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Chapter 1. Introduction

“The recovery of the Pacific salmon will be thwarted until at least some of the
natural pathways through the riverscape are restored, until we give life to the ghosts
of those salmon life histories that were once present in healthy rivers.”

- Jm Lichatowich, Salmon Without Rivers

On March 24, 1999, the National Marine Fisheries Service (NMFS) listed all naturally spawned
populations of Chinook salmon (Onchorhynchus tshawytscha) and five artificial propagation
programs within the Puget Sound evolutionarily significant unit (ESU) as a threatened species
under the Endangered Species Act (ESA). The threatened species status was reaffirmed on June
28, 2005, and an additional 21 artificial propagation programs within the ESU were added to the
listing. The listing included the Chinook stock currently produced in the Skokomish watershed,
comprised of hatchery-produced fish from the George Adams and Rick’s Pond Hatcheries and
naturally-produced fish from the Skokomish River.

Thislisting under the ESA requires NMFS to devel op and implement recovery plans for the
conservation and survival of Chinook salmon within the Puget Sound ESU. The NMFS Puget
Sound Technical Review Team (PSTRT) identified Hood Canal as one of five biogeographical
regions within the Puget Sound ESU. Each region has unique habitat attributes, shaped by its
own topographical and climatic variations, that have supported similar evolutionary development
by Chinook there. The PSTRT recognized two aggregate historic groups of Chinook in the Hood
Canal region as independent populations, those produced in the Skokomish watershed and those
produced in Mid-Hood Canal rivers (Ruckelshaus et al. 2006). The recovery of two Hood Canal
populationsis considered required to meet the PSTRT’ s viahility criteriafor the long-term
survival of the speciesin the Puget Sound ESU (Puget Sound Shared Strategy 2007).

The central goal of this plan isto re-establish a productive, self-sustaining Chinook population in
the Skokomish watershed. Thiswill require the re-emergence of a population adapted to the
natural environment, such as to key watershed characteristics—one which would exhibit life
histories that resemble those seen in aboriginal Skokomish Chinook.

Historically, Skokomish Chinook exhibited a diverse set of life histories, having, among other
traits, awide range of river entry timing patterns. Both early-timed (spring/summer) and late-
timed (fall) racial groups were supported by the river.? Besides differences in river entry timing,
these groups differed markedly in their spatial use of the watershed. Both indigenous racia
groups are now extinct in the river basin (Ruckelshaus et al. 2006). This fact presents particular
challenges for recovery since awell-adapted genetic stock source does not currently exist in the
river system.

! | Recovery means that the population would be self-reproducing and have at least a 95% probability of persistence
over a100 year period.

2 | Early-timed, or spring/summer, Chinook are generally considered as those that return to the river during the
months of April (or earlier in some cases) through August. Late-timed, or fall, Chinook are considered as those that
enter during September through December.
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The premise on which this plan is built is that population recovery requires restoring life
histories that are adapted to the environmental conditions that either still exist in the watershed or
that are being restored. We have devel oped this plan around this life history perspective—it
guides every part of the plan. Knowledge of the aboriginal life histories that existed prior to their
extirpation provides an essentia part of this guidance. Moreover, in developing the plan, we
placed much importance on diagnosing the factors that caused the extirpation of the aboriginal
life histories. This diagnosis has helped provide direction to the plan, and has helped set
restoration priorities and sequencing for strategies.

The best prospect for recovering a Skokomish population, at least in the near-term, has been
determined to be for the early-timed racial group. Significant issues exist in restoring habitat
function sufficiently within the core spawning areas used by late-timed fish to support aviable
population. Also, the recent Cushman Settlement reached by the Skokomish Tribe, Washington
State, and the Federal government with the City of Tacoma over the Cushman Dam Project
provides significant resources and impetus for initiating recovery actions aimed at early-timed
Chinook.

The highest recovery priority, therefore, is being given to the early-timed racia group. Because
of its extirpation, recovery necessitates a re-introduction of a suitable early-timed stock to the
watershed. Once this has been accomplished, the plan has been devel oped to treat the re-
introduced stock as the listed Chinook in the watershed. As the plan goes forward, and as
progressis made in restoring key habitats in the lower valleys, the potential for expanding
recovery efforts to include the late-timed racial group will be re-evaluated. Failure to make
significant progress toward recovering the early-timed group over the next 10 to 12 years,
however, would be cause to re-examine plan direction and possibly reset the priority to the late-
timed life history group.

The Demise of Indigenous Skokomish Chinook

The demise of the indigenous racial groups was due to multiple factors, operating in concert and
set in motion by various events—both locally and in distant waters—since the late 1800s. In
brief, a combination of effects, escalating in intensity over time, far exceeded the productive
resiliency of the indigenous populations for sustaining themselves. Hydro devel opment, water
diversion, floodplain development, estuarine alterations, liquidation of old growth forests, greatly
expanded fishing patterns—all of these contributed to the extinction of the aboriginal Chinook
populations in the Skokomish River.

As the runs declined, the need to bolster their abundances became evident—|eading to the
construction of George Adams Hatchery in 1961. Hatchery Chinook stock of Green River
lineage was imported to facilitate startup. Over time, this event, combined with all of the other
factors listed above, led to a complete replacement of population structure (Myers et al. 1998;
Ruckelshaus et al. 2006). The life history diversity of Chinook produced in the watershed today
isadistant shadow of that of the historic aggregate populations.
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The Environment

The Skokomish River, located in the southeast corner of the Olympic Peninsula, drains 240
sguare miles of mostly forested land. Originating in the Olympic Mountains and foothills, it
empties to the southern end of Hood Canal, a branch of the Puget Sound complex (Figure 1.1).
Hood Canal isanatural, glacier-carved fjord more than 60 miles long, which forms the
westernmost waterway and margin of the Puget Sound basin.

The Skokomish watershed’ s topography iswidely varied, consisting of steep mountain slopes,
more moderately sloping foothills, and flat valley bottoms. The two arterial rivers, the North and
South forks, that join to form the main Skokomish River flow south and east out of the
mountains, descending through incised valleys, interspersed with steep gorges and sections of
widened valley bottoms, before joining in the wide, flat lower valley. From here, the river
generally meandersto its extensive delta in the southwestern corner of Hood Canal (Figure 1.2).

Figure 1.1. Hood Canal with major river systems located. The watershed area draining to Hood Canal is
shaded.
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Figure 1.2. Features of the Skokomish River system prior to and after construction of the Cushman Project.
The top map shows the approximate size of the original Lake Cushman and locations of Big and Little Falls.
The major components of Cushman Project are shown in the bottom map, as well as the location of George
Adams Hatchery.
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Over the past 150 years, many features of the watershed have been radically altered through
landuse and hydro development, including river flow, lake size, land cover, and riverine and
riparian characteristics. Forest harvest and agricultural practices since the late 1800s are two
principal reasons for these changes. The most dramatic alterations, however, occurred in the
North Fork, with the construction of the two Cushman dams, inundation of much of the upper
North Fork to form Cushman Reservoir, and the diversion of the river’s flow out of the
watershed and directly to Hood Canal (Figure 1.2). No provisions for fish passage were provided
at the dams, which were built in the late 1920s. The Cushman Settlement, agreed on in January
2009, will provide for fish passage, re-introductions of salmon into the upper North Fork, and
restoration of normative flow characteristics, among other provisions (see Chapter 7).

The George Adams Hatchery islocated in the lower part of the Skokomish River valley (Figure
1.2). Builtin 1961, it is operated by WDFW primarily for the purpose of augmenting harvest
opportunity for treaty Indian and non-treaty fisheries. The facility was built to mitigate for lost
salmon production due to the extensive watershed alterations, of which the Cushman Project was
considered to be the most significant (WDF 1957b).

Vision for Restoration and Recovery

Defining recovery goals, strategic objectives, and implementation actions within this recovery
plan begins with establishment of a vision statement for the Skokomish watershed:

The co-managers envision the watershed restored to normative ecosystem functions,
supporting productive, diverse salmon populations that meet recovery goals, as well as
providing for sustainable social, cultural, and economic values within and outside the
recovery region.

Realizing this vision would mean:
= Maeeting the recovery goals for abundance, productivity, spatia distribution, and diversity
for Chinook salmon and other ESA-listed species,
= Achieving healthy and harvestable populations of species that are either currently ESA-
listed or unlisted; and
= Recognizing and preserving the social, cultural, and economic values derived from the
Skokomish ecosystem by tribal and non-tribal communities.

The terms “ normative ecosystem” and “normative river flow” are used throughout this plan to
mean an altered system that has a balanced mix of natural and cultural features such that
indigenous life histories of salmon populations can be supported. These terms, devel oped for
application to salmon recovery planning in the much altered Columbia River system (Williams
2006; Liss et al. 2006), recognize that modern society often causes substantial changesin
watershed processes and functions. Still, in many watersheds, ecological processes can be
maintained—or restored—sufficiently to support salmon life histories that were historically
adapted to them. Normative refers to the norms of ecological functions and processes
characteristic of salmon-bearing streams. These features, when balanced with society’ s needs
and demands, result in an ecosystem in which both natural and cultural elementsexistin a
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balance, allowing salmon to thrive and many of society’s present uses of the river to continue,
although not without modification (Liss et al. 2006).

Therole of each of the H’ sisimplicit in our vision. Habitat must be accessible and exist in
sufficient quality and quantity for all salmonid life stages. Hatcheries cannot produce more risks
than benefits to the ecosystem and the salmonid populations. Harvest must be at levels that do
not diminish populations beyond their ability to sustain themselves at productive levels within
the available habitat. Hydropower must facilitate—not hinder—restoration of naturally-produced
Chinook and other species.

Achievement of the desired future condition is along-term endeavor. For this planning phase, we
consider a40-year time horizon, consistent with the period of years encompassed by the new
FERC license for operating the Cushman Project.® A site of strategies—part of the re-licensed
Cushman Project—aimed at restoration and recovery of habitat and salmon in the North Fork,
lower Skokomish River, and the estuary will be implemented over this 40-year period. Other
strategies, unrelated to the Cushman Project, will also be implemented, some of which will likely
extend well beyond the 40-year time horizon. It is expected, for example, that some strategies
aimed at restoring the upper South Fork will need to mature over at least a 100 year time frame
before their full benefit is realized.* Active restoration of some normative conditions benefiting
Chinook salmon, however, can also occur over much shorter periods.

It isimportant to also recognize that hatchery operations will play an essential rolein re-
establishing early-timed Chinook in both the North and South forks, as well asin continuing to
provide important harvest benefits (Figure 1.3). The recovery effort will be benefitted by
hatchery production to initiate the re-introductions of early-timed Chinook and to supplement
natural reproduction while habitat restoration progresses. At the same time, hatchery production
of the existing George Adams summer/fall Chinook stock will be maintained to help meet
harvest needs as part of on-going mitigation for lost fish production. Hence, hatcheries and
habitat restoration strategies operating in unison can provide an effective approach to achieve
both the short- and long-term goals for the watershed.

3 | The new license was issued by FERC on July 15, 2010. It approves operation of the Cushman Project for a 40-
year period under provisions specified by the Cushman Settlement of 2009.

* /1t is expected that the complete re-establishment of large, stable conifers near and adjacent to the South Fork
mainstem will exceed 100 years. See Chapter 4 for details.
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Figure 1.3. Relationship of the roles of hatcheries and habitat restoration with public policy for recovery of
Skokomish River Chinook salmon.

Overarching Hypotheses of The Recovery Plan

Two overarching hypotheses guide this plan. The first addresses what we refer to as the stock
issue, which considers what genetic stock source is suitable for achieving recovery within a
reasonable time period. This matter is of particular importance to this plan because the extant
stock produced in the Skokomish River is not indigenous and it haslife history traits unlike those
of either of the aborginal racia groups (see Chapter 2). The second hypothesis considers the
feasibility for restoring normative habitat characteristics within the Skokomish watershed.

The stock issue raises this critical question: If the proposed strategies for restoring normative
habitat characteristics are successful, would life histories re-emerge from the existing extant
summer/fall stock to resemble those of true early-timed Chinook? The answer may hinge on how
long we are willing to wait. In theory, adapted life histories could eventually re-emerge, but
probably only after many human generations, and then, only if local, regional, or trans-regional
environmental issues did not develop to stymie their re-emergence.

The overarching hypothesis that addresses this question considers both the ultimate potential for
success and the length of time that might be needed to realize success. The hypothesisisthat a
reasonably close match is required between life history traits of the genetic stock source to be
used in the recovery effort and that of the aboriginal early-timed racial group that was adapted to
the Skokomish watershed. One of the key traitsis river entry timing, which should occur
principally during the months of April through July corresponding to the spring runoff for the
early-timed racial group. The North Fork hydrograph downstream of the Cushman Project isto
be managed to provide a normative pattern to facilitate upstream passage during spring and early
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summer over Little Falls (see Figure 1.2) and to the base of the lower dam. Active steps,
therefore, are seen as necessary to introduce life histories that are predisposed for such areturn
timing. These life histories should be reasonably adapted to the restored flow regime pattern and
its associated habitats. The extant stock does not exhibit such characteristics. Chapter 2 of the
plan presents this hypothesisin greater detail.

The second overarching hypothesis within this plan is that normative habitat charactistics can be
sufficiently restored to the Skokomish River to support a self-sustaining, productive popul ation
of early-timed Chinook. In its current state, the river system isradically different than its prior
state. Analysis of habitat conditions indicates that the river is currently unlikely to be able to
sustain a population of self-reproducing Chinook. A major thrust of this plan isto restore
normative watershed processes, which in turn, will form and maintain habitat function that can
support naturally produced Chinook life histories. However, the plan also incorporates habitat
strategies that will use engineered solutions, such as those that will provide for upstream and
downstream passage at the Cushman Project. Chapter 4 of this plan presents this hypothesisin
greater detail.

Plan Organization

This plan is organized into nine chapters as follows:

Introduction;

Chinook Salmon Life History Profiles and The Key to Recovery;
Recovery Goals;

Habitat Recovery Strategies,

Hatchery Recovery Strategies

Harvest Management Recovery Strategies,

Hydropower Management Recovery Strategies;

Integration of Habitat, Hatchery & Harvest Strategies; and
Adaptive Management and Monitoring

©CoNoou~wWNPE

The flow of information through the plan and itsintegration areillustrated in Figure 1.4.

Two appendices are contained in the plan. Appendix A provides some pertinent background
information on hatchery production in the basin. Appendix B provides details on articles of the
FERC license issued to Tacoma Power on July 15, 2010 for operation of the Cushman Project.
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Chapter 2. Chinook Salmon Life History Profiles and

The Key to Recover

This chapter presents the central theme that unifies the many parts of the recovery plan:
population recovery will require both the restoration of normative watershed functions, and the
recovery of Chinook life history types adapted to them. Understanding the rel ationships between
the environment and adapted life history typesis seen as critical in formulating a plan that can
succeed. Thislife history perspective guides the direction, scope, and sequencing of the various
parts to the plan.

The central goal of this planisto recover a productive, self-sustaining Chinook population in the
Skokomish watershed. Historically, Skokomish Chinook exhibited a diverse set of life history
types, having, among other characteristics, arange of river entry timing patterns. Both early-
timed (spring/summer) and late-timed (fall) racial groups were supported by the river. Besides
differencesin river entry timing, these groups differed markedly in their spatial distribution
within the watershed. Both indigenous racial groups are now extinct in the river basin.

In the near-term, the best prospect for recovery has been determined to be for the early-timed
racial group. Significant issues exist in restoring habitat function sufficiently within the core
spawning areas used by late-timed fish to support a viable population. Therefore, the highest
priority for recovery has been established for the early-timed racial group. As the plan goes
forward, and as progress is made in restoring key habitatsin the lower valleys, the potential for
expanding recovery efforts to include the late-timed racial group can be re-evaluated.

An important step in understanding how environmental characteristics shape life history patterns
isto assess likely historic life histories and how they have been changed by human activities.
Beechie et al. (2006) proposed that relating life history diversity to environmental attributes,

such as the flow regime, can facilitate understanding historic diversity and its adaptation to local
conditions. This can then be used to examine why current life history patterns differ from historic
patterns. Similarly, Lichatowich et a. (1995) showed that a comparison of habitat and life
history relationships between historic and current conditions can be used to diagnose constraints
on existing population performance. Knowledge gained through such an analysis can guide
recovery planning for re-establishing productive life history types adapted to restored habitat.

This chapter profiles both historic and existing life history patterns of Skokomish Chinook and
relates them to environmental conditions, with afocus on flow regime characteristics. A
comparison of these patterns, in light of historic, current, and projected future flow regimes, is
then used as the basis for formulating an overarching hypothesis for Chinook recovery in the
basin.

This chapter is organized into the following sections:

Life history perspective;

Skokomish River flow regimes,

Profiles of historic Chinook life histories;

Profiles of existing Chinook life histories populations; and
The key to recovery
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Life History Perspective

The Chinook displays the greatest amount of diversity in life history tactics among the Pacific
salmon species (Healey 1991). The broad array of tacticsincludes variation in age at seaward
migration, variation in length of freshwater, estuarine, and oceanic residence, variation in ocean
distribution and ocean migratory patterns, and variation in timing of adult return migration and
spawning. Tactical patterns can differ significantly between populations and within populations.
This variation represents adaptation to dynamicsin juvenile survival and productivity within
freshwater, estuarine, and early marine environments. As aresult, populations reflect adaptations
to both regional and more localized environmental conditions for their survival.

A salmon population’s life histories need to be considered in the context of its habitat, because
habitats are the templates that organize life history traits (Southwood 1977). Lichatowich (1999)
concluded that the amount of variation in life history traits in salmon shows that the species and
their habitats are inextricably linked—that a population and its habitat should be treated as a
single unit, especialy in attempts to manage and restore them.

The flow regime within a watershed is the most dynamic aspect of salmon habitat during
freshwater and estuarine life stages. This suggests that a primary driver of historic salmon life
histories within a watershed was the river’ s natural flow regime.

Skokomish River Flow Regimes

This section introduces the concept of flow regime and its importance in shaping salmon life
histories within the riverine environment. Chapter 4 of this plan (Habitat) provides a morein-
depth review of the natural and altered flow regimes in the Skokomish watershed. Flow regimes
have been changed radically in the North Fork since 1930, and will change again under a new
FERC license. The influence of these regimes in affecting the success of Chinook life historiesis
considered later in this chapter.

The flow regime has been called the master variable that shapes the riverine ecosystem (Poff et
al. 1997). Over the millennia, it operated as the major forcer of important processes that
influenced both physical and biological features of the historic riverine ecosystem. The flow
regime is defined by five characteristics in flow: magnitude, timing, frequency, duration, and rate
of change. Over some period of years, these characteristics vary within a range determined by
prevailing climate patterns and various watershed features, such asits size, location, topography,
configuration, geology, and land cover.

Under largely natural conditions, the patterns and ranges of variation in flow characteristics
comprise what is called the watershed’ s natural flow regime. These characteristics are the ones
that salmon populations adapted to in the centuries prior to the rapid alterations that occurred in
Western Washington watersheds over about the past 100 years.
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Historic Skokomish River Flow Regimes

The hydrograph pattern that occurred historically in the lower Skokomish River can be
approximated by combining USGS gauging data collected in the lower mainstem with the data
from the upper North Fork (Figure 1.1). The years 1944-1953, the first ten years when the
gauging station operated on the lower Skokomish River, are used to represent historic conditions.
The reconstructed hydrograph shows the bi-modal runoff pattern characteristic of aregime
transitional between a snow-melt dominated regime and a rainfall-dominated regime. The largest
period of runoff occurred during winter with a second mode, a smaller one, occurring during
spring due to snowmelt (see Chapter 4 for further details).
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Figure 2.1. Reconstructed hydrograph for the lower Skokomish River for 1944-1953. The hydrograph was
formulated by adding mainstem river flows (downstream of forks) to North Fork flows upstream of Cushman
reservoir to approximate the historic shape of the hydrograph prior to the water diversion from the North
Fork to Hood Canal.

Between and within year variation in runoff can be assessed by examining a series of annual
hydrographs. The following patterns of variation are evident:
= Annua low flowstypically occurred in September or early October;
= Thefirst significant increase in flows following summer usually began about the middle
of October, though in some yearsit occurred earlier while in others it happened | ater;
= By early November, average daily flows were always much higher than during the low
flow months;
= Annual peak flows normally occurred between late November and the end of March;
= High flow events could occur frequently in any given year between early November and
the end of March;
= Daily variation and peak flow magnitude during the late spring snowmelt period were
much less than typically seen during winter and early spring.
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Existing Skokomish River Flow Regimes

Since the construction of the Cushman dams by the city of Tacomain the late 1920s, Skokomish
River flow regimes have undergone significant changes. Some aspects of the regimes have
changed dramatically, while others still demonstrate characteristics like those of the historic
regimes.

The greatest change occurred in the North Fork’s flow regime downstream of the lower
Cushman Dam. After the closure of the lower dam, flows to the river below that point were
essentially cutoff. Almost the entirety of the flow was diverted via pipelines directly to Hood
Canal, approximately five miles north of the Skokomish River mouth. Since then, approximately
40% of the annual runoff in the Skokomish watershed has been diverted out of the basin (Jay and
Simenstad 1996). Flow releases were increased in 1988, 1998, and again in March 2008. The
current release pattern does not provide for any type of variation, except due to areservoir inflow
constraint. The releases will change again under the new FERC license for the Cushman dams.

The alterations to the North Fork regime beginning in 1930, combined with intensive logging in
the basin outside the Olympic National Park and development of the lower valley and estuary,
led to significant changes to sediment routing, channel characteristics, and flood frequency (Jay
and Simenstad 1996; Stover and Montgomery 2001). Aggradation—an increase in river bed
elevation due to sediment deposition—has occurred throughout the lower portions of the forks
and the main Skokomish River, leading to increased flooding. As aresult, the Skokomish River
is now considered the most flood prone river in Washington State, and arguably in the Pacific
Northwest. This characteristic, notable in itself, is more remarkable because peak flowsin the
lower Skokomish River have actually been significantly reduced due to the out-of-basin water
diversion.

The general patterns and extent of variation in the mainstem river flow regime are generally
similar between those in recent years and historic patterns with some notable differences. The
following is concluded:
= Annua low flows still occur in September or early October, but levels are much lower
compared to historic lows,
= Fall, winter, and early spring freshets in recent years generally produce the same types
and patterns of variation as occurred historically, though flood levels are now frequently
reached in winter;
= A period of snowmelt runoff is not evident in late spring due to the out-of-basin water
diversion;
= Peak annual flowswould be higher if the Cushman diversion was not in place even
though flooding now occurs more often.
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Future Skokomish River Flow Regimes

The flow regimes of the North Fork and lower mainstem river will change again in the near
future. Under the new FERC license, issued on July 15, 2010, a normative-type flow regime
pattern will be provided by the Cushman dams. The new regime will have these features:
= The shape of the annual hydrograph will resemble the natural pattern, and provide for a
spring flow pulse to simulate snowmelt runoff;
= Channel and habitat maintenance flows will be provided to aid in re-creating and
maintaining channel flow capacity and physical habitat in the North Fork and lower
mainstem river; and
= Periods of flow variation will be provided, timed to occur during normal freshets.

Profiles of Historic Chinook Life Histories

Major demographic and life history characteristics of the historic Chinook populations are
profiled below to the extent that information was available. In addition, descriptions are given of
how these characteristics appear to have been adapted to the watershed' s flow regime and other
related environmental factors.

Population Characteristics

Within the past 100 years, the Skokomish River system supported Chinook comprised of an
early-timed component and a true late-timed component. Historic population structure is unclear,
and as aresult the Puget Sound TRT chose to identify the components as one population
(Ruckelshaus et a. 2006):
“Because the TRT could not confidently identify two historical populationsin the
Skokomish River, we concluded that there was at |east one historical population.”

The TRT identified, however, three Chinook run-timing groups: (1) an early-timed group in the
upper North Fork, (2) an early-timed group in the upper South Fork, with spawning occurring as
far downstream as Vance Creek, and (3) alate timed group in the lower North and South forks
and the mainstem below the forks.

This plan recognizes this uncertainty in attempting to delineate populations. Efforts aimed at
trying to recover either the early-timed or late-timed components would require different
approaches, which, in effect, would treat them as different populations.

Spawning Distribution

The historic spawning distribution of Chinook in the basin extended to the upper reaches of both
the North and South forks, major tributaries to both forks, and the entirety of the mainstem
downstream of the forks (Figure 2.2) (Elmendorf and Kroeber 1992; Smoker et a. 1952;
Deschamps 1954; WDF 1957a). The separation between early and late-timed run components
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was generally regarded to be in the vicinity of Little or Big Falls® in the North Fork and the
vicinity of the gorge in the South Fork. As noted by the TRT, however, some early-timed fish
may have spawned as far downstream as Vance Creek in the South Fork.®

James (1980), after interviewing many people who had visited or fished at the two sets of falls,
including both Indians and non-Indians, described the two fallsin the North Fork as follows:
“The Upper and Lower Falls on the North Fork were not atotal barrier to Chinook,
steelhead, coho or sockeye. The falls were excellent sites for fishing during salmon and
steelhead runs. Fish congregated below the falls during spawning runs and navigated
the falls during high flows.”

—

~ Early timed % i

Historic Lake Cushman

Figure 2.2. Historic distribution of Chinook in the Skokomish River system. Sources: WDFW SalmonScape
for overall distribution; Deschamps (1955) and WDF (1957) for distribution of early and late-timed
components.

Big Falls, located between the two dam sites, was described as being between 12-15 ft high.
Little Falls was described as being about 10 ft high. As seen today, Little Fallsis stair-stepped,
allowing fish prior to dam construction to pass under certain flow conditions.

® | Thetwo falls are also often referred to as Upper Falls (Big Falls) or Lower Falls (Little Falls), as discussed in
James (1980).

®/ The spatial separation of early from late-timed fish in the South Fork is based on limited observations on
spawning timing made by Deschamps (1954). Deschamps' conclusions were based on inference and not on being
able to tie time of spawning to river entry timing.
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River Entry and Spawning Timing

Smoker et al. (1952) summarized information available in the 1940s to characterize run timing of
the spring and fall runsin theriver at that time. Their characterization provides the most detailed
view of run timing prior to construction of the George Adams Hatchery. Their conclusions were
drawn from an examination of tribal gillnet catch data. They concluded:

“The spring Chinook enter from April through July with no apparent peak. The fall

Chinook rise to a sharp peak in late October.”

The gillnet catch datafor that period suggested that the strongest run component was the fall run,
although it should be noted that by that time the early-timed component would have been extinct
on the North Fork due to the Cushman Dams. The abundance and distribution of the fall run
would also have been affected by the Cushman project by thistime. It is uncertain, therefore,
what the relative strengths were prior to dam construction of the two timing components. The
catch data evaluated by Smoker et al. showed that, in general, the mgority of the late-timed fish
were caught in October with smaller numbers taken in September and November.

Smoker’ s conclusions regarding the late-timed fish are consistent with how Skokomish tribal
elders have characterized Chinook run timing into the river, seen below in information
assembled by Elmendorf and Kroeber (1960):
“The king run startsin later September and continues for two to three months, annually.
The runs come mixed with silvers and, in alternate years, with humpbacks. The kings
were said to appear dightly earlier than the other two kinds, and to “lead them in.”

The Elmendorf and Kroeber quote suggests that the largest Chinook run component was the late-
timed run since there was no mention of the spring run. The quote also suggests that the peak of
the late-timed component occurred sometime after early October.

To graphically display Chinook run timing into the river, Smoker et al. used daily catch data
from two different years. Two years were required to form a composite picture because of
apparent data gaps in some years, particularly for the early-timed component. It is unclear
whether the Skokomish River was open to Chinook fishing during August and September in
either of these years, so no conclusion can be reached about migration during those months.
Based on the data available to them at the time, Smoker et al. assembled what they considered to
be a reasonabl e characterization of run timing between April and November (Figure 2.3). The
summary conclusions of these authors stated above were largely based on this chart. It bears
noting that although Figure 2.3 does not show catches in August and September, data from other
years in the 1940s and 1950s clearly demonstrated that Chinook also entered the river during
those months.

" | Source is attributed to Henry Allen, a Skokomish Indian, born in 1865 and died in 1956.
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Figure 2.3. Recreation of graph from Smoker et al. (1952). The chart was formulated by Smoker to
graphically display Chinook run timing into the Skokomish River. It was assembled from data for two
years—1949 for the early-timed component and 1945 for the late-timed component.

The portion of Figure 2.3 for the late-timed component (year 1945) is shown with greater
temporal resolution in Figure 2.4 to illustrate differences in daily catch together with the 1945
Skokomish River hydrograph. October 1945 was exceptionally dry through much of the month,
with rains beginning late. The catch timing pattern suggests that river entry of adult Chinook was
affected by flow and the onset of fall storm fronts. Thistopic will be explored in more detail in a
subsequent section within this chapter.
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Figure 2.4. Reported gillnet catches of Chinook in the tribal Skokomish River fishery in October and
November 1945 and flow levels during the same period. Catch data from Smoker et al. (1952).

WDF (1957a), as part of an assessment of salmon populations in the South Fork in the mid
1950s, characterized spawning timing as follows:
“The spring and summer Chinook which are confined to the upper South Fork, spawn
from August through October. The fall run spawns from September through November
in the South Fork within and below the canyon and in the main Skokomish River and
various river tributaries.”
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Elsewhere in the same assessment the authors stated with regard to fall Chinook spawning
timing:

“Spawning occurs from September through November, with the peak in October.”®
It bears noting that the statement about the “ peak in October” was based on very limited data.’
Theriver entry timing shown in Figure 2.4 for the fall run suggests that peak spawning timein
1945 would likely have not occurred prior to about November 1 and may not have occurred until
several days later. Comparing the statement about the “ peak in October” from WDF (1957a) and
inferences that might be drawn from Figure 2.4 reflect uncertainty in the historic spawning
timing. River entry timing of wild fall Chinook in rivers along the Washington Coast will be
shown later in this chapter to be similar to Skokomish fall Chinook of the 1940s. Peak spawning
timing in those rivers usually occurs sometime between November 10-20.

Juvenile Life History Patterns

The only known data available to characterize juvenile life history patterns of Skokomish
Chinook prior to operation of the George Adams Hatchery are from surveys made in 1955 by
WDF (WDF 1957a). The surveys were part of an assessment to collect baseline datain
anticipation that another dam was likely to be built in the South Fork by Tacoma. Fyke nets were
operated at several sitesin the river system to assess outmigration timing and relative juvenile
abundance. Sites trapped included lower and upper South Fork, lower Vance Creek, lower North
Fork, and the mainstem river below the forks. Trapping occurred between mid February and
September.

Trap catches combined with data on fry sizes suggest that fry emergence occurred between late
February and May, peaking between mid March and mid May depending on site. The migration
of newly emerged fry at the lower South Fork site occurred primarily between late April and late

May.

Outmigrant timing in the upper South Fork, which apparently consisted entirely of early-timed
run fish, occurred primarily in late July and August and consisted of much larger sized fish than
those trapped earlier in lower South Fork. The upper South Fork data suggest that juveniles from
the spring run component reared in the upper river prior to moving downstream in mid to late
summer. This pattern for freshwater rearing by early-timed Chinook, i.e., emigrating seaward as
young-of-the-year juveniles, is seen in many rivers west of the Cascade crest (Lichatowich and
Mobrand 1995; Lestelle et a. 2006). In contrast, early-timed Chinook east of the Cascade crest
generally emigrate as yearlings. It bears noting, however, that those produced in rivers with

8 | We note that the authors of the WDF (1957a) report also stated that “fall Chinook” were caught by Skokomish
tribal fishers“from August through November, with peak catches occurring in September and October.” The
statement reflects the interannual variability that can occur in river entry timing, as discussed later in this chapter.

° | The WDF (19574) study drew its conclusions about spawning timing from field work reported by Deschamps
(1954). Deschamps made two surveys upstream of the South Fork gorge, on September 24 and October 15, 1954.
Downstream of the gorge, two surveys were also made—on October 1 and October 15, 1954. No surveys were made
after October 15; hence no data were collected during the time period that would have reflected late-timed fall
Chinook adults having ariver entry timing described by Smoker et al. (1952). Indeed, the counts of live adults on
the spawning grounds categorized by Deschamps as being fall Chinook were highest on October 15, suggesting that
that spawning activity was still increasing at the time of the October 15 survey.
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strong snow-melt hydrographs west of the Cascades can have a significant portion of the
outmigrants leaving as yearlings, as predicted to have occurred in the upper North Fork
Skokomish River by Beechie et a. (2006).

These juvenilelife history patterns for the historic Skokomish Chinook demonstrate that
considerable diversity likely existed, consisting of avariety of rearing and outmigration patterns.
While some fry began emerging in late February, the large majority apparently emerged between
mid March and mid-May with different rates of seaward emigration occurring afterwards. Such a
suite of rearing and outmigration patternsis consistent with what has been observed for wild
Chinook in the Queets River (QDNR 1978; QDNR 1979), the Skagit River (Beamer et al. 2004),
and in small rivers on the Oregon coast (Reimers 1973).

Adaptations of the Historic Life Histories to the Natural Flow Regime

The characteristics of the historic life histories of Skokomish Chinook are considered herein
relation to the historic flow regimes and other related environmental factors. This examination
provides insights into how the historic Skokomish popul ations were adapted to the natural flow
regimes.

Adult Migration Timing

We conclude from the previous discussion that both the early-timed and late-timed racial groups
entered the river principally during periods of elevated flow compared to summer low flow
levels. The available information suggests that comparatively few adult Chinook migrated into
the river during late summer and early fall when flows were lowest.

The early-timed popul ation migrated primarily during the period of spring and early summer
snowmelt, which is the typical pattern for early-timed Chinook in Western Washington (Beechie
et al. 2006). Moving during elevated and relatively constant flows at that time facilitates passage
over cascades and falls (Myers et al. 1998), which existed in the middle reaches of both the
South and North forks. It is noteworthy that the South Fork early-timed popul ation appears to
have been experiencing difficulties passing cascades in the gorge reach by the time of WDF's
assessment in 1955. The South Fork hydrograph during that era showed relatively weak
contribution of snowmelt, and it appears to have been declining. WDF (1957a) noted:

“Migration through the South Fork canyon appears to be quite difficult for the spring

and summer Chinook, judging from the sizeable numbers of fish having head injuries.”

The much larger contribution of snowmelt in the historic North Fork would have been
particularly conducive for an upstream migration of early-timed fish. WDF (1957a) noted that
“considerable numbers’ of spring and summer fish used the river to such an extent prior to dam
construction that an Indian fishery occurred at the falls on the river.

River entry timing of true late-timed Chinook in Western Washington is also keyed to elevated
stream flow. The historic run timing of the Skokomish fall run occurred from September through
November, when fall freshets typically first begin. The nature of this correspondence can be seen
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by comparing the pattern of tribal gillnet catches and the hydrograph for the Skokomish River in
1945 to those in another river, the Queets, where more compl ete data are available.

The Queets River, located on the west slopes of the Olympic Mountains, has a natural flow
regime that is very similar to the historic regime in the Skokomish River. The dominant run type
of Chinook in the Queets River is late-timed, though arun of early-timed Chinook also exists.
The population iswild stock and has not been mixed with out-of-basin hatchery fish. Catchesin
the tribal gillnet fishery on thisriver give clear evidence of the correspondence between Chinook
migration timing and flow eventsin the fall.

Figure 2.5 compares the daily catch pattern of Chinook in the Skokomish River in 1945, together
with the hydrograph, to the patterns seen in the Queets River in asimilar type of flow year, in
this case 2006. That year was dry through late October with only very minor rainfall until early
November. The catch pattern in the Queets River shows that adult Chinook did not enter the
river to much extent until late October, following minor rainfall and just days before the first
major storm front. A similar response to an approaching storm occurred in the Skokomish River
in 1945, suggesting the same sensitivity to both dropping barometric pressure in advance of a
storm and increased flow as the storm passed. Catches in both riversin the years shown peaked
during the first major freshet that occurred after early October.'°

19/ The question has been raised whether the comparison between the rivers isjustified since no fishing effort data
(number of fishermen or nets) are presented for either river. In this case, a unit of effort is best expressed by aday of
fishing because it iswell known that the number of fishermen isrelated to the availability of fish. When few fish are
present, few fishermen participate. When the run is strongly developing, the number of participants increases
accordingly. The catch recorded within asingle day, compared to other days in the season, is, therefore, strongly
indicative of the run entry pattern. A comparison of patterns between riversis a good measure of how timing
compares. Similarly, comparing patterns between years reveals how timing differs between years.
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Figure 2.5. Daily catch proportions of the season’s total catches of late-timed Chinook in the Skokomish
River in 1945 and the Queets River in 2006 and corresponding flow levels. Flows in the two years compared
were low through most or all of October, with flows increasing rapidly thereafter.

Examination of river entry patternsin the Queets River in other years having different flow
patterns shows a consistently high sensitivity of the wild late-timed Chinook to flow events
(Figure 2.6). It bears noting that in some exceptionally low flow years, such as 2002, the
migration would begin regardless of extended low flow. In such cases, spawning distribution
seems to be reduced compared to higher flow years.™*

1/ Larry Lestelle, Quinault tribal biologist for 16 years, personal communications.
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Figure 2.6. Daily gillnet catches of Chinook in the tribal fishery in the Queets River in years 2002-2006 and
corresponding flow levels.

Based on the available information, it is reasonable to conclude that the historic late-timed
Chinook in the Skokomish River responded to fall freshetsin a similar manner as seen in the
Queets River. There are likely multiple survival advantages to river entry being keyed to
increased flow in this manner, including having improved passage over riffles, reduced
vulnerability to mammalian predation, and arrival timing on the spawning grounds when
conditions are more suitable for spawning site selection. The latter reason will be discussed
further in the next section.

Spawning Timing

The time of spawning by salmonids is thought to be keyed primarily to temperature regimes and
other environmental factors that prevail during incubation (Brannon 1987; Quinn et a. 2002).
Both migration and spawning timing are largely under genetic control and therefore can be
highly selected for. Spawning date is the main factor that controls when fry emerge from the
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gravel, thereby determining what conditions will be encountered by the newly emerged fry.
Early emerging fry may encounter periods of frequent freshets or find little food. Late emerging
fry miss opportunity for rapid growth in the spring if they emerge after food has become readily
available, putting them at a competitive disadvantage with earlier emerging fish. Fry emergence
timing, therefore, tends to be stabilized so that fry find optimal conditions for survival (Miller
and Brannon 1981). Thisis discussed further in the next section.

Another factor, however, that has largely been overlooked in the scientific literature is how the
flow regime can affect spawning site selection by salmon, thereby influencing spawning timing.
The importance of thisfactor islikely greatest for Chinook whose river entry and spawning
occur when and where snow and ice melt is not significant, i.e., for the late-timed component. If
spawning were to occur during periods of extreme low flow, then redd sites would necessarily
tend to be in the thalweg (i.e., deepest part of pool tailouts and riffles) of the mainstem river
channel. These sites are prone to scour during large winter freshets (Lestelle et al. 2006).
Chinook that spawn under higher flow conditions will frequently select sites along the mainstem
channel margin, in side channels, or in tributaries, areas more protected from scour during high
flows (Larry Lestelle, personal communications). The effect is that fall-run Chinook that migrate
upstream in association with elevated flows have greatly expanded opportunities for redd site
selection.

The spawning timing of historic late-timed Skokomish Chinook likely occurred primarily after
the onset of fall freshets, giving access to more protected redd sites, thereby increasing the
likelihood for embryo survival.

Emergence Timing

Emergence timing of wild Chinook fry (i.e., without hatchery influence having affected timing)
is believed to be adapted to natural flow and food abundance patterns to maximize fry survival
under prevailing natural conditions (Miller and Brannon 1981; Healey 1982). Studies show that
if fry emergence timing in nature is advanced, whether due to early timed hatchery fish spawning
naturally or a shift in temperature regimes, fry survival is then substantially reduced (Hartman et
al. 1982; Nickelson et al. 1986).

The timing of fry emergence given in WDF (1957) for sites in the Skokomish basin—considered
here to reflect historic timing—is consistent with timing patterns that have been observed
elsewhere for wild Chinook in Western Washington. In general, peak emergence of wild
Chinook fry from populations without hatchery influence usually occurs between mid March and
early May, as found for the Skagit River (Kinsel et al. 2008) and Queets River (QDNR 1978).

If Chinook fry in the Skokomish River had emerged earlier than about mid March, they would
have frequently encountered freshet conditions (see Figure 4.7 in Chapter 4). In such cases, they
would have been readily swept downstream, as reported to happen during high flow events by
Healey (1991) and Seiler et al. (2004). Such movements, acting as a dispersal mechanism, can
transport fry considerable distances, carrying them into the estuary. Under these circumstances,
fry would arrive to the estuary prior to rearing conditions conducive to good survival. In Hood
Canal, aswell asin other areas of Puget Sound, zooplankton are not typically abundant until mid
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to late March. Simenstad et al. (1980) reported a pattern of increasing abundance of epibenthic
zooplankton along beaches of Hood Canal from late winter to late spring in 1977-1979.
Dempster (1938) documented low zooplankton volumes in Hood Canal surface waters between
early January and late March, with peak volumes occurring in late April.

The historic pattern for fry emergence in the Skokomish River was one of occurring primarily
after winter and early spring freshets. Fry that emerged at that time would usually have found
favorable conditions for growth within the river due to warming temperature and food
availability (Hynes 1970). Fry migrants, including fry dispersed downstream due to high flows,
they would have arrived in the estuary when conditions were improving rapidly for feeding and
growth.

Profiles of Existing Chinook Life Histories

Major demographic and life history characteristics of Chinook currently produced in the
Skokomish watershed are profiled below. Three spawning groups currently exist, two of which
are anadromous and the other is land-locked behind upper Cushman Dam. The two anadromous
spawning groups are essentially the same stock, those that are spawned in George Adams
Hatchery and those that spawn naturally in theriver. By far, the largest production component is
the one produced in the hatchery. The size of the land-locked population is very small and
guestions exist about its origin (Ruckelshaus et al. 2006). That stock also appears to exhibit a
severe genetic bottleneck and will not be discussed further in this plan. This section describes
characteristics known or as can be inferred for the anadromous components.

Population Characteristics

The existing anadromous spawning aggregate is sometimes described as being a summer/fall run
(WDF et al. 1993), in recognition that its river entry and spawning timing encompass both
summer and early fall periods. The Puget Sound TRT labeled it alate-timed Chinook population
(Ruckelshaus et al. 2006), although as already noted it does not have characteristics of atrue
late-timed population. It was identified as an independent population within the Puget Sound
ESU, composed of both natural-origin and hatchery-origin fish (WDFW and Puget Sound Treaty
Tribes 2004; Ruckelshaus et al. 2006).

The early-timed component (spring/summer) is extinct in both the North and South forks.

Origin and Genetic Profile

The existing spawning aggregate in the Skokomish River hasits origin largely in hatchery fish
introduced into the system as part of Hood Canal hatchery programs (Ruckelshaus et al. 2006).
The program influencing Skokomish River fish to the greatest extent has been George Adams
Hatchery dueto itslocation in the lower river. This hatchery, as well as the nearby Hoodsport
Hatchery, was populated mainly by fish originally sourced to the Green River in South Puget
Sound (HGMP 2002). Extensive transfers occurred for many years into these hatcheries from
various facilities, whose fish are of Soos Creek Hatchery (Green River) ancestry. Transfersto
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Hood Canal hatcheries were eventually stopped and the programs are now maintained solely
with fish returning to those hatcheries.

It isimportant to note that the Green River hatchery program, located at Soos Creek, has beenin
existence since 1901. Since that time, certain characteristics of the runs returning to Soos Creek,
aswell asto other facilities using Green River hatchery fish, have been atered substantially
(e.g., Quinn et a. 2002). These characteristics include entry and spawning timing. The changes
appear to be the result of hatchery practices and domestication pressures. Some of these changes
are described in detail in the next section.

Marshall (2000, cited in HGMP 2002) concluded through genetic analysis of Skokomish basin
natural spawners and juveniles that the naturally spawning fish are largely, though perhaps not
entirely, comprised of George Adams and Hoodsport hatchery origin. There was some evidence
that since cessation of the transfers, subsequent Skokomish generations show some differences
from South Puget Sound populations. It was suggested that this trend may possibly reflect some
level of adaptation to local conditions or simply reproductive isolation from other Puget Sound
fish. However, the majority of the Chinook that spawn naturally in the Skokomish basin are
hatchery-origin fish. This means that any trend reflecting dissimilarity to South Sound fish is due
to reproductive isolation and associated hatchery practices at the George Adams Hatchery.

The co-managers recently initiated an effort to compile all available spawning datato better
estimate the proportions of natural-origin and hatchery-origin Chinook on the spawning grounds.
From 1988 through 2006, preliminary estimates mostly range from about 20% to 80% hatchery-
origin Chinook in the Skokomish River system natural escapement, with an average of about
60% (WDFW and PSIT 2007).

Spawning Distribution

The current distribution of naturally spawning Chinook is less than 1/3 of what it was historically
in the Skokomish basin (Figure 2.7). There are presently only about 16 miles of stream habitat
being used by natural spawners, which occur mostly in the lower North Fork and in the
mainstem downstream of the confluence of the North and South forks.

Only approximately 2.5 miles of the 16 miles are located in the lower South Fork—a number
that is shrinking because of difficulties of adult Chinook in accessing the South Fork in recent
years. In some years, severe aggradation in the lower South Fork and Vance Creek channels,
combined with late summer low flows, causes flow in some reaches to be entirely subsurface at
the time that adult Chinook are moving upstream (see Figure 4.34 in Chapter 4). In those years,
adult Chinook are prevented from accessing the South Fork and Vance Creek. Spawning has
often ended by the time flows are recharged by fall freshetsin such cases.

The existing Chinook in the Skokomish watershed do not appear capable of moving through the
gorge reach (approximately RM 5-8) at the time of their upstream migration. Deschamps (1954)
and WDF (1957a) noted that only the spring/summer run appeared to be capable of ascending
the rapids within the gorge. It is noteworthy that WDF (1957a) anticipated that some alterations
would be needed to the gorge cascades in the South Fork to facilitate upstream movement by
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adult Chinook. It appears likely that passage at that point was becoming difficult for adult
Chinook due to diminishing snow-melt contributions during late spring and early summer. This
recovery plan includes provisions to rectify this passage issue.
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Figure 2.7. Current distribution of Chinook in the Skokomish River system Source: WDFW SalmonScape.
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River Entry and Spawning Timing

Peak entry timing of adult Chinook in recent years into the Skokomish River isreflected by daily
gillnet catchesin the tribal commercial fisheries for 2002-2005 (Figure 2.8). The fisheries
operated consistently in those years over the duration of the period when Chinook would have
been entering the river. Entry in thisfour year period generally occurred between early August
and the end of September, peaking between late August and mid September.

It bears noting that river entry timing of Chinook now produced in the watershed shows no
correspondence to flow level (Figure 2.8). In fact, river entry occurs during the lowest flow
period of the year and peaks when flow istypically at its most extreme low (Figure 2.9). This
pattern for river entry is striking because it shows no resemblance to the historic timing and no
correspondence to flow. The Puget Sound TRT also commented on (Ruckelshaus et a. 2006)
this unusual pattern with respect to another Puget Sound population (Nisgqually) that is now
comprised mainly of Green River origin hatchery fish:

“Current entry timing also corresponds to the lowest flows in the historical hydrograph

(which are now controlled by flow regulation), suggesting that historical entry timing

must have been different.”
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Figure 2.8. Daily catch proportions of the season’s total catches of Chinook in the Skokomish River in 2002-
2005 and corresponding flow levels in the lower Skokomish River.
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Figure 2.9. Average annual hydrograph for the Skokomish River showing mean monthly flows (cfs)
measured at the mainstem river gauging station near Potlatch (USGS 12061500) for years 1990-2006.

The timing of natural spawning by Chinook in the mainstem Skokomish River is reflected by
redd counts made by WDFW for 2002-2005 (Figure 2.10). The data show that peak spawning
occurs about the end of September, and is nearing its end by mid October. The time of actual
spawning, however, would be somewhat earlier than shown in Figure 2.10, since surveys are
made every 7-10 days on average. Redds are constructed earlier than the dates when redds are
observed. Accounting for alag between redd construction and time of observation, the patterns
seen in Figure 2.10 are consistent with spawn timing at George Adams Hatchery. Peak spawning
in the hatchery typically occurs between mid to late September (Ed Jouper, George Adams
Hatchery manager, personal communications). Hence, fish that spawn naturally in the river do so
when flows are at or near the extreme lows of the year.

The average times when hatchery fish enter the river and spawn have not been static. It is
relevant to this review to understand how timing patterns of Green River origin hatchery fish
have advanced over time. Quinn et a (2002) analyzed entry and spawn timing of hatchery
Chinook at three hatcheries producing fish having Green River ancestry: Soos Creek, |ssaquah
Creek, and University of Washington. Since 1960, the beginning year for the analysis, timing has
steadily advanced at each location with greatest change occurring at Soos and | ssaquah creeks
(Figure 2.11).

In 1960, the mean spawn date at Soos Creek Hatchery was approximately October 16. Spawn
timing at George Adams Hatchery when it was built (1961), therefore, would have been roughly
the same date. By 2000, peak spawn timing had advanced by over two weeks at Soos Creek, then
occurring in late September. A similar advance over this period, if not greater, appears evident at
George Adams Hatchery based on when spawning currently occurs.

Recovery Plan for Skokomish River Chinook Salmon August 2010
Chapter 2. Chinook Salmon Life History Profiles and The Key to Recovery 29



2002
0.15 0.5
< 0.12 4 0.4
2 %)
g g
S 0.09 0.3 ;
= 2
5 0.06 A o2 &
2 o
o o
Q. 0.03 - F0.1
0 T 0
1-Aug 16-Aug 31-Aug 15-Sep 30-Sep 15-Oct 30-Oct 14-Nov
Date
2003
0.15 0.4
5 0.12 1 03 4
©
o e}
) 0.09 g
o 0.2 3
5 0.06 A =
S o
2 Lol o
Q. 0.03 1 0
0 T 0
1-Aug 16-Aug 31-Aug 15-Sep 30-Sep 15-Oct 30-Oct 14-Nov
Date
2004
0.15 0.4
5 0.12 1 03 4
©
o e}
S 0.09 g
o 0.2 3
5 0.06 A a
S o
2 Lol o
Q. 0.03 - 0
0 T T 0
1-Aug 16-Aug 31-Aug 15-Sep 30-Sep 15-Oct 30-Oct 14-Nov
Date
2005
0.15 0.30
< 0.12 4 I 0.24
2 »
S 3
< 0.09 toi1s 2
S 0.06 1 r0.12 o
=3 o
o o
o 0.03 I 0.06
0 & T 0.00
1-Aug 16-Aug 31-Aug 15-Sep 30-Sep 15-Oct 30-Oct 14-Nov
Date

Figure 2.10. River entry timing as seen in daily catch proportions compared to spawning timing of naturally
spawning Chinook in the Skokomish River in 2002-2005
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Figure 2.11. Mean spawning dates of female Chinook at the Issaquah Creek (Iss), Soos Creek (Soos), and
University of Washington (UW) hatcheries. Taken from Quinn et al. (2002).

Based on the trends seen in Figure 2.11, it is obvious that the same pattern must have been
occurring prior to 1960 at Soos Creek. Other data on time of entry into the hatchery support this.
Becker (1967) presented graphs showing entry timing of adult Chinook moving into Soos Creek
Hatchery from the adjacent stream for 1944-1965. Those graphs were used to estimate the 50%
entry date over those years (Figure 2.12). The data show that hatchery entry was advanced by
approximately two weeks over the entire period. A 10 day advance occurred between 1944 and
1960, the starting year for Quinn’s analysis.
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Figure 2.12. Change in estimated dates when 50% of hatchery Chinook had entered the Soos Creek
Hatchery (Green River) between 1944-1965. Data source: Becker (1967).
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There is some use in projecting back into time still further for approximating historic timing,
because Soos Creek Hatchery went into operation in 1901. Recognizing the limitations of such
projections, it is evident that the advance in timing did not begin in 1944, the first year in

Becker’ s report. Projecting backwards to just 1920, then accounting for the delay between entry
time and spawn time at Soos Creek from Quinn’ s analysis, suggest that the average spawn timing
in that year would have been approximately November 10, or about when wild fall Chinook
spawn on the Washington Coast (e.g., Queets River). This would have been nearly six weeks
later than the mean spawn timing in 2000 at Soos Creek. Applying thisto the current spawn
timing at George Adams Hatchery suggests an even greater advance in timing between the
original wild stock used at Green River and today’ s timing in the Skokomish River.

It bears noting here, asit relates to hatchery fish timing, that it appears that selection within the
hatchery environment has been the major determinant of river entry and spawning timing in the
Skokomish River over the past several decades. The timing pattern of natural spawning in the
river closely resembles that in the hatchery. The advance in spawn timing described for Green
River hatchery fish, therefore, would appear to be representative of naturally spawning fish also.

The question is raised: Why have entry and spawning timing patterns been so advanced for these
hatchery fish populations, and what are the implications for fish that spawn naturally in rivers
that have experienced such changesin timing?

Timing of migration and reproduction in salmonid speciesis largely under genetic control,
thereby being subject to natural selection in nature and artificial selection in hatcheries.
Salmonids have evolved spawning dates that are appropriate for temperature and flow regimes
and other factors affecting the performance of affected life stages (e.g., embryos and emergent

fry).

Selective pressures within the hatchery environment can affect spawning timing in a direction
opposite to those operating in nature. Hatchery practices can directly select for spawn time by
using early returning fish and discarding late returners, as often happened in a previous erato
ensure that egg goals were met. This practice was generally stopped many years ago. Indirect
selection for earlier spawning fish can occur if progeny of later spawning fish are (1) culled as
too small, (2) cannot compete as well in the hatchery with larger progeny of earlier spawners, (3)
experience delayed or ineffective smolt transformation, or (4) have lower surviva at sea (Quinn
et a. 2002). The findings of Quinn et al. (2002) suggests that strong inadvertent selection has
continued over along period in the three hatcheries examined, despite factors operating in the
natural environment that should select against it; they noted:

*““Lake Washington, Soos Creek, and Issaquah Creek have been getting warmer in the

summer and fall over the past three decades, and the warming trend would be expected

to select for later timing of migration and spawning. Thus, the advanced spawning date

at all three hatcheries has occurred despite water temperature changes, not as a

consequence of them.”
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The authors of that paper found that the degree of timing advance for each of the three hatcheries
was related to the severity of warm temperatures during September and October when spawning
occurs (i.e., cooler thermal regime, greater advance in timing): coolest at Soos Creek, then

| ssaquah Creek, and warmest at UW Hatchery (Figure 2.11).

It is notable that the Puget Sound TRT reported that the mean spawn timing of Chinook in Hood
Canadl rivers (including Skokomish River) is somewhat earlier than in South Puget Sound
(including Green River), aswell asin Issaquah Creek (Ruckelshaus et al. 2006). Water
temperatures in September are likely cooler in the Skokomish system than they arein the Lake
Washington system where elevated temperatures are protracted due to thermal loading in the
lakes. This suggest that the timing advance has been greater for George Adams Hatchery fish
than at either Soos Creek or Issaquah Creek hatcheries.

The implications to recovery of the current timing profile for Skokomish Chinook is discussed
later in this chapter.

Emergence Timing

The emergence timing of fry now produced by Skokomish Chinook is much earlier than it was
historically. At a minimum, emergence timing has been advanced by at least the same amount of
time that spawning has been advanced. Considering the more rapid accumulation of temperature
units by incubating eggs due to spawning earlier when water is warmer, the timing advance has
likely been much greater than the difference in spawning timing.

Most Chinook fry in George Adams Hatchery are placed on feed between mid December and the
end of December. The last group to be ponded in 2009 at the hatchery was on January 9
(Assistant Manager George Adams Hatchery, personal communications). While the time of
hatchery ponding is not the same as when fry emerge under natural riverine conditions, primarily
due to warmer temperatures during incubation in the hatchery, it provides some indication of
timing.

Implications of the Existing Life Histories in Relation to the Flow
Regime

The characteristics of existing life history patterns of Chinook produced in the Skokomish
watershed are considered herein relation to the current flow regime and to the transitional and
restored normative flow regimes of the future. The implications to recovery of how well these
life history patterns fit with these flow regimes and related habitat characteristics are examined.

Adult Migration Timing

Theriver entry pattern of Skokomish Chinook is now starkly different than the pattern exhibited
by either the early-timed or late-timed components. The entry patterns of the historic runs were
keyed to the flow regime, whereas Skokomish Chinook now demonstrate no sensitivity between
migration timing and flow level or flow patterns. Most notably, Skokomish Chinook now return
to the river when flows are usually at their annual lows.
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The current run timing is approximately 2-4 months later than the historic early-timed run and
between 5-7 weeks earlier than the historic late-timed run. Run timing is now intermediate to
those of the historic populations.

The current return timing isill-adapted for migration into the South Fork system, including
Vance Creek, especially under current degraded habitat conditions. The adults return to the
vicinity of the South Fork at atime when the lower reaches of those streams can be effectively
blocked to upstream migration due to subsurface flow. As aresult, movement into the South
Fork has not occurred in most recent years. The frequency of this occurrence seemsto be
increasing (Matthew Kowalski, Skokomish Tribe, personal communications). The extreme low
flows at this time of year in the lower South Fork are the result of aggradation and, perhaps, loss
of base flow in the subbasin due to land use practices. Restoration of more normative conditions
in thisreach is not anticipated for a period of years, though actions to address the root causes are
already being implemented.

Similarly, upstream migration in other reaches outside the South Fork are also likely made less
effective due to timing corresponding to seasonal low flows. Vulnerability to predation is likely
higher than it would be if fish migrated during periods of higher flows. Moreover, upstream
migrating adults probably expend greater energy swimming over shallow riffles than they would
if they returned at times when flows are higher—this likely reduces reproductive success.

The Cushman Settlement and this recovery plan call for re-introducing an early-timed population
to the upper North Fork because that areais believed to have been the historic stronghold of the
early-timed component. The historic run migrated to the upper watershed during the spring
snowmelt runoff, when passage over falls was made possible. As part of the Cushman
Settlement, a normative flow pattern will be created in the lower North Fork, which will include
asimulated snowmelt pulse. This flow pattern should enable early-timed Chinook to pass Little
Falls severa miles downstream of the lower Cushman Dam during their migration to the dam.
Passage over the fallswill likely only be possible during awindow of time corresponding to the
timing of the snowmelt pulse.

Spawning Timing

Spawning timing, like migration timing, is significantly different now for Skokomish Chinook
than it was historically. Whereas spawning timing today is comparable to some segments of the
early-timed historic run, those historic fish spawned much higher in the river system where
conditions differed than those that exist in downstream areas currently spawned in. The extant
stock that now spawnsin the river does so in areas historically used by the late-timed popul ation.
Spawning timing in these areas is estimated to now be earlier by at least 6 weeks than occurred
historically in the same aress.

Spawning now takes place primarily when flow is at or near its annual low. Spawners by
necessity are forced to build their redds primarily in the thalweg of the main channel, areas prone
to scour during winter freshets. The effect of thisis likely much greater in thisriver than if it was
to occur in many other Western Washington rivers. Aggradation of the river bed has occurred at
an alarming rate in the Skokomish River over the past several decades. Simultaneously, the
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frequency of flooding has increased. Chinook redds built in the mainstem river under these
conditions are at high risk of being scoured (Lestelle et al. 2006).

The situation for egg survival in the mainstem river associated with spawning during low flows
islikely to not improve for some period of years. It is expected that conditions will become much
worse by the implementation of various channel and flow restoration measures during a period of
transition. Under the Cushman Settlement, one component of the new flow regime will beto
prolong the duration of bankfull flows for the purpose of using hydraulic energy to deepen the
channel and increase flow capacity of theriver. The action is being designed to increase scour in
the river and to facilitate sediment routing to the delta and Hood Canal. Similarly, flowsin the
North Fork will increase current peak levels to higher magnitudes for the purpose of re-creating a
more normative river channel in that subbasin with the objective of improving habitat conditions.
During the transition, the river will be much more dynamic than it has been for decades, before
returning to a more stable state in the future.

These actions, aimed at restoring more normative channel processes, therefore, are expected to
increase adverse impacts on Chinook redds built in areas prone to scour. These areas are within
the natural range that was used by the historic late-timed run. If that |ate-timed population was to
be targeted for recovery, a significant amount of channel restoration would first be required.

Emergence Timing

The indicators of fry emergence timing demonstrate that fry produced by naturally spawning
parents now emerge in the river much earlier than they did historically. Their emergence,
therefore, is much more likely to coincide with winter and early spring freshets. As aresult, these
fish are likely to find conditions much less suitable for feeding and growth compared to later
emerging fish. Many are likely swept to the estuary during high flows, prior to the time of
abundant zooplankton.

The effect of such an advanced emergence timing would be to reduce growth and survival of fry
compared to those with historic life histories.

The Key to Recovery

Popul ation recovery will require both the restoration of normative watershed functions and
characteristics, and the recovery of Chinook life history patterns adapted to them. The concept of
“normative” habitat means that enough of the historic habitat characteristics needs to be restored
so that it is capable of supporting most or al of the historic diversity of Chinook life histories.
Hence, recovery depends both upon re-establishing normative habitat characteristics and the
presence of populations that are capable of adapting life histories that match those
characterigtics.
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Overarching Hypothesis

This plan proposes to restore riverine and estuarine habitats to a normative range of
characteristics capable of supporting viable life history patterns of naturally produced Chinook.
Suites of strategies are presented in the plan to accomplish this. The strategies are based on a set
of hypotheses about how the watershed historically functioned, how watershed processes have
been impaired, and how normative processes and functions can be restored. Given the extent and
length of time that watershed processes have been severely impaired, the scale and extent of the
needed restoration work is necessarily large.

Critical questions for recovery arise: If the proposed strategies for restoring normative habitat
characteristics are successful, would this necessarily lead to the recovery of viable life histories?
Would life histories re-emerge, characteristic of true early or late-timed racia groups, from the
existing spawning aggregate supported by George Adams hatchery fish?

The answers to these questions may hinge on how long we are willing to wait. It would seem that
productive, adapted life histories could—in theory—re-emerge, but possibly only after the
passage of many human generations. Along such a path, what regional or trans-regional
environmental issues might develop to stymie the re-emergence of adapted life histories?

Certain known factors bear on how rapidly the existing spawning aggregation could give rise to
life histories re-adapted to the watershed conditions that are being restored. A significant level of
fishery mortality will continue as aresult of the many fisheries that have some impact on
Skokomish fish. Within the watershed, many environmental conditions that affect the freshwater
performance of Chinook will be severely disrupted for a period of years astheriver is gradually
reset to more normative conditions. The differences that exist between current life histories and
those that would match conditions being restored make the probability for successful re-
adaptation uncertain.

The overarching hypothesis set forth here considers both the ultimate potential for success and
the length of time that might be needed to realize success. The hypothesisis that a reasonably
close match is required between life history characteristics of the population to be used in the
recovery effort and the restored flow regime and corresponding habitat characteristics (Figure
2.13).

Active steps, therefore, are seen as necessary to introduce life histories more adapted to the
restored flow regime and associated habitats than are exhibited by the existing population. The
key to recovery is seen as the use of apopulation that has sufficient genetic material to alow for
arapid enough re-emergence of life histories adapted to the conditions being restored.
Introduction of an early-timed stock is considered to be the best prospect for accelerating the
process of recovering alocally adapted population.
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Figure 2.13. The key to recovery—matching life histories to Skokomish River habitats.

Target Population for Recovery and Projected Timeline

The focus on an early-timed population is based on the following:

= Agreement has already been reached by the co-managers and federal agencies as part of
the Cushman Settlement, together with the City of Tacoma, to re-introduce and restore
early-timed Chinook to the upper North Fork, where they were present historically;

= All of the magjor elements for re-introducing and establishing a population in the upper
North Fork have been agreed to by the involved parties, though a donor stock has not
yet been selected,;

= Funding for the restoration of the population in the upper North Fork is secured, as
agreed to in the Cushman Settlement;

= Habitat in the upper North Fork, though limited in quantity, isin pristine condition and
will remain in protected status due to its location within Olympic National Park;

= Significant progress is expected for restoring habitat conditions in the upper South Fork,
where early-timed Chinook were present historically much more quickly than will occur
in the lower South Fork, lower North Fork, and mainstem Skokomish River where late-
timed Chinook were present historically, and where channel conditions require longer-
term solutions (see Chapter 4);

= Suitable donor stocks for restoring an early-timed population exist within the ESU,
while there is concern that no true late-timed donor stock exists within the ESU.

Stepsto initiate the recovery program for the early-timed population have begun by the co-
Managers in conjunction with Tacoma as part of the Cushman Settlement. In 2010, the emphasis
of the start-up phase is on selection of adonor stock and completion of the operational plan for
re-introduction into the North Fork.

A tentative timeline for re-introduction has been formulated (Table 2.1), though elements of the
effort remain to be finalized. The new FERC license was issued on July 15, 2010 and Tacoma
has nine months to finalize an operational plan. The timeline shown provides a basis for
developing the operationa plan. The timeline shows when eggs are projected to begin to be
imported, when local broodstock (adults returning to the Skokomish River) should become
available, and when adults are projected to begin to be moved to the upper river (above Lake
Cushman) and to the South Fork. The timeline is based on an assumption that program start-up
would be of moderate size. It is projected that 4-year old adults would be the first fish
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transported to the upper river beginning in 2015, though some 3-year olds might be transported
in the previous year. The exact year, however, will depend on the scale of the program at start-
up. Once local brood stock becomes available, the program should rapidly develop to its full
potential.

Table 2.1. Projected timeline for re-introduction of early-timed Chinook into the North and South forks. The
timeline assumes that donor stock eggs would be available in brood year 2011. The table identifies when
hatchery facilities are to be operational—upstream and downstream passage facilities would be operational
in the years when passage activities would commence.

Local brood Transport to Expand

i 2
Year Emphasis Import eggs? stock? upper NF? to SE?
2010 ~ Complete No No No
operational plan
2011 Facilities completed Yes No No
2012 Hatchery procedures Yes No No
2013 Hatchery procedures Yes No No
2014  Hatchery procedures Likely Likely Unlikely No

& local brood stock

o015  Localbrood stock Unlikely Yes Likely No
and transport

2016  -ocalbrood stock Unlikely Yes Yes No
and transport

2017 Local brood stock NoO Yes Yes Possible
and transport

2018 Local brood stock No Yes Yes Possible
and transport

2019 Local brood stock No Yes Yes Likely
and transport

2020 Local brood stock No Yes Yes Yes
and transport

Consideration for Possible Effort to Recover Late-Timed Life Histories

The scope and scale of the actions that will be implemented in the next severa yearsto restore
watershed function, as well as to re-establish an early-timed population, are necessarily large. As
the recovery plan goes forward, and as progress is made in restoring key habitats in the lower
valleys, the potential for expanding recovery efforts to include the late-timed racial group will be
re-evaluated. Failure to make significant progress toward recovering the early-timed group over
the next 10 to 12 years, however, would be cause to re-examine plan direction and possibly reset
the priority to the late-timed life history group.
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Role of Existing Skokomish Chinook Production

The George Adams Hatchery program will be maintained to fulfill its long-standing purpose for
fisheries enhancement. Its mission has been to mitigate for lost production due to the Cushman
Project and other lost habitats in the Skokomish watershed and other nearby watersheds. The
watershed restoration programs that are underway, including the one in the Skokomish, will
never fully restore these systemsto their historic potential. The North Fork Skokomish River, for
example, will remain impaired under provisions of the new FERC license, even though
significant improvements are to be made. The largest part of the most productive habitats prior to
dam construction will remain inundated (see Chapter 4).

George Adams Chinook production will be managed in a manner to protect it from alteration or
genetic deterioration (see Chapter 6). On-going management activities to accomplish this consist
of prudent fisheries regulation, which is reflected in the Co-managers Puget Sound Chinook
Harvest Management Plan (see Chapter 6), and employment of hatchery BMPs as specified in
the Hatchery Genetic Management Plan for the program (see Chapter 5).

If at afuture date recovery of true late-timed life historiesis pursued due, for example, to
insufficient progress in recovering an early timed run, the George Adams stock will be included
in considering stocks to be used in the start-up efforts. One of the questions that would need to
be addressed is whether the latest segment of the stock could be successful. Whether, and how
rapidly, this segment of the existing production program could be moved later in both entry and
spawning timing as away of re-creating late-timed life histories would be evaluated, along with
other potential options.
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Chapter 3. Skokomish Early-Timed Chinook

Planning Targets

Animportant step in recovery planning is the development of population performance goals.
They allow fisheries managers, local governments, watershed planning groups, and funding
agencies to assess progress over time of the various recovery strategies and actionsin improving
population performance. The targets should also assist NOAA Fisheriesin evaluating delisting
criteriafor the population of concern. This chapter describes the approach used to define the
planning targets and presents the resulting numeric values. The same approach is used herein as
the one used in defining targets for most Chinook populations in the Puget Sound ESU.

Recovery Measures

The recovery targets presented here should not be construed as the goal for delisting. Delisting
criteria have not been set by NOAA Fisheries for Puget Sound Chinook. The targets we present
represent an initial, long-term goal for re-establishing a productive population of early-timed
Chinook that can provide arange of ecological services, including meaningful fisheries. They
provide agoal for evaluating progress toward realizing the vision given in Chapter 1. NOAA
Fisheries delisting criteria are policy constructs that consider biological goals, mitigation of
threats, legal obligations, risk tolerance and other considerations (ICTRT 2007).

It isimportant to recognize that this plan aims to re-establish a population that has been
extirpated. The re-establishment of an extinct population brings additional uncertainties
compared to an effort aimed at recovering performance of an established natural population.

Salmon recovery Technical Recovery Teams (TRTS) evaluate population viability using four key
characteristics of viable salmonid populations (V SP)(McElhany et al. 2000): abundance,
productivity/growth rate, diversity, and spatial structure. All four parameters are seen as being
critical for population and ESU viability. The planning targets presented for Skokomish early-
timed Chinook focus on two of these characteristics, abundance and productivity.*?

For application to Skokomish Chinook, the other two viability measures can be evaluated by the
success of re-establishing runsinto both the North and South forks (spatial structure) and by the
life history diversity that is produced. Success in producing life history diversity can be
measured by comparing ranges of life history characteristics for established early-timed
populations in Western Washington to those observed in the re-introduced population. Examples
of life history characteristics of importance are river entry timing, spawning timing, juvenile
emergence and outmigration timing, age structure, and adult body size.

12 1 Two different measures of productivity are applied in salmon recovery planning throughout the Pacific
Northwest, one that measures population growth rate from generation to generation and another that assesses
intrinsic productivity, defined as maximum population growth rate when free of density-dependent limitations. The
latter is the productivity measure produced by a stock-recruitment analysis and by EDT, and is the measure used in
this plan.
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Planning Ranges and Planning Targets for Puget Sound ESU
Populations

The recovery goals for other Chinook population in the Puget Sound ESU were defined through
two sets of abundance ranges (Shared Strategy 2005). Productivity was encompassed in the
metrics through the approaches used to derive abundance values. The two ranges were referred

to as (1) planning ranges and (2) planning targets. The planning range was derived by the Puget
Sound TRT using several methods, including consideration of estimates of historic run sizes. The
ranges tended to be very wide, as they included variation in environmental conditions and
uncertainty in historical information.

The second set of ranges, called planning targets, gave a more specific measure within a
somewhat lower range of values, reflecting some level of watershed ateration. These ranges
were used for evaluating the effects of actions that would be applied in recovery. The planning
targets were developed to incorporate NMFS' indices of Properly Functioning Conditions (PFC).
The PFC concept was created originally by the Bureau of Land Management (BLM) to assess
the natural habitat-forming processes of riparian and wetland areas (Pritchard et al. 1993). When
these processes are working properly, it can be assumed that environmental conditions are
suitable to support productive populations of native fish species. The concept for salmonid
systems was advanced by NMFS (1996) to address salmon recovery under ESA. PFC does not
imply pristine or unaltered conditions. It is consistent with the normative river concept described
in Chapters 1 and 4 of this plan.

For most populations within the Puget Sound ESU, the planning targets were derived using EDT
modeling (e.g., Thompson et al. 2009)."* Characteristics of PFC in riverine environments as
affecting salmon species have been trandated into the EDT habitat attributes, providing a
straightforward way of deriving the planning targets for each population using PFC. The PFC
concept has not, however, been expanded by NMFS to describe asimilar level of ecosystem
function in estuarine systems, nor has any comparable translation been made to estuarine
attributesin EDT. As aresult, recovery planners within the Puget Sound ESU applied a PFC-
Plus concept to ensure that the estuaries were incorporated into the planning process. PFC-Plus
was defined as PFC in freshwater and the historic (unaltered) conditions in the estuary. Thus, any
targets based on PFC-Plus reflect a higher standard than just PFC.

2/ EDT isasamon habitat model that evaluates the effects of habitat conditions on the survival of salmon during
each life stage, and provides estimates of population expressed through abundance and productivity parameters
(Mobrand et al. 1997; Blair et al. 2009). EDT has been used extensively throughout the Pacific Northwest to predict
the benefits and impacts of changesin habitat conditions resulting from land uses or restoration actions. It is used
widely to guide ESA recovery planning.
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Skokomish Population Planning Targets

Planning targets for recovering Skokomish early-timed Chinook are presented in this plan using
the EDT model. The Puget Sound TRT did not develop a planning range for the Skokomish
population; hence a comparable range has not been formulated for this plan. To usethe EDT
model, we first characterized al river reaches in the watershed using the standard EDT attributes
(Blair et a. 2009). The characterization was done for both the historic (pre-settlement) and
existing conditions to reflect our conclusions about the effects of watershed threats presented in
Chapter 4 of this plan. We included in this characterization how we expect the lower river
reaches to respond in the near-term to a new flow regime to be implemented in 2010 as part of
the new Cushman Project FERC license (see Chapter 4).

The EDT model produced results that we found to be reasonable and consistent with levels for
early-timed Chinook in other comparably sized riversin Western Washington, based both on
empirical observations and modeling (WDFW and WWTIT 1994; Shared Strategy 2005;
Quinault Department of Natural Resources, unpublished).

To understand the approach for defining the planning targets, it is helpful to illustrate it using
output from EDT modeling. The basic output is given in the form of a stock-recruitment (S-R)
curve, which defines the underlying relationship between number of spawners and resultant
production (as adult recruitment)(Figure 3.1). The curve is defined by two parameters, intrinsic
productivity and capacity, from which average abundance is calculated. The parameters are
derived by the model based entirely on the characterizations of habitat attributes for each stream
reach.

Thetop part of Figure 3.1 displays the S-R production curve derived for the historic Skokomish
early-timed population. Certain characteristics of the S-R curve are worth noting. One isthe
replacement line, which is the number of recruits needed to exactly replace the parent spawning
stock. The distance between the replacement line and the production curve identifies the number
of recruits that exceeds the number of recruits needed to exactly replace the parent spawning
stock. Where that distance is maximized defines the traditional fishery concept of maximum
sustainable yield. The point where the replacement line intersects the production curve defines
what is called equilibrium abundance (Neg)—here being the average number of recruits expected
in the absence of all fishing. If there had been no fishing, the Neq shown in Figure 3.1 (top) is
the predicted average number of spawners that would have occurred prior to settlement by Euro-
Americans.

The bottom part of Figure 3.1 compares the historic S-R curve to one representing current habitat
conditions in the Skokomish watershed. The changes from the historic to the current production
curve are due entirely to alterations of the watershed.™ A diagnosis of the factors responsible for
these changes is presented in Chapter 4.

Table 3.1 provides the population parameters for both the historic and current habitat scenarios.
It bears noting that the results for the current habitat scenario are not inconsistent with the

14 | The changes do not incorporate any genetic fitness loss or harvest impacts.
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population being extinct, even though a current average abundance of 120 is predicted. The
abundance values shown are those for adult recruitsin the absence of all fisheries. The total
number of recruits would drop to some lower level depending on harvest levels. Also, harvest
rates for an early-timed racial component would be projected to now be much less than when
rates were at their maximum (see Chapter 6). The results, therefore, are entirely consistent with
the population having been extirpated at some time in the second half of the 20™ century.
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Figure 3.1. (Top) Stock-recruitment (S-R) curve derived by EDT modeling representing the historic
Skokomish early-timed population. The point Neq is the equilibrium (i.e., average) number of early-timed
adult recruits in the absence of fisheries for the S-R curve shown. (Bottom) S-R curves for the historic and
current habitat conditions, reflecting differences in conditions between the two scenarios.
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Figure 3.2 and Table 3.1 provide population performance results for early-timed Skokomish
Chinook under habitat scenarios that reflect PFC and PFC-Plus conditions in the watershed,
except for conditions driven by the Cushman Project. We modeled these scenarios to be
consistent with provisions of the new Cushman licensg, i.e., keeping the reservoirsin place,
providing aflow pattern as dictated by the license, and achieving NOAA standards for fish
passage at the dams. Both of these scenarios result in intermediate production characteristics
between those of the current and historic scenarios. The average spawner abundance (Neq) for
the PFC-Plus scenario is approximately 50% of the estimated historic abundance.

Figure 3.3 illustrates how the planning targets would be set if only the PFC-Plus scenario was
used. The upper end of the range (where recruits per spawner equals 1.0) isthe Neq value. The
lower end of the range is set at the number of spawners that maximizes the number of recruitsin
excess of replacement. The important aspect of this approach, therefore, is that the planning
target is actually to achieve habitat conditions consistent with the S-R relationship itself. That
relationship defines the level of normative habitat function that is being targeted in recovery. The
exact number of spawners that would result would be determined by harvest management
objectives with that level of normative habitat function occurring.

Table 3.1. Performance parameters for the Skokomish early-timed population under four different scenarios
as derived by the EDT model.

. . . Abundance
Scenario Productivit Capacit
y p y (Neq)
Historic 16.7 3,260 3,060
Current 2.8 190 120
PFC 7.3 1,230 1,060
PFC-Plus 9.9 1,660 1,500
Four Habitat Scenarios
3,500
2,800
2]
S 2,100 -
3]
(O]
= 1,400 -
ERE N B <A -
©
< 700 -
0 —————
0 700 1,400 2,100 2,800 3,500
Spawners
‘ His = = = cur Rep = = = PFC PFC+ |

Figure 3.2. Modeled S-R curves for Skokomish early-timed Chinook under four different habitat scenarios:
historic, current, PFC, and PFC-Plus.
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We recognize, however, that it is unrealistic to set the planning targets based on restoring the
estuary to its pristine state. We, therefore, define the planning targetsin away to bracket an as
yet not precisely defined S-R relationship that is intermediate between ones corresponding to the
PFC and PFC-Plus scenarios. Figure 3.4 illustrates how this planning target range is bracketed to
encompass more realistic intermediate set of values for recovery (Table 3.2).

Planning Target Range with PFC+

1,600
»n 1,200
S Recruits > replacement
5 maximized
(0]
: 800 -
E
o
<
400
: <«— Planning targets with PFC+ _>:
0 . .

0 400 800 1,200 1,600
Spawners

= Rep =—=PFC+

Figure 3.3. Definition of the planning target range for the PFC-Plus habitat scenario for Skokomish early-
timed Chinook. The lower end of the range is defined by the number of spawners that maximizes the number
of recruits in excess of its replacement level. The upper end of the range is defined by the number of spawners
that maximizes equilibrium recruits in the absence of fisheries.
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Figure 3.4. Definition of the full planning target range for Skokomish early-timed Chinook, which is
bounded by both the PFC and PFC-Plus habitat scenarios. The lower end of the range is defined by the PFC
scenario. The upper end is defined by the PFC-Plus scenario.
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Table 3.2. Planning target range associated with the PFC and PFC-Plus scenarios and the range that
brackets the PFC scenario at the low end and the PFC-Plus scenario at the upper end.

Chapter 3. Skokomish Early-Timed Chinook Planning Targets

Low target High target
Scenario
Spawners (S) Recruits/S Spawners (S) Recruits/S
PFC 287 2.7 1,060 1.0
PFC+ 360 31 1,500 1.0
Combined 287 2.7 1,500 1.0
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Chapter 4. Habitat Recovery Strategies

Over the past 150 years, the Skokomish watershed has undergone extraordinary alterations,
transforming riverine and estuarine habitats from their prior productive states. These changes
were amajor cause of the decline and extirpation of the indigenous Chinook life history types.
This chapter describes the principal habitat-related threats that need to be addressed to achieve
recovery, and identifies proposed strategies for doing so.

The chapter presents a thorough examination of each of the habitat threats in the watershed
(Table 4.1), and where appropriate, provides hypotheses about how they have affected habitat
structure and function. Much has been written and considered over the past 15 years about how
the watershed has been changed by man’s activities, some of it contradictory. For example, there
has remained considerable uncertainty and controversy about the factors that are primarily
causing flooding and aggradation in the lower valleys.

We considered it important to review all of the available material, synthesize it, then to formulate
hypotheses about how the watershed is currently functioning. These hypotheses are fundamental
to assessing limiting factors (Lichatowich et al. 1995), identifying potential solutions, and giving
our prospects for recovery. Hence, portions of this chapter are detailed out of necessity for
documenting how we have reached our conclusions.

Table 4.1. The principal habitat threats to the recovery of Skokomish Chinook.

Description
Principal Threats

The magnitude, timing, and variability of flow in the North Fork were dramatically
Altered flow regimes (hydro and altered by hydro operations beginning in the 1920s, continuing to the present.
climate related) Climate change has also reduced snow melt runoff in the South Fork, posing
passage problems for adult Chinook within the gorge reach.

Construction of two Cushman damsin the 1920s blocked fish passage to 26 miles

Loss of fish access to upper North of anadromous fish habitat. The most productive habitat for early-timed Chinook
Fork and inundation was inundated by the Cushman Reservoir, which will remain for at least the next
40 years.

The upper South Fork watershed has not recovered from intensive harvesting of
the old growth forest, associated road building, wood removal from the channel,
and other alterations made in preparing for construction of a proposed third
Cushman dam.

A series of aterations occurred in the lower valleys over the past 150 years,
leading to massive changes in channel structure and stability. This, in combination
with the other principal threats, has resulted in severe channel aggradation and
frequent flooding. Thisissueis perhaps the most complex threat to be address for
watershed restoration.

The Skokomish estuary was extensively diked, filled, and disconnected from its
Degraded estuarine conditions wetlands over the past 70 years for the purpose of agriculture, recreation, and
development.

Degraded upper watershed
conditions in South Fork and Vance
Creek

Degraded lower floodplain and
channel conditions

The primary approach applied herein isto focus on restoring and protecting physical and
biological processes that form and sustain Chinook habitats. This approach reflects the model
that ecosystems are a dynamic interaction between spatial and temporal variations within larger
landscapes (Figure 4.1). As vegetation, geology, climate, and gross reach morphology (controls)
interface over time, they create variable natural processes that in turn result in awide range—a
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dynamic mosaic—of local environmental conditions. Salmon, and Chinook in particular, have
adapted to this mosaic of historic environmental conditions (Beechie and Bolton 1999; Beechie
et al. 2003), producing diverse life history types as discussed in Chapter 2.
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Figure 4.1. Conceptual model for restoring habitat attributes needed to recover Chinook in the Skokomish
watershed (from PSAT [2005] as adapted from Beechie et al. [2003]). Habitat enhancement (using
engineering) has been added to the figure to illustrate how engineering solutions will also have a role in
Chinook recovery.

Intensive land and water uses in the Skokomish watershed that began after 1850 significantly
altered the balance of how these natural processes formed habitat. These land and water uses
substantially changed the frequency and magnitude of natural processes, creating a sea change in
the basic functions of the ecosystem. The net impact of this altered environment was a decrease
in Chinook survival in al life stages that occur in the watershed. Other salmonids, as well as
many other animal and plant species, responded similarly.

The habitat recovery strategies proposed here were largely identified to promote restoration of
disrupted natural processes and protect those that remain intact. It is recognized that only partial
restoration is possible due to both the severe extent that the watershed has been altered and on-
going land and water uses. The Cushman Hydroel ectric Project, for example, has been issued a
new license by FERC, which will keep the North Fork dams, reservoirs, and flow diversionin
place for the next 40 years. Therefore, the habitat recovery strategies aim to restore anormative
range of processes and functions, not to restore pre-altered conditions. Normative refersto the
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norms of ecological processes and functions that can support natural salmon populations, even
within watersheds containing a mix of natural and cultural features (Liss et a. 2006). Thus
enough of the historic processes need to be restored so that sufficient suitable habitats are formed
and maintained to support the recovered popul ation.

This approach for restoring normative watershed processes provides for sequencing strategies
and actions so that the highest priority goals can be targeted (Beechie and Bolton 1999).
Prioritization in this context does not alter the types of restoration strategies but rather the
sequence in which they are performed. The emphasis of this plan, until which time it might be
updated in future years, is on recovering early-timed (spring-summer) Chinook. Thus the plan
callsfor a certain sequence of strategies consistent with this emphasis.

The types of strategies called for in this plan also include some that are outside the realm of
affecting physical watershed processes (Figure 4.1). Such strategies, designed to enhance certain
existing habitat features, call for employing engineered solutions to address specific issues that
are not driven by watershed processes. An example of thistype of strategy isthe installation of
fish passage facilities at the Cushman dams.

The chapter is organized into the following sections:

Goals and objectives for habitat recovery strategies;
Watershed description;

Principal threats,

Habitat limiting factors — priorities and sequencing;
Strategic framework for habitat strategies.

Each threat is reviewed by comparing the relevant historic and existing watershed conditions
after the approach of Lichatowich et al. (1995). The comparison between historic and existing
conditions serves as the basis for formulating hypotheses about the causes of habitat change and
effects on Chinook performance. These hypotheses are in effect a diagnosis of the watershed as it
relates to Chinook recovery. They provide an important aspect of the limiting factors analysis
presented near the end of the chapter.

The final section of the chapter—Strategic Framework for Habitat Strategies—identifies
treatment strategies. The strategies are presented within aframework that links the threat to its
relevance to Chinook, then to cause and strategies for addressing the cause. These are then linked
to the habitat-related objectives. Critical uncertainties are also identified. Hence, the framework
summarizes the logic-train for why various strategies are needed, and how they are hypothesized
to improve conditions and the potential for recovery.
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Goals and Objectives for Habitat Recovery Strategies

Recovery of Skokomish Chinook will require the combined benefits of habitat restoration,
protection, and enhancement measures. The major thrust is to restore normative watershed
processes and functions, but concerted efforts are also needed to protect and enhance existing
habitat conditions. Whileit is recognized that the watershed will never be restored to its pre-
developed state, it is believed that it can be restored and enhanced to an extent to once again
support productive, diverse Chinook life histories. This section presents goals and objectives for
addressing the principal habitat-related threats to recovery.

The terms “ normative ecosystem” and “normative river flow” are used throughout this plan to
mean an altered system that has a balanced mix of natural and cultural features such that
indigenous life histories of salmon populations can be supported. Liss et a. (2006) described the
normative ecosystem within a salmon recovery context as follows:
“We need aview of an ecosystem as a dynamic mix of natural and cultural features that
typify modern society, but that can still sustain all life stages of a diverse and productive
suite of salmonid populationsif the essential ecological conditions and processes
necessary to maintain the populations still exist within the ecosystem. We call this
ecosystem, with its balanced mix of natural and cultural features, a‘normative’
ecosystem.

Normative refers to the norms of ecological functions and processes characteristic of
salmon-bearing streams. These features, when balanced with society’ s needs and
demands, would result in an ecosystem in which both natural and cultural elements exist
in abalance that allows salmon to thrive and many of society’s present uses of the river
to continue, although not without modification... The normative ecosystem is not a
static target or asingle unique state of theriver, rather it is a continuum of conditions
from dlightly better than the current state of the river at one end of the continuum to
relatively pristine at the other end.”

Figure 4.2, adapted from Liss et al. (2006), illustrates the normative river concept asit is applied
in this plan. It reflects the different degrees of restoration that are envisioned for different parts
of the Skokomish system, depending on their current state of degradation and what is believed to
be possible over the next 10-20 years. The term of the FERC license for Cushman Project is 40
years. Strategies and actions, as well as specific habitat objectives for various parts of the river
system beyond 10-20 years, will necessarily need to be adaptive as the plan goes forward and the
responses of the system to actions are monitored and understood. Thusit is uncertain what the
actual extent of restoration might be 40+ years into the future.
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Figure 4.2. Conceptual representation of three different levels of habitat restoration in the Skokomish
watershed along a continuum of conditions. What is possible to achieve in the near-term (10-20 year time
horizon) for restoration is envisioned to vary for different parts of the watershed, depending on the degree of
past alteration. Adapted from Liss et al. (2006).

The goals and objectives for restoring, protecting, and enhancing habitat conditions for the
purpose of recovering Chinook are listed below. Three goal statements are presented, one each
for restoration, protection, and enhancement. A fourth goal is also presented, which operatesin
conjunction with the other three—it emphasizes the need for a collaborative process for engaging
ingtitutions and stakeholders in working together to achieve the other three goals. Each goal is
followed by a set of objectives that provide greater specificity for targeting strategies.

1. Restore normative ecological processes, functions, and forms of the Skokomish
watershed associated with the Skokomish River, its tributaries, and estuarine and adjacent
near-shore areas.

a

Restore a normative flow regime to the North Fork to promote channel and
habitat reformation and channel conveyance capacity in the North Fork, the lower
end of the South Fork, and in the lower Skokomish River, including through its
estuarine zone.

Restore upland landscapes, including rates of sediment delivery and land cover
structure and vegetation species composition, to restore watershed processes,
function, and forms.

Restore floodplain function and connectivity along the Skokomish River and its
tributaries.

Restore normative fluvial geomorphic processes through the channel corridorsto
restore channel form and function and sediment movement.

Restore estuarine and near-shore processes that promote restoration of habitats,
including those within the floodplain, delta, and near-shore shoreline.
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2. Protect ecological processes, functions, and forms of the Skokomish watershed from on-
going land and water uses that would further threaten Chinook recovery.

a

b.

C.
d.

Protect from further loss channel conveyance capacity of the mainstem rivers and
the estuarine zone

Protect from further loss the volume and connectivity of tidal prism within the
estuarine zone

Protect floodplain corridors from further loss of connectivity with active channels
Protect riparian corridors from further degradation by safeguarding native species,
forest age and structure

Protect water quality from further degradation from non-point and point pollution
sources

Protect from further loss aquatic habitat structure, including wood structure, edge
structure, and the distribution and composition of habitat types

Protect from further degradation the structural elements that contribute to near-
shore habitat forming processes and associated key habitats

3. Enhance environmental conditions within the Skokomish watershed to facilitate recovery
of Chinook life histories that were adapted to the historic Skokomish River.

a

Provide for effective upstream and downstream passage of migrant salmonids at
the Cushman dam sites; upstream passage is to be given at the lower dam site and
downstream passage at the upper dam site.

Enhance fish passage capability within the South Fork gorge to help ensure that
early-timed Chinook can successfully pass upstream.

Provide for conservation hatchery facilities within the North Fork subbasin
(located at Lake Kokanee) to support an integrated population component of
early-timed Chinook in the North Fork, potentially requiring the use of flow
management techniques through the upper Cushman Dam to help maintain
appropriate temperature profiles in Lake Kokanee for those facilities.

4. Establish acollaborative framework for coordinating restoration, protection, and
enhancement activities within the watershed for facilitating Chinook recovery.

a

Establish a Skokomish watershed-focused framework for promoting and
maintaining effective coordination between all parties engaged in habitat
restoration, protection, and enhancement.

Hold regularly scheduled summits or conferences to share information on
progress of restoration and enhancement activities, research and monitoring
results, revisions to watershed plans, and other related activities.

Develop and implement innovative ways of interaction, outreach, and education
with the public to strengthen partnerships and participation in watershed
restoration and salmon recovery.
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Watershed Description

The Skokomish River, located in the southeast corner of the Olympic Peninsula, drains 240
sguare miles of mostly forested land (Figure 1.2). Originating in the Olympic Mountains and
foothills, it empties to the southern end of Hood Canal. Watershed topography is widely varied,
consisting of steep mountain slopes, more moderately sloping foothills, and flat valley bottoms.
Headwater areas are bounded by mountains that rise to 3,000 to 6,000 ft. The two arterial rivers
that join to form the main Skokomish River flow south and east out of the mountains, descending
through incised valleys, interspersed with steep gorges and sections of widened valley bottoms,
before joining in the wide, flat lower valley. From here, the river generally meandersto its
extensive deltain the southwestern corner of Hood Canal.

The topography and character of the stream valleys and channels were shaped by past
glaciations, and more recently by erosional and depositional processes. Both continental and
alpine glaciations over thousands of years left their marks in the various valley forms and the
huge deposits of glacial sedimentsin the valleys and aong the valley walls (Tabor 1975;
GeoEngineers 2007; Godaire et al. 2009). At the end of the continental glaciations, about 14,000
years ago, meltwater from apine glaciers and surface runoff continued to affect the channels and
accumulations of sediment on the lower valley floor and delta. Mass wasting events in the
uplands and unstable glacial deposits added to the steady supply of sedimentsto the river
channels. This on-going process formed the narrow canyons and ravines of the North and South
forks, and contributed to the large amounts of sediment that eventually filled the lower
Skokomish valley bottom (GeoEngineers 2007).

While the Skokomish basin is generally drier than those on the Pacific side of the Olympic
Mountains, annual precipitation is still high with an average of about 134 inches in the upper
basin (Canning et al. 1988). Less precipitation falls at lower elevations, averaging approximately
101 inches at Cushman Dam and between 66-89 inches in the valley (GeoEngineers 2007).
Approximately 80 percent of the annual precipitation fallsin late fall and winter. Significant
snow accumulation can occur above 2,500 ft and is greater in the North Fork subbasin due to its
higher, more extensive mountainous areas. Climates differ dightly between the major subbasins,
with the South Fork and Vance Creek drainages, which are more exposed to the prevailing
northeasterly winter storm fronts, being wetter than the more protected North Fork drainage
(GeoEngineers 2007).

The watershed can be delineated by four distinct geographic areas due to the unique
characteristics of each: (1) lower Skokomish River, (2) North Fork, (3) South Fork, and (4) the
river mouth estuary.

The lower Skokomish River extends from the confluence of the North and South forks at
approximately RM 9.0 downstream into the river mouth estuary. The floodplains here are
utilized largely for agricultural and residential purposes and have been extensively diked. The
major tributaries, which are generally small, include Weaver, Hunter, and Purdy creeks (Figure
4.3). Tributary flows through this area contain significant amounts of groundwater. Two fish
hatchery complexes operate in this area, located on Purdy and Weaver creeks. The Skokomish
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Indian Reservation is located adjacent to the north bank of the river between Highway 101 and
the river mouth.

The North Fork drains approximately 118 square miles and heads in the pristine wilderness of
Olympic National Park. The Cushman Project, consisting of two dams that impound one large
reservoir (Lake Cushman) and a smaller one (Lake Kokanee) is located approximately midway
into the subbasin. The lower dam (Cushman Dam No. 2) is situated at RM 17.3, approximately
eight miles upstream of the confluence of the North and South forks (note: river miles along the
North Fork continue from those in the main Skokomish River). The Cushman Project diversion
occurs at the lower dam, where water is diverted via pipelines directly to Hood Canal.
Approximately 40 percent of the annual runoff in the Skokomish watershed has been diverted
out of the basin since 1930 (Jay and Simenstad 1996). The dams have blocked all anadromous
fish migrations since their construction in the 1920s. The upper North Fork, which is free-
flowing upstream of RM 28 is contained entirely within Olympic National Park. McTaggert
Creek isthe only noteworthy tributary downstream of the Cushman Project (Figure 4.3).
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Figure 4.3. Major tributaries to the Skokomish River and its forks discussed in the text.

The South Fork drains approximately 105 square miles, of which about 25 square milesis
contained within its largest tributary, Vance Creek, which enters at RM 0.8. The large majority
of the subbasin is forested, though parts of the floodplains of the lower river and lower Vance
Creek are used for agricultural and residential purposes. Most of the subbasin was intensively
logged over the past 60 years through the combined actions of the Simpson Timber Company
and the U.S. Forest Service (USFS). The mainstem South Fork can generally be delineated into
three zones: (1) the lower river between RM 0.0-3.5, where the active channel and its floodplain
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are relatively wide; (2) agenerally well confined section between RM 3.5-9.7, which contains
both gorge reaches interspersed with less confined reaches; and (3) the upper river upstream of
RM 9.7 where the channel is contained in an alluvial valley. Steep cascades within agorge
located in the vicinity of RM 5.5-6.5 kept historic spawning of late-timed Chinook downstream
of that point (WDF 1957a). Major tributaries in the upper South Fork include Brown, LeBar,
Cedar, Pine, and Church creeks (Figure 4.3).

The river mouth estuary is the section of river, including its deltathat istidally influenced. The
upper end of tidal influence has apparently moved downstream over time, probably due to
aggradation of the river bed and estuarine diking. The upper end of tidal influence is now
thought to occur in the vicinity of RM 3.5-4.0 (Marty Ereth, former Skokomish tribal biologist,
personal communications). Parts of the lower floodplain, including a major part of Nalley Island,
have been used for agricultural and recreationa purposes over the past century. The Skokomish
Indian Reservation is located along the lower 6.5 miles of river.

Most of the watershed lies within federal ownership, with approximately half managed by the
USFS and another 18 percent held within Olympic National Park. The remainder is owned by the
City of Tacoma (6%), State of Washington (3%), Skokomish Tribe (2%), Green Diamond
Resource Company (15%), and other private owners (8%). Most of the upper elevation lands are
within the federal jurisdiction, while lower elevation lands are generaly in private ownership
(SWAT 2007).

Theriver currently supports natural production of Chinook, coho, chum, and steelhead, as well
as bull trout and cutthroat trout. Historically, sockeye were aso produced (James 1980).

Description of Principal Threats

The term “threats’ is more broadly defined in this document than how it is often used in recovery
planning. NMFS defines it to mean a specific human activity that causes degradation of fish
habitat, such aslogging or hydro operations. We have broadened its definition herein to represent
the general set of conditions, or stressors, that result from a collection of human activities,
thereby allowing us to locate the related habitat conditions to a geographic area of the watershed.
Hence, degradation of lower river valley floodplains and channelsis called athreat, which, in
this case, isthe result of various human activities, such aslogging, agriculture, changesin flow
regime, and so on. We aso then identify the specific causes of the degradation (logging and so
on).

The environmental conditions associated with the five principal habitat-related threats are
described in the following sections. Historical and current conditions associated with each issue
are contrasted. Hypotheses about how watershed processes and functions are currently operating
are provided as part of each threat, where appropriate. The hypotheses help in identifying
restoration strategies under the last section in the chapter, Strategic Framework.
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Altered Flow Regimes

The flow regimes in the Skokomish watershed are significantly different than those that existed
prior to the construction of the Cushman dams in the North Fork during the 1920s. Flow
magnitude, timing, and variability have been altered. In addition, long-term climate change may
have contributed to changes in some flow characteristics over the past century. Changes to the
flow regimes contributed to the decline and extirpation of the indigenous Chinook life histories
in the watershed.

The flow regime is the master variable that shapes the riverine ecosystem (Poff et al. 1997). It
functioned as the major forcer of important processes that influenced both physical and
biological features of the historic riverine ecosystem (Figure 4.4. It is defined by five
characteristics in flow: magnitude, timing, frequency, duration, and rate of change. Over some
period of years, these characteristics vary within arange determined by prevailing climate
patterns and various watershed features, such asits size, location, topography, configuration,
geology, and land cover. Under natural conditions, the patterns and ranges of variation in flow
characteristics comprise what is called the watershed’ s natural flow regime. Thisregime isthe
one that Chinook adapted to in the centuries prior to the rapid alterations that occurred over
about the past 100 years (Figure 4.5).

Historic Condition

Three types of flow regime patterns existed within the subbasins of the Skokomish watershed
prior to hydro-electric devel opment that occurred in the 1920s. The three patterns reflect the
degree of snowmelt influence: strong snowmelt influence, weak snowmelt influence, and no
snowmelt influence. The patterns are seen in historic USGS data within the basin, or can be
inferred from elevation.

Stream Environment
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Temperature Gradient

Water Channel
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Figure 4.4. Factors affecting habitat and biological processes and functions within the stream environment,
showing the important role of the flow regime. Adapted from Giger (1973).
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Figure 4.5. Characteristics of the natural flow regime that shape life history adaptations of Chinook salmon
in rivers. Based on Poff et al. (1997).

The amount of snowmelt influence between the upper North and South forks is significantly
different (Figure 4.6) The upper North Fork hydrograph (represented by years 1944-1953) shows
two major periods of strong runoff—one during fall and winter associated with rainfall driven
and rain-on-snow driven freshets, and one in late spring associated with snowmelt. Beechie et al.
(2006) classified the upper North Fork flow regime as transitional between a snowmelt-
dominated regime and a rainfall-dominated one.
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Figure 4.6. Shapes of the hydrographs in the North and South forks of the Skokomish River, based on
average monthly flows during two ten year periods. The North Fork gauge is located upstream of Cushman
reservoir.

In contrast, the South Fork historically showed a much weaker snowmelt signature due to lower
elevation headwaters than occurs in the North Fork. Beechie et al. (2006) classified the South
Fork as having a rainfall-dominated hydrograph, though the flow data shows that the snowmelt
signature was much stronger prior to about 1960 than it has been since then (Figure 4.5). Timber
harvest in the upper South Fork may have contributed to a more rapid runoff in late winter, but
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there has also been a decline in snowmelt contribution in the upper North Fork, which has never
been logged. This suggests that the loss in snowmelt influence has been at least partly due to
long-term climate change.

A third hydrograph pattern, no snowmelt influence, would represent a number of smaller
subbasins, such as Vance Creek, that originate in the lower elevation hills within the watershed.
This pattern is also reflected by the more recent pattern seen in South Fork.

The hydrograph pattern that occurred historically in the lower Skokomish River can be
approximated by combining USGS gauging data collected in the lower mainstem with the data
from the upper North Fork. Between 1930 and 2008, essentially all flows that originated
upstream of the Cushman Dams on the North Fork were diverted out of the basin and, therefore,
are not represented in the lower river flows. Adding the upper North Fork flows (upstream of
Cushman reservoir) to the lower river flow data provides an approximation of what the flow
pattern would have been without the Cushman Dams in place. The years 1944-1953, the first ten
years when the gauging station operated on the lower Skokomish River, are used to represent
historic conditions. The reconstructed hydrograph shows the bi-modal runoff pattern
characteristic of atransitional flow regime, though the spring pulse is much reduced from that
seen in the upper North Fork (Figure 4.7).
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Figure 4.7. Reconstructed hydrograph for the lower Skokomish River for 1944-1953. The hydrograph is
meant to represent the pre-Cushman hydrograph of the 20™ century.

Patterns of interannual and intraannual variation in the Skokomish flow regime areillustrated by
combining daily flow data from the lower mainstem river and the upper North Fork as described
above. The period for water years 1944-1953 is used again here. Historic patternsin variation
(Figure 4.8 can be characterized as follows:
= Annua low flowstypically occurred in September or early October;
= Thefirst significant increase in flows following summer usually began about the middle
of October, though in some yearsit occurred earlier while in others it happened | ater;
= By early November, average daily flows were always much higher than during the low
flow months,
= Annua peak flows normally occurred between late November and the end of March;
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= High flow events could occur frequently in any given year between early November and
the end of March;

= Daily variation and peak flow magnitude during the late spring snowmelt period were
much less than typically seen during winter and early spring.
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Skokomish River hydrographs (reconstructed) 1944 - 1953
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Figure 4.8. Reconstructed annual hydrographs for the lower Skokomish River for water years 1944-1953.
The reconstruction is only partial because only the amount of flow passing Staircase Rapids on the North
Fork was added in to the observed main Skokomish River flow. Another 41 square miles of drainage area
downstream of that point (yet upstream of Cushman Dam No. 2) also produces runoff, which was not
incorporated.
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Existing Condition

Since the construction of the Cushman Dams by the city of Tacoma on the North Fork in the late
1920s, Skokomish River flow regimes have undergone significant changes. Some aspects of the
regimes have changed dramatically, while others still demonstrate characteristics like those of
the historic regimes.

The greatest change occurred in the North Fork’s flow regime downstream of the lower
Cushman Dam. After the closure of the lower dam at RM 17.4, flows to the river below that
point were essentially cutoff. Almost the entirety of the flow was diverted via pipelines directly
to Hood Canal, approximately 5 miles north of the Skokomish River mouth. Between 1930 and
1988, only sporadic flow releases were made for emergency dam spills or maintenance (Figure
4.9. The flow regime of the lower North Fork became the result of flows generated within the
lower part of the North Fork subbasin. Tacoma increased flows below the lower Cushman Dam
to approximately 35 cfsin 1988 and again in 1998 to 60 cfs. Then, as aresult of court action,
flows were increased to 240 cfsin March 2008, which is the existing condition except when
inflow to the reservoir drops below that level. The current release pattern (i.e., pre-initiation of
the Cushman Settlement) does not provide for any type of variation, except due to the inflow
constraint.
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Figure 4.9. Flows released into the North Fork at the lower Cushman Dam between July 1987 and March
2009. Flows between 1930 and July 1987 were comparable to those in July 1987, except for rare emergency
flow releases.

The alterations to the North Fork regime beginning in 1930, combined with intensive logging in
the basin outside the Olympic National Park and development of the lower valley and estuary,
led to significant changes to sediment routing, channel characteristics, and flood frequency (Jay
and Simenstad 1996; Stover and Montgomery 2001). As aresult, the Skokomish River is now
considered to be the most flood prone river in Washington State, and arguably in the Pacific
Northwest. This characteristic, notable in itself, is more remarkable because peak flowsin the
lower Skokomish River have been significantly reduced due to the out-of-basin water diversion.

>/ A new, normative regime will be implemented on August 1, 2010 under terms of the new FERC license.
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As aresult of the aggradation and other changes to the channel, the flow capacity of the lower
river has been significantly reduced, producing greater flood frequency. Historically, the river
would have flooded on average roughly once every 1-2 years (Leopold et al. 1964; Gordon et al.
2004).

The river now floods multiple times during an average winter season. Dave Montgomery at the
University of Washington has described the situation as follows (Stricherz 2002):
“1t’s always on the leading edge, the first one to flood and it floods several times.
Typically ariver will flood about once ayear. But the Skokomish floods two, three,
four, five, six timesayear.”

The shape of the hydrograph for the lower river in recent years has been much different than the
historic pattern (Figure 4.10). Most notably, the spring snowmelt pul se has been removed, due to
the flow diversion on the North Fork and the decline of snowmelt contribution in the South Fork.
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Figure 4.10. Comparison of a reconstructed (partial only) hydrograph for the lower Skokomish River
(showing approximate flows without Cushman Project) to the current average hydrograph.

Patterns and extent of variation in the mainstem river flow regime appear to generally be similar
between those in recent years and historic patterns, except for loss of the spring snowmelt pulse.
Also, the levels of annual flow extremes would be seen to be different with a more detailed
analysis—both lows and peaks have been reduced due to the diversion of flow from the North
Fork to Hood Canal.
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In summary, the following is concluded regarding the flow regime in the lower Skokomish
River:
= Annua low flows still occur in September or early October, but levels have been lower
compared to historic lows,
= Fal and winter freshetsin recent years generally appear to produce the same types,
extent, and patterns of variation as occurred historicaly;
= A period of snowmelt runoff isnot evident in late spring due to the Cushman flow
diversion and long-term climate change;
= Peak annual flowswould be higher if the Cushman diversion was not in place;
= Theatered regime has contributed to increased aggradation and flood frequency in the
lower river valleys.

The Future Normative Flow Regime

The flow regimes of the North Fork and lower Skokomish River will change again in 2010 with
implementation of the Cushman Settlement, scheduled to begin on August 1. The term of the
license is 40 years. Under the new 40-year license, the existing release of 240 cfswill be altered
to provide for a more normative pattern, including variation, of flows downstream of the lower
dam.

The new flow regime in the North Fork will have these features:
= The shape of the annual hydrograph will resemble the natural pattern, and provide for a
spring flow pulse to simulate snowmelt runoff;
= Channel and habitat maintenance flows will be provided to aid in recreating and
maintaining channel flow capacity and physical habitat in the North Fork and lower
mainstem river; and
= Periods of flow variation will be provided, timed to occur during normal freshets.

Because Tacoma Power will continue to operate the hydroelectric facility by diverting water out
of the basin, the total amount of runoff released into the lower North Fork will remain
significantly reduced compared to the unaltered state.

The North Fork flow releases will be regulated by a set of rules that will dictate month-specific
base flows as well as amounts and timing of additional flows to correspond with natural high
flow events. One component of the flow releases has been designed to facilitate sediment
transport in both the lower North Fork and the lower Skokomish River during times of high flow.
The objective of thisflow component isto enhance the natural process of channel scour to help
reverse the pattern of aggradation that has occurred for decades in both channels. This action
calls for a specified, significant increase in flow from the lower Cushman Dam immediately
following abank overtopping event in the lower river valley (i.e., aflood event). The added
dischargeis to be made as flow in the lower Skokomish River returns to within its banks and
done so that it extends the flow at just below or at the bankfull level. In doing so, bankfull flow
will be prolonged for up to an additional 48 consecutive hours beyond what would have
normally occurred. Most sediment is transported by ariver when flow exceeds a depth of about
80 percent of the bankfull level (Gordon et a. 2004), hence this action should prolong the period
of sediment transport. The action is to be carried out in amanner to avoid exacerbating flooding.
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The sediment transport flow component will be experimental and its potential for restoring more
normative channel structure and function is uncertain. The Cushman Settlement requires that this
flow measure be implemented for seven years before making a determination about its overall
effectiveness and how, or whether, it should be continued. It is expected, however, that the
aggradation issue will require much longer-term remediation, thus the roles of various measures,
including flow, are to be adaptively devel oped.

Of specia importance to this recovery plan are the adverse effects that the sediment transport
flow component would have on certain Chinook life history patternsif those patterns would be
present. Late-timed Chinook, if present, would spawn in the lower rivers and be detrimentally
affected by flows generated to facilitate channel scour. Egg losses could be expected to be high
while channel conveyance capacity is being restored through flow manipulations. The likelihood
for such an effect is one of the reasons that this plan focuses on recovery of early-timed Chinook,
which would spawn upstream of the channels undergoing these modifications.

Adult Passage through the South Fork Gorge

A series of steep cascades within the South Fork gorge are a natural partial barrier to upstream
Chinook migration. Besides steelhead and bull trout, only early-timed Chinook are known to
have ascended the rapids historically (WDF 19574d). The early-timed adults migrated upstream
primarily when flows were elevated due to snow-melt runoff. By the 1950s the amount of snow-
melt was declining in the South Fork due to climate change, making passage over the cascades
more difficult as noted by WDF (1957a):

“Migration through the South Fork canyon appears to be quite difficult for the spring

and summer chinook, judging from the sizeable numbers of fish having head injuries.”

The authors added that during periods of low flow, Chinook carcasses were observed below the
falls having injuries that were incurred from jumping at the falls.

Engineers for WDF (1957a) concluded that safe passage over the cascades needed to be
facilitated by some type of corrective action. Four locations within the gorge were identified as
requiring one of the following: full vertical dlot fishways, modified vertical sot fishways,
modified Denil-type fishway, pool and weir, or correction by blasting. Specific locations of each
of the cascades were identified as follows:

= SEY4S26 T22N R5W, about 1%2 miles below the steel bridge

= NEY2S26 T22N R5W, about ¥2mile below the steel bridge and visible from same

= SW¥%2 S23 T22N R5W, about %2 miles above the steel bridge

= Section line between 21 and 22 T22N R5W, between the proposed Cushman No. 3 dam

site and the confluence with Rock Creek

Itislikely that passage through the gorge would be more difficult currently due to greater loss of
the spring snow-melt contribution to flow. Therefore, we believe that the barriers identified by
WNDF (1957a) will need to be addressed for successful re-introduction of Chinook into the upper
South Fork.
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Loss of Fish Access to the Upper North Fork and Inundation by
Reservoir

The North Fork of the Skokomish River was historically a major producer of salmon, including
Chinook. Access to the upper North Fork by anadromous salmonids ceased in the 1920s when
the Cushman dams were built. No provisions were made for fish passage. In addition, the
upstream migrations of salmon were also severely hindered in parts of the river downstream of
the dams due to dewatering of much of the North Fork channel that occurred between 1930 and
1988, and to alesser degree since then.

The direct result of these changes in access and flow was the complete destruction of the early-
timed racial group of Chinook in the North Fork and a severe reduction in the late-timed racial
group (19574). The entirety of the North Fork’s early-timed Chinook are thought to have been
produced upstream of the upper dam. The North Fork’s late-timed population is believed to have
been produced downstream of the lower dam.

Another drastic change to the North Fork as a result of the Cushman Project was the inundation
of the large majority of spawning and rearing habitat used by the early-timed population
upstream of the dams. This condition will persist for at least the next 40 years under provisions
of the new license for operating the Cushman Project.

Historic Condition

The early-timed Chinook produced in the North Fork migrated upstream during the period of
snow-melt runoff. Passage over Big Falls, located between the two dam sites, was facilitated by
the spring runoff . Historically, the vicinity of the falls served as an important fishing location for
the Skokomish Tribe (WDF 1957a; James 1980), as fish were caught there ascending the falls.

Characteristics of the historic river contained within the boundaries of the existing reservoirs can
be inferred from notes and maps of early surveyors and explorers. The surveyors for the Generd
Land Office (GLO), made notes of general land features along section boundaries and produced
maps, sometimes indicating channel form. Additional information is provided in the journa
entries of members of the O’ Neil Expedition, a reconnaissance of the Olympic Mountain region
in 1890 by the U.S. Army.

Construction of the upper dam inundated what was likely some of the most productive salmon
habitats in the Skokomish system. Near the center of the modern-day Lake Cushman was the
historic lake, approximately two mileslong and three-quarters mile wide. Wood (1976), in
summarizing notes from the O’ Neil Expedition, described the lake as follows (single quotations
indicate quotes from the O’ Nell notes):
“Here the Skokomish River, no longer confined to its deep-cut valley, emerged from the
mountains and broadened into a ‘ suddenly widening expanse.’ The lake occupied a
natural basin having a depth of about 200 feet, the stream flowing into the north end and
out the south... The place was a paradise for fishermen because brook trout were large
and plentiful, the ‘ red-spotted variety’ running as high as fifteen pounds. The
surrounding hills, thickly clad ‘with forests of gigantic fir timber’...”
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Downstream of the lake, the GL O surveyor William Jameson (1873) showed theriver as being a
single-threaded channel (Figures4.11), asis normally the case for rivers below natural lakes.
Wood (1976), capturing notes from the O’ Neil Expedition, described this section of river as
follows:
“Below the lake the topography was broken, with bottomland intervening along the
streams. Edged by virgin forests, the Skokomish was ‘ generally wide and shallow’ and
‘flowed with agentle fall’ ... Although the scenery was picturesgue and the fishing good,
the river later rushed through *avery bad gorge’...”

&,

| 20'as

Figure 4.11. Map of the North Fork between the lower end of Old Lake Cushman and extending downstream
to approximately one mile upstream of the site of the upper Cushman Dam (Cushman No. 1), as contained in
the cadastral survey field notes and plats prepared by the General Land Office. The map shown here is from
Jameson’s survey in 1873. Big Creek is the large tributary entering from the east.

Recovery Plan for Skokomish River Chinook Salmon August 2010
Chapter 4. Habitat Recovery Strategies 68



Jameson located the “bad gorge” as beginning at the location of the upper dam and extending
downstream to a site upstream of the lower dam (Figure 4.12). He noted that the lower half of the
gorge was “impassable” with respect to being able to survey the section boundaries through that
reach—thisisthelikely vicinity of Big Falls.
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Figure 4.12. Map of the North Fork between a point (at top) approximately one mile upstream of the upper
Cushman Dam (Cushman No. 1) extending downstream to near the mouth of McTaggert Creek (at bottom),
as contained in the cadastral survey field notes and plats prepared by the General Land Office. The map
shown here is from Jameson’s survey in 1873. McTaggert Creek is the large tributary entering from the
west. Approximate sites of Cushman dams are located. The section of stream with hatch marks (between the
two dam sites) along the banks delineates an area of extended steep canyon, the lower half being noted by the
surveyor as impassible for surveying section boundaries.
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Upstream of the historic lake, the land was flat, creating awide floodplain dissected by relict
channels and active multi-threaded channels (Figures 4.13-4.14). The GL O surveyor Clinton
Pulcifer in 1892 described some of the attributes of the area as “land level Skokomish River
bottom”, “soil 1% and 2™ rate”, “ heavy timber & dense undergrowth”, and “land level mostly in
old river beds and on bars.” This area would have been the most productive zone for the early-
timed Chinook in the Skokomish watershed, where the wide floodplain enabled development of
stable side channels—as seen in Pulcifer’ s survey notes and map. It isvery likely that numerous
logjams existed due to the nature of the river and the old-growth trees present. The diverseriver
channels would have been especially productive for early-timed Chinook (Lestelle et a. 2005).
Such habitats, closely associated with the lake downstream, would likely have made this the
most productive areafor early-timed Chinook in the Skokomish basin.
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Figure 4.13. Sketch of the upper North Fork between the upper end of Old Lake Cushman and Copper
Creek as contained in part of the cadastral survey field notes and plats prepared by the General Land Office.
The map shown here is from Pulcifer’s survey in 1892. Copper Creek is located near the mouth of the river at
the upstream end of the modern-day Lake Cushman.

The valley upstream of the lake narrows at the upper end of the modern-day reservoir, near the
confluence of Copper Creek and theriver. It is evident, therefore, that the reservoir inundated the
entire section of river where the floodplain supported channel features most productive for early-
timed Chinook.
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Upstream of Copper Creek, the river and surrounding land is still largely pristine due to the
presence of Olympic National Park. Theriver in thisareais comprised of a mixture of channel
types, with both tightly confined and moderately confined reaches (Figure 4.14). It is not known
how far upstream the historic early-timed Chinook ascended the upper North Fork, but their limit
can be assumed to have been downstream of RM 33 (Figure 4.15 bottom), approximately five
miles upstream of the upper end of the modern-day |ake.

Figure 4.14. The upper North Fork a short distance upstream of historic Lake Cushman ca. 1913, looking to
the northeast. Used with permission by the University of Washington Special Collections.
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Figure 4.15. Three reaches in the upper North Fork: top — downstream of Staircase Rapids; middle — upstream of Staircase Rapids; bottom — rockfall
within gorge at approximately RM 33. Photos courtesy of Tacoma Power



Existing Condition

No upstream fish passage has occurred past the Cushman dams since their construction between
1926 and 1930. Thisresulted in the extinction of anadromous Chinook in the upper North Fork.

The modern-day L ake Cushman impounded by the upper dam is 9.6 milesin length and is
contained by approximately 23 miles of shorelines. Covering slightly more than 4,000 acres, it
inundates the large majority of the historic riverine habitat that comprised the spawning and
early-rearing area used by early-timed Chinook in the North Fork (Figure 4.16).

A much smaller reservoir is impounded behind the lower dam and forms L ake Kokanee. It
covers 150 acres.

Theriver upstream of the Lake Cushman iswithin Olympic National Park and is essentially
unaltered by human activities. In this area, the river is comprised of a mixture of channel types,
with both tightly confined and moderately confined reaches (Figure 4.15).

Figure 4.16. Lake Cushman as viewed from Mount Ellinor. Photo by Gregg M. Erickson. Used with
permission.

Future Condition to Exist Under New License

The FERC license for the Cushman Project issued on July 15, 2010 stipulates that the Cushman
Dams and associated reservoirs will remain in place for the next 40 years. Surface levels of the
reservoirs will be kept at the same elevations as existed in recent decades.

The license requires that both upstream and downstream passage for migratory salmonids be
provided at the dams. Measures are to be implemented between 2011 and 2013 to begin fish
passage. The re-introduction of early-timed Chinook, together with other anadromous salmon
species, will occur in conjunction with the implementation of fish passage.
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Upstream passage will be provided through a trap-and-haul system to be installed at the lower
dam. Returning adult salmon will be trapped at the base of the dam, then transported by truck
upstream and released either directly into Lake Cushman or in the river where it enters the lake,
depending on species. Terms of the license stipulate that the effectiveness of this operation isto
be consistent with NOAA Fisheries passage standards as required for such facilities.

Downstream passage of juveniles emigrating out of Lake Cushman will be provided using a
state-of-the-art Baker Reservoir styletrap. The trap will be operated during all periods of the
year when juvenile salmon are actively emigrating. Terms of the license stipulate that the
effectiveness of this operation is also to be consistent with NOAA Fisheries passage standards.

It bears noting that the potential for the upper North Fork to produce early-timed Chinook
through entirely natural reproduction over the life of the FERC license will be severely
constrained by the limited amount of free-flowing river available for spawning. Moreover, the
section of river that is still accessible isin the extreme upper end of the historic distribution and
is sub-optimal for reproduction. The best habitats for spawning and rearing were inundated by
the reservoir. Therefore, supplementation techniques will be necessary to help maintain the
population in the upper North Fork. The population will be managed as an integrated population
by regulating ratios of hatchery-origin and natural-origin spawners in both the natural and
hatchery environments using HSRG guidelines.

To succeed in ultimately recovering a completely self-sustaining, naturally reproducing
population of early-timed Chinook in the Skokomish basin will likely depend upon the re-
introduction measures to be carried out in the South Fork. That stage of the recovery plan will
follow re-introduction into the North Fork once a source of brood has been effectively
established there to be transplanted to the South Fork.

Degraded Upper Watershed Conditions in South Fork and Vance Creek

The upper South Fork landscape was transformed within afew decades in the second half of the
20" century by the liquidation of most of its old growth forest and development of the associated
road infrastructure. The forest, which developed over thousands of years—and had been mostly
without disturbance for hundreds of years—was cut in arelatively brief period. To accomplish
this, a network of hundreds of miles of roads was built throughout the subbasin (USFS 1995),
much of it on steep hillslopes susceptible to mass wasting. These changes accelerated sediment
delivery to water courses and, in turn, to the main channels of both the South Fork and Vance
Creek. Other associated changes occurred, including alterations to riparian structure, runoff
patterns, and in-channel large wood jams.

The combined effects of these alterations de-stabilized the main channels, increased amounts of
exposed sediments within the active channels, and—with little doubt—increased sediment
transport rates to the lower river valeys, al of which continue to the present. Other changes, far-
reaching ones, are believed to have followed as aresult. Notably, increased sediment transport to
the lower valleys has likely contributed significantly to the enormous changes to the floodplains
and channels of the lower rivers and related flood frequency (see section Lower River
Floodplains and Channels). All of these changes are believed to have had important rolesin the
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extirpations of both the early-timed Chinook in the upper South Fork and of the late-timed
Chinook in the lower basin.

The geographic scope of thisthreat as presented here is defined to be the upper South Fork
subbasin, i.e., from the lower end of the canyon at RM 3.4 and continuing upstream, and the
entirety of Vance Creek. Between RM 3.4 and RM 9.7, the South Fork flows through gorge
reaches interspersed with afew less confined reaches. It emerges from the upper gorge into an
aluvial valley having deep glacial sediment deposits. The valley continues upstream to
approximately Steel Creek at RM 22.9. Historically, early-timed Chinook spawned over the
entire length of thisalluvia valley.

Historic Condition

Prior to the mid-20th century, the large majority of the South Fork subbasin was covered by an
old growth coniferous forest. But it had not always been that way. Glaciations, notably the Puget
L obe of the Cordilleran ice sheet, advancing from mountains in British Columbia, extended as
far asthe mid section of the South Fork subbasin at least twice in the past (Long 1975). In
addition, alpine glaciers originating in the Olympic Mountains also pushed into the upper
valleys, contributing to a diverse set of glaciated conditions in the Skokomish watershed. Some
understanding of these conditionsisimportant to diagnosing the state of the modern day river.

The South Fork alpine glacier advanced and retreated at least three times during the most recent
glacia advance, which ended about 10,000 years ago, leaving large coarse and fine-grained
deposits throughout the upper valley (Long 1975; STC and WDNR 1997). Extensive, deep
deposits left by this glacier extend downstream to LeBar Creek (RM 13.5), where they are
intermingled with larger deposits left by the most recent advance of the Puget L obe of the
continental ice sheet.

Glacia deposits record two advances of the Puget Lobe into the South Fork, an earlier one that
extended two miles upstream of LeBar Creek and a more recent one reaching nearly asfar (Long
1975). The terminus of the most recent advance was in the vicinity of the confluence of LeBar
Creek, the glacier having pushed down into the LeBar and Brown creek drainages after
overtopping the hills to the east and also filling the lower Skokomish valley. This advance also
pushed up into Rock Creek and Vance Creek, lower in the South Fork. The height of the
continental glacial ice has been mapped at about 2,000 ft along the Olympic Mountain front near
Vance and Rock creeks (Long 1975; STC and WDNR 1997).

Each of these glacial events left massive amounts of glacial material in the Skokomish valleys
and veneered on the hillslopes. Large lakes were impounded by ice dams within the basin at
different times (Bretz 1913; Smith et a. 2007), and because the ice sheet blocked access to the
Pacific Ocean via Puget Sound, the Skokomish River diverted to the ocean through the Chehalis
basin to the south (Thorson 1980). As the Puget Lobe made its final retreat from the Skokomish
basin about 14,000 years ago, hundreds of feet of glacial sediments were left deposited in the
South Fork subbasin as far upstream as LeBar Creek. These events produced periods of
enormous instability in the watershed.
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Therelatively rapid retreat of the glaciersleft highly unstable conditions on the hillslopes and
within the river valleys. Meltwater undoubtedly produced significantly higher flows than occurs
in the modern river (Church and Ryder 1972), providing a means to move massive quantities of
sediment downstream and to accelerate the forming of the gorge reachesin the river system
(STC and WDNR 1997). Post-glacial processes, producing such accelerated geomorphol ogical
activity by the rapid retreat of the glaciers, have been referred to as paraglacial processes
(Church and Ryder 1972).

Church and Ryder (1972) described these processes as “non-glacial processes that are directly
conditioned by glaciation.” The paraglacial concept isimportant to understand the changes that
have occurred to the upper South Fork, aswell as those in the lower river, since the mid 20"
century.

Deglaciated landscapes often undergo rapid adjustment to non-glacial conditions through
enhanced processes, such as slope failure, debris flows, and fluvial reworking of sediment. These
conditions constitute the operation of paraglacial processes. The paraglacial period, which can
last hundreds of years following glacier retreat, is defined as the timescale over which the glacia
sediments are essentially exhausted or attain stability in relation to being reworked by various
processes (Ballantyne 2002a). Once this has happened, the sediment transport system can be said
to have reached an equilibrium of sorts, or anon-glacia state, in which sediment yield is
indistinguishable from that occurring from primary erosion of land surfaces.

The re-establishment of vegetation, particularly trees, isimportant in the transition towards a
stable state following glaciation. In the Pacific Northwest, trees took hold in the river valleys
relatively soon after deglaciation, indicating arapid transition to a non-glacial climate without an
intervening stage of tundra vegetation (Clague 1981). As the temperate forest became re-
established, sediment supply rates to the rivers diminished and river channels transitioned to
greater stability (Brierley 1983). These conditions served to greatly slow, or arrest, the releases
of paraglacial sedimentsinto river systems. This would have been the progression in the
Skokomish watershed.

Figure 4.17 illustrates the degree of stability that can exist in ariver valey formerly affected by
paraglacial processes as aresult of are-established forest. The entire valley seen in the photo was
at one time glaciated and would have undergone considerable instability through subsequent
paraglacial processes. Collins et al. (2003) explains that the stability of thistype of river is
affected strongly by two factors: dense stands of large trees that have become established
throughout the river valley corridor and by large log jams associated with the channels. In this
condition, channel avulsions typically occur by the active channel switching to arelic channel
without wholesale destruction of vegetated islands. This servesto maintain arelatively high
degree of stability to the channel network over hundreds of years. The standing large trees act as
hard points to facilitate channel switching and the jams serve to help regulate flow through
overflow and active side channels. The river channel in this condition is said to bein
equilibrium, i.e., neither aggrading nor degrading.’® In this state, the river achieves a balance

18/ River profiles are theorized as being essentially stable over a period of years, more or less achieving a balance
between erosion and deposition, hence achieving a sort of steady state equilibrium. In this state, theriver isreferred
to asagraded stream, one in which the slope, velocity, and discharge combine to transport its sediment load with

Recovery Plan for Skokomish River Chinook Salmon August 2010
Chapter 4. Habitat Recovery Strategies 76



between its sediment transporting capacity and the amount of sediment delivered to it. It can
reasonably be assumed that the South Fork, as well as the lower Skokomish River, achieved such
a state at some point following deglaciation.

Figure 4.17. Taiya River valley in Southeast Alaska, illustrating the extent of channel stability that exists in
this glaciated drainage. Picture taken from QIN and Herrera Environmental Consultants (2008). Photo by T.
Abby (2002).

A river formerly subjected to paraglacial processes, but attaining an equilibrium state, can be
sensitive to external perturbations that can re-activate paraglacial sediment transport (Ballantyne
2002a). Once re-activated, perhaps as a result of some threshold being reached (e.g., Schumm
1977), the channel network can again go through a period of considerable instability and
floodplain unraveling. Sediment stores stabilized and held in place by the river corridor forest are
thereby retapped as the floodplain unravels. Types of perturbations possible in pre-developed
watersheds are tectonic uplift, climate change, extreme climatic events, and anthropogenic
activity (such as burning or deforestation by aboriginal peoples). Figure 4.18 illustrates the
influence of external perturbations on the temporal pattern of paraglacial sediment release, in this
case due to extreme rainfall events. Re-activated paraglacial sediments are attributed to
secondary paraglacial processes, where significant re-entrainment of sediments stored in valley
fills can occur well after the original paraglacial period has ended (Ballantyne 2002a). Once such
instability had recurred, recovery time to regain equilibrium could be considerable and would
depend on the extent of disturbance that occurred.

neither erosion nor sedimentation (Mackin 1948). Land or water uses can disrupt this balance, leading to large
redistributions of erosion and deposition zones, reshaping the channel as forces operate to move conditions to a new
equilibrium (Norman et al. 1998). The graded stream concept is generally held to be valid over intermediate time
scales even though avalley will evolve (e.g., incise or aggrade) over very long periods of time (Schumm 1977).
Dynamic equilibrium describes how over such long time periods, the channel is continuously adjusting to changesin
discharge and sediment load, causing fluctuations about an average trend.
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Figure 4.18. Influence of external perturbation on the temporal pattern of paraglacial sediment release.
Here, the pulses of renewed paraglacial sediment would be triggered by extreme rainstorm events. From
Ballantyne (2002b).

The upper South Fork appears to have been in a state of equilibrium during the early part of the
20" century. Based on areview of aerial photographs taken in 1929, STC and WDNR (1997)
reported that the South Fork subbasin upstream of itslower valley at that time “consisted of an
unbroken carpet of huge conifer trees.” Only the largest portions of the mainstem channel could
be seen in the 1929 aerial photos beneath the thick forest canopy. Although the same channel
pattern was evident as exists today, active channel widths were much narrower than occur
currently. Approximately 90 to 95 percent of the riparian areas examined in the analysis was
classified as“ Coniferous Old and Dense,” with good canopy cover. The authors of the 1997
watershed analysis stated:

“Further confirmation of the previous existence of conifer stands (within the riparian

areas) was found in field observations. Large conifer ssumps were found in the riparian

areas of all segments for which stump information was recorded.”

Large log jams within the South Fork channel were also visiblein the 1929 photos (STC and
WDNR 1997; Bair et al. 2009). Wood jams, frequently large ones, are a common feature of the
pre-management condition in rivers on the Olympic Peninsula (Fox and Bolton 2007).

Based on vegetation patterns found today in nearby watersheds within the Olympic National
Park, it can be assumed that the coniferous forest in the historic South Fork was interspersed
with some deciduous trees within riparian corridors and on the scars of burns and landslides.
Prior to the modern period of forest management, the principal disturbance factor in the upper
South Fork watershed was fire. Both the 1995 and 1997 watershed analyses presented afire
history of the watershed dating back to the year 1250 (USFS 1995; STC and WDNR 1997). It
was determined that no large fire has burned in the watershed since 1834, when afire burned
approximately 2,500 acres, about 4 percent of the watershed. The last very large fire occurred in
1701, which burned approximately 34,000 acres, about 50 percent of the watershed. Prior to
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1700, large fires occurred about once every 200 years. The largest events probably resulted in
periods of destabilized channels and heightened sediment transport as secondary paraglacial
processes were activated, in addition to erosion from burned hillsides.

Besides fire, landslides have always been a cause of disturbance within the natural forest in the
upper South Fork. Thereis no reason to suspect, however, that erosion and mass wasting rates
were any higher than in other Olympic Peninsula watersheds.

Soilsin the South Fork subbasin in general are of low erodibility on lower relief and moderately
to highly erodible on steeper relief when exposed to direct rainfall and runoff (STC and WDNR
1997). Fires and landslides are the factors that would have exposed these soils to active erosion
in the historic condition.

In its natural state, the South Fork had a dynamic flow regime. While the Skokomish basin is
generally drier than the Pacific side of Olympic Mountains, annual precipitation is still high with
an average of about 134 inches in the upper basin (Canning et a. 1988). The level of the two-
year peak flow (the highest flow that occurs on average every other year) generated per square
mile of drainage area in the South Fork is among the highest in Western Washington (see Table
4.4 in section Lower River Floodplains and Channels). It should be noted, however, that the high
intensity of storm events should not have caused a greater frequency of flooding in this subbasin
compared to other riversin Western Washington. Channel capacity for runoff is normally
determined by the size of the peak event that occurs on average once every 1-2 years (Leopold et
al. 1964; Gordon et a. 2004). There is no reason to suspect an anomalous pattern in the
Skokomish watershed.

Approximately one-half of the South Fork subbasin is within the rain-on-snow zone (also called
the transient snow zone), located between about 1,400 and 3,600 feet (STC and WDNR 1997).
The rain-on-snow zone is the portion of the landscape in which timber harvest is most likely to
affect hydrologic processes and peak flow generation.

All of the conditions known to have existed in the upper South Fork prior to the advent of
logging are consistent with a Western Washington river that would have been in a state of
equilibrium. Erosional and depositional processes within the channel network would have been
more or lessin a state of balance. In-channel habitat conditions can be assumed to have been
highly productive for supporting the South Fork Chinook spawning aggregate.

The remainder of this section dealing with the upper South Fork examines the response of the
river to escalating logging beginning in the middle of the 20" century. Insights are gained by
looking at how the river changed as commercial logging progressed through the subbasin.

Existing Condition

By the mid 1990s, approximately 80 percent of the South Fork subbasin had been logged (Table
4.2). Logging accelerated greatly in the second half of the 20" century, then declined sharply
near the end of the century.
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Table 4.2. Estimated number of acres logged by period in the South Fork subbasin through 1995. The
subbasin is 105 square miles in size (67,200 acres). From USFS (1995).

Years Acres
pre 1915 6,000
1916-1935 6,000
1936-1955 13,950
1956-1975 14,511
1976-1985 12,232
1986-1995 6,179
Total 58,872

A description of the progression of logging in the South Fork follows. The timeline isimportant
for interpreting observed changes in the South Fork channel.

Small logging operations, including land clearing for farming, occurred along the lower South
Fork and Vance Creek between about 1887 and 1920 (Amato 1996; STC and WDNR 1997). In
the early years, log driving on the river was used to float logs to the river mouth. These
operations appear to have been conducted entirely downstream of the gorge on the South Fork.*

Large-scale clearcutting upstream of Vance Creek and in the Vance Creek drainage began in the
late 1920s and early 1930s. Between about 1930 and 1948, about 12-13 percent of the South
Fork was cut, mostly in the lower parts of the subbasin.

In 1946, the Shelton Cooperative Sustained Yield Unit (CSY U) was created through the
cooperation of the USFS and the Simpson Timber Company. The CSY U agreement covered
approximately 60 percent of the entire South Fork drainage, combining into one management
arealands held by Simpson Timber and the USFS. While its stated purpose was “ sustained
yield”, the rate at which logging then progressed was anything but sustainable. Once the
agreement was implemented, logging progressed rapidly.

The 1951 aerial photos show logging was moving up into the South Fork from the lower part of
the subbasin. By that year, road building and clearcutting had progressed along the north side of
theriver asfar upstream as Brown Creek (RM 12.8). Clearcutting was nearly continuous along
that side of the river, including within the riparian corridor, to the limit of Brown Creek. Logging
had still not moved into upper Brown Creek. On the south side of the river, logging had
progressed only as far upstream as RM 9.5, aswell as into the mid section of Rock Creek (RM
8.7). The road networks into these areas were extensive. The photos give no visua evidence of
any road building or logging further upstream on the river’ s south side beyond that point.

7 | We found no evidence to suggest that log driving occurred anywhere upstream of the gorge. Any logging of
near-stream coniferous forest in that area would have been extremely minor if it occurred.
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In 1952, another event occurred that further spurred the rate of logging into the subbasin. A third
Cushman Dam was proposed to be built, this one to be located at RM 9.5 on the South Fork.*®
Preparations for moving forward with the project were put into place, resulting in extensive,
rapid logging of the lower end of the proposed reservoir area during the 1950s. Eventually, the
plan was abandoned due to the discovery of ageologic fault line (Bair et al. 2009), but in the
meantime it accelerated logging into the upper South Fork. The 1962 aerial photos show that a
wide swath of theriver valley had been clearcut between the proposed dam site and LeBar Creek
(RM 13.5), aswell asthe lower valleys of Brown and LeBar creeks. Clearcutting occurred within
the riparian corridors also, most likely including any forested islands within the channel network.
In addition, log jams were removed from the river (Bair et al. 2009), presumably to clear the
channel of wood that might interfere with construction activities.

The 1962 aerial photos document the extent of logging into the upper South Fork at that time.
Logging, including road building, had not progressed past LeBar Creek on the north side of the
river. But on the south side, very extensive logging and roading had occurred as far upstream as
Pine Creek (RM 19.2). Extensive clearcutting had occurred in both Cedar (RM 17.9) and Pine
creeks, aswell asinto several tributaries downstream of Cedar Creek. The road network, while
not completely finished in these areas, was well developed, with many spurs branching into the
patch quilt of clearcuts. A relatively wide buffer strip was left intact between LeBar Creek and
Pine Creek along the mainstem South Fork. However, clearcutting to the stream banks had
occurred in many reaches of the various tributaries. Upstream of Pine Creek, the mainline road to
Church Creek (RM 21.4) had been built.

After 1962, logging accelerated even faster (STC and WDNR 1997). It reached its peak in the
late 1970s and early 1980s, then slowed dramatically after 1986. By then, the road network and
clearcutting had been pushed into the headwaters of all of the tributaries up to and including
Church Creek, aswell as further up along the hillslopes slightly beyond Steel Creek (RM 22.9)
and into that drainage. Within afew years of 1986, the large majority of the subbasin’sold
growth forest was gone. Since the mid 1990s, logging has occurred primarily on private timber
lands in the South Fork aimed at harvesting second growth trees.

By the mid 1990s, there were approximately 470 miles of State, Federal, County and private
roads within the South Fork subbasin (USFS 1995). The road density by subdrainage at that time
varied from a high of 6.0 road miles per square mile to an overall average for the entire subbasin
of 2.8 road miles per square mile. Since then a substantial number of roads within federal lands
has been decommissioned. Existing policy within the National Forest in the watershed isto
minimize future road construction and decommission or permanently close many existing roads.
Some roads have been decommissioned on private lands also. Also, both federal and private
road networks are being managed better through maintenance programs to reduce hydrologic and
sediment impacts and minimize culvert failures.

18 | The proposed dam would have created a large reservoir, inundating approximately ten miles of the mainstem
South Fork, aswell as the lower ends of Brown and LeBar creeks (1957a). The upper end of the reservoir would
have been in the vicinity of Pine Creek (RM 19.2). Water was to be diverted out of the South Fork through a four
mile tunnel to Lake Cushman, then eventually discharged to Hood Canal through the Cushman No. 2 diversion out
of the basin. The dam would have been over 300 ft high, roughly 75 ft higher than Cushman Dam No. 1.
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Asthe primeval forest was cleared and converted to a new, younger one, changes in watershed
processes and forms relating to agquatic habitat followed. Major changes occurred in sediment
delivery, flow characteristics, riparian structure and wood |oading, and channel dynamics. These
are described below.

The development of the road network across the subbasin was a catalyst for increasing the
amount of sediment delivered to stream courses. As part of the 1997 watershed analysis, aerial
photo analysis revealed that 584 landslides had occurred in the South Fork between 1946 and
1995. Most were associated with the road network and, according to the authors, presumably
would not have occurred in the absence of forest management (STC and WDNR 1997). Mass
wasting was estimated to have increased by 209 percent over background levels (assumed
historic rate) throughout the areas affected by forest management. In the areas most heavily
logged and roaded, the average rate of increase was estimated to be 380 percent more than
background.

The amounts of sediment generated by forest management activities in the South Fork were
estimated to be large in the 1997 watershed analysis. Despite this fact, it bears noting that the
authors downplayed its significance to sediment processing and channel stability in the
watershed. In general, their conclusion was that the quantities of sediment generated by logging-
related activities were small compared to the natural (pre-logging) amounts, mainly of glacigenic
origin, stored both within the active channel and the vegetated streamside terraces of the South
Fork. By inference, the conclusion was that any effects to the system would have been minor. In
reaching this conclusion, the authors relied upon an older analysis of areach in the upper South
Fork near Church Creek described in the 1995 watershed analysis. The older analysis had
concluded that the upper South Fork was a naturally dynamic, sediment rich stream that was
prone to avulse, and in doing so continually reactivated sediments stored along theriver. The
reasoning was rooted in a conclusion reached by Everest (1981) as he considered the effects of
forest practices in the upper South Fork; he stated:

“Theinstability of the South Fork is a historic characteristic and is apparently not

related to recent timber management activitiesin the watershed.”

Everest’s conclusion was based on an interpretation of how the river channel appeared to have
changed in the vicinity of Church Creek (RM 21.4) between 1929 and 1962 based on review of
aerial photosin those years. The vicinity of Church Creek had not yet been logged prior to 1962,
as noted above, except for the building of the mainline road to that area. Everest saw evidence of
channel avulsions in the vicinity and concluded that they could not have been due to logging.™®

The authors of the 1997 analysis added that flood history combined with the large amounts of
glacigenic sediments stored in the streamside terraces were responsible for the instability in the
watershed, including in its natural state. The authors, based on how much sediment had been
added by logging related landslides compared to the huge amounts of glacigenic sediments
stored in theriver valley, stated:

19/ The Everest (1981) analysis was prepared as part of an affidavit in response to alawsuit brought in 1980 by the
Skokomish Tribe and alocal environmental group charging that forest harvest practices in the upper South Fork
were unsustainable and negatively affecting fisheries resources. F. Everest was an employee of the USFS. The case
was dismissed by the court.
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“These data strongly suggest that management-related mass wasting does not have a
strong effect on channel sedimentation in the upper South Fork. Thisimplies that
erosion of terraces and/or increased rates of sediment transport and /or bank erosion
related to flood history are the primary processes determining the pattern of sediment
deposition and channel migration in the upper South Fork Skokomish.”

They further added that the bulk of coarse sediment produced since forest management began in
the upper South Fork was unlikely to have been transported to the confluence of the North and
South forks. On the other hand, they did conclude that management induced mass wasting in
upper Vance Creek had at that time contributed significantly to aggradation in the upper alluvia
valley of Vance Creek.

These conclusions will be considered in light of other information presented below, aswell asin
the section on Lower Valey Floodplains and Channels.

The 1997 watershed analysis found that timber management had altered the runoff pattern in the
South Fork subbasin (STC and WDNR 1997). The analysisindicated that forest harvest activities
had increased winter storm volumes by upwards to 18 percent compared to what would have
been expected without logging. Increases in flow were believed to have occurred by extending
the duration of high flow, but in such a manner that peak flows were not increased. The authors
stated:

“These results indicate that timber management in the South Fork watershed increases

the volume of storm flows by broadening storm hydrographs and increasing the

durations of high flows. Volume increases are in the range of 8 to 18 percent. These

increases in storm volumes could translate to increases in sediment transport and

channel disturbance.”

The authors explained the increase in storm runoff volume because “ areas converted to roads
will necessarily deliver more water during rainstorms, and clearcuts will deliver a greater volume
of water during rain-on-snow events.”

It should be noted that the authors' conclusion given above, i.e., increased storm volumes could
trandate to increases in sediment transport and channel disturbance, contradicts what they stated
elsewhere in the same report that the instability of South Fork was due to flood history and was a
natural pattern.

Logging of the upper South Fork also atered the integrity of the riparian corridor and in-channel
wood jams. Thisis especially true in the unconfined reaches between the lower gorge and LeBar
Creek (RM 13.5), where the riparian stands had been leveled and logjams removed in
preparation for building the proposed dam at RM 9.5 (Bair et a. 2009). Upstream of that point,
the riparian corridor along the mainstem South Fork was described by STC and WDNR (1997)
as having a mixed composition, with some reaches having been logged to the active channel and
others with leave strips of mature confers still intact.

The 1997 watershed analysis examined changes over time in the apparent amounts of exposed
sediments within the active channel of the upper South Fork and Vance Creek (Figure 4.18).
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These results are striking and provide the key to understanding how the channelsin these areas
responded to forest harvest. By closely examining atime series of aerial photos, the authors
calculated the surface areas of exposed (i.e., unvegetated) sediments within the active channels.
These surface area measurements made over relatively long lengths of channel, then divided by
the channel length, produced arelative index of the average widths of the active channel. The
index represents the relative amounts of sediment in temporary storage within the active channel
that would be mobilized during the typical two-year flow event. As such, changesin the index
reflect the degree of channel shifting, bank erosion, and bedload sediment transport over time.

The change over time in the channel width index is shown for four reaches in the upper South
Fork and Vance Creek (Figure 4.19; Table 4.3). The most downstream reach in the South Fork
(Oxbow reach) is contained within the area that was clearcut in the 1950s in anticipation of the
new dam to be built. This reach encompasses a naturally confined section located in an oxbow of
theriver, aswell as an unconfined section. The Mid South Fork reach islocated between LeBar
Creek (RM 13.5) and Cedar Creek (RM 17.9). The upper reach in the South Fork, called the
Cedar SF reach, islocated between Cedar Creek and Pine Creek (RM 19.2). These three reaches
represent a general range of confinement from least confined to most confined as one moves
upstream. One reach islocated in Vance Creek.

Table 4.3. Locations of the four reaches analyzed for temporal changes in active channel widths.

Reach name Location
SF Oxbow Mainstem South Fork downstream of Brown Cr; 2.1 mi reach.
Mid SF Mainstem South Fork between LeBar and Cedar Crs; 1.4 mi reach.
SF at Cedar Cr Mainstem South Fork between Cedar and Pine Crs; 2.1 mi reach.

Lower Vance Cr Vance Cr from canyon mouth to upper County Road bridge; 1.8 mi reach.

The patterns of change in the relative widths of the four reaches track closely with the progress
of logging in the subbasin, though it appears from Figure 4.19 that the Oxbow reach isan
exception in that it does not show the same level of change. A more recent analysis by Bair et al.
(2009) presented clear evidence that logging severely impacted that reach—some of that
evidence will be presented below after first considering the reaches upstream of the Oxbow
reach.

Recovery Plan for Skokomish River Chinook Salmon August 2010
Chapter 4. Habitat Recovery Strategies 84



Relative change in active channel width
0.40
0.35 -
©
c
G
© 0.30 1
o
2
= 0.25 A
(8]
©
©
o 0204
©
12
0.15 A
0.10 ‘ ‘ ‘ ‘ ‘ ‘ ‘
1920 1930 1940 1950 1960 1970 1980 1990 2000
Year
‘+Oxbow —6— Mid SF —A— SF at Cedar +Vance‘

Figure 4.19. Temporal changes in the channel width index for four reaches in the South Fork subbasin. The
index represents the relative width of the active channel (unvegetated channel zone) computed from analysis
of aerial photos as reported by STC and WDNR (1997). The reaches within the mainstem South Fork are
Oxbow (downstream of Brown Creek), Mid SF (between LeBar and Cedar creeks), SF at Cedar (between
Cedar and Pine creeks), and Vance Creek. No data existed for SF at Cedar in 1965. Figure is adapted from
STC and WDNR (1997)

The two reaches upstream of the Oxbow reach show a strong correspondence with the
progression of logging and road building, with the most dramatic change occurring in the Mid SF
reach. Index ratios seen at the Mid SF and the Cedar SF reaches in 1929, 1946, and 1956 show
levels of variation presumed to represent natural conditions, as little or no logging had yet
occurred upstream of them.? The ratio sharply increased in 1965 at the Mid SF reach. No data
existed that year for the Cedar SF reach. Ratios leveled off in the Mid SF reach in 1978 and
1985, then increased sharply again in 1995. The data show essentially no change in the ratios at
the Cedar SF reach prior to 1985 and sharp increases in both 1985 and 1995. The 1995 values
were 68 percent and 44 percent greater than the averages of the values prior to 1965, which
represent the pre-logging state, in the Mid SF and Cedar SF reaches, respectively.

The patterns in the responses in the Mid SF and Cedar SF reaches reflect differencesin the
morphology of the two reaches and rates of logging that had occurred upstream of the reaches
prior to the dates of the photos. Differences in the history of glaciation between the two reaches
may also be reflected. The Mid SF reach islocated between LeBar Creek (RM 13.5) and Cedar
Creek (RM 17.9) and the Cedar SF reach is between Cedar Creek and Pine Creek (RM 19.2).
The Mid SF reach has only a small amount of naturally confined sections, while the Cedar SF
has a substantial amount of natural confinement.

2 1 Some road building and logging may have recently begun upstream of the reaches, but if so, it would have been
Very minor.
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In al years representing periods when logging had occurred upstream of the two reaches (i.e.,
beginning with 1965), differences exist between the two reaches in how much logging had
occurred that could have affected each reach. These differences account for the amount of
logging that occurred between Cedar Creek and LeBar Creek, including within Cedar Creek,
none of which would have affected the Cedar SF reach. The greater amount of logging to have
potentially affected the downstream reach was substantial.

It may be noteworthy that the Mid SF reach was subjected to glaciations from both alpine and
continental glaciers. The advances of the Cordilleran ice sheet stopped somewhere between
Cedar and LeBar creeks. Therefore, the Cedar SF reach was affected only by alpine glaciers. A
greater increase in instability seen in the Mid SF reach compared to the Cedar SF reach
corresponding with logging may reflect a difference in sensitivity of the reaches due to their
glacia histories.

The conclusion drawn here is that the stability of both of these reaches has been strongly affected
by logging practices. This conclusionisin stark contrast to those presented in both the 1995 and
1997 watershed analyses. While the authors of those documents acknowledged that changes had
occurred in runoff patterns and sediment loading, they stopped short of recognizing a changein
channel stability corresponding to logging. Instead, they suggested that the South Fork was
naturally dynamic, and therefore channel stability and sediment transport did not reflect logging
histories. They argued that the volume of sediment added by logging-related mass wasting was
too little prior to 1965 to produce the effect seen in the Mid SF reach displayed in Figure 4.18.

The hypothesis set forth in this recovery plan is profoundly different. It isthat the close
correspondence between change in channel stability and logging/road building history reflects a
very high level of sensitivity of these channels to the combination of disruptions that occurred
due to logging, of which mass wasting was only one part. Such sensitivity would suggest that the
South Fork inits natural state was prone to a degree of destabilization, but its extent was limited
by processes governed by the old growth forest. Large-scale logging, when added to the natural
tendency for some level of destabilization, pushed the system beyond a threshold, which de-
stabilized the channels and started a process of unraveling that was then exacerbated as logging
accelerated.

A series of aerial photos is presented in Figures 4.20 to 4.22 to visually show the amount of
destabilization that has occurred in the upper South Fork upstream of LeBar Creek to the vicinity
of Church Creek. The photos are for 1939, 1951, and 2006, the only years of photos readily
available to the authors of this plan. The years 1939 and 1951 show conditions in their pristine
state, while 2006 shows conditions approximately 10 years after the 1997 watershed analysis was
completed. Figure 4.20 shows the active channel downstream of Pine Creek (RM 19.2) to about
RM 15.0. Figure 4.21 provides a closer detail of a section downstream of Cedar Creek for
examining the wetted channel pattern within the active channel corridor. Figure 4.22 shows
changes to the active channel between Pine and Church creeks (RM 19.2to 21.4). It is
noteworthy that the channel in the area of the confluence with Church Creek shows a degree of
destabilization in the 1951 photo, which islikely what Everest (1981) saw in the 1962 photos. It
appears that there was channel switching between relic channels, as described earlier for
channels flowing through an old growth forest, but not extensive unraveling.
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Figure 4.20. Aerial photos of the upper South Fork between approximately RM 15.0 (lower right) and 19.2 in
1939 (top), 1951, and 2006. The confluences of Cedar and Pine creeks are marked A and B, respectively. Scale
is the same in all of the photos.
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Figure 4.21. Enlarged view of a section of the reach shown in Figure 4.19 in 2006. The confluence of Pine
Creek is seen at far left and that of Cedar Creek to the left of center near bottom.
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Figure 4.22. Aerial photos of the upper South Fork between approximately RM 18.7 (lower right) and 21.6 in
1939 (top), 1951, and 2006 (next page). The confluences of Pine and Church creeks are marked A and B,
respectively. Note the area of channel avulsion seen in the vicinity of Church Creek in 1951. There is some
distortion between the 1939 and 1951 photos. Scale is the same in all photos.
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Figure 4.22 continued.

Vance Creek aso exhibited an upward trend in the channel width index ratio corresponding with
logging history (Figure 4.19). It is uncertain why the 1978 data point showed adrop in theratio
value, but overall the pattern is consistent with that seen in the reaches in the upper South Fork.

The relative index width in Figure 4.18 does not show as significant of aresponseto logging in
the Oxbow reach of the South Fork, which islocated downstream of Brown Creek (RM 12.8),
though it has asimilar trend. The reach is called the Oxbow reach because of alarge oxbow
located at about RM 12.5, where the river is naturally confined. Downstream of the oxbow, the
floodplain is wider than that of the two upstream reaches represented in Figure 4.19. It is not
certain exactly what part of the river downstream of Brown Creek was included in the 1997
analysis, only that areach length of 2.1 was used. The entirety of the area between the proposed
dam siteat RM 9.5 and LeBar Creek (RM 13.5) was clearcut—and logjams removed from the
river—in the late 1950s in preparing to construct the third Cushman dam. Given the amount of
channel widening that occurred upstream of LeBar Creek following logging, one would expect
that Figure 4.19 should have shown a similar magnitude of effect downstream of Brown Creek.
We hypothesize that the different characteristics of this reach, compared to the Mid SF reach and
Cedar SF reaches, resulted in a different pattern of floodplain/active channel responsesin
magnitude of change. For example, the wider floodplain in this areais conducive to the regrowth
of alder whereas the more incised reaches upstream have not promoted alder revegetation to the
same extent. This, we believe, isreflected in the downturn of the data point for this reach in 1995
relative to the other reaches.
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The USFS recently completed an extensive analysis of the river in the Oxbow area between RM
10.4 and 12.7 to assess channel changes (Bair et a. 2009). It was concluded that past logging had
caused extensive changes to the river in the area of a similar magnitude described above for
between LeBar and Cedar creeks. Figure 4.23 displays a partial set of the series of aeria photos
presented in Bair et a. (2009) that showed channel changes beginning in 1929. Channel
instability was found to have increased and the historic pool-riffle morphology had devolved into
a plane-bed morphology with elongated riffle/glide sections. Channel sinuosity had declined and
channel length had been reduced. The active channel width had increased by 68 percent—the
same level of increase described earlier for the reach between LeBar and Cedar creeks. The
increased channel width resulted in greater exposure to sunlight. Based on field measurements,
summer water temperatures were found to be exceeding Washington State water quality
standards—the river in that area was listed as 303(d) impaired by the Washington Department of
Ecology.

Bair et a. (2009) concluded that the causes of these changes to the river channel were due to past
clearcutting of the area, including the riparian zone, removal of logjams, increased sediment
loading from mass-wasting upstream, surface erosion from logging roads, and streambank and
channel erosion and degradation. The authors also stated that these conditions within the reach
were contributing to greater sediment loading in the lower South Fork and to the mainstem
Skokomish River.

The conditions within the Oxbow reach, together with those upstream to beyond Church Creek,
show that nearly the entire length of the South Fork upstream of the gorge has destabilized.
Floodplains have unraveled. Amounts of coarse sediment being mobilized and reworked by the
river during high flows have increased significantly since the advent of commercial 1ogging.

V egetated terraces continue to erode, indicating that the active channel islikely still widening in
many areas. Figures 4.25-4.27 provide ground-level photos of representative sections of the
upper South Fork between RM 10.5 to 21.6.
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Figure 4.23. Aerial photos of the reach downstream of the oxbow on the South Fork (RM 10.4 to 12.7) in
1929, 1962, 1992, and 2008. The photos were extracted from a larger series of photos contained in Bair et al.
(2009). Figure 4.24 provides an enlarged picture of the reach in 2006 for a closer examination of the channel.
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Figure 4.24. Enlargement of photo from 2006 of the reach seen in Figure 4.23. This reach is scheduled for
restoration work by the USFS in 2010 to accelerate re-stabilization of the channel and floodplain (Bair et al.
2010).

The US Forest Service and the Skokomish Tribe have proposed and are implementing intensive
restoration work in the Oxbow reach in summer 2010 to accel erate stabilization of the reach and
increase channel heterogeneity, among other objectives (Bair et al. 2009). The work will consist
of strategically placing engineered logjams and related large wood structures within the reach
and restoration of floodplain and riparian areas.
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Figure 4.25. Channel conditions within the Oxbow reach of the upper South Fork in 2005. Top photo shows
braiding condition and extensive gravel bars. Bottom photo shows eroding floodplain terrace. Many stumps
from past logging occur within the channel. Photos by Merlin Biological, courtesy of Marc McHenry (USES).
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Figure 4.26. Channel conditions downstream of Cedar Creek in the upper South Fork in 2005. Top photo
shows high terrace with exposed coarse sediments; surveyor is standing in distance. Terrace erosion is
occurring at the right of the photo. Bottom photo shows a different exposed high terrace with significant
erosion occurring, adding large amounts of sediment to the channel. Photos by Merlin Biological, courtesy of
Marc McHenry (USFS).
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shows channel incising through coarse sediments within the active channel downstream of Church Creek,
note perched wood on gravel to right. Bottom photo is located upstream of Church Creek, showing eroding
terrace and beginning of recruitment of large wood to the channel. Photos by Merlin Biological, courtesy of
Marc McHenry (USFS).
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Hypothesisfor | nstability of the Upper South Fork and Vance Creek

This plan views the current state of disequilibrium in the channels of the upper South Fork as the
result of contemporary events interacting with watershed processes shaped by the river’ s glacial
history. Rapid, large-scale logging of the subbasin appears to have triggered the re-activation of
secondary paraglacial processes (Ballantyne 2002a) and sediment stores that had been stabilized
by the old growth forest. Thisview is set forth as a hypothesis to explain how the upper South
Fork was de-stabilized and is now contributing large amounts of glacigenic sedimentsto the river
within this area and to the lower South Fork and mainstem Skokomish River.

Aerial photos indicate that the river prior to logging was in equilibrium, though it is likely that it
was prone to a degree of instability (Everest 1981; USFS 1995). Watershed processes governed
by the old growth forest, however, appear to have limited the extent of instability. As road
building and logging progressed into the subbasin, aerial photos show that the river corridor
began to unravel. Close correspondence between logging progression and river corridor response
suggests a high level of sensitivity to the logging-related disturbances. The active channel
widened as streambanks and terraces appear to have eroded. Runoff patterns from the logged and
roaded areas changed, with the volumes of storm runoff being increased by upwardsto 18
percent. Because of the unusually high intensity of storm events in the South Fork (see Table 4.4
in Lower River Floodplains and Channels), enhanced storm runoff may have been the strongest
factor ininitiating the de-stabilization process. Mass wasting is estimated to have increased by
380 percent over background in the most heavily logged areas (STC and WDNR 1997). Riparian
logging and removal of instream woody debris further affected instream stability. Asthe active
channel widened, this likely also de-stabilized logjams that had helped hold the system together.
The cumulative effect of al of these factorsis seen asthe likely cause of the system’s
deterioration.

We hypothesize that large-scale logging, when added to the river’ s natural tendency for some
level of destabilization, pushed the system beyond a threshold, below which a state of
equilibrium had been maintained (Schumm 1977). Once the threshold was exceeded, channels
were de-stabilized. This process was then exacerbated as ogging accel erated. These conditions
re-activated secondary paraglacial processes as glacigenic sediments were retapped in streamside
terraces. These processes continue to be active. Ballantyne (2002a) suggested that re-activated
paraglacial processes may take a considerable time to be re-stabilized and the system to regain
equilibrium.

Restoration Actions Previously | mplemented or Soon To Be

The USFS and Green Diamond Resource Company have been engaged in restoration work in the
upper South Fork since the late 1980s, primarily by improving, closing or removing roads and
sidecasts. STC and WDNR (1997) reported that the road abandonment program carried out in the
previous five years had eliminated many problem roads, especially mid-slope roads.
Maintenance and upgrading were also reported to be improved and erosion had been reduced.
McNulty (2003) reported that as of 2003 alittle more than 100 miles of roads had been repaired,
with many more closed without restoration by the USFS in the Skokomish watershed. SWAT
(2007) stated that between the early 1990s and 2003, the USFS and various partners
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accomplished $10.6 million of restoration work in the South Fork, most of it in road-related
work. Some instream restoration work within the upper South Fork subbasin was also
accomplished during this period. For example, wood enhancement has occurred in lower LeBar
Creek.

During 2005-2009, the USFS completed another 15.1 miles of decommissioning, 1.1 miles of
conversion to trail, and 7.8 miles of road closure. In addition, over 16 miles of roads were
stabilized and road drainage was upgraded. These projects, combined with other habitat related
work, required approximately $6.5 million (SWAT 2010).

In FY 2010 the USFS received $2,680,000 of Legacy Roads funding to decommission and
stabilize other roads within the upper South Fork. Work is anticipated for 29 miles of road
decommissioning and approximately 30 miles of road stabilization.

The USFS has also completed planning on amajor restoration project for the Oxbow reach of the
upper South Fork (Bair et a. 2009). The project is aimed at restoring a section of river that had
been affected by clearcutting and stream clearing done in the 1950s in preparation for building a
third Cushman Dam, as described previously. Work will consist of constructing a series of
logjams and other channel-stabilizing elements between approximately RM 11 and 12. Riparian
restoration work will also occur. The objective of the project is to accelerate re-stabilization of
that reach and increase channel heterogeneity. This would also have the effect of beginning to
slow the rate of sediment transport to the lower river from the upper South Fork.

Degraded Lower Floodplain and Channel Conditions

In alittle more than a century, the floodplains and river channels of the lower Skokomish
watershed have been dramatically altered from their pre-settlement®* conditions. The effects of
these changes on the performance and viability of Skokomish Chinook have undoubtedly been
severe, contributing to the extinction of some life history formsin the river. One aspect of these
changes has been significantly increased aggradation within the river, which continues unabated.
This, combined with naturally intense fall and winter storms, has made the Skokomish River the
most flood prone river in Washington State. As a consequence, the lower river and portions of its
forks are frequently hostile to Chinook embryos and young fry when present.

The geographic scale and complexities of this threat to recovery are large. Multiple land and
water uses operating at alandscape scale over many decades are the cause. Created over along
time period, many years are expected to be needed to address the problem. Moreover, the
remedial actions that will be required will likely significantly worsen the environment for
Chinook eggs and fry in the lower river until channel conditions begin to stabilize and more
suitable conditions develop.

The potential effects of this threat on Chinook recovery are not the same for all of the species
life history patterns that existed historically. Recovery of late-timed Chinook, because they
would spawn in the lower valleys of the watershed, would be much more affected than early-

2 | Pre-settlement refers to prior to settlement by Euro-Americans.
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timed fish that would spawn upstream of the areas affected. This difference between the racial
groupsis aprimary reason that this plan focuses on recovery of an early-timed population. While
the threat is considered to be less on the early-timed population, remediation of thisthreat is still
important for thisracial group. The lower river valleys have important roles both in juvenile
rearing and upstream adult migration of early-timed fish.

Historic Condition

Until the arrival of Euro-American settlersin the 1850s, the Skokomish watershed had remained
almost completely unaltered by human development. Little change occurred as aresult of thelife
styles of the aboriginal Twana people. Their permanent settlements were located in the lower
valleys of Vance Creek, North Fork, and the main Skokomish River, but land clearing there had
only been on asmall scale. Large old-growth conifers, interspersed with groves of alder and
cottonwood, blanketed the pre-settlement landscape (Wickersham 1890 cited in Amato 1996;
Richert 1964).

Theriver inits natural state had a dynamic flow regime. While the Skokomish basin is generally
drier than the Pacific side of Olympic Mountains, annual precipitation is still high with an
average of about 134 inchesin the upper basin (Canning et a. 1988). Floods could sometimes be
severe (Richert 1964), likely the result of the intensity of winter stormsin this geographic area
compared to some regions of Western Washington (Figure 4.28, Table 4.4). The level of the two-
year peak flow (the highest flow that occurs on average every other year) generated per square
mile of drainage area in the South Fork is among the highest in Western Washington. For stream
gauges that have a sufficient period of record for estimating the two-year peak flow (Q.), only
the Calawah River on the west slopes of the Olympics demonstrates a greater intensity of runoff
as measured by the ratio of Q, to drainage area.*? Storm severity in the upper North Fork is also
high, but not as high asin the South Fork.

2 [ It has been determined that peak flow in the South Fork has not been increased as aresult of logging (WDNR
1997); therefore the Q, flow in Table 1 can be assumed to represent natural conditions. It is noted that the ratio of Q,
to drainage areais affected by the size of the watershed upstream of the gauging station (Black 1996), with the ratio
generally reduced as watershed area increases. This effect would be seen over avery large range in watershed sizes.
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Figure 4.28. Ratios of the two-year peak flow (Q,) to drainage area for different rivers in Western
Washington. Streams were selected to show the range of values that exist. The only stream found to have a
higher ratio than the South Fork was the Calawah River. See Table 1 for additional information. Footnote 1
explains why available data for the South Fork are useful for describing the river’s pre-alteration peak flow
characteristics.

The Skokomish River has a sediment-rich valley system due to along history of both glacial and
fluvial processes at work. Both alpine and continental glaciers advanced multiple timesinto the
watershed from different directions during the Pleistocene, leaving enormous quantities of
glacigenic sediments (Long 1975). During deglaciation, tremendous instability would have
existed in theriver valleys as aresult of accelerated geomorphic processes, called paraglacial
processes (Ballantyne 2002), described earlier. Eventually the river channels and floodplains
stabilized as the temperate forest became established. It is envisaged that the prehistoric north
and south forks of the river above their mainstem confluence would have had similar
characteristics to the one seen in Figure 4.17, in that its channels and floodplains attained relative
stability. In that state, the river channel would have been in equilibrium (Schumm 1977), neither
aggrading nor degrading when considered over decadal to century time scales.
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Table 4.4. Information on streams with ratios computed for the two-year peak flow (Q,) to drainage area for
different rivers in Western Washington.

River Basin USGS Yearsin Drainage 2 yr peak Ratio

gauge stn  record  area (mi?) (Q2) Q2/mi?
Calawah R Quillayute 12043000 29 129 22,600 175
SF Skokomish R Skokomish 12060500 53 76 12,200 160
Humptulips R Humptulips 12039000 39 130 18,900 145
Queets R Queets 12040500 63 450 64,400 143
NF Skokomish R Skokomish 12056500 82 57 7,210 126
Naselle R Naselle 12010000 71 55 6,150 112
Satsop R Chehalis 12035000 77 299 27,200 91
Raging R Snoqualmie 12145500 62 31 2,040 67
Willapa R Willapa 12013500 57 130 8,360 64
Dosewallips Dosewallips 12053000 38 93 5,810 62
Deschutes R Deschutes 12079000 53 90 3,800 42
Newaukum R Chehalis 12025000 60 155 6,420 41
South Prairie Cr Puyallup 12095000 51 80 2,990 38
Dungeness R Dungeness 12048000 69 156 3,380 22
Greenwater R Puyallup 12097500 57 74 1,320 18

Collins et al. (2003) described the pre-settlement channel characteristics of various riversin the
Puget Lowland after two archetypical riversin the region: the lower Snoqualmie River and the
lower Nisqually River (Figure 4.29). Both types appear to have been evident in the lower
Skokomish valley prior to watershed development. Some understanding of the differences
between these two is helpful for diagnosing the modern Skokomish River and in identifying
possible restoration strategies. Descriptions of the two types given here are largely extracted
from Collins et al. (2003).

In their pre-settlement state, the two river types differed in channel and floodplain characteristics
due to different effects of the continental glaciations. The Snoqualmie type, with asingle-
threaded meandering channel, flowed through awide valley carved by ice and subglacial runoff.
Its floodplain was broad and flat and, in some cases, lower than the meander belt of theriver.
Post-glacial (Holocene) fluvial deposits of fine sediments on the floodplain were deep as the
valley floor was aggrading over time. Wetlands and off-channel ponds were abundant on its
floodplains. The river channel migrated very slowly within the valley, with infrequent avulsions.
In the case of the Snoqualmie River, for example, its channel has changed very little in form and
location since earliest mapping in 1870. In thisriver type, the extensive wetlands and off-channel
ponds provide excellent fish rearing habitat for some species, though they are not heavily used
by Chinook fry in Western Washington as the more riverine-associated habitats (Lestelle et al.
2005).
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By contrast, the Nisqually type flowed through a somewhat narrower, steeper valley, and was
incising its channel through the general Pleistocene glacial deposits. As a consequence, the
Nisqually type contained more split channels and larger gravel bars, and could revert to a braided
type”® under disturbance. Prior to watershed development, this river type contained relatively
stable vegetated islands, maintained by old-growth trees within the riparian corridor and by large
log jams. A variety of secondary channels often existed, including overflow channels, perennial
side channels, groundwater channels, along with short sections of braided channels.
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Figure 4.29. Channel form of the (A) lower Snoqualmie River and (B) lower Nisqually River in the Puget
Lowland. From Collins et al. (2002).

Although the Nisqually type avulsed much more often than the Snoqualmie type, the frequency
and way in which it did were largely governed by the presence of 1og jams and old-growth trees
within the riparian forest. The most common kind of avulsion was the river’s switching back and
forth between the main channel and side channels on the floodplain, separated by vegetated
islands. The jams served to “regulate” the flow of water into floodplain channels, thereby helping

2 | A braided channel isindicative of watershed and channel characteristicsimportant to this discussion. This
channel type has multiple branches, separated by exposed aluvial bars (Rosgen 1996). Bars tend to be transient,
unvegetated and submerged at bankfull flow (Knighton 1988), which occurs about once every 1.5to 2 years.
Braided reaches occur naturally, particularly in glacial valleys with active glaciers, but can also result from riparian
destabilization, inputs of large amounts of sediment, or other disturbances (Buffington et a. 2003). Braided channels
are often wide and shallow because bedload materials are frequently coarse (sands and gravels) and non-cohesive.
From an ecological perspective, severely braided channels are hostile environments because of their dynamic nature
(Tockner et al. 2008) caused by high volumes of sediment movement, channel avulsions and often variable flow.
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to avoid frequent and del eterious avulsions. They also served to form, then stabilize, the
vegetated islands within the channel network, which further served to help maintain the channel
complex. The prevalence for this channel switching dynamic over more continuous channel
migration was due in part to patches of old growth trees within the riparian corridor. These
patches could remain uneroded for centuries because the river avulsed around them. Thusthe old
growth acted as “hard points’ that helped maintain the stability of the channel network in
conjunction with log jams.

The Nisgually-type channel network also functioned in away that maintained arelatively stable
primary channel with year round flow. Flow would be concentrated within the main channel
sufficiently to promote scour there, resulting in arelatively low width to depth ratio.

It bears noting that the channel complex contained within the Nisqually-type river was
tremendously productive for salmon, including Chinook, because of its relative stability and its
rich diversity of habitat types (Sedell and Luchessa 1981; Collins et al. 2003; Lestelle et al.
2005). The periodic, moderate-scale avulsions served to “reset” the continuum of channel types
within the network, thereby maintaining adiversity of habitat over time. Major avulsions
occurred infrequently enough that mortality to a salmon population over many generations was
low.

Prior to settlement, evidence shows that the lower part of the Skokomish River system was
composed of both river types.?* The lower South Fork, and likely the lower North Fork, had a
channel form like that of the Nisqually type. Jay and Simenstad (1996) noted, however, that the
South Fork likely always produced a greater amount of sediment than the North Fork because of
sediment trapping in the pre-dam Lake Cushman. Also, at the top end of the lower South Fork,
where it emerges from the canyon, there was always an alluvial fan section where coarse
sediments were deposited due to the sudden change in slope and valley width (Montgomery and
Buffington 1998). Hence some braiding in that section would have always been present.
Members of the O’ Neil Expedition in 1890 observed such a condition at that |ocation (Wood
1976).

Downstream of the forks, the river transitioned to a single-threaded meandering channel similar
to that of the Snoqualmie type. The nature of the two channel types and their transition from one
to another correspond with the change in the channel slope along the river’slongitudinal profile
downstream of the South and North Fork canyons (Figure 4.30). (The channel profile seen in the
figure would have been dlightly different prior to watershed development, but the general shape
and slope breaks would have been comparable.)

24 | Other riversin the Puget Lowland also demonstrated both types along their channel courses, for example, the
Nooksack River and the Snohomish-Skykomish system (Collins et al. 2002).
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Figure 4.30. Channel profile from near the Skokomish River mouth to the beginning of the canyon on the
lower South Fork. and local channel slope. Reaches shown are those applied by the USBOR in Godaire et al.
(2009). River miles shown are those estimated by the USBOR; these do not conform exactly to those in the
WDF stream catalog. The North Fork enters at about RM 8.5 on this scale. Note the drop in channel slope
downstream of RM 8.0—this corresponds approximately to the change in channel form from a Nisqually type
to a Snoqualmie type. Chart is taken from Godaire et al. (2009).

It is evident that stable, vegetated islands existed in both forks within the upper half of the lower
valley, supporting the view that the river there had a Nisgually-type form. One example of a
large island complex occurred about a mile downstream of the lower canyon in the South Fork as
recorded by the GLO surveyor Ross Shoecraft in July 1875 (Figure 4.31). Both branches shown
in the figure were described in the notes as being flowing channels of the Skokomish River. At a
section corner within the interior of the island, he described the land as “level, soil 1% rate” with
“timber fir, cedar, maple, cottonwood & alder.” Theidand still existed in the 1920s, as shown in
amap of that time contained in Richert (1964)(Figure 4.32), indicating its stability for at least 50
years despite land use changes that were already accel erating. Both maps depict the island as
being the same size and shape. The island was approximately one mile long and a half mile wide.
Channel mapping by Godaire et a (2009)(Figure 4.33) shows that the island was no longer
evident in the 1930s.
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Figure 4.31. Map of the South Fork between just above Vance Creek and the mouth of the lower canyon as
made by a GLO surveyor in July 1875. Vance Creek is the most downstream tributary shown (leaving the
map before entering the South Fork). The bottom of the canyon is at the top of the map. The vegetated island
is shown to be approximately one mile downstream of the canyon.
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Figure 4.32. Map of the Skokomish Valley showing approximate channel location and configuration in the
1920s. Taken from Richert (1964). Note the presence of the large island located in the same vicinity shown on
the map in Figure 4.31.
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Another example of what appears to be part of an island complex is seenin a GLO survey of the
Skokomish River in August 1861 approximately 2 ¥2 miles downstream of the forks (Figure
4.34). The south channel near the center of the figure, which appears as a slough, would likely
have been connected to the main river upstream during months of higher flow more so thanin
late summer, forming a side channel complex. It is mapped in Figure 4.33 by Godaire et al.
(2009) in the vicinity of several paleochannels (relict channels now filled with sediment)—the
channel pattern suggests an island formation with relatively long-term stability.

As noted above, the pre-settlement river transitioned to a single-threaded Snoqual mie-type form
downstream of the forks, somewhere in the vicinity of Weaver Creek (RM 6.3).% Thisriver type
continued downstream, extending into river’s estuarine reach (tidally affected). Geomorphic
analysis by Godaire et al. (2009) concluded that the lower channel—from approximately RM 5.5
downstream—nhad shown virtually no change in location over the past 150 years. This stability,
together with its low gradient, meandering channel type and wide valley, support the view of it
having a Snoqual mie-type form.

¥ 22 28eaiT= B2y, —~m == FIZ /4 . vz

JFoe e 2= ﬁ";g&ﬂ LS A G e

576 > ] = S i

-.J a e

'ng— i fmﬁ .
'ﬂ"
LA 000 LS L i il e e

S
\

rzzaeel)

ko 3

o~

5 -
¥

Figure 4.34. Map of the Skokomish Valley between the North Fork and Weaver Creek made by a GLO

surveyor in August 1861. The curved channel shown as a slough on the right side suggests the presence of a
stable vegetated island. See text for complete description.
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The characterization of Godaire et a. (2009) of the lower valley is helpful here:

“Theriver valley morphology was shaped primarily by late Pleistocene glaciations,
which carved the Skokomish Valley into its present form with minor changes during the
Holocene.?® Rising base level caused by apparent tectonic subsidence and sea level rise
have maintained the valley’ s flatbottomed form following deglaciation with essentialy
no terrace development. Thisindicates that over the long term and certainly within the
last 2,000 years, the Skokomish River Valley is an aggradational environment.

% | USGS maps call the right bank tributary at approximately RM 6.3 Weaver Creek, but the WDF catalog
(Williams et al. 1975) calls it Hunter Creek.
% | Post-glacial.
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Holocene deposits along the Skokomish River form one broad surface throughout the
valley and vary in age based on the lateral migration history of the Skokomish River.
Areas that have been part of the active channel recently are younger and areas that are
further from the main channel are presumably older. Limited well log analyses show
that in the lower river valley, main channel deposits are located in many areas, but are
buried by 20-30 feet of overbank sediments. This indicates that overbank sedimentation
is high with few channel avulsions observed. In the upstream reaches, the channel
appears to be more dynamic, with a greater number of paleochannels and gravelly
deposits near the surface, which would indicate a higher degree of channel splays and
greater numbers of channel avulsions.”

Especialy noteworthy isthe conclusion of Godaire et al. regarding the lower valley asbeing a
long-term aggradational environment. In shorter time intervals, however, measured in afew
human generations, the pre-settlement river was in a state of equilibrium. The same was true of
the Snogualmie River valley that underwent the same type of glaciations as the lower Skokomish
valley. Bethel (2004), in an extensive review of the geomorphology of the Snoqualmie River,
said of that valley that it was “inevitably filling with sediment” due to the inability of the low
gradient river to transport the enormous amounts of naturally generated sediments being moved
into it—though over avery long time period. This natural condition of these rivers suggests a
relatively high sensitivity to disruptions in processes and watershed components that might affect
their equilibrium. These components, which operate both within and upstream of the lower
valleys, include riparian structure, in-channel structure, flow patterns, and sediment inputs.

Existing Condition

The existing condition is the result of a series of alterations that were made to the landscape and
flow regime that began with settlement by Euro-Americans. The progression of these changesis
described below.

Euro-American settlers began moving into the Skokomish valley in the 1850s and farms were
established on the floodplains of the lower river and its forks (Amato 1996). Over the next 20-30
years, the amount of land cleared for farming along the lower rivers steadily increased. By 1910,
extensive parts of the lower valley had been cleared, major log jams had been removed, and low
elevation areas along the rivers had been logged (Richert 1964; Amato 1996). Particularly
notable is the description by Richert (1964) of a giant logjam downstream of the forksin 1891. It
was described as having been formed over a50 year period and “ as being about three miles
thick.” One logging company “had been working for 18 months in wrecking the jam.” Log
driving, timed to the arrival of freshetsin the fall, was used to move harvested timber down the
river. The changes to the riverine landscape as a result of these actions were extensive.

The Cushman dams were built in the 1920s. In the final phase of developing the complex,
virtually all of the flow originating upstream of those structures was diverted out of the basin
beginning in 1930, then discharged through pipelines directly to Hood Canal. Until 1988, the
only water releases from the lower dam into the North Fork were for emergency spill purposes,
which were rarely made. Approximately 40 percent of the annual runoff from the Skokomish
watershed has been diverted annually since 1930 (Canning et al. 1988). This also means that
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peak flowsin the lower Skokomish River were dramatically reduced beginning in 1930. Since
ther;,7 the two-year peak flow event in the lower river has been reduced by approximately 12,000
cfs.

Diking began in the 1920s, then expanded between the late 1930s and early 1940s (Amato 1996;
Todd et a. 2006). The lower estuary was diked for the purpose of increasing agriculture lands.
Diking became commonplace in the lower valleys upstream of the estuary for both flood
protection and increasing the amount of agricultural lands. The system of dikesin these areas
grew significantly in the 1950s and 1960s, with improvements and dike lengthening continuing
to be made after that (Amato 1996).

We hypothesize that one of the most important impacts from diking other than direct channel and
side channel disconnection was the severe decrease in available active channel width and its
ability to store and remediate bed load sediments. Of particular note is the “car body levee”
which was completed in the mid 1950s at the old confluence of the North and South Forks,
which in combination with the south shore levee decreased channel width by several-fold. Asa
result, instead of spreading bed load out horizontally and maintaining a moderately stable
channel in equilibrium, the river was forced to aggrade vertically. This effect has been further
exacerbated by non-conventional diking upstream, specifically Skokomish Valley Flats Road
construction at the “dips’ and bank revetments along the Skokomish Farms just above the Vance
Creek confluence.

Portions of the lower river were channelized during the 1930s and 1940s, especially evident in
the reach between the Highway 101 and Highway 106 bridges. Thisriver section is partly within
the tidally affected estuarine reach. These actions created major channel changes that have
remained stable in plan form to the present (Godaire et a. 2009), though vertical aggradation
continues to exacerbate habitat degradation and flooding. Additional areas where channel
straightening and ateration is thought to have occurred include the Bambi Farms area just below
the canyon of the South Fork, the “dips’ below the current Vance Creek confluence, and the
South Fork between the old confluence-car body levee and the church dike.

Large scale logging began in the North Fork drainage in the early 1900s. L ogging in the other
drainages continued to expand, and in 1932 began on USFS lands in the South Fork (Amato
1996). With the creation of the Shelton Cooperative Sustained Yield Unit in 1946, forest
harvesting accelerated greatly in upper Vance Creek and upper South Fork. Logging on these
lands continued to expand in the 1960s and 1970s before the rate of cut declined in the 1980s. By
the early 1990s, approximately 80 percent of the South Fork subbasin had been clearcut (SWAT
1990s).

Aslogging progressed into the upper South Fork and Vance Creek drainages, a corresponding
change occurred to primary stream channels and floodplains in those areas. The active channels
significantly widened and show clear evidence of greatly increased instability (see section Upper
South Fork and Vance Creek). Bedload amounts appear to have increased based on how the

" | The estimate of 12,000 cfs is made by multiplying the ratio of Q,/mi? from Table 1 by the area upstream of
Cushman Dam No. 2 (98 mi?).
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channels responded. The changes track closely with projected increases in storm flow volumes,
increases in sediment inputs, alterations to riparian structure, and changes in large wood jams.

The combined effect of all of the changes that occurred to the lower river’s floodplains, river
channels, and flow regime has been wide scal e aggradation and related flooding during the
second half of the 20™ century. While the relative contributions of the various factors to
aggradation have been extensively argued (Jay and Simenstad 1996; Stover and Montgomery
2001; Godaire et al. 2009), there is common agreement that the river bed has aggraded
significantly and flood threshold and frequency has increased. A brief synopsis of the river
conditions follows:

Stover and Montgomery (2001) concluded that the mainstem river channel at the
USGS gauge near Potlatch aggraded nearly 0.5 m between 1939 and 1944, oscillated
at amplitudes up to 1 m with little net change from 1945 to 1964, then aggraded over
1.3 m between 1965 and 1997.

Jay and Simenstad (1996) reported that aggradation had occurred on the inner delta of
the river mouth between 1885 and 1972 and stegpening (degradation) had occurred at
the outer delta face over the same period.

GeoEngineers (2007) characterized all of the reaches between the lower end of the
South Fork canyon to approximately one mile downstream of the North Fork mouth
(pre 2008 location) as “aggrading braided channel.”

Godaire et a. (2009) indicated that the main area of channel aggradation extends
from at least Vance Creek downstream to perhaps the mouth of the river. The channel
in these areas is characterized by gravel bars that have similar elevations as vegetated
stream banks and by the presence of ephemeral reaches that were previously
perennial, in which streamflow disappears into the gravel substrate.

The Skokomish Tribe (Matt Kowalski, unpublished) documented that the river was
completely dry for 4,200 ft downstream of Vance Creek during most of the period
between mid August and October 14 of 2009 (Figures 4.35-4.36). Godaire et al.
(2009) reported that dry channel can occur between Vance Creek and Weaver Creek;
they cited Rich Geiger (Mason County engineer) as stating that this condition has
only been observed in several recent years.

GeoEngineers (2007) reported that a number of areas within the lower South Fork
and mainstem river are at risk of major channel avulsions.

Both GeoEngineers (2007) and Godaire et al. (2009) suggested that a narrowing of
the river channel has occurred between approximately Weaver Creek and the river
mouth.

Godaire et a. (2009) described how aggradation has elevated the channel above the
surrounding floodplain causing groundwater levels to rise in surrounding land,
potentially reversing groundwater flow directions and forcing it to flow from the
channél to the floodplain, thereby impeding floodwaters from returning to the main
channdl.

Dave Montgomery (Stricherz 2002) stated that the Skokomish River is the most flood
prone river in Washington State (Figure 4.37): “Its always on the leading edge, the
first oneto flood and it floods several times. Typically ariver will flood about once a
year. But the Skokomish floods two, three, four, five, six timesayear.”
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Figure 4.35. Dry reaches in the lower South Fork Skokomish River in August and September 2009. Note the
visible evidence of extreme aggradation by comparing the bed height to the surrounding vegetation.
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South Fork Skokomish River Dry River Section
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Figure 4.36. Extent of dry river channel on October 8, 2009 downstream of Vance Creek in the South Fork.
The confluence of the South and North forks prior to 2008 was located at the most upstream end of where the
dry channel is shown. Beginning in 2008, the confluence had moved downstream to the site indicated as a
result of a breach in the car body levee on the Skokomish Farms. Note the course of the lower North Fork
currently, which follows a relict channel that existed in the 1930s seen in Figure 4.40.
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Figure 4.37. The Skokomish River is considered to be the most flood prone river in Washington State.

Hypothesis for | ncreased Aggradation and Flooding

This plan hypothesizes that the combined—perhaps synergistic—effects of multiple factors
resulted in greatly increased aggradation and flooding in the Skokomish basin. It is assumed that
the river was in equilibrium prior to the advent of large-scale alteration by humans (Mackin
1948; Gordon et al. 2004). A timeline that conceptualizes how the various land and water uses
combined to affect aggradation is given in Figure 4.38. A summary of the principal factors
presumed to have operated under this hypothesis follows.
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Stover and Montgomery (2001) suggested that the principal causes of the increased aggradation
and flooding were increased sediment loading in the South Fork, combined with a reduced
transport capacity from flow diversion on the North Fork. The South Fork was historically a
sediment rich stream—more so than the North Fork. The combined flows out of the two forks
prior to dam construction would have been critical in maintaining the stream channelsin the
lower valleysin a state of equilibrium. Changes in both sediment load and peak flow would have
disrupted the equilibrium state of the river channel (Schumm 1977).

Factor affecting aggradation Effect
Decade Events LWD  Sed Val Est Peak Agg
amt load dike dike flow amt

<1850 Only minor alterations of watershed exist by human activities; homeland
of Twana peoples.

1850 Euro-American begin settling lower Skokomish floodplain.

1860 Land clearing and agricultural development of lower Skokomish
floodplain.

1870 Land clearing and agricultural development of lower Skokomish
floodplain.

1880 Continued agricultural development of lower Skokomish floodplain and
beginning of industrial logging in lower valley.

1890 Logging of lower valleys, log jam clearing, log driving; farm development
continued.

1900 Logging of lower valleys, log jam clearing, log driving; farm development
continued.

1910 Extensive logging of lower NF on Pope and Talbot lands.

1920 Construction of Cushman dams; diversion of NF flow out of basin at
Cushman Dam No. 2 in 1930.

1930 Clearcut logging begins on USFS lands in the SF; extensive diking
within river delta for farm development; channel straightening; river
channel gravel mining; evidence of aggradation.

1940 Creation of Shelton Cooperative Sustained Yield Unit (CSYU)
Agreement on Simpson Timber and USFS lands in the SF (1946);
logging accelerates; lower mainstem aggrades 1-1/2 ft.

1950 Clearcutting/logjam removal in SF anticipating hydroelectric project;
logjam removal in other streams; variable aggradation in lower river but
continues; diking in Vance and lower river.

1960 Extensive development of dikes; accelerating road building and logging
in the CSYU; evidence for increased aggradation in lower river.

1970 Dike and revetment system and lengthened and repaired; road building
and logging in CSYU occurring at high rate.

1980 Rapid logging of CSYU continues to early 1980s, then declines; dike
structural repairs and additions to various structures made; 3.2 ft of
aggradation since 1969 measured at Hwy 101.

1990 Logging on ONF lands in SF reduced significantly then essentially
stopped (mid 1990s); watershed restoration activities begin on ONF
lands. Extensive logging of second growth on Simpson lands.

2000 Logging of second growth on Simpson lands; flooding frequent;
continued evidence for aggradation; restoration work in upper SF to
close roads. GI Study initiated; Cushman Settlement reached (2009).

Figure 4.38. Conceptualized effects of various factors affecting aggradation in the lower Skokomish River
since 1850. The figure illustrates the hypothesis presented herein about the operation of factors in increasing
aggradation (Agg amt) in the lower Skokomish basin. Factor abbreviations are: LWD amt — large woody
debris amount, Sed load — sediment load, Val dike — dikes within the river valley, Est dike — dikes within the
estuarine zone, Peak flow — the average annual peak flow in the river.
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Jay and Simenstad (1996) estimated the loss in transport capacity due to the decreased flow out
of the North Fork to be between 40-70 percent. This sudden change in the flow regime would
have had immediate effects to the balance between erosion and deposition in the lower North
Fork aswell asin the mainriver. In the North Fork, the channel greatly narrowed over time, the
bed aggraded (due to sediment sources downstream of the lower dam), and ariparian forest
encroached on the channel (Figure 4.39). The riparian forest grew into the channel due to the
stepped nature of flow release periods. the flow release was de minimis prior to 1988, it was
increased to 30 cfs between 1988-1998, and it was increased again in 1998 to 60 cfs. Figure 4.39
also illustrates that there is currently a very large amount of material in the lower NF that will be
transported to the lower Skokomish River under the new flow regime dictated by the Cushman
Settlement (see section Altered Flow Regimes).

Godaire et a. (2009) showed a narrowing of the channel downstream of the North Fork and
extending into the estuarine zone since the mid 20™ century—a condition that often occurs
following loss in peak flow due to damming (Gordon et al. 2004). It is noteworthy that the reach
immediately downstream of the North Fork underwent severe disruption in the 1930s (Figure
4.40). It appears that the combined effects of many changes to the channels and flows were at
work. Channel avulsionsin the confluence reach between the North and South Forks have also
occurred in the past two years, indicating continued instability in this area due to the aggradation.
Moreover, thisis the area of the channel where late summer flows have gone sub-surface in
recent years. It is also the reach where the channel transitioned historically from the Nisqually-
type form to the Snoqualmie-type. Channel slope declines abruptly and the competence of the
river to transport sediment load declines sharply. There is some evidence that the transition point
of slope breaks and bed aggradation has migrated downstream over the recent historical period.

Operating in conjunction with these factors has been the effect of the removal of logjams from
the high water channel. Bair et al. (2009) suggested that the loss of LWD in the South Fork
upstream of the lower canyon beginning in the 1950s, in conjunction with increased sediment
supply due to logging, destabilized that section of river, releasing a greater sediment load to the
lower basin as well as decreasing the channel’ s ability to process these sediments.

The greatest effect of the loss of logjams, however, was likely initiated much earlier but its
effects would have been long lasting—continuing to the present. The very extensive channel
clearing that began in the 1890s, which continued for decades, in the lower South Fork and main
river was very likely transformative to the channel. Logjam removal in this area would have led
to the eventual destruction of stable vegetated islands and side channel complexes. As aresult,
large amounts of coarse sediment would have been released to further destabilize the channel and
transform it over time into more of a braided channel. This effect occurred in conjunction with
the complete removal of old growth trees along the lower river valleys, which historically served
as hard points around which channel switching occurred (Collins et a. 2002).
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Figure 4.39. Channel conditions within the North Fork downstream of McTaggert Creek in August 2007.
Flow was 60 cfs. Note narrow channel, encroachment of riparian forest, absence of gravel bars, and stream
bed aggraded with fine gravel.
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Figure 4.40. Top - Diagram of the Skokomish River between the North Fork (RM 9.0) and approximately
RM 7.0 circa 1935. Note the presence of a small island (labeled) and the extensive area of exposed gravel
downstream of the North Fork. Bottom — Aerial photo of the same area in 1938. Continued to next page.
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Figure 4.40. continued. Photo shows the same area seen in the two pictures above. All three pictures are from
Godaire et al. (2007).

Godaire et a. (2009) emphasized another major factor that has operated in conjunction with
those described above—the construction of the levee system, which began in the 1920s, then
expanded greatly in the 1950s and 1960s. As the river was destabilized in the early to mid 20"
century, and farms developed along its channels, it was evident that |evees were needed to hold
back flood waters. The levees, while meant to help, worsened the situation according to these
authors. The levees further disconnected the main channel from its floodplain, which leads to
aggradation in the channel if sediment cannot be conveyed through the leveed reach. Moreover,
if stream banks are prevented from eroding—as accomplished by diking, then the channel is not
able to widen or adjust its form to accommodate increased sediment. This further increases the
stage of discharges as the channel aggrades and the conveyance capacity of the channel is
reduced, according to the authors. Levee breaches become more frequent as the channel conveys
less and less flow. This scenario appears to have occurred, as evidenced by the car body levee
and church dike failuresin the early to mid 2000s.
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Another factor that has been given little attention in understanding the causes of aggradation in
the Skokomish basin is loss of tidal prism.? It is represented in Figure 4.38 by estuarine diking,
but in actuality tidal prism has been more broadly affected by aggradation of the channel,
connectivity within the entire estuarine zone, and the narrowing and channelization of the
estuarine reach. The function of ariver mouth estuary and itstidal prism to transport finer
sediments compl etely to the marine environment as a part of the lower river continuum is
illustrated in Figure 4.41. Within the reach length affected by tidal flow, sediment transport is
normally more affected by tidal energy or mixed energy (combination of river and tidal energy)
than it isby just riverine flow. Note in Figure 4.41 that the maximum amount of energy to move
sediment occurs a short distance downstream of the upper end of tidal influence, where both
riverine and tidal energy gradients combine. The effect of tidal prism operates on both the ebb
and flood tides to suspend and move sediments, but the dominant direction of transport is on the
ebb tide as it flushes sediment out of theriver. Thisislikely particularly true for the Skokomish
estuary due to the general lack of marine sediments being swept in during the flood tide in this
region (Jay and Simenstad 1996).

As aggradation occurred in the lower river, continuing down into the upper end of the estuarine
zone, the effectiveness of tidal prism was being reduced within the estuarine zone. It can be
presumed that this sediment accumulation acted in some manner asa“plug” on the system
upstream, further slowing the movement of small gravels, sands, and silts out the lower river.

% | Tidal prismis defined as the total volume of water that passes through a channel cross section during the course
of atidal cycle. Thetotal volume of tidal prism in ariver mouth estuary would encompass all of the intertidal areas
in immediate proximity to the river mouth including its delta, as well as the entirety of the zone of tidal influence
within the river channdl itself, including all distributaries, blind channels, and the lower ends of tributaries affected
by tidal exchange. The volume and shape of the tidal prism are important for flushing away sediments which have
been carried down river.
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Figure 4.41. Energy to transport sediment within the estuarine zone of a river mouth estuary that has
extensive delta development. Note the location of the upper end of tidal influence. The level of energy
associated with strictly riverine currents begins dropping at the upper end of tidal influence. The level of tidal
energy to move sediment reaches its peak somewhere between the upper end of the outer delta and the upper
end of tidal influence. Mixed energy represents the combination of riverine and tidal energies, generating the
highest level of energy close to where tidal currents reach their peak. Taken from Dalrymple and Choi (2007).

As aggradation occurred in the lower river, continuing down into the upper end of the estuarine
zone, the effectiveness of tidal prism was being reduced within the estuarine zone. It can be
presumed that this sediment accumulation acted in some manner asa“plug” on the system
upstream, further slowing the movement of small gravels, sands, and silts out the lower river.

The upper half of the estuarine reach, historically beginning at about the Highway 101 bridge
and continuing down to about the Highway 106 bridge has significantly less flow capacity than
reaches upstream. The estuarine reach and continuing for some distance upstream appears to be
the bottleneck for flow capacity in the lower river. Reduced capacity in this reach is the result of
anarrowed channel, aggradation, and low gradient. Todd et al. (2006) described the Skokomish
estuary as being “severely impaired”, duein part to its loss of connectivity (Figure 4.42). The
effect of this, combined with the remaining dikes within the lower estuary, is to reduce the
function of the existing tidal prism. This effect needs to be considered along with the other
factors operating upstream to better understand the nature of aggradation in theriver.
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Figure 4.42. Skokomish River delta and lower estuarine zone. Highway 106 bridge is visible at the most
upstream end of where river water can be seen. Note the presence of the dike at the lower end of Nalley
Island, showing the breach that occurred by storm action in 1995. The somewhat reddish area to the right of
photo center is diked, which was completely removed in summer 2007. Other restoration activities occurred
on the island in 2010.

It isuseful to view the entire river corridor from the upper South Fork to the estuary with a
landscape perspective (Figures 4.43-4.44). Changes in the active channel width between the
upper South Fork and the estuary areillustrated.

The General | nvestigation (Gl )

The U.S. Army Corps of Engineers (ACOE) is currently conducting a multi-year investigation of
the Skokomish River to address ecosystem restoration issues and flooding in the watershed. The
study isformally called the * Skokomish River Basin Ecosystem Restoration and Flood Risk
Management General Investigation”, or Gl. Its purpose is to enable progress towards
implementing a solution to the flooding problem while also aiding in the recovery of listed ESA
species. The ACOE has partnered with Mason County, the Skokomish Tribe, and several State,
Federal, and local governmental entities to complete the study.

The goals of the Gl areto:
= Improve ecosystem functions and processes in the Skokomish River basin to benefit
fish and wildlife, including listed salmonids;

Recovery Plan for Skokomish River Chinook Salmon August 2010
Chapter 4. Habitat Recovery Strategies 121



= Reduce flood risk in the Skokomish River basin to residences, businesses,
infrastructure, and tribal property and increase public safety through structural and non-
structural measures;

» Investigate potential for ecosystem projects that secondarily meet limited flood risk
management goals.

Currently, the project partners are studying the feasibility of certain actions that will meet the
initial goals of the investigation. Some of the actions being considered are:
Upper South Fork sediment management;

Road removal and relocation;

Mainstem river gravel removal;

Flood routing;

Setback levees and levee removal;

Floodway acquisition;

Bridge modification;

Sediment basins and traps;

Flood response plan.

The schedule calls for completing the final draft report by January of 2014.
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Figure 4.43. Aerial view of the South Fork in 2006 from its upper end at left to the top end of the
gorge reach at right.
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Figure 4.44. The Skokomish River valley in 2006 showing the lower South Fork (within the gorge reach at far left), lower North Fork, and mainstem
Skokomish River. Note the widths of the active channel beds. The letter A marks the mouth of the North Fork. Since the photo was taken, the mouth
of the North Fork has moved to the letter B as a result of channel avulsion. Also note the channel width in the North Fork relative to that of the
South Fork.



Degraded Estuarine Conditions

This threat encompasses the many types of alterations that have made to estuarine habitats within
both the Skokomish watershed and the Hood Canal region. These habitats provide critical
functionsin the life histories of Chinook produced in the Skokomish watershed. Over the past
150 years, extensive modifications have been made to these habitats as a result of awide variety
of land and water uses.

The Skokomish River estuary isthe largest and most complex of the river mouth estuariesin
Hood Canal (Todd et a. 2006). It extends from the upper limit of tidal influence in the lower
river to the outer extension of the mud and sand flats on its outer delta (Figure 4.42). The shape
of the Skokomish deltaistypical of fjords, i.e. an isolated shallow region along a normally steep
shoreline (Jay and Simenstad 1996).

Formed by the interplay of fluvial processes and marine influence, the Skokomish estuary
encompasses a mosaic of aquatic habitats. These habitats provide four general functions for
juvenile sailmonid (Simenstad et a. 1982; Williams and Thom 2001):

= Foraging and rapid growth;

= Refuge from predation and from extreme physical events (such as freshets)

= Mixing areas for fresh and salt waters that assist physiological transition of juvenile

salmon through smoltification; and
= Migratory corridor.

It isimportant to recognize that the Skokomish estuary is actually part of a much larger
estuary—the Puget Sound-Georgia Strait complex. The entirety of thislarger complex is
technically an estuary because freshwater is measurably diluted by seawater. The complex isa
continuum of estuarine characteristics—from strong to faint—moving from the southern ends of
Hood Canal and Puget Sound to the western extremity of the Strait of Juan de Fuca
(Friebertshauser et al. 1971).

The river mouth estuary isimportant in the life history of juvenile salmon in general, but it is of
particular importance to Chinook (Healey 1982). Pacific salmon species utilize the estuary of
their natal stream in different ways. Some species pass through it quickly, even spending afew
hours there before moving to more marine-like waters beyond. Chinook, in contrast, can spend
extended periods there, lasting up to several months. Healey (1982) concluded that Chinook is
the most dependent on the natal estuary of all salmon species since members of al life history
typ