollins Creek to confluence Boulder River (RM 19.4 to RM 23.9)
NorthFork-6
Boulder River to Fortson Ponds RM 23.9 to 28.2
NorthFork-8
Confluence Squire Creek to beginning of confined reach (3.5 miles)
NorthFork-9
Confined reach to upper extent chinook utilization (Cascade Creek; 1.9 miles)
Mouth of Pilchuck Creek to approx unnamed trib 05.0064 (CM 0 to CM 2.6); change in reach
Pilchuck-1
confinement
Confluence unnamed trib 05.0064 to approx Highway 9 crossing (CM 2.6 to CM 6.3); change
Pilchuck-2
in reach conn.
Pilchuck-3
Approx Highway 9 crossing to upper extent chinook utilization - CM 9.4 (CM 6.3 to CM 9.4)
Siberia-1
Mouth of Siberia Creek to upper extent chinook utilization (CM 0 to CM 0.2)
SouthFork-1
Mouth of SF Stillaguamish River to confluence Jim Creek (RM 0 to RM 4.4)
SouthFork-2
Confluence Jim Creek to confluence Jordan Creek (RM 4.4 to RM 8.4)
SouthFork-3
Confluence Jordan Creek to Granite Falls (RM 8.4 to RM 16.9)
SouthFork-4
Granite Falls to top of gorge (RM 16.9 to RM 20.4)
SouthFork-5
Top of gorge to RM 24.1 (RM 20.4 to RM 24.1)
SouthFork-6
RM 24.1 to RM 34.9
SouthFork-7
RM 34.9 to upper extent chinook utilization (RM 34.9 to RM 38.4)
Squire-1
Mouth of Squire Creek to confluence with Furland Creek (CM 0 to CM 1.0)
Squire-2
Confluence with Furland Creek to upper extent chinook utilization (CM 1.0 to CM 5)
Canyon Cr Obstr Obstruction reach in Canyon Creek (cascades and low falls at CM 1.1)
Granite Falls
Granite Falls on SF Stillaguamish River
NorthFork-7
Fortson Ponds to Squire Creek

November 15, 2004

County Councilmember John Koster
Snohomish County Council
3000 Rockefeller
M/S 609
Everett, WA 98201
Dear Councilmember Koster,
Thank you very much for your recent comments on the draft Stillaguamish
Watershed Chinook Salmon Recovery Plan. We have included responses to
your comments and questions below.
General Comments:
Comment: A key challenge that lies ahead is the coordination of the 14 local
watershed plans. I would be interested in learning your view of the mechanism
by which the 14 plans will be processed, and what the outcome of the process is
to be.
Response: As you are aware, fourteen watersheds throughout Puget Sound are
participating in the Shared Strategy process to identify actions to recover salmon
and obtain the commitments needed to achieve this goal. Individual watershed
groups, such as the SIRC, are developing the technical and policy
recommendations and implementation plans for their watershed. These plans
are submitted to the Shared Strategy as local chapters in what will eventually
become the regional salmon recovery plan for all of Puget Sound.
This summer, the Shared Strategy provided policy and technical feedback to the
individual watersheds. Beginning this fall, the local watershed groups will work to
revise their draft plans for final submittal in the spring of 2005. These revisions
will incorporate comments received from stakeholders and the public, and will
identify actions and commitments for habitat, harvest, and hatchery management
to achieve local watershed goals. Meanwhile, the Shared Strategy is beginning
the work of integrating science and social policy into regional implementation
scenarios for recovery, based on the content of the local watershed chapters.
Habitat, hatchery, and harvest management recommendations will complement
each other to restore naturally sustainable salmon populations to harvestable
levels.
A regional consensus process will ensure that the final salmon recovery plan for
Puget Sound ultimately reflects local needs and priorities while meeting ESA

requirements. The Shared Strategy is on schedule to deliver the final regional
salmon recovery plan by June 2005.
Comment: Similarly, I am interested in understanding how SIRC envisions
coordination & cooperation of the various jurisdictions with the watershed.
Response: The SIRC currently includes 25 members that represent local
municipalities, tribes, state and federal government agencies, agricultural and
forestry interests, the flood control district, environmental groups, and citizens.
The focus of the SIRC is collaborative watershed-based decision-making and
coordination. The Chinook Salmon Recovery Plan will identify the necessary
commitments from each of these organizations to achieve the recovery goals.
Each individual member of the SIRC will have the option of adopting all or part of
the Plan and will prepare a written statement of commitment, to be provided to
the Shared Strategy in the final plan. The SIRC will continue to work at a
watershed scale, as it has since the early 1990’s, to encourage cooperation and
coordination among the watershed’s jurisdictions and stakeholders to meet these
commitments and achieve the collective vision for Chinook recovery in the
Stillaguamish.
Comment: Also, I am wondering what is to happen following the 10 year
planning horizon that is contained in the plan.
Response: Within the Stillaguamish watershed, the long-term goal is to restore
viable populations of Chinook salmon to a level where natural population
production is healthy enough to support recreational and commercial fisheries.
To accomplish this, the SIRC supports restoring the watershed to a Properly
Functioning Condition (PFC). The initial 10-year strategy will begin the recovery
process by reaching approximately 30% of PFC. Beyond the initial 10-year
recovery strategy and implementation of its recommended actions, an adaptive
management approach will be used to determine the necessary actions to
achieve the remaining 70% of PFC and long-term Chinook recovery objectives.
The health and viability of the Stillaguamish Chinook populations will be judged
by the Viable Salmonid Population (VSP) parameters described in the plan and
ongoing progress toward reaching the Shared Strategy recovery planning
targets. Necessary long-term strategies and actions for habitat, harvest, and
hatchery management will be adopted as appropriate.

Specific Comments
Page 1: What does it mean to provide “guidance to local stakeholders…” to
protect salmon in the watershed? To what extent will these recommendations
become requirements for funding, permitting, etc.? Some clarification of intent is
called for here.

Response: Technical experts within and outside the watershed have developed
a sound technical basis for beginning the long-term recovery process. The
proposed guidance consists of a series of recommendations for interested
parties on how and where the SIRC believes Chinook salmon recovery should
occur first. The SIRC does not intend for these recommendations to necessarily
become requirements, but potential habitat restoration projects could score
higher for funding and implementation if they follow geographic priority criteria.
The current WDFW streamlined hydraulic permitting process for habitat projects
is based on benefit to fish. This process will not be affected by the
recommendations included in this plan. Examples of habitat improvements
include: the old channel reverse tide gate for improving water quality, Pilchuck
tree farm fish passage projects, Banksavers riparian work on Portage Creek and
other streams, Conservation District farm BMP programs, the riparian work of the
Stillaguamish Steward on Church Creek, and placement of log jams to protect
DNR’s C-post bridge and create pool habitat.
Page 35: In the section on Harvest the report states “Chinook Salmon … are
vulnerable to harvest”, and “Due to high harvest rates and ongoing watershed
disturbances … Stillaguamish Chinook … exhibited declines in abundance and
were ultimately listed as Threatened under the ESA in 1999.” Notwithstanding
these factual notes, the fundamental presumption underlying the recovery plan is
that the problem is one of habitat, not harvest. Yet for the recovery plan to be
effective, the remedy must be properly ordered to the cause. Indeed the
remedial focus would be far different if the problem were harvest rather than
habitat. This question calls for careful research, and the avoidance of
presumption.
Response: Historic exploitation rates of Stillaguamish Chinook reached levels of
60-75%. Currently the Co-managers have set the rate at 25% and have
averaged that rate since 1996. The Stillaguamish Tribe has released 250,000
Chinook juveniles each year since the mid-1980’s and have not fished for them
during that same time frame. Since the Stillaguamish Chinook is a weak stock
indicator for the U.S./Canada Treaty negotiations, fisheries from Alaska, Canada,
and the western U.S. are regulated by interception of this population. Incidental
take is currently the majority of Stillaguamish Chinook harvest. In order to reduce
harvest much more, all fisheries from Alaska to Puget Sound would have to shut
down while Stillaguamish Chinook were migrating through.
Poaching is an illegal source of direct Chinook mortality in the Stillaguamish. It is
certain that poachers are more successful snagging fish in shallow pools that are
lacking physical cover and historical logjams that supported populations of
Chinook in the past.
Page 36: The negative stance taken toward hatchery fish seems inadequately
founded and possibly inconsistent with the purpose of the plan. The concluding

paragraph on p. 37 of the “Hatchery” discussion that begins on p. 36 contains for
its operative verbs “can have” and “may”, rather than “does have” or “does”,
appears to suggest conclusions that the literature doesn’t actually support.
Moreover, employment of the word “theoretically” in the concluding comment
“increased hatchery production theoretically makes more fish available for
harvest, resulting in increased harvest pressure on wild salmon” has the probably
unintended effect of downgrading the factual to the hypothetical. It is an
arithmetic fact, not an hypothesis, that production of hatchery fish increases the
number of fish available for harvest. I suggest rewriting this section to be
consistent with the discussion on page 1 reflecting that the purpose of helping
salmon populations recover to sustainable and harvestable levels is to assure a
continuing and reliable abundant food supply for humankind.
Response: Many factors affect the ability of hatchery fish to provide potential
harvest for human consumption or to return to spawn, providing sustainability
and ecological values. Hatchery fish are vulnerable to predation, ocean
conditions, toxic compounds, human-caused obstructions, water quality
problems, and numerous other threats. Releasing more fish may or may not
provide more opportunity for harvest. The SIRC is not advocating eliminating
hatchery practices in the Stillaguamish at least until the habitat needed to sustain
Chinook populations over time is improved. It should also be noted that humans
are not the only life that rely on the returning salmon for food and nutrients.
Page 44: Who owns the 8,000 acres of riparian area that would be “…planted,
restored, maintained and protected..” to achieve recovery? If these are private
holdings, how will the landowners be compensated? Is that cost included in the
cost estimates?
Response: The Stillaguamish watershed still maintains 72% of its land area in
forestry land uses. The majority of the forest land is under the jurisdiction of the
USFS Nortwest Forest Plan for federal lands, the DNR Habitat Conservation
Plan for state lands and the Fish and Forest Rules for private lands. Buffers
regulated under the above management agencies will provide a large part of the
8,000 acres needed for PFC in the watershed. Other portions of the riparian zone
throughout the Stillaguamish watershed are in public ownership under the
jurisdiction of Snohomish County, WDFW, the cities of Arlington, Stanwood,
Granite Falls, and Darrington, and the Stillaguamish and Tulalip Tribes. The
Tribes, County, and Conservation District have worked with numerous private
landowners to install and maintain voluntary buffers of varying widths. Private
landowners can also enroll in programs such as the Conservation Reserve
Enhancement Program (CREP) to be compensated for taking land out of
production for buffers.
Snohomish County and cities in the watershed have existing critical area
regulations that protect functioning riparian habitats for a variety of reasons
including Chinook salmon recovery. Neither the county or the cities currently

compensate landowners for protecting those areas according to existing land-use
codes. This is similar to the utility easements that local governments require
without compensation to landowners for limiting use on a specific area of their
property. The SIRC has always supported identifying other compatible economic
uses of the riparian areas.
Page 43 – 45: Who sits on the STAG (Stillaguamish Technical Advisory Group)?
How did they reach their conclusions for each of the habitat limiting factors (e.g.
80% of historic estuarine and nearshore habitat must be accessible and usable
for properly functioning conditions; 80 pieces of LWD/mile must be added to the
mainstem for PFC; no more than 10% of streambanks in any reach may be
hardened for PFC)
Response: The STAG is made up of scientists from several agencies
throughout the watershed. The group consists of representatives from the Tribes,
Snohomish County, WDFW, USFS, Arlington, and the Conservation District.
Many of the quantitative measurements used in PFC are based on research
done in habitats that are still functioning around the world. Alaska, Russia, British
Columbia and areas within U.S. National Parks have been used as reference
sites for properly functioning conditions. More references can be obtained if
necessary.
Restoration to 100% of historic conditions is not likely considering the increasing
human pressures on the natural environment. It is important to recognize that
the data and recommendations of this plan will be subjected to technical scrutiny
from a group of state, federal and tribal biologists. They may also question these
numbers and could ask to raise them. The SIRC is open to any technical
arguments that support other alternatives.
Page 44: Does the recovery plan recommend removal of the 4.1 miles of
existing protected bank that represents the gap between current conditions and
the 10% target? How is this better for fish than preventing bank erosion that can
add sediments, toxic chemicals and other debris into the river? It would seem
that bank protection could be a significant part of the overall remedy.
Response: The goal of this plan is to restore habitat to PFC over the next few
decades. In the North and South Fork, the removal of 4.1 miles of bank armoring
would restore these stream reaches to the 10% target. Bank erosion has been a
natural part of the evolution of river valleys for millions of years. Bank erosion
and sediment input from the upper watershed is what made the lower river
floodplain so fertile for agriculture. It is only since the floodplain was developed
that the need for bank protection was created. Bank stabilization practices
contribute to increases in streamflow velocity and energy that can lead to more
destructive and costly bank failures. The traditional method of dumping tons of

large rock onto stream banks has been devastating to Chinook habitat, and in
many cases has failed several times, costing tax-payers millions of dollars.
There are many types of bank protection that can protect both property and lives
and not eliminate habitat for ESA-listed fish. Many examples of fish-friendly bank
protection can be documented including 8 large engineered log jams in the North
Fork Stillaguamish. If bank stabilization is stopping available side channel flood
relief and juvenile Chinook flood refuge, and improved approaches are
acceptable to the current landowners, bank armoring removal is recommended.
Page 45: In the discussion of sediments and the problem of landslides and
unstable banks, the plan states “It is unknown to what degree the attenuation of
these sources will lead to properly functioning conditions”? Does the SIRC
envision recommending attenuation even though the results are unknown?
The two large deep-seated glacial landslides described in the plan are and have
been two of the largest contributors of sediment to the watershed. The impact to
the aquatic environment downstream of these two slides is devastating. The
Stillaguamish Flood Control District constantly deals with tons of fine sediment in
the lower river plugging tide gates and causing continuous maintenance issues.
Marysville is spending a million dollars to install a sediment treatment plant to
treat water from the Stillaguamish before piping it out to their customers. The
older generations of fisherman are also very familiar with the impacts of
sediments and would appreciate any increase in the number of days the river is
fishable.
The attenuation of the sediment supply will not be 100%. By remediating the two
slides, millions of tons of fine sediment will not be transported immediately
downstream to Port Susan.
Page 45: If unstable banks are a problem, how does the goal of reducing
sediments in the spawning areas correspond with the goals to limit bank
protection efforts? Again, it would seem that bank protection would be part of the
remedy for reducing sedimentation due to unstable banks.
Response: A decade of research in the Stillaguamish has shown the majority of
sediment entering the Stillaguamish watershed is from landslide activity. Of the
1,080 landslides documented in the watershed, 75% were associated with forest
practices (52% clearcut and 23% road-related). Efforts are underway to address
human-caused landslide activity by reducing harvest and road building on steep
unstable slopes.
The natural dynamics of a watershed are dependent on a natural rate of stream
meandering for recruitment of large woody debris (LWD), sediment management
for spawning gravels, and side channel habitat development. Although the river
will never be allowed to go wild, these dynamics are necessary at a certain level

for natural watershed processes to be restored. Fish-friendly bank protection can
be applied to areas where necessary.
Page 45: Is it a realistic goal to maintain immature forest levels in the subbasin
at a level below 12%? How does this correspond with existing land uses? Will
the plan propose changes in land use regulation? Is there a plan to compensate
voluntary landowners for participating?
Response: The 12% figure came from the USFS Hydrologic Cumulative Effects
as part of the Mt. Baker Snoqualmie Forest Plan. The USFS scientists witnessed
a negative change in hydrology when more than 12% of a sub-basin was in an
immature state. In the North Fork Stillaguamish, there is an increasing trend of
peak-flow occurrences. Between climate and land use, there are few other
factors affecting the upper watershed. As stated earlier, land use in the
Stillaguamish watershed is 72% forestry. The plan to date has not proposed any
new land use regulations. There are federal and state programs to compensate
landowners for leaving trees. The sustainability of harvest is tied to both the
hydrological function as well as sustainable economics. Excessive harvest in the
short-term will not leave enough timber to harvest in the future. A balance must
be achieved that supports harvest as well as processing. Protecting the
watershed function and sustainable forestry can be mutually beneficial if the right
strategy is adopted.
Page 45: What is the “optimum” level for instream flows, how is that defined,
and how will that be achieved? Also, how does the “optimum” level differ from
the “minimum” level to ensure recover goals? (Is “optimum” being used here as
though synonymous with “minimum”?) Also, who will determine what this
optimum (minimum?) level is, and upon what basis?
Response: It is recognized by all interests that there is a limited amount of
water available during the low flow periods between July and October. The
Washington Department of Ecology is currently in the process of establishing an
instream flow rule for the Stillaguamish. Instream flows are set based on
salmonid needs for juvenile rearing, adult spawning, and occasionally adult
holding. To determine optimal flows for rearing, spawning and holding an
Instream Flow study needs to be done on the river in question. With the study
results, a determination can be made on how much flow would provide optimum
habitat for the priority species/life stage during a particular time of the year. For
example, flows will be set in the river from late August to October to provide
optimum habitat for Chinook spawning in the North Fork Stillaguamish. The
Stillaguamish Instream Flow Rule attempted to provide at least 90% of available
habitat for each priority species/life stage whenever possible. Representatives
from Washington Department of Ecology, Washington Department of Fish &
Wildlife, Tulalip and Stillaguamish Tribes negotiated instream flow levels based
on an Instream Flow Incremental Methodology (IFIM) study. Historical flow
conditions are also taken into consideration when setting instream flows.

Although instream flows are optimum spawning and rearing flows, these flows
are not necessarily optimum for the species in question. Salmon need a wide
range of flows to provide adequate habitat and survival, but only rearing,
spawning, and to a lesser extent, holding flows are set. This is mainly due to
lack of science in determining what range of flows will provide optimum habitat
for priority species during all life stages and habitat variables. A wider range of
flows generally means that periods of higher flows are necessary for salmon
migration and habitat formation. At a minimum, salmon need flows for rearing
and spawning, but optimally, a wide range of flows is needed to continually
provide protection of higher flows that help in salmon migration and habitat
formation.
Instream flows will not necessarily be achieved. This is because instream flows
are a water right regulated by Washington State and are junior water rights to
senior water rights already withdrawing water from the river. However, the
instream flow rule is intended to protect fish from future water withdrawals. The
SIRC and its members are following the instream flow setting process and expect
that compromises between various interests will be found. Significant economic
needs in the watershed are dependent on leaving an appropriate amount of
water flowing in the river during the low flow periods. In regards to optimum
flows, there are significant problems for both fish and human uses as a result of
more frequent higher peak flows. The SIRC’s recommended solutions to
address flow provide relief to both the low flow and peak flow conditions.
Page 47 - “Community”: Are “economic values” the same as economic vitality?
Response: Economic vitality must include the viability of not only farming and
forestry, but fishing as well. The Tribes’ economic and cultural livelihood is at
stake. True vitality should include these three F’s as well as a healthy natural
community to sustain them.
The dairy industry is a good example, as it has been clear that the price the
dairyman was getting paid for milk had nothing to do with implementing farm
plans, but yet was a clear component of dairies closing. The Arlington School
District can afford to build a performing arts center and other school projects as a
result of logging land gifted to them years ago. It should be recognized that
these dollars are not shown as grants or taxes, yet the “value” of those resources
are building projects.
Page 47 “Landownership”: Is there a plan to compensate landowners? What if
they don’t want to participate? Is there a plan to compel landowner participation?
Response: The plan is currently focused on voluntary restoration actions, with
recommendations for enforcement of existing laws. It is believed by the SIRC
that voluntary actions alone will not turn the Chinook trajectory around. In most

cases, enforcing existing rules and regulations would dramatically improve
habitat throughout the Stillaguamish. SIRC members have a variety of programs
to encourage participation such as the Conservation District (CREP, WRP, EQIP,
etc) and DNR (forestry stewardship programs). At this point, we have more
landowners willing to participate than we have money to fund projects.
Question: Are jurisdictions within the watershed required to adopt any/all
elements of the plan? What if they opt out of all or portions of it?
Response: No, this is a voluntary plan at this time. All participating jurisdictions
and stakeholders have the option to adopt the whole plan, endorse specific
recommendations, or not support the plan. At this time, all of the jurisdictions
participating in the SIRC are working together to restore salmon. Many citizens
and taxpayers support the strategies outlined in the plan. Once the stakeholders
adopt and commit to the plan’s recommendations, the groups necessary to
implement the actions are ready to do the necessary work to recover Chinook.
The SIRC may ask for letters from participating jurisdictions and stakeholder
organizations to describe their level of commitment to the plan’s
recommendations. These letters will be included in the final plan, as the original
SIRC plan, adopted in 1990, did. This approach allows each participating entity
to clearly state their individual policy stance and level of commitment, as well as
clearly identifying to NOAA Fisheries those jurisdictions that are fulfilling their
responsibility towards Chinook salmon recovery.

Action Plan (pages 57-65)
Question: Is there a plan for sequencing (prioritizing) the proposed actions?
Are some actions required to be completed before others can be implemented?
Response: Most of the funding for salmon restoration comes from the Salmon
Recovery Funding Board (SRFB). Each year the SIRC submits a prioritized list of
projects to the SRFB for funding. Projects are ranked by criteria linked to the
overall watershed strategy for salmon recovery. Some projects will be
implemented first in order for following projects to be effective (e.g. reduce
upstream sediment sources before creating downstream spawning habitat).
However, individual projects identified by the community, such as the Steelhead
Haven landslide, are placed higher on the list if they have the potential to solve a
wider variety of problems (fish, fishing, and farming).
Question: For riparian projects (page 59) does “restore” include the removal of
dikes, roads, etc. as discussed on page 58?
Response: As stated earlier, much of the proposed riparian restoration will
occur on forest land in the upper watershed where bank hardening is less of an

issue. The SIRC recently submitted a project to the SRFB to restore riparian
habitat, create in-channel complexity with wood, and relocate the USFS mainline
road away from the active channel. Dike or road removal is not a mandatory
component of all riparian restoration, but is a tool that will be used when
applicable. There are also different applications between trees on dikes versus
armored banks. Trees can threaten the integrity of a dike, but vegetation can
help stabilize armored banks. The SIRC has asked Twin City foods about the
future potential to setback sea dikes to restore estuary function. They are open
to discussing the concept.
Question: Same question for estuary projects (page 60).
Response: The highest ranked project for the SRFB this round is the removal of
dikes on Leque Island to restore estuary habitat. The property is owned by the
WDFW and is used currently as waterfowl habitat. The SIRC is supportive of
efforts by landowners, especially public entities, that are willing to remove dikes,
levees, or roads to restore riparian habitat. Franklin Hansen, a lower
Stillaguamish SIRC representative, has repeatedly recommended that the Nature
Conservancy remove the dikes in the estuary portion of the watershed.
Question: Sediment projects (page 64) – what does “treatment” of forest roads
include?
Response: Treatment means everything from storm-proofing to total road
obliteration, where the entire road prism is removed. In most cases, culverts are
replaced, upgraded, or removed, side-cast material is pulled back, and ditches
are maintained to carry water to the next natural channel. Many forest roads
were built by old standards and are brought up to current standards. Sediment
reduction and transport of water to natural channels is the primary objective.
Installation of numerous cross drains is in many cases the solution to sediment
and water problems. The forest companies have recognized that, at a minimum,
removing culverts actually saves roads from being completely washed out in the
absence of ongoing maintenance. Forest road removal also has been a part of
an effort to reduce dumping in forestlands, as well as illegal propagation and
poaching.
Question: Habitat project costs (page 65) – does this include costs of land
acquisition and/or compensation to willing landowners that participate?
Response: These costs can be included if necessary. As stated earlier, most
salmon recovery funding comes from the SRFB. They do allow for conservation
easements and fee-simple purchases as part of projects. The CREP program
pays farmers for cropland taken out of production while a buffer is planted to
restore the riparian zone. The Stillaguamish Tribe and Flood Control District
worked jointly on a project to improve water quality in the Old Channel and, at the
same time, plant varying width buffers on the 8 miles of channel. The costs

outlined on page 65 can include acquisition or compensation, depending on the
wants of the public or private landowner.
Many of the landowners in the Stillaguamish valley value the forests, streams
and wildlife and want to participate in the restoration process, but compensation
will be considered when appropriate.

Thank you for your interest and your thoughtful comments on the draft
Stillaguamish Chinook Salmon Recovery Plan. Yours and other comments will
be addressed in the final revisions to the plan, to be submitted to the Shared
Strategy next spring. Please do not hesitate to contact us with any additional
comments or questions.
Sincerely,

Bill Blake
SIRC Chair

Pat Stevenson
SIRC Vice-Chair
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Ms. Sally Lawrence
Washington Department of Ecology
Northwest Regional Office
3190 160th Avenue SE
Bellevue, WA 98008-5452

Dear Ms. Lawrence,
Thank you very much for your comments on the draft
Stillaguamish Watershed Chinook Salmon Recovery Plan.
We have included responses to your comments and questions
below.
Comment:
Pg. 23 -- Habitat Limiting Factors – Riparian Areas:
Re: Armored banks in mainstem Stillaguamish: the Corps of
Engineers maintains (i.e. cuts vegetation on revetments along)
~ 15 miles of river channel. This maintenance prevents
establishment of mature riparian buffer needed to prevent
stream heating, and armoring disconnects the river from its
floodplain hydrologically.
Response: Armored banks and dikes are two different things
and can be managed differently. There is a risk of letting
vegetation grow too big on dikes which may lead to failure,
especially the “piping” that occurs when roots get big - the tree
eventually dies, the roots rot, and a pipe is created that water
can run through and weaken the dike. An armored bank
would actually be enhanced by the stability of continued
generations of trees as there are stable background soils.
The SIRC’s expectation is that NOAA Fisheries and USFWS
will work with the Corps of Engineers to develop a Puget
Sound-wide strategy for this common problem. We will also
continue to find planting niches or dike removal sites such as
the old channels and Smokes farm projects.
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Comment:
Pg. 44 -- Properly Functioning Conditions – Floodplain: Recommendation is no more
than 10% hardened. The “gap between current conditions and achieving this …is 4.1
miles of existing hardened bank”. The actual mileage is not clear. Recommend
including a small table showing existing mileage of stream that is hardened, for North
and South Forks and lower mainstem.
Response: The actual mileage of hardened bank in Chinook-bearing reaches
throughout the watershed is shown in Table 4 on page 28. Properly Functioning
Conditions for floodplain habitat is described on page 44 as no more than 10% of
hardened streambanks in any subbasin. The total mileage of hardened bank in the
North and South Forks of the Stillaguamish from Table 4 is 13.4 miles, while the total
mileage of bank length in these areas is 92.8 miles. 10% hardened banks to achieve
Properly Functioning Conditions in the North and South Forks would be a total of 9.3
miles. The gap between PFC and existing conditions is therefore 4.1 miles of hardened
banks to be removed.
Comment:
Pg. 61 -- Approved Estuary Projects: #3 attempts to create 120 estuary acres by
placement of 10 delta log jams. I have asked several times in SIRC meetings for
detailed information on this proposal and have never gotten any information. The map in
Figure 9 is not detailed at all regarding location of the proposed delta log jams. My
feeling is this is not a well thought out proposal. A good proposal would require
thorough understanding of Port Susan marine water dynamics and sedimentation
processes. Note that on page 34 of this document, “Filling of Tidal Lands” has a
“negative effect on sediment transport and tidal exchange, which leads to alterations in
the physical and biological habitat features….” How would this proposal avoid those
negative effects? Why would the sediment-trapping role of logjams not simply speed up
the already rapid process of filling in Port Susan by the excessive sediment load carried
by the river?
Response: The original conceptual design for this project was included in the
Stillaguamish Ecosystem Restoration Feasibility Design Study completed by the U.S.
Army Corps of Engineers in 2000. Delta log jams have sediment routing functions that
also form deep pools by providing hard points for the sediments and hydrodynamics to
react with. The Tulalip Tribes are seeking funding to conduct a feasibility analysis of
this type of estuary habitat restoration project.
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Thank you for your interest and your thoughtful comments on the draft Stillaguamish
Watershed Chinook Salmon Recovery Plan. All of the comments received will be
addressed in the final revisions to the Plan, to be submitted to the Shared Strategy for
Puget Sound. Please do not hesitate to contact us with any additional comments or
questions.
Sincerely,

Bill Blake
SIRC Chair

Snohomish County Surface Water Management
2731 Wetmore Avenue, Suite 300, Everett, WA 98201
425-388-3464

Pat Stevenson
SIRC Vice-Chair
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Dear Mr. Ladiser,
Thank you very much for the comments submitted by your
department on the draft Stillaguamish Watershed Chinook
Salmon Recovery Plan. We have included responses to your
comments and questions below.

Comment:
The Stillaguamish Watershed Chinook Salmon Recovery Plan
does not include a description of the economic impact and
benefit of a healthy Chinook salmon recovery effort. Such a
discussion could help build support for the local commitments
that will be needed for the recovery plan to be effective. The
economic significance of the commercial and sport fishery in
Snohomish County along with the attractive natural
environment for bringing talented companies and employees to
Snohomish County is not mentioned.
The Snohomish County General Policy Plan (GPP) does
include a reference to the commercial and recreational value of
healthy salmon populations. The County GPP states that
“Snohomish County’s commercial and sport fishing industries
rely on the 44 stocks of salmon and steelhead that are
produced in local watersheds. The beauty and value of local
waters also are important reasons people choose to live here”
(NE-3). This quote is actually from the Natural Environment
section of the GPP and not the economic development section.
Both the Chinook recovery plan and the County GPP could be
more direct in discussing the positive economic benefits of a
healthy Chinook salmon stock on the local and regional
economy.
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Response: At this time, a generalized economic impact analysis of the Stillaguamish
Watershed Chinook Salmon Recovery Plan has not been conducted. A general
economic impact analysis for salmon recovery would be most reliable when done on a
larger-than-watershed scale (for example, a Puget Sound-wide analysis). Economic
data is more available and accurate at the regional level, in addition to the fact that
secondary economic impacts are not usually captured at the local (i.e. Stillaguamish)
level. For a Stillaguamish-specific economic analysis to be accurate, these secondary
effects would have to be measured.
It is true that significantly larger salmon populations could potentially bring positive
economic benefit to the county. However, the projected increase in salmon populations
is not significant in the initial 10-year timeframe of the Stillaguamish Watershed Chinook
Salmon Recovery Plan. Whether or not these additional fish would be available for
harvest would be a matter of policy, not economics, at that time. Even assuming that
policy did allow their harvest, the economic significance for commercial or sport fishing
would be small, due to the small population size. Over a longer time horizon of 100
years, populations might regain sufficient robustness to withstand significant harvest
and create a significant economic benefit. However, economic projections over such a
long time period are not reliable.
The attractive natural environment is a factor which draws many people to live in the
Pacific Northwest region. According to state projections, the population of Snohomish
County is expected to grow from its current level of 639,400 to 930,000 by the year
2025 (an increase of 45% in twenty years).1 While this population increase will bring
new businesses and jobs to the county, it will also have an associated infrastructure
cost to support these new inhabitants, as well as an environmental impact cost which
could actually have a negative impact on salmon population recovery.
Some localized economic analyses of land protection measures associated with salmon
recovery programs have been completed in the region, which detail micro- and macroeconomic impacts to farming communities and enterprises.2 A regional economic
analysis of Skagit County’s proposed riparian protection program in 2003 showed
reduced agricultural production as a result of the program, accompanied by a decline in
farm proprietor and labor income, as well as a decrease in farm related jobs. No
significant benefit to the salmon fishing industry resulted from the program.3 An
economic analysis of farm buffers in the Stillaguamish basin showed that while buffers
can have a negative impact on the farm enterprise, this is not always the case. The net
impact depended highly on the type of farm, its size, and the availability of buffer cost
share programs.4
1

Snohomish County Planning and Development Services
It should be noted that these were not comprehensive studies of all salmon recovery efforts.
3
Final Programmatic Environmental Impact Statement, Planning and Permit Center, Skagit County, WA, June 12,
2003.
4
Economics of Riparian Restoration on Selected Stillaguamish Farms, Final Project Report, April 20, 2004,
Resource Consulting, Arlington, WA. http://www.snohomishcd.org/Final%20Buffers/Stillaguamish_Buffers.pdf
2
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Comment:
Pg. 14 -- Factors Affecting Chinook Populations - Population and Land Use: As depicted
in Figure 4, the Future Land Use taken from the Comprehensive Plan does not
anticipate to significantly alter or plan for major population increases in this watershed.
Nominal population increases are expected surrounding the Arlington UGA and the
Stanwood UGA and a small commercial expansion in the vicinity of Darrington to
increase employment opportunities in that community. Please make sure that this plan
dovetails with the City of Arlington’s plans for NPDES and ESA compliance.
Response: This will be discussed and confirmed with the City of Arlington when
commitments to this Plan are made.

Comment:
Page 17 -- Factors Affecting Chinook Populations – Forestry: The Stillaguamish
Watershed Chinook Salmon Recovery Plan does not emphasize that the same forestry
related solutions needed for Chinook recovery would also have a positive effect on
flooding in the lower reaches of the river basin. Retention/creation of mature forest and
its impact on seasonal flow is a big positive related to flooding and should be highlighted
as an additional benefit. The adopted Stillaguamish River Comprehensive Flood
Hazard Management Plan includes specific information on the costs of flooding and the
large cost of the range of projects needed to handle flood waters in the basin. Some of
the language and costs listed in the flooding plan help make the argument that changes
in forest practices that would help reduce peak flooding also help improve Chinook
habitat. Showing the benefits of changes in forest practices for both flooding and
Chinook recovery could help build support for the plan and gain commitments to help
with the recovery effort.
Response: The SIRC agrees that the multiple benefits of improved forest practices
should be explained beyond the relationship between watershed hydrology and fish.
Your comment has been incorporated into the Final Plan.

Comment:
Pg. 18 and 21 -- Factors Affecting Chinook Populations – Forestry: The Snohomish
County General Policy Plan contains sections on forestry, GPP Goal LU-8. Forestry
goals and policies in the County GPP do not include a goal or policy to conduct forest
practices in a manner that are consistent with the draft Chinook recovery plan. Forestry
policies that would be consistent with the direction of the Chinook recovery plan would
include encouraging the growth and retention of mature forests, limiting erosion from
forest road construction, encouraging efforts to limit the impact of landslides on
sedimentation of rivers and making efforts to control peak water runoff from clear cut
logging operations.
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Response: The SIRC (including representatives from Snohomish County) encourage
revisions to the General Policy Plan to include forestry policies that are consistent with
meeting habitat protection and salmon recovery objectives. Your comment has been
incorporated into the Final Plan.

Comment:
Pg. 18 -- Factors Affecting Chinook Populations - Agriculture: The negative impacts of
agriculture on fisheries and fisheries recovery are described. Why is the conversion of
agricultural use to some other use such as rural residential considered more damaging
to fisheries? If agricultural use, with its negative impacts, is preferable to rural or urban
residential use, then a discussion of the benefits of agricultural use could help build
support in the agricultural community.
Response: The permanence of change resulting from agricultural to residential
conversion has significant long-term impacts. The potential impacts from agriculture
can be reduced by stewardship activities initiated by willing landowners. The SIRC has
strong support from the agricultural community as a result of ongoing recognition of the
benefits and value of agriculture in the Stillaguamish watershed. The ongoing viability
of local agriculture is vital to salmon recovery as well as to the regional economy. The
SIRC will continue to develop a collaborative and coordinated approaches to watershed
protection and restoration that include the interests of local farmers.

Comment:
Pg. 18-19 -- Factors Affecting Chinook Populations - Urban/Rural Land Use: This plan
section describes the contribution of rural and urban land conversion on declining
salmon populations. There is a statement that the “conversion of agricultural land to
rural residential uses will limit the effectiveness of ongoing salmon recovery efforts
throughout the watershed.” This is not well explained.
Response: As evidenced in other southern Puget Sound watersheds, conversion of
agricultural land to urban uses results in loss of floodplain functions, channel migration,
and other wildlife habitats, as well as a transition from biologically-based water quality
problems to chemical pollution. The permanence of this type of conversion contributes
to a wide range of impacts that goes far beyond impacts to salmon.

Comment:
Pp. 63-64 – Sediment Project Types: It is clear that several large landslides in the
vicinity of Steelhead Haven, the old Deer Creek Slide on the north fork and north of
Gold Basin on the south fork, as well as the extreme channel migration at Chatham
Acres on the north fork and at Robe Valley on the south fork has caused extensive
downstream sedimentation and loss of habitat. Landslide repairs most likely will require
grading permits and engineering review to complete this work. If public roads are
intended to be de-commissioned, please coordinate this plan with the Department of
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Public Works or the Forest Service depending on the nature of the roadway. Please
explain the nature of the treatment intended for road de-commissioning projects. (Does
this mean they will be re-vegetated or planted to become forest again?) (Will access to
other private parcels be impaired by this proposal?)
Response: Responsible agencies have standards for different types of road decommissioning projects, which may include re-vegetation, based on existing conditions.
The SIRC supports coordination among the appropriate agencies and stakeholders to
ensure project success and to prevent any access or easement problems.

Comment:
Pg. 77 -- Policy and Regulatory Issues – Land Use Regulations: Currently, the
Snohomish Shoreline Master Program, the Critical Areas Code and the overall County
GPP are under review and update. As suggested on page 77, the SIRC could
recommend changes to the Snohomish County draft GPP, Shoreline Master Plan and
Critical Areas Code updates to assure that goals, policies and objectives along with
code requirements are included that are consistent with the Chinook Salmon Recovery
Plan.
Response: The SIRC is monitoring development of these products, and will review and
provide input on the drafts during the appropriate comment periods. The SIRC
encourages your department to consider the contents of the Stillaguamish Watershed
Chinook Salmon Recovery Plan in drafting these new County policies and regulations.

Thank you for your interest and your thoughtful comments on the draft Stillaguamish
Watershed Chinook Salmon Recovery Plan. All comments received will be addressed
in the final revisions to the Plan, to be submitted to the Shared Strategy for Puget
Sound. Please do not hesitate to contact us with any additional comments or questions.
Sincerely,

Bill Blake
SIRC Chair
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SIRC Vice-Chair
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City of Stanwood
Stephanie Cleveland
Clean Water District Board
Orin Barlond
Federation of Fly Fishers
Brian Simonseth
Mainstem Stillaguamish
Carolyn Henri
North Fork Stillaguamish
Jim O’Neill
Pilchuck Audubon Society
Linda Detchemendy
Snohomish Conservation District
Jenny Baker
Snohomish County Council
John Koster
Snohomish County Noxious Weed
Board
Sonny Gohrman

Ms. Joan Lee, Director
Snohomish County Public Works
Surface Water Management Division
2731 Wetmore Ave., Suite 300
Everett, WA 98201-3581

Dear Ms. Lee,
Thank you very much for the comments submitted by your
division on the draft Stillaguamish Watershed Chinook Salmon
Recovery Plan. We have included responses to your
comments and questions below.

Snohomish County Planning &
Development Services
Larry Adamson
South Fork Stillaguamish
Kristen Jagelski
Stillaguamish Flood Control District
Chuck Hazleton
Stillaguamish Grange
Franklin Hanson
Stillaguamish Tribe
Pat Stevenson, Vice-Chair
Stillaguamish-Snohomish Fisheries
Enhancement Task Force
Ann Boyce

Comment:
Figure 2 -- Chinook Distribution: Do fish actually stop
migrating up Pilchuck Creek and the NF Stilly at the county
line? If so, what factors limit their migration?
Response: Both Pilchuck Creek and the upper North Fork
have natural barriers near the county line which prevent all
fish species from accessing the headwaters.

Twin City Foods
Mick Lovgreen
Tulalip Tribes
Kurt Nelson
US Forest Service
Karen Chang
Washington Dairy Federation
Jean Oien
Washington Dept. of Ecology
Sally Lawrence
Washington Dept. of Fish & Wildlife
Mike Chamblin
Washington Dept. of Natural
Resources
Stacie Watne
Washington Farm Forestry
Association
Duane Weston

Comment:
Pg. 12 -- Bull Trout: How much do bull trout overlap with
Chinook? Do bull trout migrate out into the sound?
Response: The range of Chinook habitat in the Stillaguamish
watershed is also used by bull trout. Many bull trout use
Puget Sound and its nearshore areas. There are also resident
freshwater populations of bull trout in the watershed.
According to the latest information available, many bull trout
migrate annually. They leave the estuaries during the warm
summer and early fall months.

WSU Cooperative Extension
Ned Zaugg

Snohomish County Surface Water Management
2731 Wetmore Avenue, Suite 300, Everett, WA 98201
425-388-3464

Stillaguamish Tribe
PO Box 277, Arlington, WA 98223
(360) 435-2755 x27
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Comment:
Pg. 21-22 -- Forestry Policies and Regulations: Discussion of the Habitat Conservation
Plan includes limits on timber harvesting, road building in the rain on snow zones.
Clarify what the “Rain on Snow Zone” is and why land management should differ from
other areas, such as low lands, or high elevations.
Response: The “rain on snow zone” is the area between 1,000 and 3,000 feet in
elevation (also referred to as the “warm snow zone”) which receives frequent snow
build-up that melts shortly thereafter. It has been shown (Satturlund 1992) that forest
management in the snowpack zone can be designed to improve or maintain desirable
snowmelt hydrographs.

Comment:
Pg. 24 -- Habitat Limiting Factors – Riparian Areas: Text preceding Table 1 is confusing.
Where is the “lower floodplain”? Also, text mentions that 52% of riparian buffer is
forested, but 52% doesn’t show anywhere in the table.
Response: In this context, the ”lower floodplain” is referring to the area below the
freeway. 52% is a basin-wide value for nearstream forested riparian cover.

Comment:
Pg. 40 -- Planning Targets for Independent Populations: Why do you show/explain
population curves, but not show actual curves for the Stilly?
Response: Figure 6 is intended to illustrate the conceptual relationship between the
number of progeny (fish in the next generation) that are produced by current spawning
fish. Actual population performance curves for the Stillaguamish, showing historic,
current, and anticipated population performance resulting from the recovery plan
actions, are on page 74.

Comment:
Pg. 41 -- Viable Salmon Populations – Productivity: The discussion on productivity /
growth rate is confusing. In the first sentence the terms are defined to be equivalent, but
subsequent sentences show they are not exactly the same thing.
Response: Productivity and growth rate are equivalent terms used to indicate the
ability of a population to persist over time. NMFS 2000 explains these concepts in more
detail.

Snohomish County Surface Water Management
2731 Wetmore Avenue, Suite 300, Everett, WA 98201
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Comment:
Pg. 44 -- Properly Functioning Conditions – Floodplain: The gap… is (removal of?) 4.1
miles of existing hardened bank? Also might mention percentage of hardened bank on
lower Stilly (> 50%).
Response: Properly Functioning Conditions for floodplain habitat is described on page
44 as no more than 10% of hardened streambanks in any subbasin. The total mileage
of hardened bank in the North and South Forks of the Stillaguamish from Table 4 is 13.4
miles, while the total mileage of bank length in these areas is 92.8 miles. 10%
hardened banks to achieve Properly Functioning Conditions in the North and South
Forks would be a total of 9.3 miles. The gap between PFC and existing conditions is
therefore 4.1 miles of hardened banks to be removed.
The June 30, 2004 draft Plan does not include approved floodplain actions to remove
existing hardened bank. The approved floodplain projects on p. 63 identify restoration
of side channel acreage which may include some removal of existing hardened bank.
The Final Plan will include removal of the 4.1 miles of existing hardened bank in the
North and South Forks as part of the 10-year habitat restoration strategy. The
percentage of hardened bank in the lower Stillaguamish (53%) is described in Table 4
on page 28. Removal of an additional 18 miles of hardened bank in the Lower
Stillaguamish will be included in the Final Plan’s long-term 11-50 year habitat restoration
strategy. The SIRC will look for opportunities to include removal of hardened bank
throughout the watershed in other types of projects, such as those addressing flood
hazard management. Future outreach and stewardship programs will inform
landowners of the benefits of and need for removal of existing hardened banks
throughout the watershed.

Comment:
Pg. 45 -- Properly Functioning Conditions – Sediment: What measures / surrogate
measures could be used to address sediment sources? What should the recovery target
for these measures be?
Response: Measures and projects to address sediment sources and restore natural
sediment regimes are described on pp. 63-64. The recovery target is 12% fines.

Comment:
Pg. 45 -- Properly Functioning Conditions – Hydrology: What is current % immature
forest cover in sub-basins referenced?
Response: The % of immature forest within the various Stillaguamish subbasins is
referenced in Table 6 on page 32.

Snohomish County Surface Water Management
2731 Wetmore Avenue, Suite 300, Everett, WA 98201
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Comment:
Pg. 45 -- Properly Functioning Conditions – Hydrology: Who sets instream flows? What
is the target for recovery?
Response: Instream flows are currently being developed by the Department of
Ecology, with input from other watershed stakeholders. Ecology is required by law to
protect fish, wildlife, water quality, recreation, and aesthetics in the watershed while also
providing water for future human needs. The instream flow rule setting takes into
consideration the instream water needs of fish. The proposed Stillaguamish water
management rule will set instream flows needed in streams at specific locations and
times to protect fish spawning and rearing, among other objectives.

Comment:
Pg: 54-55 -- Integrated Strategy: Fig’s 7 & 8 show the same curves. If both habitat and
harvest conditions are optimized, shouldn’t the population curve rise accordingly? Also,
how do the equilibrium abundance targets from Table 7 fit in with this discussion?
Response: Figure 7 shows the current status, recovery target, and historic population
numbers for the North Fork Stillaguamish Chinook population. Figure 8 shows how that
target will be met by utilizing a low maximum exploitation harvest rate and by improving
habitat conditions. The target is the same curve in both figures. Figure 8 demonstrates
the effects of the Plan’s recommended habitat management and harvest management
strategy. Table 7 includes the spawner abundance planning targets that guide the
integrated habitat, harvest, and hatchery management strategies for recovery of
Stillaguamish Chinook populations.

Comment:
Pg. 57-65 -- Integrated Actions for Recovery (10-Year Strategy): The projects described
for riparian, estuary and floodplain areas outline actions to occur on private property.
Although this will therefore necessitate and benefit from willing landowners, there are no
details in the document about how this cooperation will be achieved. Many of the habitat
enhancement activities can be accomplished through voluntary BMPs, such as native
vegetation, animal exclusion, invasive weed control, etc., and major capital restoration
projects will also rely on landowner participation.
The plan needs to include specific actions to engage the landowners in the
Stillaguamish Watershed to encourage and ensure the implementation of the plans.
Fostering participation and stewardship by private landowners will provide the
foundation for success - whether individual actions are carried out on public or private
properties. In order to effectively accomplish this, objectives and approaches to
increase willingness of landowners to participate in plan implementation should be
detailed and presented within the plan document. Programmatic components should
include, at a minimum, public awareness, education, engagement and stewardship as

Snohomish County Surface Water Management
2731 Wetmore Avenue, Suite 300, Everett, WA 98201
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specified activities. These should be presented with substantive detail so that
implementing entities can effectively accomplish the above goals.
Examples of how to present this type of plan content can be found in the Draft
Snohomish River Basin Salmon Conservation Plan, section 9.4.
Response: The SIRC is developing a stewardship strategy that will engage watershed
stakeholders in implementation activities to ensure the Plan’s success.

Comment:
Pg. 83 – Public Education: In the entire one-hundred page plan, the public education,
outreach, and stewardship component is just 2 paragraphs long – one of which
describes outreach for Plan itself – not recovery actions described by it. There is no
description of any public education/stewardship strategy or actions, yet many of the
recovery actions described depend in part or in whole upon public support, willing
landowners and voluntary actions by citizens. The brief public education paragraph
states, “public education and involvement are also necessary components to
successfully achieving salmon recovery objectives,” yet fails to justify the statement with
any substantive program or goals. In its lack of detail and substance, the public
education and outreach component is remarkably inconsistent with other portions of the
plan, and there is no real description of stewardship or widespread property owner
participation – overlooking a significant opportunity to foster recovery.
Response: Educational components of the Plan will include a variety of tools and will
become part of the various stakeholders’ commitment to implementation of the Plan.
The SIRC agrees that education of impacts on salmon throughout the Stillaguamish
watershed will lead to the acceptance of solutions. The SIRC plans on implementing an
education program that addresses the needs of the diverse stakeholders in the
Stillaguamish watershed.

Thank you for your interest and your thoughtful comments on the draft Stillaguamish
Watershed Chinook Salmon Recovery Plan. All comments received will be addressed
in the final revisions to the Plan, to be submitted to the Shared Strategy for Puget
Sound. Please do not hesitate to contact us with any additional comments or questions.
Sincerely,

Bill Blake
SIRC Chair

Snohomish County Surface Water Management
2731 Wetmore Avenue, Suite 300, Everett, WA 98201
425-388-3464

Pat Stevenson
SIRC Vice-Chair

Stillaguamish Tribe
PO Box 277, Arlington, WA 98223
(360) 435-2755 x27

Kit Rawson and George Pess comments
p. 7

Juvenile Chinook salmon rear throughout the river system. (What’s the
basis for this statement?)
Response: Revised to incorporate description of
stream-type and ocean-type Chinook rearing locations
from Stillaguamish Tribe.

p. 7

Approximately 91-96% of Stillaguamish Chinook salmon smolts reside in
freshwater habitat for less than one year and outmigrate as ocean-type, while the
remaining 4-9% are streamtype that rear for one year in freshwater before
outmigration (Griffith et al.2003). (This is from smolt trap??
What about different catchabilities of stream vs.
ocean type?)
Response: Revised to 98-99% for ocean-type, 1-2% for
stream-type according to smolt trap data from the
Stillaguamish Tribe.

p. 7

The majority (80%) of the North Fork Chinook salmon spawn in the middle and
upper sections of the North Fork Stillaguamish, with limited numbers of fish
using the larger tributaries Boulder, Squire, Deer, and French Creeks) for
spawning. (What’s this based on?)
Response: Added reference to Stillaguamish Tribe and
WDFW unpublished spawner survey data.

p. 7

North Fork Chinook salmon females typically lay 3,000 to 5,000 eggs in one or
more nests (redds). (Is this and the rest of the paragraph
general Chinook salmon life history or is it NF
Stillaguamish specific? Either way the source should
be cited.)
Response: Added reference to Stillaguamish Tribe
unpublished broodstock records.

p. 7

Sources for South Fork run timing information need to
be documented where possible.
Response: Cited Chinook Technical Assessment (STAG
2000)

p. 13

Historic estimates of Stillaguamish Chinook salmon abundance may well have
exceeded 40,000 fish based on the capacity of the system estimated by habitat
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modeling. (This number is, I believe, based on a WDF
analysis from the 1960s that is briefly described in
the STAG report, p. 21-22. Should also cite NWFSC
spawner capacity analyses here as well as EDT
historical conditions results.)
Response: Revised text to incorporate historical
estimates of 25,000 North Fork Chinook and 21,000
South Fork Chinook (Mobrand Biometrics 2004).
p. 13

Habitat modeling suggests that current populations are at about 8% of historical
levels (Mobrand Biometrics 2004). (What does 8% mean. This
should be expressed in terms of reference points on a
spawner-recruit curve if it’s based on EDT.)
Response: Revised to 7% based on EDT modeling
(current/historic estimates).

p. 13

Combined North and South Fork population adult escapement (fish that survive
and return to their watershed of origin) is currently 1600-1700 fish (STAG 2000).
(I couldn’t easily find these numbers in the STAG
report. I believe, however, that these are total
escapement and not just NOR. See Appendix A to these
notes for what I have for NF and SF Stillaguamish
escapement numbers. Recent 8-yr. Average is 1,326
total, 936 NOR).
Response: Revised to include 96-03 average from A&P
tables.

p. 15

On average, 60 to 85% of the Chinook salmon production for the watershed is
believed to be North Fork Chinook salmon (PFMC 1997). (Recent years
81% of escapement is NF, see these notes Appendix A.)
Response: Text revised to include updated data from
A&P tables.

p. 15

The escapement goal of 2,000 fish for the watershed has not been met since 1976.
(Fig. 3 shows that 2000 has only been met twice since
1965. Need to see original WDF report (Ames and
Phinney 1977)for the basis for the 2000 goal. Clearly
either the system has not been able to produce that
many fish for years or escapements have been seriously
underestimated.)
Response: Revised text to include Ames and Phinney
1977 reference.
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p. 15

In addition, escapements since 1993 have not shown significant improvement,
especially when the escapement of naturally produced fish is examined
independently. (Fig. 3 seems to show continued increase.
NOR information is not presented here, but it is
available in A&P tables.)
Response: Revised text to “limited improvement, likely
in response to significant reductions in harvest”.

p. 16

South Fork Chinook salmon can be found in Jim Creek, Pilchuck Creek, and the
lower portion of the South Fork Stillaguamish. South Fork Chinook salmon are
also infrequently found in Canyon Creek. (Is this spawners or all
life stages? How do we know this information?)
Response: Original text moved to page 7 and revised.

p. 16

Hatchery releases- South Fork: There should be a
table showing releases into the South Fork area with
stock origin. Most of this information is already in
Appendix A of STAG-2000).
Response: Text revised for clarification.

p. 18

Habitat requirements: This is useful for general freshwater
habitat requirements of Chinook salmon. It doesn’t
discuss nearshore and estuary habitat, though.
Response: Text revised to include estuary/nearshore
habitat

p. 24

Relationship of agricultural practices to salmon
decline is not as well developed as the forestry
discussion.
Response: Section revised/expanded with additional
discussion on agricultural impacts.

p. 24

Currently, Snohomish County has a human population of nearly 637,500 and is
growing at an annual rate of 2.7%. (Is it possible to get the
population for just the Stillaguamish watershed?
Also, see Appendix B.)
Response: Stillaguamish population data provided by
Snohomish County Planning and Development Services.
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p. 24

Continued population growth will place increasing pressure on hydrologic
function, water quality and habitat quality through the residential development of
forest and agricultural lands. (Does this mean that this plan will
call for no more growth in the human population? If
the plan envisions allowing for human population
growth in a way that reduces of eliminates these
impacts, then this statement should be removed.)
Response: This Plan does not recommend slowing
population growth in the watershed. This paragraph
describes the range of potential impacts from human
population growth. Protection strategies to
address/limit these impacts are addressed in Chapter
6.

p. 25

A common objective of this regulatory framework is to protect freshwater habitat
and water quality, which is intended to help salmon populations recover to
sustainable and harvestable levels. (I thought that water quality
regulations were designed with human health objectives
in mind, as opposed to fish recovery objectives. The
difference is important in my opinion. Since
environmental regulations have been in place in the US
human lifespan and health have improved but fish
populations have not.)
Response: Relevant water quality regulations are
described, including Clean Water Act and state water
quality standards.

p. 28

Habitat Limiting Factors: Spawning habitat is limited for Chinook in the
Stillaguamish due to poor gravel stability and high fine sediment levels resulting
from extensive landsliding and flooding in the watershed. Reference?
Response: Limited numbers of Chinook are observed
spawning below major landslides in the basin (Gold
Basin on SF and Steelhead Haven on the NF), presumably
due to the impacts of fine sediment on these potential
spawning areas (WDFW aerial spawner surveys,
Stillaguamish Tribe unpublished data). While
anecdotal evidence points to fine sediment limiting
Chinook spawning habitat in the Stillaguamish, a study
is underway that will investigate the impacts of fine
sediment on Chinook habitat in the basin.

p. 31

Chinook salmon fingerlings generally enter the estuary in the late winter or early
spring and may reside in this environment until early fall. (Is this
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Stillaguamish-specific information or general Chinook
lore. Need a source.)
Response: Replaced with more specific text with
references to Healy 1991 (general Chinook salmon info)
and Beamer et al. 2003 (Skagit watershed).
p. 33

Provide a reference for high water temperature in the
estuary (Pess)
Response: Estuary/nearshore section text revised

p. 34

Ramps and groins have a negative effect on sediment transport, (I’m not
sure I know what a “negative effect on sediment
transport” is. Concrete boat launching ramps and
other hard structures that extend into the beach
certainly block natural sediment transport process,
which affects nearshore habitat to some distance away
form the actual structure.
Response: Estuary/nearshore section text revised

p. 39

Landslides – historical conditions. What I was
looking for here was an assessment of what the
landslide picture was like without human disturbance
rather than how much is happening now due to human
disturbance.
Response: Referenced Perkins and Collins 1997.

p. 39

Landslides – factors for decline. Again a factor for
decline in the VSP of the fish population would be
something that has changed form the historical to the
current period. So I’m a little confused as to why
bank erosion is a factor for decline, when it seems
that unconstrained floodplains would have more bank
erosion than riprapped banks would. Also, formally,
it is the increase in sediment load under the current
condition of both natural and anthopogenic landslides
as compared with the historic condition of natural
landslides only, that could be a factor for decline.
I’d like more information on what is know about the
difference between historic and current sediment load,
if possible.
Response: Referenced Perkins and Collins 1997.
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p. 45-46
Water quality – There is research documenting
non-lethal, but highly detrimental, effects on fish of
chemical contamination of water. These issues are
likely significant in the Stillaguamish and are
important to highlight because water quality standards
deal either with human health or direct fish
mortality, but not with declines in fish abundance and
productivity. I think water quality may be a very
important factor in this basin, but that doesn’t come
out in this section.
Response: Section revised to include results of
Snohomish County and Stillaguamish Tribe water quality
monitoring.
p. 46-50
Harvest Management – This section should also
discuss that reduced harvest rates apparently have
coincided with reduced productivity so that
escapements have remained fairly constant.
Response: Relationship between reduced exploitation
rates and resulting increases in escapements described
on p. 49, last paragraph.
p. 51

The current tribal natural stock restoration program contributes an estimated onethird of the returning adults to the spawning habitat within the North Fork of the
Stillaguamish River. (Is this consistent with A&P Tables. The
NOR and hatchery origin natural escapement data should
be in this plan somewhere as a reference.)
Response: Consistent with A&P tables (included as an
appendix)

p. 51

The potential hazards from hatchery production are
listed accurately. However, the risks from many of
these has been reduced in the hatchery and harvest
management plans.
Response: Paragraph revised with additional
references.

p. 59

Properly functioning conditions (PFC) have been modeled by EDT for the
Stillaguamish watershed. These results are shown in chapter 5. The estimated
Chinook salmon populations levels associated with PFC are robust and generally
achieve the Shared Strategy population target levels. (This answers the
question of what will it take to achieve the planning
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targets, at least in terms of habitat conditions, but
not actions.)
Response: Added sentence describing relationship
between 10-year habitat restoration actions and
additional 11-50 year actions to achieving PFC and
population targets.
p. 63

Integration: The plan shall address water quality and salmon recovery issues in an
integrated manner, consistent with the intent of the 1990 Watershed Action Plan
and the origins of the SIRC. (It would be good to mention the
water quality related origin of the SIRC in the
beginning of the document.)
Response: Origin of SIRC (Stillaguamish Watershed
Action Plan, with emphasis on water quality) added on
p. 2

p. 64

The benefits of individual habitat management actions have been modeled using
EDT to generate estimated Chinook population gains that will result in achieving
30% of the TRT planning targets . (Is this 30% of the way from
current to the target or 30% from 0 to the target? I
think it’s the latter, and since we are at 8% now it
represents a fairly big move anyway.)
Response: 10-year goal will achieve 30% increase from
0 to the population planning targets.

p. 66-70

Harvest Strategy.

Note: Section has been extensively revised with input
from Kit Rawson
The overall goal of the harvest management plan is to place a larger portion of
Puget Sound Chinook runs towards escapement rather than harvest. (This
isn’t accurate. It implies that a harvest rate of .49
is acceptable. The harvest strategy goal is stated in
the plan, and it is approximately “that harvest
related mortality will not impede the ability of
populations to grow towards recovery targets when
other factors have changed to allow this.”
Response: Included in p. 66, 1st paragraph and 1st
bullet.
…was chosen by the co-managers because model runs indicated a high (93%)
probability of recovery, while not severely restricting Washington-based fisheries.
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(The probability of recovery depends on habitat
actions; harvest management alone will not accomplish
recovery, as the harvest management plan itself
states. I believe the probability of reaching the UEL
at the RER is 80%. The effect on Washington fisheries
was not a consideration in deriving the RER.)
Response: Included in p. 68, 2nd bullet.
Lower threshold escapement levels are an additional tool used by fishery
managers to regulate commercial and recreational fisheries. (This doesn’t
say how the lower threshold is used. The driving rate
is further reduced if the low escapement threshold is
likely to be reached, thus providing a safety valve.)
Response: Included in p. 69, 3rd paragraph.
(The harvest management plan discussion also needs to
mention the fact that the RER can be exceeded if
fisheries regulated by the US/Canada treaty are
sufficiently high. This could cause the rates to go
high enough so as to affect the recovery potential,
but the comanagers have no authority, beyond the
limits in the 1998 annex of the treaty, to affect
this. This is a key point that could affect all
recovery plans.)
(I also suggest that the Stillaguamish management Unit
Profile, in Appendix A of the Comanagers’ Plan, be
attached to this recovery plan as an appendix. There
is more information there.)
Response: Puget Sound Indian Tribes and WDFW 2004
referenced in the harvest strategy.
p. 71

Hatchery Strategy. If the chinook are an indicator stock ,
do you visually tag all the hatchery chinook? In not,
why? (Pess)
Response: Added paragraph for clarification.

p. 71

Hatchery Strategy. Performance standard 2 says to increase
the abundance and 3 says to maintain it. Which is it?
Note: Revised paragraph for clarification.
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p. 71

Hatchery Strategy. Based on the NOAA Fisheries and co-managers assessment of
population declines and habitat degradation, the Stillaguamish Chinook
populations would likely further decline and go extinct without the intervention of
the natural stock restoration program. (Should cite a reference for
this assertion.)
Note: Added NMFS 1999 as reference.

p. 72

Hatchery Strategy. (Should also cite a reference for the
risks. Some of this material is repeated form an
earlier section.)
Response: This repeated material was deleted. Risks
are described on p. 51.

p. 72

Hatchery Strategy. Improve genetic integrity. What is “genetic
integrity”?
Response: Replaced with “genetic fitness”.

p. 73

Hatchery Strategy. …for the Harvey Creek Hatchery program. (This is a
little confusing because I don’t think Harvey Creek
has been mentioned yet.)
Response: Harvey Creek hatchery is first mentioned on
p. 51

p. 73

Hatchery Strategy. The HGMP may or may not call for immediate changes in
hatchery practices or production objectives. (This is confusing.
Above it says the HGMP is done, so what does it say?)
Response: Paragraph added for clarification.

p. 73

Hatchery Strategy. NOAA Fisheries is expected to review the co-managers’
Hatchery Management Plan, of which the HGMP is an integral part, with respect
to conservation criteria established by the ESA’s 4(d) rule. (Right, but we
need to know what it says for the purpose of this
review of the recovery plan. Can a copy of the HGMP
be provided to the TRT?)
Response: HGMP is a 200-page document and is still
under review by NOAA.

p. 74-76
Integrated Strategy. (The section on integration includes
part of the written material and 2 of 4 or 5 graphs
included in a document that Curt Kraemer and I wrote
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for the Stillaguamish group to use as background for
writing a section on integrating the h’s. It also
includes a couple of other paragraphs form other
people. As a result, it doesn’t flow very well.)
Response: This section has been replaced with
revisions by Kip Killebrew.
p. 74-76
Integrated strategy. It seems to me that you already have
the environmental variables to estimate freshwater
survival data to tag and release the number of smolts
to attempt to meet outmigration goals? (Pess)
Reponse: The paragraph this comment refers to has been
deleted.
p. 75

Integrated Strategy. The natural origin recruit escapement goal for the North Fork
Stillaguamish is 700 fish per year for four consecutive years. (This is very
confusing. It doesn’t match the “old” goal of 2000,
it doesn’t match the current harvest management plan,
and it doesn’t seem to be related to the recovery
target in any way. I don’t think it is the 10-year
goal – a 30% increase. Obviously this is a part of
the hatchery management plan and is a trigger for
changes in the hatchery program. But stated as it is
here, it’s very confusing.)
Response: The reference to the 700 NOS target is now
included in the hatchery strategy on p. 72

p. 78

Habitat Projects. These criteria designate the best locations for habitat protection
or restoration projects throughout the Stillaguamish watershed. (“Best” in
what sense? Increase in VSP per dollar spent, faster
time for increase in VSP, or what?)
Response: Text has been revised to clarify.

p. 78-86
Habitat Projects. There is information under each
category describing how that category affects the
Chinook salmon life cycle. Some of this information
is repeated form the earlier section on limiting
factors and some of it is new. For example, I don’t
think the importance of the estuary to a particular
size of fish was noted in the earlier section. All
this information should be together in one place,
preferably in the earlier section on limiting factors.
The fact that the actions are organized by limiting
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factors makes it easy for the reader to refer to the
earlier section for information on the importance of
the factor.
Response: Repeated text under each limiting factor
deleted
p. 86

Hydrology Project Types: What are forest protection
strategies to restore hydrologic maturity? (Pess)
Response: Bullet deleted. Forest protection strategies
are described in Chapter 6 – Habitat Protection
Strategy

p. 96-97
Anticipated Results. From these graphs it appears that a
non-standard Beverton-Holt S-R curve is being used.
Is that documented in the Mobrand Biometrics
reference?)
Response: Figures revised.
p. 143 Research and Data Gaps. Forgot to include the following:
Temperature impacts in the lower river on chinook
survival and fecundity; Proportion of hydrologic
change due to natural v. anthropogenic causes. (Pess)
Response: Added to list of research and data needs.
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Stillaguamish Watershed
Chinook Salmon
Recovery Plan

COMMENT RESPONSE MATRIX
June 30, 2004 Draft

Stillaguamish Implementation Review
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Com
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Page
Number

1.

General

Coordination of the 14 local watershed plans: What is the mechanism by which the 14 plans will
be processed, and what will the outcome of the process be?

2.

General

3.
4.

Comment
Response

Editor

Notes

Letter sent
11/15

√

John Koster

Inter-jurisdictional coordination: How does the SIRC envision coordination & cooperation of the
various jurisdictions within the watershed?

Letter sent
11/15

√

John Koster

General

Are jurisdictions within the watershed required to adopt any/all elements of the plan? What if
they opt out of all or portions of it?

Letter sent
11/15

√

John Koster

General

The Stillaguamish Chinook Recovery Plan does not include a description of the economic impact
and benefit of a healthy Chinook salmon recovery effort. Such a discussion could help build
support for the local commitments that will be needed for the recovery plan to be effective. The
economic significance of the commercial and sport fishery in Snohomish County along with the
attractive natural environment for bringing talented companies and employees to Snohomish
County is not mentioned.

Letter sent
3/25

√

PDS

Both the Chinook recovery plan and the County GPPs could be more direct in discussing the
positive economic benefits of a healthy Chinook salmon stock on the local and regional
economy.
Long-term planning: What is to happen following the 10 year planning horizon that is contained in
the plan?

Letter sent
11/15

√

John Koster

Additional maps (or revisions to existing maps) showing the following would be helpful:
· Subbasins
· Port Susan, Skagit Bay, Port Gardner (for nearshore description)

Will be
included in
Final Plan

√

Various

The County GPP’s do include a reference to the commercial and recreational value of healthy
salmon populations. The County GPP states that “Snohomish County’s commercial and sport
fishing industries rely on the 44 stocks of salmon and steelhead that are produced in local
watersheds. The beauty and value of local waters also are important reasons people choose to
live here”. NE-3. This quote is actually from the Natural Environment section of the GPPs and
not the economic development section.

5.
6.

General
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·
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7.

General

8.

Acknowled
gements

9.

1

10.

3

11.

Fig 2

12.

11

Editor

Notes

Hatt Slough
Old Mainstem

Habitat Conservation: I would like you to consider including the concept of mitigation banking
and conservation banking in the Stillaguamish salmon recovery plan. Mitigation and
Conservation banking can be an important tool in restoring large blocks of river/wetland/riparian
habitat, and can be used to support a “no net loss” concept for these habitat types. We have the
only NOAA Fisheries’ approved habitat bank for endangered chinook (on the Sacramento River).
It includes restoration of several hundred acres of estuarine and shaded riparian habitat. We are
also currently restoring side channels and riparian forest on a 300-acre site adjacent to the
Skagit River. I could make a presentation to the group on our efforts in restoring several
hundred acres of riverine habitats here in western Washington, and how the mitigation concept
works. I can also help provide text that’s been used in other planning/restoration efforts – to link
local plans to state and federal policies. I am currently actively looking for property in the Stilly
basin for the purposes of restoration of wetland, riparian, estuary, and riverine habitat for
mitigation banking.
Give credit to SIRC, SWM, Tribe, Shared Strategy/TRT, etc.

Topic to be
considered
by SIRC

√

Sky Miller

Will be
included in
Final Plan

√

Various

Letter sent
11/15

√

John Koster

√

SWM

Chinook Distribution: Do fish actually stop migrating up Pilchuck Cr & NF Stilly at the county line?
If so, what factors limit their migration?

Data not
available at
this time
Letter sent
3/25

√

SWM

North Fork (Summer) Chinook Salmon: Based on years of surveys, move Chinook eyed stage to
mid-October – mid-November; hatching in November

Plan text
revised

√

Pat
Stevenson

What does it mean to provide “guidance to local stakeholders…” to protect salmon in the
watershed? To what extent will these recommendations become requirements for funding,
permitting, etc.? Some clarification of intent is called for here.
Do we have updated land use statistics, possibly in the 10-year Comp Plan Update? These
statistics are from 1995. (Also on bottom of p. 14)
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13.

11 ¶3

North Fork (Summer) Chinook Salmon: “...and eggs usually are buried...” Should say “are
usually buried” to match form of 1st clause.

Plan text
revised

√

SWM

14.

12 ¶4

Bull Trout: How much do bull trout overlap with Chinook? Do BT migrate out into the sound?

Letter sent
3/25

√

SWM

15.

12

Plan text
revised

√

Jason
Griffith

16.

13

Nearshore Habitat Populations: Perhaps rename this section something like "Non- Stillaguamish
salmonid use of the Port Susan estuary/nearshore". The present title is a bit confusing. On a
side note, I should have some CWT data pretty soon (next 1-2 years) that hopefully can shed
some light on how much out of basin use the estuary is getting.
Focal Species: “focal” is awkward; is there a better word?

Heading
changed

√

SWM

17.

13

Habitat Requirements of Chinook Salmon: During upstream migration, Chinook need large deep
cold pools for holding prior to spawning.

Plan text
revised

√

Pat
Stevenson

18.

14

Habitat Requirements of Chinook Salmon: Insert nearshore/estuary habitat requirements

Plan text
revised

√

SWM

19.

14 ¶5

Factors Affecting Chinook Populations - Population and Land Use: “...hydrologically connected
areas...”

Comment
noted in Plan

√

SWM

20.

14

Factors Affecting Chinook Populations - Population and Land Use: As depicted in Figure 4, the
Future Land Use taken from the Comprehensive Plan does not anticipate to significantly alter or
plan for major population increases in this watershed. Nominal population increases are
expected surrounding the Arlington UGA and the Stanwood UGA and a small commercial
expansion in the vicinity of Darrington to increase employment opportunities in that community.
Please make sure that this plan dovetails with the City of Arlington’s plans for NPDES and ESA
compliance.

Letter sent
3/25

√

PDS

Comment
Response

Editor

Notes
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21.

17

Factors Affecting Chinook Populations – Forestry: It would be helpful to know where and how
much federal forest land will be managed for timber harvest.

Refer to
Forestry
Policy
Analysis
(Edwards
2003)

√

SWM

22.

17 and 57,
Integrated
Actions for
Recovery

Factors Affecting Chinook Populations – Forestry: The Stillaguamish Chinook Salmon Recovery
Plan does not emphasize that the same forestry related solutions needed for Chinook recovery
would also have a positive effect on flooding in the lower reaches of the river basin.
Retention/creation of mature forest and its impact on seasonal flow is a big positive related to
flooding and should be highlighted as an additional benefit.

Letter sent
3/25

√

PDS

General
impacts of
agriculture
discussed
Comment
noted in Plan

√

SWM

√

SWM

23.

18

24.

18 ¶4

Comment
Response

The adopted Stillaguamish River Comprehensive Flood Hazard Management Plan includes
specific information on the costs of flooding and the large cost of the range of projects needed to
handle flood waters in the basin. Some of the language and costs listed in the flooding plan help
make the argument that changes in forest practices that would help reduce peak flooding also
help improve Chinook habitat. Showing the benefits of changes in forest practices for both
flooding and Chinook recovery could help build support for the plan and gain commitments to
help with the recovery effort.
Factors Affecting Chinook Populations - Agriculture: Provide description of impacts from
hobby/non-commercial farming in the watershed.

Factors Affecting Chinook Populations - Agriculture: “...are also important...” In addition to what?
Will be or are important?

Editor

Notes
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25.

18

Factors Affecting Chinook Populations - Agriculture: The negative impacts of agriculture on
fisheries and fisheries recovery are described. Why is the conversion of agricultural use to some
other use such as rural residential considered more damaging to fisheries? If agricultural use,
with its negative impacts, is preferable to rural or urban residential use, then a discussion of the
benefits of agricultural use could help build support in the agricultural community.

Letter sent
3/25

√

PDS

26.

18

Factors Affecting Chinook Populations - Urban/Rural Land Use: Are population
estimates/projections available for the Stillaguamish watershed only, rather than the whole
county?

Text revised

√

SWM

27.

18 and19

Factors Affecting Chinook Populations - Urban/Rural Land Use: This plan section describes the
contribution of rural and urban land conversion on declining salmon populations. There is a
statement that the “conversion of agricultural land to rural residential uses will limit the
effectiveness of ongoing salmon recovery efforts throughout the watershed.” This is not well
explained.

Letter sent
3/25

√

PDS

28.

19

Environmental Policies and Regulations – Growth Management Act: Include Darrington in
GMA/UGA discussion.

Plan text
revised

√

Pat
Stevenson

29.

20 ¶1

Environmental Policies and Regulations – Growth Management Act: “...CARs requires...”

Plan text
revised

√

SWM

30.

19-20

Environmental Policies and Regulations – Growth Management Act: Add specifics of Snohomish
County critical areas regulations and shoreline master program updates.

Not available
at this time

√

SWM

31.

20

Environmental Policies and Regulations – Shoreline Management Act: What specific areas in the
watershed are under the jurisdiction of the SMA?

Data not
available at
this time

√

SWM

Comment
Response

Editor

Notes
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32.

21-22

Factors Affecting Chinook Populations – Forestry: The Snohomish County General Policy Plan,
GPPs, contains sections on forestry, GPP Goal LU-8. Forestry goals and policies in the County
GPPs do not include a goal or policy to conduct forest practices in a manner that are consistent
with the draft Chinook recovery plan. Forestry policies that would be consistent with the direction
of the Chinook recovery plan would include encouraging the growth and retention of mature
forests, limiting erosion from forest road construction, encouraging efforts to limit the impact of
landslides on sedimentation of rivers and making efforts to control peak water runoff from clear
cut logging operations.

Letter sent
3/25

√

PDS

33.

21

Comment
included in
Plan text

√

Duane
Weston

34.

22

Forestry Policies and Regulations: Add following to the end of the 2nd paragraph: “The
significance of the small landowner exemption is unknown because the total acreage involving
such owners in the watershed has yet to be determined.” Reason for this addition: Until the
significance of the small landowner exemption is quantified, addressing a correction is unknown.
The Forest Practices Board allowed the exemption because of the severe impact the new
regulations would have caused for a number of small landowners with excessive numbers of
streams on their small acreage. Most small landowners enjoy owning trees, however, and may
not harvest in a clearcut anyway, so the exemption is believed to not be significant to water
quality.
Forestry Policies and Regulations: Discussion of the Habitat Conservation plan includes limits on
timber harvesting, road building in the rain on snow zones. Clarify what the “Rain on Snow
Zone” is and why land management should differ from other areas, such as low lands, or high
elevations.

Footnote
added

√

SWM

35.

22

Habitat Limiting Factors: Add the word ditching as follows: “Riparian and upland clearing,
ditching, and associated road construction…”

Comment
noted in Plan

√

Duane
Weston

36.

23

Habitat Limiting Factors – Riparian Areas: Factors of Decline-Deforestation bullet mentions use
of the river for transporting logs as the cause of large landslides, with less emphasis on removal
of trees on the slope. Could be clarified. I don’t think Gold Basin was caused by deforestation.

√

Karen
Chang

37.

23

Habitat Limiting Factors – Riparian Areas: Re: Armored banks in mainstem Stillaguamish: Corps
of Engineers maintains (i.e. cuts vegetation on revetments along) ~ 15 miles of river channel.

Text revised
to clarify
impacts of
deforestation
Letter sent
3/25

√

Sally
Lawrence

Comment
Response

Editor

Notes
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Editor

Notes

The maintenance prevents establishment of mature riparian buffer needed to prevent stream
heating, and the armoring disconnects river from floodplain hydrologically.
38.

24

Habitat Limiting Factors – Riparian Areas - Current Conditions: Define “low quality” riparian
zone.

39.

24 Table 1

40.

24

41.

25

42.

25

43.

25

44.

26

Habitat Limiting Factors – Riparian Areas: Text preceding table is confusing. Where is the “lower
floodplain”? Also, text mentions that 52% of riparian buffer is forested, but 52% doesn’t show
anywhere in the table.
Habitat Limiting Factors – Estuary/Nearshore: “Chinook salmon fingerlings generally enter the
estuary in the late winter or early spring and may reside in this environment until early fall.” Is
this timing accurate? Different for stream-type and ocean-type? Is this Stilly-specific or general
for all salmon? Provide reference.
Habitat Limiting Factors – Estuary/Nearshore - Historical Conditions: Instead of "863 acres of
material was accreted" maybe something like "863 acres of salt marsh was created through
accretion of sediment into Port Susan".
Habitat Limiting Factors – Estuary/Nearshore - Historical Conditions: Table 2 needs a bit of
clarifying. Starting with the title, I suggest renaming it to: " Estimates of Historic and Current Salt
Marsh Habitat in Port Susan". The final column also needs to be renamed to something like:
"Newly accreted since 1968". Finally, "Total of original and new" at the bottom could be clarified
to something like: "Acreage Present Today"
Habitat Limiting Factors – Estuary/Nearshore - Factors of Decline: Integrate the nearshore
hypotheses from page 33 into this section and flesh out the existing bullets with a more
mechanistic description of how the given factor is furthering habitat degradation in the nearshore.
I think we have a bit of data to back up some of points (i.e. we have armoring data for both
Snohomish and Island County shorelines, and Greg Hood's work in the Skagit linking distributary
habitat loss to diking).
Habitat Limiting Factors – Estuary/Nearshore - Current Conditions: Add reference to the
Stanwood sewage treatment plant.

Text revised
to clarify
riparian
areas
Letter sent
3/25

√

SWM

√

SWM

Text revised
with
additional
information
Text revised

√

SWM

√

Jason
Griffith

Table revised

√

Jason
Griffith

Plan text
revised

√

Jason
Griffith

Text revised
to
incorporate

√

SWM
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reference
45.

28

Habitat Limiting Factors – Floodplain - Current Conditions: How much of the Stilly floodplain
(acres or %) remains unconstrained?

Data not
available at
this time
Plan text
revised

√

SWM

46.

30

Habitat Limiting Factors – Sediment: Discuss the usefulness of Table 5, since field review is
really necessary to determine stability.

√

Pat
Stevenson

47.

31

Habitat Limiting Factors – Hydrology: First bullet under Factors of Decline should be changed to
read: “Deforestation: Clearing of mature forest vegetation over large areas of the watershed and
construction and retention of roads in upland forest areas has reduced natural infiltration…”
Reason for addition: Deforestation is not the cutting of mature timber. While the majority of the
original mature timber in the watershed has been harvested, 76% of the watershed is still
forested. What has occurred in the forested areas that has increased runoff rates and peak
flows has been the deforesting and ditching necessary to construct and maintain roads in
forested areas. Our statement must be clear that deforestation is clearing land for another use.
Habitat Limiting Factors – Hydrology - Current Conditions: “approximately 53% of the entire
Stillaguamish watershed is forested” – does this mean hydrologically mature forest?

Text revised

√

Duane
Weston

48.

32

Yes, text
revised

√

SWM

49.

32

Habitat Limiting Factors – Hydrology: Last sentence to be modified and shortened, and another
one added to read: “Potential low instream flow in sub-basins was identified as contributing to
limiting Chinook production. While the list is not complete, the following sub-basins are
identified: …” Reason for suggested wording: I believe numerous streams not listed on page 33
have low summer flows that affect Chinook production and we should not leave the impression
the ones listed are the only ones. Further, some of the streams listed have always had low flows
in the 40 years I have observed them, so to list them now is nothing that has recently occurred.
Habitat Limiting Factors – Hydrology: Combine Harvey and Armstrong Creeks into one bullet as
Harvey Armstrong Creek. Reason: Armstrong Creek drains from Lake Armstrong into Harvey
Creek and is only a few hundred feet in length. Combining them as one creek also matches how
they are shown in Table 6 on page 32. Additional comment: I question why Trib 30 and Harvey
Armstrong Creek are even listed as Chinook streams. They have always had low summer flows

Text revised

√

Duane
Weston

50.

32

Text revised

√

Duane
Weston
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51.

33

52.

35

53.

35

54.

35

55.

36

To be Completed by Staff
Comment
Response
in the 40 years I have observed them, and if Chinook smolts came out of the nests in December
and January and leave freshwater by April or May, their use of these small creeks occurs when
flows are not a problem. My observation is these two subbasins have always been coho,
steelhead, cutthroat, and chum streams anyway, so saying they are significant for Chinook
production is a bit puzzling to me. If listing these two subbasins is important, then what about
Portage Creek, Rock Creek, Koote Creek, Jim Creek, etc.? They seemingly would be useful to
Chinook as well and they too have low flows during summer months.
Nearshore: Discussion could be grouped w/ Estuary/Nearshore discussion on pp 24-26. Also,
what exactly are “overwater structures”?

Editor

Notes

Plan text
revised

√

SWM

Factors Affecting Chinook Populations – Water Quality Degradation: What are the results of the
Tribe’s monitoring efforts? Please provide specifics. Locations, point sources, non-point
sources, etc.
Factors Affecting Chinook Populations – Harvest: In the section on Harvest the report states
“Chinook Salmon … are vulnerable to harvest”, and “Due to high harvest rates and ongoing
watershed disturbances … Stillaguamish Chinook … exhibited declines in abundance and were
ultimately listed as Threatened under the ESA in 1999.” Notwithstanding these factual notes, the
fundamental presumption underlying the recovery plan is that the problem is one of habitat, not
harvest. Yet for the recovery plan to be effective, the remedy must be properly ordered to the
cause. Indeed the remedial focus would be far different if the problem were harvest rather than
habitat. This question calls for careful research, and the avoidance of presumption.
Factors Affecting Chinook Populations – Harvest: “Despite the cessation of targeted fisheries in
Washington, indirect and direct harvest still occurs…” Define indirect and direct harvest.

Will be
included in
Final Plan
Letter sent
11/15

√

SWM

√

John Koster

Plan text
revised

√

SWM

Factors Affecting Chinook Populations – Hatchery: The negative stance taken toward hatchery
fish seems inadequately founded and possibly inconsistent with the purpose of the plan. The
concluding paragraph on p. 37 of the “Hatchery” discussion that begins on p. 36 contains for its
operative verbs “can have” and “may”, rather than “does have” or “does”, appears to suggest
conclusions that the literature doesn’t actually support. Moreover, employment of the word
“theoretically” in the concluding comment “increased hatchery production theoretically makes
more fish available for harvest, resulting in increased harvest pressure on wild salmon” has the
probably unintended effect of downgrading the factual to the hypothetical. It is an arithmetic fact,

Letter sent
11/15

√

John Koster
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56.

39

57.

40

58.

41

59.

42

60.

To be Completed by Staff
Comment
Response
not an hypothesis, that production of hatchery fish increases the number of fish available for
harvest. I suggest rewriting this section to be consistent with the discussion on page 1 reflecting
that the purpose of helping salmon populations recover to sustainable and harvestable levels is
to assure a continuing and reliable abundant food supply for humankind.
Planning Targets for Independent Populations: Is the footnote in the last paragraph necessary?
Could insert last 2 sentences after first. Or is the definition footnoted with the intention of
referencing another study/report?
Planning Targets for Independent Populations: Why do you show / explain population curves, but
not show actual curves for the Stilly?

Editor

Notes

Footnote
deleted

√

SWM

Letter sent
3/25

√

SWM

Viable Salmon Populations – Productivity: The discussion on productivity / growth rate is
confusing. In the first sentence the terms are defined to be equivalent, but subsequent sentences
show they are not exactly the same thing.
Ecosystem Diagnosis and Treatment: Footnote 8: “…the upper limit…” of what? Could eliminate
footnote by inserting sentence into paragraph.

Letter sent
3/25

√

SWM

Comment
noted in Plan

√

SWM

42

Ecosystem Diagnosis and Treatment: Provide more detailed history of using EDT in the
Stillaguamish.

√

SWM

61.

43

√

SWM

62.

43

Ecosystem Diagnosis and Treatment/Properly Functioning Conditions: “EDT estimates…”
“…(PFC) have been modeled by EDT…” The way it is written makes it sound like EDT is a
company/ organization or something.
Properly Functioning Conditions: Could list the 6 habitat limiting factors categories at bottom of
page (similar to list of VSP parameters)

Text revised
to clarify use
of EDT
Text revised

Comment
noted in Plan

√

SWM

63.

43

Properly Functioning Conditions - Riparian: What is the meaning of the acronym STAG?

Footnote
added

√

SWM

64.

43 – 45

Properly Functioning Conditions: Who sits on the STAG (Stillaguamish Technical Advisory
Group)? How did they reach their conclusions for each of the habitat limiting factors (e.g. 80% of
historic estuarine and nearshore habitat must be accessible and usable for properly functioning
conditions; 80 pieces of LWD/mile must be added to the mainstem for PFC; no more than 10% of

Letter sent
11/15

√

John Koster
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Editor

Notes

Letter sent
11/15

√

John Koster

Feasibility
uncertain;
restoration
target recalculated to
2,020 acres.
Comment
noted in Plan;
concept will
be
considered in
future
restoration
projects

√

SWM

√

Bill Best

streambanks in any reach may be hardened for PFC).
65.

44

66.

44

67.

44

Properly Functioning Conditions – Riparian: Who owns the 8,000 acres of riparian area that
would be “…planted, restored, maintained and protected..” to achieve recovery? If these are
private holdings, how will the landowners be compensated? Is that cost included in the cost
estimates?
Properly Functioning Conditions – Estuary: Is it possible to restore 3,500 acres of estuarine area
without removing homes or roads?

Properly Functioning Conditions – LWD: This section describes the need for 62 engineered logjams on the river system, with minimum log size of 24" DIA x 50' LONG. The cost of these logjams is very high and their longevity is very uncertain. Furthermore, the use of only logs that
meet the minimum size criteria doesn't seem to replicate the diverse hodge-podge of material
that Mother Nature builds with. The volume of small-medium-large woody debris that every flood
brings downriver is tremendous. That material poses serious problems when it accumulates
against bridge piers. Most of the material ultimately ends up on the beaches of the Sound. Why
not use it to build log-jams on the river as it floats downstream? Log booms could be strategically
placed in the river, perhaps anchored with chains and environmental blocks. They would be
angled upstream from near-shore outward in such a way that they trap down-flowing woody
debris and accumulate it in selected holding areas. It seems like we could build and rebuild logjams every year, in a very natural way, and virtually "free of charge". One side comment on log
jams---I've seen and helped with a bunch of near-tragedies when summertime river floaters get
tangled up with a log. Every summer you read about river floaters that drown. Could an angled
diversion boom be installed upstream to push floaters safely out of harms way? At a minimum,
as we begin to install more of these obstacles, river safety info needs to be publicized and
maybe even signs at danger points along the riverway.
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68.

44

Properly Functioning Conditions – Floodplain: The gap… is (removal of?) 4.1 miles of existing
hardened bank??? Also might mention percentage of hardened bank on lower stilly (> 50%)

Text revised
to clarify

√

SWM

69.

44

Text revised
to clarify

√

Sally
Lawrence

70.

44

Properly Functioning Conditions – Floodplain: Recommendation is no more than 10% hardened.
The “gap between current conditions and achieving this …is 4.1 miles of existing hardened
bank”. The actual mileage is not clear. Recommend including a small table showing existing
mileage of stream that is hardened, for North and South Forks and lower mainstem.
Properly Functioning Conditions – Floodplain: Define what is meant by “reach” in determining
what 10% hardened will be.

Footnote
added

√

Pat
Stevenson

71.

44

Letter sent
11/15

√

John Koster

72.

45

Letter sent
11/15

√

John Koster

73.

45

Letter sent
11/15

√

John Koster

74.

45

Letter sent
3/25

√

SWM

75.

45

Properly Functioning Conditions – Floodplain: Does the recovery plan recommend removal of the
4.1 miles of existing protected bank that represents the gap between current conditions and the
10% target? How is this better for fish than preventing bank erosion that can add sediments,
toxic chemicals and other debris into the river? It would seem that bank protection could be a
significant part of the overall remedy.
Properly Functioning Conditions – Sediment: In the discussion of sediments and the problem of
landslides and unstable banks, the plan states “It is unknown to what degree the attenuation of
these sources will lead to properly functioning conditions”? Does the SIRC envision
recommending attenuation even though the results are unknown?
Properly Functioning Conditions – Sediment: If unstable banks are a problem, how does the goal
of reducing sediments in the spawning areas correspond with the goals to limit bank protection
efforts? Again, it would seem that bank protection would be part of the remedy for reducing
sedimentation due to unstable banks.
Properly Functioning Conditions – Sediment: Should the (<6.35mm) follow “fine sediment”? What
measures / surrogate measures could be used to address sediment sources? What should the
recovery target for these measures be?
Properly Functioning Conditions – Hydrology: What is current % immature forest cover in subbasins referenced? What do you mean by “overly conservative”?

Letter sent
3/25

√

SWM

76.

45

Properly Functioning Conditions – Hydrology: Is it a realistic goal to maintain immature forest
levels in the subbasin at a level below 12%? How does this correspond with existing land uses?
Will the plan propose changes in land use regulation? Is there a plan to compensate voluntary

Letter sent
11/15

√

John Koster

Comment
Response

Editor

Notes
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√

Duane
Weston

Notes

landowners for participating?
77.

45

Properly Functioning Conditions – Hydrology: “This assumption may be overly conservative
given current land use pressures and forest management trends toward marketing smaller logs
to processing plants.” I suggest using “optimistic” rather than “conservative” since without
financial incentives to private forest land owners, increasing 37,639 acres of immature forest to
mature will be very optimistic, if not impossible.
Properly Functioning Conditions – Hydrology: What is the “optimum” level for instream flows,
how is that defined, and how will that be achieved? Also, how does the “optimum” level differ
from the “minimum” level to ensure recovery goals? (Is “optimum” being used here as though
synonymous with “minimum”?) Also, who will determine what this optimum (minimum?) level is,
and upon what basis?
Properly Functioning Conditions – Hydrology: Who sets instream flows? What is the target for
recovery?

78.

45

Letter sent
11/15

√

John Koster

79.

45

Letter sent
3/25

√

SWM

80.

47

Guiding Principles: “Integration” - Plan integrates both water quality and salmon recovery issues.
This is an enlightened approach that Ecology can support.

Comment
noted in Plan

√

Sally
Lawrence

81.

47

Guiding Principles: “Community” - Are “economic values” the same as economic vitality?

Letter sent
11/15

√

John Koster

82.

47

Guiding Principles: “Landownership” - Is there a plan to compensate landowners? What if they
don’t want to participate? Is there a plan to compel landowner participation?

Letter sent
11/15

√

John Koster

83.

47-48

Guiding Principles: “Regulation”: Include revisions to existing regulations and potential new
regulations where necessary.

√

SWM

84.

51

Harvest Strategy: Suggest adding a paragraph to Harvest Strategy as follows: “The SIRC
believes poaching of adult Chinook in the watershed to be a serious impact to annual Chinook
production and the SIRC will explore how this issue might be prevented.” Reason: Each female
adult Chinook that is poached removes 3500-4500 eggs from the production potential. That is a

New habitat
protection
section
Text revised

√

Duane
Weston
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significant loss and needs to be stopped.
85.

53

Integrated Strategy: Define spawner-recruit curves. What are recruits?

Definition on
p. 40

√

SWM

86.

54/55

Letter sent
3/25

√

SWM

87.

57-65

Integrated Strategy: Fig’s 7 & 8 show the same curves. If both habitat and harvest conditions are
optimized, shouldn’t the population curve rise accordingly? Also, how do the equilibrium
abundance targets from Table 7 fit in with this discussion?
Integrated Actions for Recovery (10-Year Strategy): Is there a plan for sequencing (prioritizing)
the proposed actions? Are some actions required to be completed before others can be
implemented?

Letter sent
11/15

√

John Koster

88.

57-65

Integrated Actions for Recovery (10-Year Strategy): The projects described for riparian, estuary
and floodplain areas outline actions to occur on private property. Although this will therefore
necessitate and benefit from willing landowners, there are no details in the document about how
this cooperation will be achieved. Many of the habitat enhancement activities can be
accomplished through voluntary BMPs, such as native vegetation, animal exclusion, invasive
weed control, etc., and major capital restoration projects will also rely on landowner participation.

Letter sent
3/25

√

SWM

The plan needs to include specific actions to engage the landowners in the Stillaguamish
Watershed to encourage and ensure the implementation of the plans. Fostering participation and
stewardship by private landowners will provide the foundation for success - whether individual
actions are carried out on public or private properties. In order to effectively accomplish this,
objectives and approaches to increase willingness of landowners to participate in plan
implementation should be detailed and presented within the plan document. Programmatic
components should include, at a minimum, public awareness, education, engagement and
stewardship as specified activities. These should be presented with substantive detail so that
implementing entities can effectively accomplish the above goals.
Examples of how to present this type of plan content can be found in the Draft Snohomish River
Basin Salmon Conservation Plan, section 9.4.
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89.

58

Riparian Project Types: What are “pest control measures” and how will contribute to recovery?

Text revised

√

SWM

90.

59

Approved Riparian Projects: Does “restore” include the removal of dikes, roads, etc. as
discussed on page 58?

Letter sent
11/15

√

John Koster

91.

59

Estuary: Perhaps add "/Nearshore" header? Also, under "Overall habitat enhancement" I think
we should explicitly state that restoration and enhancement of blind tidal channels and salt
marsh habitat will be through dike removal and setback (citing Hood's work). There really is not
another way unless we wait a few hundred years for the Stillaguamish to build a new delta. But
maybe this was left out for political reasons?
Estuary: Perhaps add a header entitled "Potential . ." or "Recommended Projects"? I think it is
important to name those areas we feel should be restored immediately. Sites like English Boom
or Iverson come to mind quickly, but there also is potential at Triangle Cove.

Text revised
to
incorporate
comment

Comment
Response

92.

60

93.

60

Approved Estuary Projects: Does “restore” include the removal of dikes, roads, etc. as discussed
on page 58?

94.

60

Approved Estuary Projects: Due to subsidence, there is absolutely no way that 18 acres of blind
tidal channels will be established on the 80 acres of diked Nature Conservancy property within a
10 year time frame. If the dike is breached, you will end up with an 80 acre tidal lagoon (which
would still be valuable). The targets of 18 acres of distributary and 120 acres of estuary from
construction of the delta log jams are most likely extremely optimistic in a 10 year time frame. I
don't see how such structures would trap enough sediment to build the elevations needed.

95.

61

Approved Estuary Projects: Bullet 3 (top of the page) is a bit troublesome to me. I think is highly
optimistic and perhaps delusional to say we are going to create 120 acres of saltmarsh by
building 10 jams. I think this whole idea was a ACOE design that has not been tested in the real
world. I could be wrong . Perhaps we could just say something like we are going to build 10
jams with the aim to increase and enhance channel and marsh habitat in the delta?

Editor

Notes

√

Jason
Griffith

Text revised
to
incorporate
comment
Letter sent
11/15

√

Jason
Griffith

√

John Koster

Proposed
project is
experimental;
results will
monitored for
adaptive
management
See previous
response

√

Jason
Griffith

√

Jason
Griffith
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96.

61

97.

61-62

98.
99.

To be Completed by Staff
Comment
Response

Editor

Approved Estuary Projects: #3 attempts to create 120 estuary acres by placement of 10 delta log
jams. I have asked several times in SIRC meetings for detailed information on this proposal and
have never gotten any information. The map in Figure 9 is not detailed at all regarding location of
the proposed delta log jams. My feeling is this is not a well thought out proposal. A good
proposal would require thorough understanding of Port Susan marine water dynamics and
sedimentation processes. Note that on page 34 of this document, “Filling of Tidal Lands” has a
“negative effect on sediment transport and tidal exchange, which leads to alterations in the
physical and biological habitat features….” How would this proposal avoid those negative
effects? Why would the sediment-trapping role of logjams not simply speed up the already rapid
process of filling in Port Susan by the excessive sediment load carried by the river?
Habitat Projects – Large Woody Debris: The lower mainstem was historically a reach with
extensive channel spanning log jams, and little mention (other than North Meander) is made of
establishing jams in this reach. It is not listed as a second priority on Figure 11, and probably
should be if we hope to restore a portion of the rearing habitat that was lost during the later part
of the 19th century.

See previous
response

√

Sally
Lawrence

Comment
noted in Plan

√

Jason
Griffith

62-63

Floodplain – Geographic Criteria: Where are “key spawning areas”?

√

SWM

63

Approved Floodplain Projects: I am concerned about the lack of any targets related to removal
of bank armoring in the 10-year work plan. Removal of armoring is discussed in the 2nd chapter,
and targets are mentioned as far as armoring removal on the North and South Fork (removal of
4.1 miles of hardened bank). No mention is made of armoring removal in the mainstem
Stillaguamish. The mainstem is the most heavily hydro-modified reach and one where there was
historically abundant side channels and much more channel migration. The lower mainstem is
omitted from Figure 10 as a first or second priority for Floodplain.

Included in
pp. 7-12
Text revised

√

Jason
Griffith

Notes
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100.

63-64

To be Completed by Staff
Comment
Response
Sediment: It is clear that several large landslides in the vicinity of Steelhead Haven, the old Deer
Creek Slide on the north fork and north of Gold Basin on the south fork, as well as the extreme
channel migration at Chatham Acres on the north fork and at Robe Valley on the south fork has
caused extensive downstream sedimentation and loss of habitat.

Editor

Notes

Letter sent
3/25

√

PDS

Letter sent
11/15
Letter sent
11/15

√

John Koster

√

John Koster

Landslide repairs most likely will require grading permits and engineering review to complete this
work. If public roads are intended to be de-commissioned, please coordinate this plan with the
Department of Public Works or the Forest Service depending on the nature of the roadway.
Please explain the nature of the treatment intended for road de-commissioning projects. (Does
this mean they will be revegetated or planted to become forest again?) (Will access to other
private parcels be impaired by this proposal?)
101.

64

Approved Sediment Projects: What does “treatment” of forest roads include?

102.

65

Habitat Project Costs: Does this include costs of land acquisition and/or compensation to willing
landowners that participate?

103.

77

Policy and Regulatory Issues – Compliance and Enforcement: Add the following sentence to the
first paragraph: “Cooperation in the courts in convicting and imposing stiff fines on poaching
violators would be very helpful in solving this issue.”

Text revised

√

Duane
Weston

104.

77

Policy and Regulatory Issues – Land Use Regulations: Currently, the Snohomish Shoreline
Master Program, the Critical Areas Code and the overall County GPPs are under review and
update. As suggested on page 77, the SIRC could recommend changes to the Snohomish
County draft GPPs, Shoreline Master Plan and Critical Areas Code updates to assure that goals,
policies and objectives along with code requirements are included that are consistent with the
Chinook Salmon Recovery Plan.

Text revised

√

PDS
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105.

78

106.

To be Completed by Staff
Comment
Response

Editor

Policy and Regulatory Issues – Forest Practices: Be consistent on 88% mature vs. 65% forest
cover; is cover hydrologically mature – e.g. over 20+ years?

Text revised
to 80% (PFC)

√

Pat
Stevenson

79

Policy and Regulatory Issues – Water Quality: Good discussion of need for local jurisdictions to
develop stormwater programs. This will be critical to averting the negative impacts of stormwater
on river water quality as growth and development occur.

Comment
noted in Plan

√

Sally
Lawrence

107.

80

Policy Commitments and Coordination: The need to engage the Corps of Engineers in review
and modification of riparian maintenance policy could be mentioned here and on page 85: LongTerm Planning Issues – Floodplains.

Text revised

√

Sally
Lawrence

108.

82

Text revised

√

Jason
Griffith

109.

83

Research and Data Gaps – Estuary: Both of these are "In progress" We have the habitat data,
and one year of fish use data. I am working on securing funding for additional years of seining.
Do you know of anyone with a spare 30K per year?? I should have the habitat report out within
the next six months. I also have a very brief write up of our seining efforts from this year.
Public Education: Instead of a Public Education and Outreach “plan” (to be developed in 2004), a
“strategy” will continue to be implemented.

Comment
noted in Plan

√

Pat
Stevenson

110.

83

Public Education: In the entire one-hundred page plan, the public education, outreach, and
stewardship component is just 2 paragraphs long – one of which describes outreach for Plan
itself – not recovery actions described by it. There is no description of any public
education/stewardship strategy or actions, yet many of the recovery actions described depend in
part or in whole upon public support, willing landowners and voluntary actions by citizens.

Letter sent
3/25

√

SWM

The brief public education paragraph states, “public education and involvement are also
necessary components to successfully achieving salmon recovery objectives,” yet fails to justify
the statement with any substantive program or goals. In its lack of detail and substance, the
public education and outreach component is remarkably inconsistent with other portions of the
plan, and there is no real description of stewardship or widespread property owner participation –
overlooking a significant opportunity to foster recovery.
Several limiting factors for Chinook salmon can be directly addressed by individual landowners

New Public
Education/
Stewardship
section

Notes
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on their own property, given proper direction and assistance. In fact, at a landscape level,
substantive public education/engagement is the only way to directly address some limiting
factors. Research indicates that, while residents care about salmon recovery, they lack
knowledge of what specific steps individuals can (or should) do to help salmon. They also benefit
from technical assistance and resources to accomplish the work.
Therefore, the Public Outreach and Education section should, at minimum:
1) Expand to capture the concept of fostering stewardship
2) Establish a set of goals that will enable residents to practice individual
stewardship/BMPs and implement specific physical changes that will benefit salmon.
3) Provide outreach professionals with goals and strategies that a) define what specific
activities residents should do, b) define what specific information residents should know,
c) establish consistent watershed-wide educational messages, and d) establish technical
assistance resources and guidance.
Identify and delineate between a) activities intended to promote the salmon conservation
planning process, b) actions intended to promote general public awareness of the issue, c)
activities intended to promote best management practices for salmon conservation.
111.

83

Long-Term Planning Issues: What is meant by “long-term”?

Text revised

√

SWM

112.

84

Acquisition: "Regulatory Protection should be used in high quality habitats where owners are not
fully prepared to relinquish property rights..." Several sections of the Plan refer to "fee-simple or
conservation easement acquisition". I consider myself to be one of the private landowners that
will be an involved supporter of the ultimate Plan. But, I want to do it and will do it voluntarily. I
do not wish to relinquish my property rights, through fee-simple purchase or conservation
easement, to further the objectives of the Plan. While the words "willing landowner" appear in a
couple places in the Plan, that concept is not explained along with the fee-simple/easement
language in a way that clearly defines the intended usage of these divergent approaches. I know
that you have had other inputs on this issue. I want to cast another vote for "Voluntary
Landowner Co-operation" as the baseline approach, and I'd like to see that in the Plan.

This Plan is
voluntary –
landowners
will not be
subject to
acquisition or
easements
without
willing
participation

√

Bill Best
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113.

85

114.

87

To be Completed by Staff
Comment
Response

Editor

Agricultural Viability: “Viability” should be a heading for agriculture, forestry, and fishing (and not
just tribal fishing).

Comment
noted in Plan

√

Pat
Stevenson

References: References for Collins and Pollock should be the same in Appendix A. Perkins and
Collins also.

References
revised

√

Pat
Stevenson
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1.

General

Acknowledgments and Title Page need to be included

Included in
Final Plan

√

Bill Blake

2.

General

No changes are to be made on maps from original draft

2 new maps
to be added

√

Bill Blake

3.

1

Purpose. Paragraph 2, line-5: The “and” needs to be deleted.

Text revised

√

Jason Griffith

4.

1

Purpose. Line 16: Include protection of existing habitat in sentence beginning with “The
Plan’s recommendations…”

Text revised

√

Stacie
Watne, DNR

5.

7

Text revised

√

Jason Griffith

6.

11

Text revised

√

Jason Griffith

7.

18

Chinook Salmon. Should read 98-99% for ocean-type Chinook if you are citing our
smolt trap work. If this change is accepted, be sure to change the stream type % two
lines down.
Non-Natal Salmonid Populations. I suggest “Non-Stillaguamish Salmonid Populations”.
In the body paragraph below I would also suggest deleting “non-natal” from lines 3 and
5.
Habitat Requirements of Chinook Salmon. Paragraph 2, line 1: Perhaps this first
sentence could be re-worked? Seems a bit clunky.

Text revised

√

Jason Griffith

8.

23

Forestry. Line 3: How much Federal land is really managed for timber production? Much
of this is in LSR or other set-asides.

Paragraph
added

√

Stacie
Watne, DNR

9.

23

Forestry. Paragraph 3, line 9: How about a citation at the end of this sentence?
Hartman et. al. 1996

Text revised

√

Jason Griffith

10.

24

Agriculture. Line 9: In the sentence beginning with “Riparian areas and wetlands…”,
add “resulting in extensive net loss of these important habitats.” to the end of the
sentence. Add a sentence in this section specifically explaining how wetland loss
increases peak flows. Point out the lack of/weakness of regulation on agricultural

Text revised;
summary of
agricultural
regulatory

√

Stacie
Watne, DNR
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activities in riparian areas and wetlands.

framework
inserted

Growth Management Act. Line 5: Confusing as land use planning and permitting are
done through regulations. Are you trying to say that there also has to be continuous
enforcement of regulations after the development is completed?
Shoreline Management Act. There is no proof submitted to SIRC or past presentations
that Snohomish County is including our local Salmon planning in their Shoreline Master
plan. This is a technical document so you may state that it has been “suggested”.

Text revised

√

Bill Blake

Personal
Comm. with
Snohomish
County PDS
Text revised

√

Bill Blake

√

Stacie
Watne, DNR

Text revised

√

Jason Griffith

Text revised

√

Stacie
Watne, DNR

Text revised

√

Sonny
Gohrman

11.

25

12.

26

13.

27

14.

27

15.

28

16.

28

17.

32

Estuary/Nearshore – Historical Conditions. Bottom of page: I think this footnote is
incorrect. Present data does NOT include sand and mud flats.

Footnote
revised

√

Jason Griffith

18.

33

Estuary/Nearshore – Factors of Decline. Spartina ssp. This should be consistent
through the entire document using this format. Be careful of the way Latin species are
used. There is a proper format for all of this and someone who is familiar should go
through the whole document with this in mind, looks bad to not use the proper format.

Text revised

√

Sonny
Gohrman

Forestry Policies and Regulations. Line 19: In the section that begins with “The
Washington Forest Practices Act…”, point out that this is the most restrictive regulation
of riparian areas on private forestry land in the US. (reference: Forest Practices Draft
HCP)
Forestry Policies and Regulations. For Forestry types “FPA” means Forest Practice
Application. How about another abbreviation like “WAFPA” as “WFPA” is already taken
by the Washington Forest Protection Association.
Forestry Policies and Regulations. Line 7: In the sentence that begins with “The HCP
established guidelines…”, add which specific federal services were involved in
negotiations; US Fish and Wildlife Service and National Marine Fisheries Service.
Environmental Policies and Regulations. Add The Washington State Noxious Weed
Law (RCW 17.10 and WAC 16-750)
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Estuary/Nearshore – Factors of Decline. High Water Temperature, etc.: Do we need the
level of detail under the various hypotheses? Since they are relatively general and not
backed by data, maybe we would be better off merging the titles of the various
hypotheses with the bullets under “Factors of Decline”. . . Seems like a fair bit of space
to devote to musings, and it is not in the same vein as other sections in the same
chapter (i.e., doesn’t seem to “fit”).
Estuary/Nearshore – Current Conditions. Paragraph 3, line 5: Suggest changing the
sentence to read “Accretion of sediment into Port Susan has increased the size of the
sand and mud flats at the mouth of the Stillaguamish, presently there are over 7800
acres of unvegetated sand and mud flats (Stillaguamish Tribe unpublished data).
Estuary/Nearshore – Current Conditions. Paragraph 3, line 13: Currently the release of
effluent is continuous, but will eventually release on outgoing tides. The sentence
should read “will be” rather than “are” released on a coordinated….
Large Woody Debris – Historical Conditions. Line 5: Delete “most likely”.

Response

Editor

Notes

Text revised

√

Jason Griffith

Text revised

√

Jason Griffith

Text revised

√

Bill Blake

Text revised

√

Jason Griffith

19.

33

20.

35

21.

35

22.

36

23.

37

Large Woody Debris – Current Conditions. Maybe a definition of what constitutes a
piece of LWD would be nice in this paragraph (i.e., length and width).

Defined in
Chapter 3

√

Jason Griffith

24.

37

Text revised

√

Jason Griffith

25.

38

Floodplain. A couple of references would be nice in this section. My suggestionsSommer et. al. (2001) at the end of the first sentence, Wissmar and Timm (2003) at the
end of the paragraph.
Floodplain. End of 1st paragraph: Perhaps another reference?? Regetz (2003) is a
good one.

Text revised

√

Jason Griffith

26.

38

Floodplain. 2nd paragraph, line 3: Sentence starts with Bank Stabilization practices, this
should be changed to “Flood Control” practices.

Text revised

√

Bill Blake

27.

40

Sediment – Current Conditions. In the paragraph beginning “Efforts are
underway…”,·add that harvest and road building on unstable slopes is regulated by HCP
as of 1997 and Forest and Fish Rules; name the two landslides, or at least say where

Text revised

√

Stacie
Watne, DNR
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28.

40

29.

40

30.

40

31.

42

32.

42

To be Completed by Staff
Comment

they are in the watershed and what caused the recent failures of concern; reword the
last sentence in this paragraph to something like “As a result, the Stillaguamish Flood
Control District is frequently dealing with maintenance issues from the amount of fine
sediment in the system.”
Sediment – Current Conditions. Paragraph 2, line 4: Maybe change the sentence to
read something like, “The slides’ impacts extend downstream to the estuary, EDT
modeling has singled out sediment as one of the main limiting factors affecting Chinook
in the Stillaguamish.
Sediment – Current Conditions. Table 5: I think the column heading “% of all roads that
are unstable” is misleading. Nobody has actually gone out to survey these roads to see
if they are indeed failing. Perhaps a better title would be “% of roads at risk”
Sediment – Current Conditions. Footnote 9: The stability of individual soils/sites do not
only concern slope percent, but also substrate, perched water table, soil composition,
historical use and other factors. It is incorrect to state that slopes over 15% should be
considered unstable. According to the Forest Practices Board Manual, Section 16,
certain landforms are can be unstable at percents of 70%+. When forestry activities,
including harvest or road building, will occur on or near these types of features, a Class
4-special forest practices application is necessary, initiating additional scrutiny under the
SEPA process, which includes an on-site Interdisciplinary Team visit.
Abandoned roads typically have all road crossings removed, so they do not have
sections with culverts remaining. Culverts can be left on orphaned roads, but these two
types of roads are completely different.
Hydrology. Suggestion for additional figure: Although I’m biased, I think it would be
good to add a Figure 6 that depicted Chinook survival as is it relates to flow (from some
unpublished smolt trap data here at the Tribe).
Hydrology – Historical Conditions. Suggest changing sentence to end with “have been
shown to increase the magnitude and severity of peak flows (Wissmar and Timm 2003).”

Response

Editor

Notes

Text revised

√

Jason Griffith

Table revised

√

Jason Griffith

Comment
noted

√

Stacie
Watne, DNR

2 figures
added from
Beamer and
Pess 1999
Text revised

√

Jason Griffith

√

Jason Griffith
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42

To be Completed by Staff
Comment

Hydrology – Factors of Decline. Line 15: Differentiate between deforestation and forest
management. Deforestation only occurs when a forested area has been cleared and
converted to another land use. Lands managed for forestry have to be replanted. Maybe
say something like ”Deforestation. Clearing of mature forest vegetation and conversion
of these lands to other land uses that do not support forest cover.”
Industrial Forestry. This land use may not support large blocks of hydrologically mature
forest cover on a sub-basin scale and may contain forest stands ranging in age from
seedling to mature.
Hydrology – Current Conditions. Below Table 6: Explain how peak flow and low flow are
connected and why they are being dealt with in the same section.

Response

Editor

Notes

Text revised

√

Stacie
Watne, DNR

See first
paragraph of
section
Text revised

√

Stacie
Watne, DNR

√

Bill Blake

34.

43

35.

45

Water Quality. 1st paragraph, line 3: Says effects of fish “of” chemical, should say
“from”

36.

45

Water Quality. 1st paragraph, end of line 3: Suggest adding a reference - Baldwin et. al.
2003.

Text revised

√

Jason Griffith

37.

50

Harvest. Paragraph 1, line 9: Suggest adding “, and annually encounter Chinook
bearing scars from unsuccessful poaching incidents” at the end of the sentence.

Text revised

√

Jason Griffith

38.

51

Estuarine/Ocean Productivity Conditions. Suggest adding a reference to replace STAG
2000- Mantua et. al. 1997 is much better.

Text revised

√

Jason Griffith

39.

52

Predation on Chinook Salmon. I believe background and on going population numbers
over time should be established and monitored for California sea lions & harbor seals in
Port Susan and South Skagit Bay particularly during the period of mature salmon return
migration into the mouth of the Stillaguamish River. A table of this information should be
provided concurrent with other monitoring data tracking Chinook recovery progress. In
addition a study should be conducted, unless data already exists, establishing the daily
consumption of mature Chinook Salmon each of these marine mammalian species

Text revised;
Stillaguamish
brood stock
program
shows no
significant
evidence of

√

Duane
Weston
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40.

52

41.

52

42.

52

43.

60

44.

60

45.

60
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Comment
Response
cause per unit on average at return migration time. Justification for this information is to
measure the impact marine predation may have on Chinook Salmon recovery. If the
population of these two seal species increases at a faster rate than returning Chinook
spawners, the back ground data could be invaluable in addressing recovery problems
attributed to predation.
Predation on Chinook Salmon. End of paragraph: Add new sentence - “There is
insufficient data to gauge the magnitude of the bird and mammalian predation on
Stillaguamish salmon populations, however it is not likely worse than under historical
conditions (NMFS website, Ruggerone and Goetz 2004).”
Non-Native Species. Add alterniflora after Spartina, delete “Chinook salmon life
histories” and replace with “estuarine habitat”. A reference is needed here, although I
didn’t find one quickly.
Climatic Shifts. Replace “STAG 2000” with “CIG 2004”- a much better reference.

Properly Functioning Conditions – Riparian. Line 1: This section states that to achieve
PFC, a riparian buffer of greater than 1 site potential tree height (SPTH) is necessary.
However, the DNR State Lands HCP considers 1 SPTH to meet protection
requirements.
Properly Functioning Conditions – Riparian. Footnote 14: Generalizing the Site
Potential Tree Height for the entire watershed as over 200 feet is incorrect. This
depends on site-specific soil types and site class, which is a measure of productivity.
This varies tremendously within the watershed, to Site Class 1 soils which have a 200’
SPTH buffer in the lower reaches of the watershed, to Site Class 4 soils which get a
110’ SPTH buffer in the upper reaches. See Forest Practices Rules, Chapter 222-16,
page 16-12 for more information.
Properly Functioning Conditions – Large Woody Debris. I would suggest moving the
definition of LWD to the front of this paragraph.

Editor

Notes

Text revised

√

Jason Griffith

Text revised

√

Jason Griffith

Text revised

√

Jason Griffith

Text revised

√

Stacie
Watne, DNR

200' SPTH
applies to
most riparian
areas within
Chinook
anadromous
zone
Text revised

√

Stacie
Watne, DNR

√

Jason Griffith

predation by
sea lions and
seals
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61

61
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Properly Functioning Conditions – Sediment. Mention other sediment sources in the
watershed, such as bank erosion due to cleared riparian areas, impacts from farming
right up to riverbank, development etc. Undoubtedly, the only source of sediment in this
watershed isn’t forest roads.
Line 23. Under Sediment section, in the sentence beginning with “The 2004
Stillaguamish…”, How many of those 124 miles of road have been abandoned? Did
anyone check to see if there are any RMAP plans for any of those road miles?· What
unstable criteria was used to determine that these roads are on potentially unstable
landforms? Was it Forest Practices Board Manual criteria?
Properly Functioning Conditions – Hydrology. Maybe mention hydrological impacts from
loss of wetland function, bank armoring, channelization etc. in the lower watershed
along with forest cover loss. Again, forestry is not the only impact on hydrology in the
basin.

Response

Editor

Notes

Comments
noted. RMAP
not included
in analysis
for this plan.

√

Stacie
Watne, DNR

Text revised

√

Stacie
Watne, DNR

Text revised

√

Bill Blake

Pilot project
to be
monitored by
adaptive

√

Danelle
Heatwole,
TNC

Maintaining 80% mature forest cover is not a realistic expectation, especially when it
would be impossible to regulate on private land. The DNR State Lands HCP requires 2/3
of the sub-basin that is in the Rain on Snow Zone be in hydrologically mature forest
(forests at least 25 years old). Requiring 80% cover would mean a 100 year rotation,
which is not economically viable.

48.

80

49.

81

Reword the last sentence in the Hydrology section to something like “This assumption
may be overly conservative given current land use pressures and the fact that
maintaining this amount of forest cover would preclude the economic viability of forestry
as an industry in this watershed.”
Approved Riparian Projects. I think it is great to name those doing riparian work but
unfortunately stakeholders like the task force and flood control district and others have
been left out. Maybe it should state “SIRC Stakeholders” and avoid specifics.
Approved Estuary/Nearshore Projects. I’m not sure that I follow the reasoning for the
proposal to create salt marsh by placing engineered logjams on the tideflats. I
understand that logjams were historically abundant in the lower Stillaguamish, and that
logjams promote habitat complexity in river channels. But evidence from Collins (1997)
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50.

81

51.

81

52.

84

53.

87
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seems to suggest that the lowest channel-spanning logjam occurred at the confluence of
the Old Mainstem and Hatt Slough, whereas snags were more common downstream of
the confluence. Also, the functions of wood in the estuary/nearshore have yet to be
effectively documented, and it may be inappropriate to assume that wood has similar
functions in all aquatic environments (Simenstad et al. 2003). Perhaps a strong case for
the project isn’t needed in the recovery plan, but the case that seems to be presented is
a bit confusing. For example, on page 34, the lack of distributary channels is listed as a
limiting factor, and then on page 80, the project of constructing logjams to enhance tidal
channel formation in the river delta appears to address this limiting factor. Then on page
81, we’re suddenly attempting to create 120 acres of salt marsh on the existing tideflats
using logjams. (I see that this project was commented on in the previous draft, and that
it’s being considered experimental. Please see my comments below for page 121.)
Potential Estuary / Nearshore Projects: This section seems to encourage all pocket
estuary restoration energy to go to WRIA 6 and WRIA 7 areas. To me, it seems like
there should be some encouragement to aggressively pursue what pocket estuary
restoration opportunities there are in WRIA 5 as well as working in WRIA 6 and WRIA 7.
I say this because you may exceed the capacity of the WRIA 6 and WRIA 7 historic
pocket estuaries to meet the needs of a whole other basin. Potentially, overall return of
chinook to all three WRIAs may be reduced.
Potential Estuary / Nearshore Projects. I will reiterate that we NEED to include specific
projects and/or locations in around Port Susan. Stillaguamish Chinook use Island Co
nearshore.
Approved Floodplain Projects. Bottom paragraph: I don’t agree - there is only one type
of bank protection that does not harm Chinook-WOOD! Anything involving large
amounts of rock is habitat degradation under the guise of “bank protection”. There is an
excellent paper by Beamer on bank armoring and fish use.
Table 9 - 10-Year Habitat Project Costs. The acres of estuary restored (195) seems a
little low, considering the TNC property alone is 160 acres. Certainly, all 160 acres may
not be restored to tidal inundation, but it seems like more than 60 acres may be
(assuming 133 restored on Leque Island). Or do you mean 195 acres of salt marsh will
be restored?

Editor

Notes

mgmt.

Text revised

√

Chrys
Bertolotto,
WSU Coop
Ext.

Text revised

√

Jason Griffith

Text revised

√

Jason Griffith

195 acres of
salt marsh
(80 at TNC,
115 at
Leque)

√

Danelle
Heatwole,
TNC
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97

55.

98

56.

99

57.

99

58.

100

59.

100

60.

102

61.

104

62.

105

To be Completed by Staff
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Long-Term Habitat Restoration Projects. In the first sentence “ reaching the 30% PFC
and Chinook Salmon population target” assumes other limiting factors such as natural
oceanographic conditions, harvest at sea and natural predation levels stay at predictable
levels.
Table 11 - Habitat project costs, years 11-50. The acres of estuary restored and created
(2500 and 805, respectively) don’t seem to reflect the new PFC of 2020 acres estuary
restored.
Existing Habitat Protection Actions. Both Arlington and Stanwood are updating their
GMA Comprehensive plan, same as the counties. I also know that the “Land Use
Codes” include regulations that control impervious surface and other parameters related
to hydrology and sediment. We should probably list “Land Use Codes” for all both
county’s and cities. Department of Ecology has jurisdiction over Wetlands.
Existing Habitat Protection Actions. Clarify that the DNR HCP is only for state managed
lands and add Forest and Fish Rules for private forestry.
Existing Habitat Protection Actions. Being that this table has been changed it does not
support the intended message. But if you choose to use it in its altered state the
following categories need to be checked per jurisdiction to be correct. Arlington: check
Riparian, Sediment and Hydrology. Stanwood: check Estuary. SnoCo: check Riparian
and Hydrology. DOE: check Estuary and floodplain. WDFW: remove Riparian and
Floodplain and Sediment. DNR: check Floodplain. USFS: no change
Habitat Protection Tools. Paragraph 1, line 6: replace “that” with “which, in turn,”
Incentives and Non-Regulatory Approaches. 2nd bullet: Snohomish County and the City
of Arlington have a TDR program. There is no TDR program if Arlington doesn’t
participate. Either drop that sentence or add Arlington.
Land Use Recommendations – Rural Residential and Urban Land Use. 2nd paragraph:
“These activities contribute to reduced natural infiltration and increased stormwater
runoff.” Should add after reduced natural infiltration “and evapotranspiration”.
Land Use Recommendations – Rural Residential and Urban Land Use. 1st bullet: This
needs to say: Avoid expansion of Urban Growth Area Boundaries adjacent to critical

Response

Editor

Notes

Text revised

√

Duane
Weston

Table revised

√

Text revised

√

Danelle
Heatwole,
TNC
Bill Blake

Text revised

√

Stacie
Watne, DNR

Table revised

√

Bill Blake

Text revised

√

Jason Griffith

Text revised

√

Bill Blake

Text revised

√

Bill Blake

Text revised

√

Bill Blake
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Editor
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Chinook habitat areas. I would guess neither the City or County Council will not pledge
commitment to a plan stating “limit expansion of UGA’s”
63.

105

Land Use Recommendations – Roads and Utilities. Last bullet: Should say “prevent”
new barriers, not avoid

Text revised

√

Bill Blake

64.

106

Text revised

√

Bill Blake

65.

106

Text revised

√

Bill Blake

66.

106

Text revised

√

Bill Blake

67.

106

Text revised

√

Bill Blake

68.

107

Text revised

√

Bill Blake

69.

107

Regulatory and Programmatic Actions – Riparian. 3rd bullet: Many stakeholders have
other approved plans for buffer widths. This bullet should end with “when local
regulations are not available.”
Regulatory and Programmatic Actions – Large Woody Debris. 1st bullet: Drop the end of
sentence that says “except when posing an immediate threat to public safety or
essential facilities.” This is already in the critical areas regulations and logically allowed,
but we don’t need to encourage it.
Regulatory and Programmatic Actions – Large Woody Debris. last bullet: Strike this
sentence; every agency already has people doing that job. We don’t need to create a
new bureaucratic program for something we can already do in our sleep.
Regulatory and Programmatic Actions – Floodplain. 2nd bullet: Change “Designate” to
“Identify”. Then I also have a question: where is a citation that says CMZ’s are
“geologically hazardous”? I don’t get it? I would just drop the geo haz from the
sentence.
Regulatory and Programmatic Actions – Floodplain. 3rd bullet: Drop “such as in urban
areas”. There is no difference between rural and urban “development’ when is comes to
a floodplain.
Regulatory and Programmatic Actions – Floodplain. 4th bullet: Replace “natural channel
condition” with “floodplain processes”

Text revised

√

Bill Blake

70.

107

Regulatory and Programmatic Actions – Floodplain. 8th bullet: Move “with equivalent
mitigation” after “shorelines.”

Text revised

√

Bill Blake

71.

108

Regulatory and Programmatic Actions – Sediment. New bullet: Develop seasonal rules
that reduce risk during high precipitation periods

Text revised

√

Bill Blake

Stillaguamish Watershed
Chinook Salmon
Recovery Plan

COMMENT RESPONSE MATRIX
April 13, 2005 SIRC Review Draft

Stillaguamish Implementation Review
Committee
Com
ment
No.

Reference
Page
Number

To be Completed by Staff
Comment
Response

Editor

Notes

72.

108

Regulatory and Programmatic Actions – Hydrology. New bullet: Protect and restore
wetlands.

Text revised

√

Bill Blake

73.

108

Regulatory and Programmatic Actions – Water Quality. New bullet: Protect and restore
wetlands.

Text revised

√

Bill Blake

74.

108

Regulatory and Programmatic Actions – Water Quality. 3rd bullet: Add NPDES after
TMDL.

Text revised

√

Bill Blake

75.

108

Text revised

√

Sonny
Gohrman

76.

109

Regulatory and Programmatic Actions – Noxious Weeds. 2nd bullet: Develop a process
that assures land management activities and restoration projects include a noxious
weed control component
Compliance and Enforcement. Line 2: Change “implementation” to “enforcement”

Text revised

√

Bill Blake

77.

109

Compliance and Enforcement. 1st bullet: Change “permit review” to “ongoing code
compliance”

Text revised

√

Bill Blake

Compliance and Enforcement. 4th bullet: I think everybody already has mechanisms to
support violation. I would start sentence “A 24-hour phone line…..”

Text revised

√

Bill Blake

Compliance and Enforcement. Some of the recommended bullet items are probably not
feasible because in reality they cause other problems. Bullet 4 is an invitation to
harassment by disgruntled individuals who are out to get even for something totally
irrelevant. Forest land owners have experienced this negative behavior with normal
everyday forest practices in the past. If frequent unfounded complaints were to result
from establishing this bullet, private forest land owners would likely close their lands to
public entry. This bullet is not in the best interest of recreational users. Snohomish
County government would not like the last bullet. Ask any rural land owner how lax
Snohomish County is at enforcing illegal dumping and other pollution ordinances, even
on a river bank.
Compliance and Enforcement. The statements in the fourth and seventh bullets are
contradictory; either establish a complaint process or an adaptive management process.
Can do both if it is not worded that instead of complaints, adaptive management will

Text revised

√

Duane
Weston

Text revised

√

Stacie
Watne, DNR

78.
79.

109

80.

109
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occur.
81.

111

Stewardship Education and Outreach – Introduction: Line 16: Add “achieves the
following:” to the end of the sentence.

Text revised

√

Stacie
Watne, DNR

82.

112

Text revised;
comments
noted

√

Bill Blake

83.

112

Stewardship Approach. 2nd paragraph: Strike the entire paragraph as this has nothing to
do with Chinook recovery. Maybe just keep: “Direct personal contact has a higher per
capita cost, but the measurable results in terms of salmon habitat protection and
restoration are much greater (citation).”
Public Education and Outreach Goals. #6: Replace “infrastructure” with “strategy”. Too
may stakeholders to have a single infrastructure.

Text revised

√

Bill Blake

84.

113

Text revised

√

Stacie
Watne, DNR

85.

114

Stewardship Audiences. Add rural residential residents to the list of stakeholder groups
regardless if they have streamside property or not. They can still have impacts through
pesticide and fertilizer application, livestock operations, etc.
Stewardship Audiences. 2nd paragraph, line 5: After “person-to-person contacts” add
“and compromise.”

Text revised

√

Bill Blake

86.

114

Stewardship Audiences. 3rd paragraph, line 3: Should say quality “and quantity” of water

Text revised

√

Bill Blake

87.

114

Text revised

√

88.

115

Stewardship Education and Outreach Topics. Last paragraph: change "Promoting
public awareness of these topics..." to “Promoting public knowledge of these topics..."
or something like that. Awareness connotes a passive understanding of a situation.
Knowledge is something deeper and potentially more active.
Stewardship Education and Outreach Topics. Along the same lines, the list of topics
doesn't touch on the idea of building the "stewardship-making skills" of the population.
Person to person contact is excellent, and even more powerful when it is a neighbor
rather than affiliated organization representative making the contact. A possible
inclusion could look like this: “Educational, Resource Protection and Community
Involvement Techniques: Once community members become aware of noted topics,
they may want to work locally with their neighbors to make changes for salmon recovery.

Comment
noted

√

Chrys
Bertolotto,
WSU Coop
Ext.
Chrys
Bertolotto,
WSU Coop
Ext.
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Text revised

√

Bill Blake

Text revised

√

Franchesca
Perez

Text revised

√

Bill Blake

Text revised

√

Bill Blake

Comment
noted

√

Bill Blake

By teaching interested community members proven techniques to act as citizen
educators, scientists and program organizers.”
Stewardship Education and Outreach Topics – Function of Shoreline…: I think it is a
little impractical to expect or educators to provide clear explanations of how habitat
functions benefit “all organisms”. This sentence should stop after “landscape level.”
Stewardship Education and Outreach Topics – Salmon Ecology and Habitat
Requirements: including historic conditions as part of that discussion would be valuable
in helping individuals understand that what they have known since childhood is not how
it has 'always' been.
Stewardship Education and Outreach Topics – Water Quality Issues: Currently says
“fresh water quality”, should say “stream” water quality. Also “water toxins” should be
covered under water quality above. This is a technical document, terms like “seemingly
innocuous” should be stricken.
Stewardship Education and Outreach Topics – Policy Affecting Landowners: Add a
word-“providers should therefore be able to offer contact information on policies..” This
is necessary with multiple regulatory bodies, you need to get the applicant to the correct
regulator.
Stewardship Activities. 3rd paragraph, lines 1-4: I recommend adding “horse clubs, Farm
bureau and forest owners. The current list would just be preaching to the choir.

89.

115

90.

115

91.

115

92.

116

93.

116

94.

117

Stewardship Activities. Top of page, line 1: Add after “residents” – “to access funding
and…”

Text revised

√

Bill Blake

95.

117

Text revised

√

Chrys
Bertolotto,
WSU Coop
Ext.

96.

117

Stewardship Activities. Itemized list of valuable activities: One educational element is
missing from this list: Building community stewardship activities and leadership. Could
sound something like this - "Provide advanced educational opportunities to build
knowledge base and skills of interested community to act as stewards on behalf of
salmon recovery through their own educational or programmatic initiatives."
Stewardship Activities. There is a noticeable absence of marine shore landowner
activities, such as creating signage for and educating about valuable habitat like
eelgrass meadows, salt marshes, pocket estuaries, or forage fish beaches; and hosting
workshops for derelict fishing gear reporting and prevention, bulkhead alternatives, etc.

Text revised

√

Franchesca
Perez
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It would be appropriate to include marine shore activities, since estuary and nearshore
are included in the restoration strategy.
97.

118

Stewardship Activities. #9: Add LWD, Bio-engineering

Text revised

√

Bill Blake

98.

118

Stewardship Activities. #15: Strike this. There is already a festival and there are already
bullets identifying the creation of pamphlets.

Text revised

√

Bill Blake

99.

118

Text revised

√

Bill Blake

100.

119

Funding for Stewardship. This reads like there aren’t any programs with base funding,
which is incorrect. This should reflect “those existing programs with base funding are
more successful implementing long-term strategies.
Monitoring and Adaptive Management - Introduction and Purpose. 3rd paragraph: The
ideas in this paragraph are not presented very clearly. The sentences are a bit long and
contain too many different concepts. For sentence #2, how about “Monitoring is a critical
element of the recovery effort and will include systematic, measurable observation…”
Perhaps have “as distinguished from other, more familiar types of monitoring…” in its
own sentence. As for the purpose of recovery plan monitoring, I don’t understand what
“to indicate monitoring of specific plan commitments, targets, and expected responses”
means. Do you want to evaluate progress towards specific plan commitments, targets,
and expected responses?

Text revised

√

Danelle
Heatwole,
TNC

Identified as
research
need for comanagers/
federal
agencies

√

Duane
Weston

101.

119

4th paragraph, 1st sentence: I’m not sure what you mean by “which affects capacity.” If
we want to increase productivity and abundance of Chinook salmon, wouldn’t that be
affected more by habitat capacity, rather than vice versa?
Monitoring and Adaptive Management. My comment for page 52 should apply in this
Chapter. There should be a predation species monitoring plan. I don’t know what to
suggest for an action procedure if marine mammal predation is found in time to be a
minimizing factor towards Chinook recovery, but at least the monitoring should take
place so population trends can be understood.
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120
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120

104.

120

105.

120

106.

120

107.

121
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Monitoring and Adaptive Management – Introduction and Purpose. Add a last
paragraph, this is important. I already requested this be in this section and it is not. I will
recommend Arlington and other stakeholders not commit to the plan if this is not
included: The SIRC recognizes that many stakeholders have their own methods of
monitoring the progress of their restoration activities. Stakeholders have already
established baseline conditions by methods such as the NOAA Fisheries Matrix of
Pathways and Indicators and other scientifically acceptable and affordable methods.
The SIRC will still continue to support a stakeholders ability to submit their monitoring
results in any method they choose realizing that there may be a comparison of their
methods to this Monitoring and Adaptive Management plan. All Stakeholders should
retain the right to utilize any methods that have already been adopted through an
approved regulatory process.
Monitorable Plan Elements. 1st paragraph: You might need some improved terminology
here. What are “monitoring plan elements?” Advantage should be taken of standard
methods and techniques for measuring what? Perhaps the “attributes being measured”
should be unambiguous rather than the “comparisons and triggers?”
Monitorable Plan Elements – Habitat Restoration. Projects Implemented: Are these
examples or a complete list? If the latter, then a few components of Table 9 didn’t make
it over.
Monitorable Plan Elements – Habitat Restoration. Projects Implemented: Consider
adding noxious weeds to your list of measurable. Noxious weed control is a
measurable activity. It can be measured in acres or the number of sites controlled.
Monitorable Plan Elements – Habitat Restoration. Project Effectiveness: Is the bank
protected…by riparian vegetation? Not really clear what you mean by this. Also, what
about monitoring the effectiveness of restored habitats in providing the opportunity and
capacity to support salmon?
Monitorable Plan Elements – Habitat Restoration. Validation of Assumptions: Given that
the 10 engineered logjams in the estuary are considered experimental, and that the
project is based on the assumption that logjams will function a particular way, it might be
good to validate those assumptions here. Also include as another row in Table 21.
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Editor
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Text revised

√

Bill Blake

Text revised

√

Danelle
Heatwole,
TNC

Text revised

√

Text revised;
Identified as
research
need
Text revised

√

Danelle
Heatwole,
TNC
Sonny
Gohrman

√

Danelle
Heatwole,
TNC

Text revised

√
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Heatwole,
TNC
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108.

121

Monitorable Plan Elements – Habitat Protection. Line 16: Add acres of riparian
management zones, wetland management zones or acres taken from timber sales due
to slope instability on state lands.

109.

121

Monitorable Plan Elements – Harvest Plan. Does this need to be fleshed out???
Seems a little light on explanation of the various bullets.

110.

122

Table 13 - Habitat Restoration Implementation Monitoring. Row 4: What does it mean to
treat or restore roads on erodible geology? Can this include road abandonment? Might
want to define this to so the appropriate agencies understand the expectations.

111.

122

112.

125

Table 13. Habitat Restoration Implementation Monitoring. Leque Island – do we care
about acres of salt marsh restored? TNC Property – do you mean 80 acres of salt
marsh restored? Port Susan delta logjams – the goal of “10 logjams installed” doesn’t
sound very experimental anymore. Will there be an evaluation of whether one works
before installing all ten?
Table 17. Habitat Restoration Effectiveness Monitoring. Leque Island and TNC property
– I’m not sure that acres restored will really tell you whether the restoration has been
effective. What if the acres are a Spartina meadow? They’d still technically be restored
to “estuary”. Better metrics might be those that indicate whether the restored habitats
are providing the capacity, opportunity, and realized functions to support salmon
populations—things like the composition and density of emergent plants, benthic
invertebrates, and estuarine fishes, and like the stomach contents of juvenile salmon
using the habitats. Delta logjams – The tideflats are already “estuary”. Change to “acres
of salt marsh created.”
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√
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113.

128

Table 22, row 2. Add Forest and Fish Rules to riparian protection measures.

Text revised

√

Stacie
Watne, DNR

114.

130

Text revised

√

Jason Griffith

115.

133

Comment
noted

√

Sonny
Gohrman

116.

135

Text revised

√

Bill Blake

117.

136

Text revised

√

Stacie
Watne, DNR

118.

136

Text revised
per Nichols
et al. 1990

√

Bill Blake

119.

137

Administration. Table 24: Instead of the column title “Funded By” I think “Lead Agency”
might be a little more accurate. We don’t have the money to do all the monitoring in the
Table for the next 10 years! We take each year at a time, as I’m sure many agencies
do.
Stakeholders for Implementation. I’m still wondering about listing out different county
entities separately. It seems like each one has a different responsibility in this endeavor
so it seems like each commitment would be specific to their responsibilities. If a general
county letter is sufficient that is certainly easier. Just a thought.
Land Use Regulations. 2nd paragraph, line 5: I don’t know where “nominal” came from.
Arlington alone is planning of doubling from 15,000 up to 30,000 in the next ten years.
Strike this unless you have data to support it.
Policy and Regulatory Issues - Forest Practices. Why is there uncertainty regarding
implementation of forestry regulations that affect fish habitat? State lands has been
under HCP management since 1997, private forestry has been under Forest Practice
regulation for several decades with recent updates, and Forest Service has been
managing under the NW Forest Plan since the early 1990’s. In the broad sense, these
changes are relatively recent and positive effects may not yet be seen, but expecting
forest practices that conflict with any of these policies is unreasonable, especially given
the fact that many have been negotiated at the state and federal level and their
credibility as such should be recognized.
Forest Practices. 4th bullet: Where did 80% come from? Is that riparian? Our number is
that a sub-basin total of immature forest be maintained below 12%. Booth states that
65% has to remain in forested condition. I think you better just stick with the <12%
approved by the TAG and SIRC.
Forest Practices. The Stillaguamish Watershed Chinook Salmon Recovery Plan does
not recognize the tremendous changes Forest & Fish regulations are making on the
landscape. What occurred prior to Forest & Fish regulations is history that will take time
to heal. Forcing additional restrictions onto forest landowners before the results of
current rules can be measured is not justified or fair. Having the County General Policy
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plan address forest practices on anything but lands being converted out of resource use
is unacceptable. If forest practices under Forest & Fish regulations are not acceptable to
SIRC, then SIRC needs to encourage creation of financial incentives that will enable
forest landowners to participate. Forcing wider riparian buffers and longer rotations
without adequate compensation will destroy commercial and small private forest land
ownership in the Watershed.
Instream Flows. 2nd paragraph: Our DOE wetlands work showed the Pilchuck hydrology
has also been altered by wetland loss. Was wetland loss included in the modeling?

forest
practices
regulations

Text revised

√

Bill Blake

Text revised

√

Bill Blake

Bill Blake

120.

139

121.

146

122.

147

Floodplains. 3rd paragraph, last sentence: I had this sentence phrased differently and
placed it in the initial paragraph of this section. I want it to go back to the front. It is the
critical part of this section, far beyond the flood plan. I am implementing the consensus
of the SIRC membership to protect Ag at this time to secure the future restoration of
floodplain function.
Floodplains. 1st paragraph, line 10: Replace “an” with “a”

123.

147

Floodplains. 2nd paragraph, line 1: Put “from” in front of “1930”

Text revised

√

Bill Blake

124.

148

Text revised

√

Stacie
Watne, DNR

125.

148

Long-Term Planning Issues – Forestry. Line 36: Change the sentence that begins “The
SIRC recognizes…”, to “The SRIC recognizes the longevity of timber production,
coupled with market and regulatory uncertainty, adversely impacts the economic viability
of forest land ownership and that conversion to urban development may result. Then
add the sentence from the Agriculture section on page 146, line 2, “The permanence of
change resulting from this type of land use conversion has significant long term impacts
that conflict with the goals of salmon recovery and ecosystem restoration.”
Forestry. Considerable sensitivity is shown by SIRC on Pages 145-6 about wanting to
find incentives for Agriculture to participate in Chinook salmon habitat restoration and
protection. I suggest that SIRC recommend a financial analysis be conducted to explore
what incentives are necessary for forest land owners to participate further beyond the
requirements of Forest and Fish regulations. Establishing incentives is a meaningless
phrase without knowing the magnitude of what will be required.
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Add a closing: It needs to be recognized that for all the goals identified in this plan to be
met it will truly be up to the people living in the Stillaguamish watershed over the next
100 years. All the SIRC can do with this plan is make recommendations for actions that
will provide the stewards of the future a chance to benefit from our vision.
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