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1 PURPOSE AND INTRODUCTION

The Water Resource Inventory Area (WRIA) 14 Lead Entity Committee (Committee)! is updating the
freshwater habitat strategy that was first prepared in 2004 and titled Salmon Habitat Protection and
Restoration Plan for WRIA 14, Kennedy-Goldsborough (Mason Conservation District Lead Entity,
2004), herein referred to as the Salmon Plan. The WRIA 14 Committee hired Environmental Science
Associates (ESA) to assist with the freshwater habitat strategy update. The salmon species and sea-run
trout present in WRIA 14 include Chum Salmon (Oncorhynchus keta), Coho Salmon (O. kisutch),
Chinook Salmon (O. tshawytscha), and Pink Salmon (O. gorbuscha), Steelhead (O. mykiss), and sea-run
Coastal Cutthroat Trout (O. clarkii clarkii), which represent the focal species for the update. As a
freshwater habitat strategy update, the project focuses exclusively on freshwater habitats and life stages
only and does not evaluate habitat conditions in the estuary, nearshore, or in marine waters. A primary
goal of the freshwater habitat strategy update is to restore and protect natural watershed processes in the
freshwater environments of WRIA 14 that support biologically diverse runs of salmon capable of self-
sustaining natural reproduction

The freshwater habitat strategy update will occur in multiple phases. Phase 1, for which this report was
prepared, entails compiling available information, identifying critical data gaps, and characterizing
existing conditions. Phase 2 will focus on filling critical data gaps (as needed/possible), prioritizing
watersheds and reaches for restoration and protection. Subsequent work after Phase 2 will focus on target
setting and adaptive management planning.

The purpose of this Existing Conditions Summary Report is to summarize available information on
habitat conditions and salmon populations, and to use this information to evaluate existing conditions in
17 key watersheds within WRIA 14. An earlier memo prepared as part of Phase 1 listed data sources
generated since the 2004 Salmon Plan (i.e., post-2004) and identified critical data gaps (ESA 2019). The
data compilation memo was organized by WRIA 14 watershed and habitat parameter, which facilitated
interpretation of what information was available and for which parts of WRIA 14.

The selected approach for classifying current habitat conditions by WRIA 14 watershed, as presented in
this report, utilized recent (post-2004 Salmon Plan) and historic (pre-2004) data on habitat parameters.
The habitat parameters, which are classified as indicators for this analysis, were used to evaluate the
existing condition of four Key Ecological Attributes (KEAs), specifically: (1) Stream Temperature, (2)
Sediment Size and Distribution, (3) Stream Complexity, and (4) Aquatic Habitat Connectivity. KEAs are
an aspect of an ecosystem component or habitat types that, if present, define the health of that habitat and,
if missing or altered, would lead to the outright loss or extreme degradation of that habitat over time.
There are standard definitions for habitats and KEAs developed for Chinook Salmon recovery planning at
the regional level, which were combined and modified to work for a multi-species, freshwater approach.
The four KEAs were selected because together they represent the primary ecological processes and
resultant habitat structure required by anadromous salmonids and their freshwater life stages. This
approach applies a salmonid life history perspective to the analysis by explicitly linking the importance of

! The WRIA 14 Committee is comprised of a combination of citizen and technical stakeholders.
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1. Purpose and Introduction

the individual KEAs to each freshwater life stage of the salmonid species. This approach serves to relate
habitat quality and availability to the specific salmonid species and life stages present within each
watershed.

In addition, this report presents an overview of each anadromous salmonid species in WRIA 14, including
a summary of fish distribution and populations in the watersheds of WRIA 14. The report also identifies
existing and potential future threats to salmonid populations in WRIA 14. Threats are defined as the
combination of pressures and stressors, or the human impacts that lead to degraded KEAs. Pressures and
stressors are further defined and examples provided in Section 4. A list of pressures and stressors most
impacting the KEAs in WRIA 14 was developed and reviewed. Where data were readily available for
certain pressures like roads or habitat conversion, these were analyzed by watershed and presented in
tables. The threats of future population growth and climate that can further exacerbate existing pressures
and stressors are described in Section 4.3.

In Section 5, data gaps identified in the existing habitat conditions analysis and the threats analysis are
provided. In the final section, recommended next steps for Phase 2 of the freshwater habitat strategy
update are provided.

WRIA 14 Freshwater Habitat Strategy Update 2 ESA/D181231.00
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2 SALMONIDS IN WRIA 14

WRIA 14 has known presence of seven species of salmon and trout with sea-run life histories including
Coho Salmon, Chum Salmon, Steelhead, Chinook Salmon, Pink Salmon, Sockeye Salmon and Coastal
Cutthroat Trout. With the exception of Chinook Salmon, all of these species have been documented as
spawning in WRIA 14. Pink Salmon presence on the spawning grounds has been documented by the
Washington Department of Fish and Wildlife (WDFW) in recent odd years. Isolated occurrences of
Sockeye Salmon and Kokanee, the non-anadromous form of the species, have been documented in the
WRIA. Neither Pink Salmon or Sockeye Salmon has a designated stock in the WRIA and the species are
not included in the analysis. As the freshwater habitat strategy update is intended to support multi-species
recovery efforts, this evaluation includes all of the other five species as focal species. The text below
briefly describes each species, including key life history elements, discusses the relative distribution of
these species in the WRIA 14 watersheds, and presents information on species abundance within each
watershed.

2.1 Species Descriptions

The following sections describe the focal species for the update, including freshwater habitat
requirements and general life histories.

2.1.1 Chum Salmon

The Puget Sound/Strait of Georgia Chum Salmon Evolutionarily Significant Unit (ESU) (Johnson et al.,
1997; NMFS, 1999) includes three Chum Salmon runs, differentiated by spawn timing. Chum Salmon in
WRIA 14 are predominantly fall run, although several watersheds in the WRIA support summer Chum
Salmon. No winter Chum Salmon are reported in WRIA 14. While spawn timing also varies by
watershed, summer Chum typically spawn from September to November, while fall Chum Salmon spawn
primarily in November and December (WDF et al., 1993; WSCC, 2002). This report’s interpretation of
Chum Salmon runs in the WDFW spawning ground database assumed observations before October 1
were summer Chum Salmon and observations on or after October 1 were fall Chum Salmon. The WDFW
spawning ground database documents live fall Chum Salmon on spawning survey reaches between
October and December. High numbers of live fall Chum Salmon are documented in October, peak
numbers in November, followed by a sharp decline in December. The WDFW spawning ground database
documents small numbers of summer Chum Salmon in a subset of creeks in WRIA 14, as described
further in Section 2.3.

Adult Chum Salmon typically return to their natal streams as 3- to 5-year-old fish, and tend to migrate
upstream during periods of rising river flows and decreasing temperatures, and often spawn within several
weeks of entry (Salo 1991; WDF et al., 1993). Chum Salmon generally spawn lower in the watersheds
than most other salmonids, typically downstream of the first significant barrier, as they have difficulty
leaping over blockages and are often reluctant to use fish ladders. They also tend to spawn in shallower
and lower velocity waters than other salmonids (WSCC, 2002).

WRIA 14 Freshwater Habitat Strategy Update 3 ESA /D181231.00
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2. Salmonids in WRIA 14

Many habitat characteristics can influence spawning site selection. Water flow through the substrate
(typically groundwater upwelling) and associated water temperature (Geist et al., 2002; Maclean, 2003),
substrate type (Chapman, 1988; Kondolf, 2000), and dissolved oxygen concentration (Peterson and
Quinn, 1996; Maclean, 2003) are known selection factors for Chum Salmon and other salmonids. Chum
Salmon tend to spawn in sand- and silt-free gravel areas, reportedly preferring particle sizes of 0.7 to 7.6
cm diameter, compared to larger or smaller substrate material preferred by other salmonids (Duker,
1977). Johnson et al. (1971) found that Chum Salmon spawn in flows varying from 0.0 to 167.6 cm/sec,
with most (80%) spawning in velocities of 21.3 to 83.8 cm/sec.

Chum also appear to prefer gravel areas where groundwater springs or upwelling occur, providing sources
of warmer and more stable water temperatures, to protect eggs from freezing (Maclean, 2003; Burril et
al., 2010). Similar benefits are provided in intertidal spawning areas, warmed by inundating marine
waters during high tidal cycles (Johnson et al., 1997). Acceptable stream temperatures for Chum Salmon
incubation range from 4° to 12°C (Richter and Kolmes, 2005). Eggs and then hatched yolk-sac fry remain
in the gravel for 5 to 6 months after fertilization (Koski, 1981), typically emerging between March and
May (Salo, 1998). As with other salmonids, egg mortality and alevin development are negatively affected
by water temperatures exceeding approximately 12° to 15°C, although this appears to be the preferred
temperature range for juvenile salmonids (Johnson et al., 1997; Richter and Kolmes, 2005).

Fry emerge at night and immediately begin migration downstream to estuarine/nearshore areas (Koski,
1981; Salo, 1991; Simenstad, 2000). Therefore, except for spawning and incubation conditions, Chum
Salmon have limited reliance on freshwater habitats. Upon their arrival in tidal waters, Chum Salmon fry
inhabit shallow estuarine habitats and marine shorelines (Nightingale and Simenstad, 2001), where they
feed on both freshwater (mayfly and caddisfly larvae and chironomids) and marine (zooplankton and
benthic invertebrates) food resources (Salo, 1998).

Chum Salmon fry can either pass directly through natal estuaries into Puget Sound, or they can rear for
weeks in estuarine habitats before moving along the shoreline (Fresh, 2006). They typically rear in
nearshore areas through June or until reaching a size of 1.7 to 2 inches (45 to 50 mm), when they move to
deeper off-shore areas (Salo, 1991; Ames et al., 2000; Simenstad, 2000; Fresh, 2006).

2.1.2 Coho Salmon

Coho Salmon within WRIA 14 are classified part of the Puget Sound/Strait of Georgia Coho Salmon
Evolutionarily Significant Unit (ESU). Coho Salmon typically exhibit a 3-year life cycle, with
approximately equal time spent in fresh and saltwater (Sandercock, 1991). Returning Coho Salmon in
WRIA 14 typically enter freshwater from mid-September to mid-November and spawn from late October
to mid-December (WSCC, 2002). River entry typically coincides with increased flows from storm events
(Sandercock, 1991). The WDFW spawning ground database documents live Coho Salmon on spawning
survey reaches between October and December with a peak normally in December. The WDFW database
documents infrequent observations of live Coho Salmon in these areas in September and January. Coho
Salmon spawning areas are widespread, ranging from small tributaries to larger rivers, throughout the
WRIA. Spawning also occurs over a long timeframe, generally between mid-fall and early winter, but
occurs as late as January and February in some areas.
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2. Salmonids in WRIA 14

Coho tend to prefer slower water velocity areas than other salmon species, with average velocities of less
than 20 cm/s (Bisson et al., 1988). Spawning typically occurs at water temperatures ranging from 4.4° to
about 13°C, with peak egg survival typically occurring between 2.5° and 6.5°C, although the wider range
of 1.3° to 10.9°C also showed acceptable survival results (Richter and Kolmes, 2005). Similarly,
temperatures from 4° to 10.9°C resulted in good alevin and fry survival, while spring water temperatures
below 15°C are ideal for successful Coho Salmon smoltification, as impairment can occur above this
temperature.

Bed scour can have very high adverse effects on incubating salmon eggs (Tripp and Poulin, 1986;
Montgomery et al., 1996). These scoured areas can produce high egg survival rates due to groundwater
upwelling (Bjornn and Reiser, 1991; Waters, 1995). Egg survival can be as high as approximately 80%
(Quinn, 2005), although average survival to emergence is typically much lower. Moring and Lantz (1975)
reported emergence survival rates of about 30% in three small Oregon coastal streams. Survival and
emergence of embryos and alevins is greatly influenced by dissolved oxygen supply within the redd
(Mason, 1976). Coho Salmon embryos typically hatch after about 6 to 8 weeks in the gravel, although
hatched alevins remain in the gravel for an additional 2 to 4 weeks before emergence (Wydoski and
Whitney, 2003; Groot and Margolis, 1991).

After emergence, Coho Salmon fry move to low velocity areas, typically along the stream’s margins or
backwater eddies and pools (Nickelson et al., 1992; Hampton, 1988; Nielsen, 1994; CDFG, 2002), as well
as off-channel and backchannel areas (Cederholm and Scarlett, 1982; Sandercock, 1991; Lestelle et al.,
1993). Depending on habitat conditions and availability, juvenile Coho Salmon may also disperse
upstream or downstream after emergence (Hartman et al., 1982; Murphy et al., 1984; Cederholm et al.,
1988; Nielsen, 1994; Bolton et al., 2002). Their spawning distribution and subsequent fry movements can
disperse them to streams of all sizes, from small headwater streams to larger channels and other
interconnected waterbodies including lakes, ponds, flooded wetlands, and estuarine areas.

The fry exhibit similar habitat preferences through their freshwater rearing stage, which extends for about
1 year, during which time they may remain close to their natal sites. However, depending on habitat
conditions, the fry may move considerable distances to find suitable summer and/or overwintering
habitat. Juvenile Coho Salmon have been found to move up to 20 miles downstream from summer rearing
sites to overwintering habitat (Peterson, 1982; Cederholm and Scarlett, 1982). Factors affecting fry
distribution and survival include access to adequate food sources and habitat (particularly over-winter
habitat), predation, habitat complexity, and connectivity to suitable habitats (Nickelson et al., 1992;
Solazzi et al., 2000; and Johnson et al., 2005).

In Puget Sound, peak Coho Salmon smolt outmigration generally occurs from late April to mid- May,
with most smolts ranging from 95 to 115 mm fork length (Weitkamp et al., 1995). Some Coho Salmon
display a more complex suite of life history patterns, including the use of estuarine or lake habitat or
direct seaward migration by 0-age Coho. In some stream systems, a significant portion of juveniles
outmigrate in the fall of their first year (Roni et al., 2012), while in other streams, Coho Salmon migrate
to estuarine areas for the summer, then return upstream to overwinter in freshwater (Miller and Sadro,
2003). A redistribution in fall at the onset of high flows or cold temperatures is an adaptation that many
salmonids exhibit, particularly Coho Salmon. The range in life history patterns exhibited by Coho Salmon
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2. Salmonids in WRIA 14

likely contributes to their wide ranging distribution within and between watersheds, suggesting a high
degree of adaptability to habitat conditions.

Juvenile Coho Salmon are strongly associated with slow water habitats and areas with high channel
complexity and physical cover (i.e., wood debris, vegetated banks, and side channels), although the
overall stream flow characteristics are also important (Sandercock, 1991). Summer low flow is a
significant limiting factor for Coho Salmon smolt production in Puget Sound streams (Zillges, 1977).
Low flow reduces stream habitat quantity and typically corresponds to increased water temperature, both
of which can affect competition and predation interactions with other salmonids, particularly during
summer rearing. In addition, high winter flows can displace juvenile Coho Salmon and disrupt important
habitat features, such as off-channel holding areas (wetlands and ponds), slow moving side channels,
backwater pools, and beaver ponds (Sandercock, 1991). Lakes also may be an important overwinter
habitat (Baranski, 1989).

2.1.3 Steelhead

On May 7, 2007, NMFS announced the listing of the Puget Sound Distinct Population Segment (DPS,
similar to an ESU) of Steelhead as a threatened species under the Endangered Species Act (ESA).
Summer-run Steelhead return to their natal streams several months prior to spawning in the spring, while
winter-run Steelhead return as sexually mature adults between December and April and typically spawn
soon after arrival, between February and May. Steelhead in WRIA 14 are winter-run. Prior to spawning,
maturing adults hold in pools or in side channels to avoid high winter flows. Steelhead tend to spawn in
moderate to high gradient sections of streams and spawn higher in the watershed compared to other
salmonids (USDA, 2019).

Puget Sound Steelhead juveniles usually spend 1 to 3 years in freshwater, with most typically spending 2
years (Busby et al., 1996). Thus, the species relies heavily on freshwater habitats and is present in streams
year round. Newly emerged fry move to shallow, protected areas of the stream (typically along the stream
margins) and establish and defend feeding areas. Juveniles can be found in riffles but move to pools or
deep run areas as they grow larger. Steelhead juveniles are not as dependent on pools or off-channel areas
as other species, such as Coho Salmon. Juvenile Steelhead often reside in freshwater for longer periods
than juveniles of other anadromous salmonid species and are thus more susceptible to changes in habitat
quality that may lower their freshwater survival rate (Scott and Gill, 2008). Fry tend to prefer fast water
areas with large substrate for rearing, which allows them to wait in the eddies behind large rocks to feed
on insects, salmon eggs, and smaller fish (USDA, 2019). While the marine migration pattern of Steelhead
in Puget Sound is not well understood, it is generally thought that Steelhead smolts move quickly offshore
(Hartt and Dell, 1986 in Hard et al., 2007).

The optimal egg incubation temperature appears to be below 11° or 12°C, while juvenile growth is
optimized at about 15° or 17°C (Richter and Kolmes, 2005). Spring water temperatures below 12°C are
preferred for Steelhead smoltification, as impairment can occur at higher temperatures (Richter and
Kolmes, 2005).

WRIA 14 Freshwater Habitat Strategy Update 6 ESA/D181231.00
Existing Conditions Summary Report August 2020



2. Salmonids in WRIA 14

Steelhead are iteroparous, meaning that unlike salmon, not all Steelhead die after spawning (Hard et al.,
2013). A portion of spawned-out adults, called kelts, return to saltwater and will return to spawn in future
years.

Current Steelhead abundance in WRIA 14 streams is currently very limited, echoing larger trends in
Puget Sound in recent decades. Gayeski et al. (2011) estimated the total Puget Sound Steelhead
abundance in 1895 as between 485,000 and 930,000. This compares to a 25-year average abundance for
all of Puget Sound of 22,000 for the 1980 to 2004 period, indicating that current abundance is likely only
1 to 4% of the abundance immediately prior to the 20th century. Preliminary analyses of wild Steelhead
adult abundance trends (and wild and hatchery smolt-to-adult survival rates) suggest that Steelhead
populations along the Pacific Coast, from British Columbia through Oregon, share a pattern of declining
abundance from the mid-1980s through the mid-90s (Myers et al., 2015). It also appears Steelhead
distribution may be shrinking on the Kitsap peninsula (PSEMP, 2012). The shared pattern suggests that
common, Pacific region-level factors such as climate and ocean conditions were driving survival and that
juvenile Steelhead mortality in the Puget Sound marine environment constitutes a major, if not the
predominant, factor in that decline.

The number of observed Steelhead in WRIA 14 in recent years is very low. Although spawning surveys
in WRIA 14 do not specifically target Steelhead spawn timing, the number of observed Steelhead
spawners has decreased substantially. A total of 67 live Steelhead have been reported during spawning
surveys. Of these, only 27 of the observations occurred since 1990 and 13 observations since 2000. Since
2007, only one Steelhead has been recorded during spawning surveys. The current presence and extent of
self-sustaining populations in WRIA 14 represents a data gap.

NOAA released the final ESA Recovery Plan for Puget Sound Steelhead in December 2019 (NMFS
2019). The plan highlights relevant pressures to address for Steelhead recovery, includes newly available
findings on early marine survival, and it highlights the necessary strategies and actions by major
population group. The plan also provides considerations for how watersheds should consider climate,
passage and other important elements for local Steelhead population recovery as they develop local plans
or project lists.

2.1.4 Chinook Salmon

NMES issued a ruling in May 1999 listing the Puget Sound ESU Chinook Salmon as threatened under the
ESA (NMFS, 1999). No documented spawning of Chinook Salmon has been reported in the streams of
WRIA 14. Those Chinook Salmon that have been documented in WRIA 14 are fall-run. Fall-run
Chinook return to freshwater in August and spawn between late September and January (Myers et al.,
1998). Johnson et al. (1971) report that most Chinook Salmon spawn in mainstem stream areas with flow
velocities ranging from 10 to 150 cm/sec, while Hanrahan et al. (2004) report a wider preferred range of
25 to 225 cm/s. Chinook also tend to prefer water depths greater than 30 cm (Geist and Dauble, 1998) and
substrate sizes between 2.5 and 30.5 cm (Hanrahan et al., 2004). Adult migrations are typically blocked
by temperatures exceeding about 20°C (Richter and Kolmes, 2005). While Hicks (2000) reported a
maximum spawning temperature of about 14.5°C, incubation temperatures above 9°C resulted in
measurably increased mortality, and complete mortalities were reported between 13.9 and 19.4°C.
Optimal juvenile growth temperature is estimated at about 15°C but can range between 12° and 17°C
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(Richter and Kolmes, 2005). Ideal temperatures for Chinook Salmon appear to be variable but likely
range from 12°C to 17°C, at which point impairment of smoltification begins.

Chinook migrate to estuarine areas in spring (typically April to mid-July) (Fresh, 2006). As with Chum
Salmon and Coastal Cutthroat Trout, juvenile Chinook are estuary-dependent, as they feed extensively in
pocket estuaries and inlets along the marine coast, particularly on forage fish that spawn along area
beaches (Fresh 2006). The shallow intertidal areas provide optimal rearing conditions, with vegetated
cover and abundant prey. Estuarine residence time and migration timing into offshore Puget Sound
habitats are a function of several factors, but fish size at estuarine arrival and residence time in the delta
tend to be inversely related (Fresh, 2006).

In the WDF et al., (1993) and (2002) stock inventory reports, the fall Chinook Salmon spawning
aggregations observed in south Puget Sound independent tributaries were not rated. No stock status was
given, with just Chinook Salmon observed and documented). Although Chinook Salmon have been
documented in WRIA 14 streams, no known spawning occurs in the WRIA. This is not surprising for the
following reasons: (1) The independent tributaries in south Puget Sound are not typical Chinook Salmon
habitat because of relatively small stream size and low flows during the late summer/early fall spawning
season, (2) The current low escapements of Chinook Salmon documented in WRIA 14 are likely the
result of past hatchery plants or straying from either current South Sound hatchery production or viable
south Sound natural populations, and (3) fall Chinook Salmon likely were not historically self-sustaining
in these habitats and have little chance of perpetuating themselves through natural production. There are
no self-sustaining populations of Chinook Salmon in WRIA 14 and Chinook Salmon presence is likely
limited to hatchery strays.

2.1.5 Coastal Cutthroat Trout

Coastal Cutthroat Trout display at least four distinctive life history forms. The most basic division is
between the anadromous (sea-run) form and those that live exclusively in freshwater. WDFW (2000)
classified WRIA 14 Cutthroat trout as part of the Western South Sound Coastal Cutthroat stock complex.
This stock, which is classified as native and whose status was rated as unknown by WDFW (2000), is
thought to be distinct from other South Sound stocks based upon the later timing of freshwater entry
exhibited by its anadromous component and its distribution in the small to medium-sized independent
streams of south and western Puget Sound.

The anadromous life history form is likely to be found in most of these systems, but presence and
distribution in freshwater may be quite seasonal because of summer and fall low flows. It is expected that
these fish are late-entry. The fluvial form probably inhabits all of the medium-sized streams, and the
adfluvial form may be present in as many as 12 lakes within the range of this stock complex. The resident
form of this stock complex is present in virtually all perennial independent streams in western South
Puget Sound.

Coastal Cutthroat Trout typically spawn in areas where water velocities are intermediate between Coho
Salmon and Steelhead preferences (Vanderhoff, 2007), typically in pea gravel riffles and water depths of
15 to 45 cm (Johnston, 1981; Hunter, 1973; Jones, 1978; Trotter, 1989). Over six spawning season (2008
to 2014) Skookum Creek (between RM 5.5 and 7.5) was surveyed for live and dead Coastal Cutthroat
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Trout and redds once weekly from early October to early June during (Losee, et al. 2016). Over the entire
study period, 148 live adults and 544 redds were observed. A key finding is that redd construction timing
was highly variable among years, with 50% of redd detections occurring by as early as February 13 or as
late as April 27, a period of over two months. These findings indicate that the general January to March
spawn timing previously described for Coastal Cutthroat Trout in Washington does not accurately depict
the potential spawning period of the subspecies in south Puget Sound. The variable spawn timing in
Skookum Creek occurred over a duration of up to 4 months and showed high intra-annual variability.
Data from Losee (2016) indicated Coastal Cutthroat Trout redds were typically found in substrate
composed of small gravel (1.3-3.8 cm) and large gravel (3.8—7.6 cm) and in water with an average
velocity of 0.60 m/s.

Eggs hatch within 6 to 7 weeks, depending on water temperature, and alevins remain in the gravel for
about 2 weeks after hatching (Trotter, 1989). Fry emerge from spawning gravels in March through June
(Johnson et al., 1999). Newly emerged fry move quickly to low velocity water along stream margins and
backwaters and remain there through the summer to feed (Trotter, 1989). However, in the presence of
Coho Salmon juveniles, which emerge earlier and at a larger size, Coastal Cutthroat Trout are often
driven into higher velocity waters (Trotter, 1989). Most anadromous juveniles remain in freshwater for 2
to 4 years before smolting and migrating to saltwater, although the range extends from 1 to 6 years
(Giger, 1972; Lowery, 1975). Other forms tend to move downstream to larger water bodies as their size or
competition for prey or space increases. Anadromous outmigrations occur in the spring, with the fish
tending to rear extensively in shallow intertidal areas, preying on forage fish (Mason Conservation
District, 2004). After feeding in saltwater and estuaries for several months, most anadromous Coastal
Cutthroat return to freshwater to overwinter and spawn, although sexual maturity of returning fish varies
by geography and sex (Fuss, 1982; Tipping, 1981). Like Steelhead, anadromous Coastal Cutthroat Trout
are iteroparous and adults may spawn in multiple years (Trotter, 1989). An Oregon study estimated that
approximately 40% of spawned-out adults survive to return to saltwater (Crocker, 1995). Additional
studies in Skookum Creek in the spring of 2017, utilized passive integrated transponder (PIT) tags (Losee,
et al., 2017). Based on this data, it is estimated that 91 adult Cutthroat trout entered the index area of
Skookum Creek and produced 74 redds, resulting in s preliminary estimate of number of fish per redd is
1.23. Applying this estimator and expanding redd counts to include spawning habitat in Skookum Creek
outside then index area, resulted an average escapement estimate of Coastal Cutthroat Trout for Skookum
Creek during the previous study period (2008-2015) was calculated as 132 (= 39.5 S. D.). In addition,
genetic stock identification data from Losee, et al. (2017) indicates that anadromous Coastal Cutthroat
Trout regularly make marine migrations outside of natal inlets, regularly leave their natal inlet and exhibit
a high degree of variability in migration distance.

2.1.6 Other Salmon Species

Pink salmon and Sockeye salmon have no identified stocks in the WRIA 14 area. The closest pink salmon
stock is in the Nisqually River watershed (WDF et al., 1993) and the closest Sockeye salmon stock is in
the Cedar River watershed (WDF et al., 1993). Both species have been documented infrequently in WRIA
14 streams.
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2.2 Distributions by Watershed

Table 1 summarizes the extent of documented and presumed presence (including spawning) by watershed
for Coho, fall Chum, summer Chum, and Chinook Salmon, Coastal Cutthroat Trout and Steelhead by
WRIA 14 watershed based on the Statewide Integrated Fish Distribution (SWIFD) database. For more
detailed distribution information in WRIA 14, Tables A-1 through A-4 in Appendix A present distribution
by stream miles and presence type (documented presence, spawning, rearing, or presumed) for Coho, fall
Chum, and summer Chum Salmon as well as winter Steelhead.

Of the salmonid species, Coastal Cutthroat Trout have the most widespread presumed distribution in
WRIA 14, with 337.8 stream miles. Coho Salmon have the second most widespread documented
distribution in WRIA 14, with 155.6 stream miles of combined documented and presumed habitat. Next
are fall Chum Salmon (132.8 stream miles), Steelhead (109.2 stream miles), Chinook Salmon (12.1
stream miles), and summer Chum Salmon (26.5 stream miles). Coho Salmon, fall Chum Salmon, and
Coastal Cutthroat Trout are present in all watersheds, while other salmonid species have been
documented in only a subset of watersheds. Steelhead distribution occurs across a subset of watersheds in
the WRIA. Chinook Salmon distribution is documented in a small number of watersheds in WRIA 14.

Although Pink and Sockeye Salmon spawning is documented in WRIA 14, the WDFW (2019a) SWIFD
does not show any distribution in WRIA 14 watersheds. Table 2 shows the WDFW Spawner Survey
reaches in which live Pink and Sockeye Salmon have been documented in each watershed. SWIFD does
document Kokanee, the resident form of O. nerka, in short stretches of Schumacher Creek and
downstream in Mason Lake.

It should be noted that a substantial portion of the SWIFD data is based on historical observations. For
example, Table 1 indicates Steelhead distribution in Skookum Creek over 12.4 river miles. However,
Steelhead have not been documented in Skookum Creek since 1984 (WDFW, unpublished data in Losee,
et al., 2016). In addition, WRIA 14 is comprised on numerous small independent drainages with multiple
small tributary streams. Many of these systems have limited to no data on salmonid distribution and
abundance, representing a substantial data gap.

Of the total distribution, documented spawning of Coho Salmon has been reported to occur over 56
stream miles of WRIA 14, while the extent for fall Chum Salmon, summer Chum Salmon, and Steelhead
spawning is 51 miles, 13 miles and 24 miles, respectively (see Tables A-1 through A-4 in Appendix A).
Chinook Salmon spawning is not documented in WRIA 14.
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Table 1. SWIFD Distribution by Species in Each Watershed by Stream Miles

(Grey Shading Indicates the Three Watersheds with Greatest Distribution Per Species

Summer Fall Coastal
Coho Fall Chum Chum Winter Chinook Cutthroat
Watershed Salmon Salmon Salmon Steelhead Salmon Trout
Campbell Creek 1.8 0.9 26 8.1
County Line Creek 0.7 0.6 2.2
Cranberry Creek 8.0 1.1 5.5 8.5 1.0 16.7
Deer Creek 10.4 3.0 1.5 8.3 1.3 20.9
Goldsborough Creek 23.2 10.6 20.3 3.4 56.6
Hiawata Creek 0.5 0.5 0.8
Johns Creek 9.1 7.9 4.0 0.8 10.8
Kennedy Creek 3.8 3.1 3.6 0.7 36.6
Lynch Creek 29 21 20 25
Malaney Creek 26 26 26 5.2
Mill/Gosnell Creeks 26.2 17.9 23.5 4.1 46.4
Perry Creek 1.6 1.5 1.2 5.0
Schneider Creek 4.6 4.2 5.2 8.2
Shelton Creek 2.7 3.4 1.7 3.9
Sherwood/Schumacher | 243 32.2 15.6 16.8 0.8 35.8
Skookum Creek 17.3 17.2 11.9 31.3
Snodgrass Creek 0.6 0.6 2.7
Uncle Johns Creek 1.9 1.0 0.5 2.6
All other watersheds 13.6 12.5 0.5 41.5
Total 155.6 132.8 26.5 109.2 12.1 337.8

Source: WDFW (2019a) SWIFD

Note: Stream miles shown include areas with presence documented, spawning, and presumed. For Chinook Salmon, there are no spawning or
presumed areas. For Coastal Cutthroat Trout, there are no documented presence or spawning areas.
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Table 2. WDFW Spawner Survey Database Distribution of Pink Salmon and Sockeye Salmon in
Each Watershed by Stream Miles

Watershed Pink Salmon Sockeye Salmon

Cranberry Creek 0.0-3.5 0.0-26

Deer Creek 0.0-1.3 0.0-1.3

Goldsborough Creek 05-22 05-22
Coffee Creek tributary 0.0-0.3 -

Johns Creek 0.0-1.8 -

Sherwood/Schumacher Creeks 0.0-1.1 0.0-1.0°

Note: a) Kokanee have also been documented in Sherwood/Schumacher watershed in Mason Lake and stream reaches upstream of the lake.

2.3 Relative Abundance of Salmon Spawning Among
Watersheds

The WDFW spawning ground database was analyzed to characterize the number of returning adult
salmonids to each watershed in WRIA 14 (WDFW, 2019b). The primary purpose of the analysis was to
estimate the relative numbers of returning salmonids to each watershed to understand which watersheds
support more returning adult salmonids than others. The database includes survey entries approximately
every 1 to 2 weeks during the spawning season of the target species. The analysis focused on counts of
live fish between 2000 and 2017. It should be noted that this analysis timeframe corresponds with some
of the lowest marine survival recorded among Coho Salmon smolts in the Salish Sea (Zimmerman et al.,
2015). Data from all survey types documented in the WDFW database were included in the analysis (e.g.,
index, supplemental, and partial).

The fall Chum and Coho Salmon population analysis described below used "annual peak” counts as an
indicator of run size. The “annual peak™ is the highest single day count of live fish in the WDFW database
during the entire spawning season of that year. This is not an estimate of total run size. Annual peak was
used instead of using other metrics, such as total run size, because it avoids the likelihood of double
counting live fish observed during multiple surveys and avoids interpretations of how complete the
survey reaches are compared to all spawning in watersheds. For all other species and runs reported, the
total number of live fish documented each year by WDFW is reported because the numbers are so low.

2.3.1 Chum Salmon

WDFW surveys adult Chum Salmon in 18 watersheds in WRIA 14. Chum Salmon are the most numerous
salmon species in WRIA 14. This is due to a large run of fall Chum Salmon. Low numbers of summer
Chum Salmon returns to a subset of watersheds in WRIA 14.

2.3.1.1 Fall Chum Salmon

The average of the annual peak counts of fall Chum Salmon between 2000 and 2017 in the 18 watersheds
are provided in Figure 1. Kennedy Creek has the highest average annual peak count of fall Chum Salmon
(12,892) which far exceeds the two next highest which are Skookum (7,544) and Perry (7,421). Six
additional watersheds have an average annual peak of greater than 1,000: Cranberry, Johns, Mill/Gosnell,
Sherwood, Lynch, and Schneider.
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Figure 1. Average Annual Peak Counts of Live Fall Chum Salmon by Watershed, 2000-2017

Figure 2 shows the annual peak counts of live fall Chum Salmon by watershed between 2000 and 2017.
In all years except 2001, the average annual peak in the top three watersheds (Kennedy, Skookum, and
Perry) accounted for more than 50% of the total annual peak documented in all 18 watersheds. Between
2000 and 2007, the average of the annual peaks across all watersheds was generally higher and more
variable compared to 2008 through 2017 where fairly consistent annual peaks have been documented.

Another analysis was conducted to look at trends in individual watersheds between 2000 and 2017. In
each watershed, the highest annual peak of fall Chum Salmon between 2000 and 2017 was determined
and compared to the annual peaks of all other years. Skookum Creek annual peaks stand out as an
exception compared to other watersheds (Figure 3). Skookum Creek annual peaks of fall Chum Salmon
have remained high through the time period ranging between 61% and 100% in all but one year. In
contrast, the other eight watersheds had maximum numbers between 2000 and 2007, but since them have
infrequently had annual peaks more than 50% of the maximum annual peak. The only exceptions were in
Johns and Perry Creeks where annual peaks in no years were higher than 61% of the maximum. In the
nine watersheds with lower annual peaks of fall Chum Salmon, the proportions were highly variable and
no trends were apparent over time.
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Figure 2. Annual Peak Counts of Live Fall Chum Salmon by Watershed, 2000-2017
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2.3.1.2 Summer Chum Salmon

Summer Chum Salmon were identified as those Chum Salmon on the spawning grounds before October
1. Summer Chum Salmon adults returned regularly to five watersheds in WRIA 14 (Figure 4). Johns
Creek has the highest average annual peak of summer Chum Salmon (275). The other four watersheds in
descending order are Cranberry (59), Deer (30), Sherwood/Schumacher (21), and Goldsborough (6).

Summer Chum Salmon annual peaks were highest in the early and mid-2000s (Figure 5). Since 2007,
summer Chum Salmon annual peaks have been much lower with almost all being documented in Johns
Creek. From 2014 to 2016, the annual peak across all watersheds was 50 or fewer. In 2016 the annual
peak was three in Johns Creek and two in Goldsborough Creek. The numbers rebounded slightly in 2017
such that the annual peak across all five watersheds was 145 summer Chum Salmon.
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Figure 4. Annual Peak Counts of Live Summer Chum Salmon by Watershed, 2000-2017
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Figure 5. Annual Peak Counts of Live Summer Chum Salmon by Watershed, 2000-2017

2.3.2 Coho Salmon

Based on WDFW spawning ground database of adult Coho Salmon live counts, ten creeks in WRIA 14
have one or more Coho Salmon returning almost every year since 2000. The average of the annual peak
counts between 2000 and 2017 in the 10 watersheds are provided in Figure 6. Other watersheds in WRIA
14 with documented Coho Salmon in the WDFW database include Hiawata (Keller), Jones, Lynch,
Campbell, and Shelton Creek, but the numbers are very low and Coho Salmon are infrequently observed.

Figure 7 shows the annual peak counts of live Coho Salmon by watershed between 2000 and 2017. In
most years, Goldsborough Creek has by far the highest annual peak of live Coho. The annual peak of live
Coho Salmon documented in Goldsborough Creek surveys has been highly variable since 2000 with a
low of one Coho Salmon in 2005 and a maximum of 367 Coho Salmon in 2016.

Annual peak count data in the other nine creeks is presented in Figure 8. Other than Goldsborough Creek,
the annual peak of live Coho Salmon in all other watersheds did not exceed 100 except once (147 in
Sherwood/Schumacher in 2000). Among the other watersheds, Kennedy and Sherwood/Schumacher have
consistently had among the highest annual peak numbers of live Coho, especially since 2008. Between
2000 and 2010, any trends annual peak counts of live Coho Salmon varied considerably among
watersheds. Since approximately 2011, there has been a clearer pattern of "good years" and "bad years."
That is, in any given year, the annual peak of live Coho Salmon is high in many watersheds or low in
many watersheds. The years 2012 and 2016 stand out as good years. The years 2014, 2015, and 2017
were generally bad years with low annual peaks of live Coho Salmon in most watersheds.

Another analysis was conducted to look at trends in individual watersheds between 2000 and 2017. In
each watershed, the highest annual peak of Coho Salmon between 2000 and 2017 was determined and
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compared to the annual peaks of all other years. In Goldsborough, Kennedy, and Skookum creeks, the
highest annual peak between 2000 and 2017 occurred in 2016. This is shown in Figure 9 which displays
the proportion of the maximum annual peak count in each watershed by year. In 2012, the highest annual
peak of live Coho Salmon was documented in Mill/Gosnell and Perry Creeks. Conversely, in 2014 and
2015, no watershed has annual peak returns higher than 25% of the highest observed since 2000 and most

creeks had fewer than 10%.
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Figure 6. Average Annual Peak Counts of Live Coho Salmon by Watershed, 2000-2017
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Figure 8. Annual Peak Live Coho Salmon by Watershed excluding Goldsborough, 2000-2017
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Steelhead

Due to low numbers of Steelhead in the WDFW spawning ground database, all analysis provided below is
based on the total live counts documented — as opposed to the annual peak counts reported for Chum and
Coho Salmon. Between 2000 and 2017, live Steelhead were documented in five WRIA 14 watersheds:
Sherwood/Schumacher, Deer, Cranberry, Kennedy, and Skookum. Over this period, entries in the WDFW
were intermittent, but only 12 Steelhead total have been documented (Figure 10).
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Figure 10. Sum of Live Steelhead Counts by Watershed and by Year, 2000-2017

2.3.3 Chinook Salmon

Due to low numbers of Chinook Salmon in the WDFW spawning ground database, all analysis provided
below is based on the total live counts documented — as opposed to the annual peak counts reported for
fall Chum and Coho Salmon. Between 2000 and 2017, live Chinook Salmon were documented in six
WRIA 14 watersheds: Sherwood/Schumacher, Deer, Goldsborough, Cranberry, Johns, and Skookum.
Over this period, 683 Chinook Salmon were documented in Sherwood/Schumacher which nearly doubles
the total observed in all other watersheds combined (Figure 11).

Figure 12 shows the total counts of live Chinook Salmon by watershed between 2000 and 2017. The
Sherwood/Schumacher contribution to the total Chinook Salmon numbers in 0% and 100% in any given
year with the creek accounting for an average of 59% of the total Chinook Salmon observed in WRIA 14.
Annual total counts were highest between 2000 and 2005, then decreased through 2015. Most recently in
2016 and 2017, the total number of Chinook Salmon was equal to the lowest numbers observed between
2000 and 2005.
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Figure 12. Sum of Live Chinook Salmon Counts by Watershed and by Year, 2000-2017

2.3.4 Coastal Cutthroat Trout

Due to low numbers of Coastal Cutthroat Trout in the WDFW spawning ground database, all analysis
provided below is based on the total live counts documented — as opposed to the peak counts reported for
Chum and Coho Salmon. Cutthroat trout distributions are widespread in WRIA 14, but only limited
observations have been recorded in spawner surveys. Between 2000 and 2017, live Coastal Cutthroat
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Trout were documented in 12 WRIA 14 watersheds. In order from highest to lowest total count, the
watersheds are: Skookum, Johns, Kennedy, Deer, Sherwood/Schumacher, Cranberry, Perry,
Goldsborough, Schneider, Lynch (Bishop), Shelton, and Mill/Gosnell (Figure 13). Given the
incompleteness of the dataset, it is not advisable to use these data as indicative of which watersheds have
more Cutthroat than others. The counts by year are presented in Figure 14.
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Figure 13. Sum of Live Coastal Cutthroat Trout Counts by Watershed between 2000 and 2017
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Figure 14. Sum of Live Cutthroat Trout Counts by Watershed and by Year, 2000-2017
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2. Salmonids in WRIA 14

2.3.5 Pink Salmon

Due to low numbers of Pink Salmon in the WDFW spawning ground database, all analysis provided
below is based on the total live counts documented — as opposed to the annual peak counts reported for
Chum and Coho Salmon. Pink Salmon have been recorded in odd years in WRIA 14 since 1969.
Observations are intermittent in the database, but there is a higher number of Pink Salmon documented in
recent years (Figure 15). The counts have been highest in Sherwood/Schumacher and Goldsborough
Creek between 2000 and 2017 (Figure 16). Pink Salmon counts by watershed and year are displayed in
Figure 17.
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Figure 15. Sum of Live Pink Salmon by Year Since 1969
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Figure 16. Sum of Live Pink Salmon Counts by Watershed between 2000 and 2017
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2. Salmonids in WRIA 14
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Figure 17. Sum of Live Pink Salmon Counts by Watershed and by Year, 2000-2017

2.3.6 Sockeye Salmon

Due to low numbers of Sockeye Salmon in the WDFW spawning ground database, all analysis provided
below is based on the total live counts documented — as opposed to the peak counts reported for Chum
and Coho Salmon. Between 2000 and 2017, live Sockeye Salmon were documented in 4 WRIA 14
watersheds: Sherwood/Schumacher, Deer, Cranberry, and Goldsborough. Over this period, entries in the
WDFW were intermittent, but only 20 Sockeye total have been documented (Figure 18).
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Figure 18. Sum of Live Sockeye Counts by Watershed and by Year, 2000-2017
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2. Salmonids in WRIA 14

2.4 Coho Salmon Smolt Production

The Squaxin Island Tribe has monitored Coho Salmon production in recent years in a combined effort
with WDFW. The Squaxin Island Tribe has been monitoring the outmigration of Coho Salmon smolts in
the Sherwood, Mill/Gosnell, Cranberry, Johns, Skookum, and Goldsborough Creek systems (Squaxin

Island Tribe, 2017).

Figure 19 shows the Coho Salmon smolt production numbers by creek system (Squaxin Island Tribe,
2017). Since the Goldsborough Creek numbers are substantially higher, they are shown on a separate axis
than other creek results. Goldsborough Creek has had a generally upward trend in the number of Coho
Salmon smolts produced each year. Coho Salmon smolt production in all other creek systems shows no
such trend. In Cranberry and Skookum creeks, Coho Salmon smolt reduction was higher in the early
2000s but has dropped off considerably since around 2010. Coho Salmon smolt production in Mill and
Gosnell has been strong in recent years with peak numbers in Mill Creek in 2014 and 2017.

In an evaluation of Coho Salmon populations in Mill, Sherwood, and Cranberry creeks, Stillwater (2007)
found a strong correlation between average monthly stream flows when adult Coho Salmon are migrating
upstream and the number of Coho Salmon smolts outmigrating two years later. Higher flows during the
adult Coho Salmon migration correspond with higher Coho Salmon smolt numbers two years later. The
smolts leaving two years later are predominately age 1+ and therefore are the offspring of the adults
migrating two years earlier. Stillwater (2007) investigated whether the above relationship may be the
result of flow-dependent restrictions to adult upstream passage and concluded that it appears likely in
some watersheds, but not in others.
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Figure 19. Coho Salmon Smolt Production Estimate, 1999 to 2017
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2. Salmonids in WRIA 14

2.5 Key Ecological Attributes in Freshwater by Species
and Life Stage

The freshwater habitat strategy update work to be completed in Phase 2 will ultimately determine
priorities for salmonid restoration and protection within the watersheds that comprise WRIA 14. To
identify priorities for restoration and protection, it is necessary to conduct an analysis of existing and
potential future habitat conditions (see Sections 3 and 4) to determine habitat limiting factors and the
stressors that cause or contribute to these factors. To inform that analysis, the habitat parameters were
linked to the needs of each species and life stage. This allows the formulation of a restoration strategy that
is inherently linked to salmon biology and to the biological, chemical, and structural requirements of the
species addressed. Therefore, it is useful to explicitly relate key habitat elements to the life history
components of salmonids. Table 3 analyzes the relative importance of four primary habitat elements
referred to as Key Ecological Attributes (KEAs), to all stages of the freshwater life history of Chum
Salmon (summer and fall run), Steelhead (winter run), Coho Salmon, Chinook Salmon (fall run), and
Coastal Cutthroat Trout (sea run and resident).

KEAs are used to evaluate the condition of freshwater habitat in WRIA 14. KEAs are an aspect of an
ecosystem component or habitat types that, if present, defines the health of that habitat and, if missing or
altered, would lead to the outright loss or extreme degradation of that habitat over time. There are
regionally adopted definitions for habitat types and KEAs that were developed for Chinook Salmon
recovery by the Puget Sound Regional Implementation Technical Team (RITT 2015) for Chinook Salmon
planning at the regional and local levels. Because these RITT definitions are specific to one species, they
were combined and modified to work for a multi-species, freshwater approach.

The four KEAs selected for their effect on salmonid life history analysis are identical to the KEAs used to
compare existing habitat conditions (Section 3). The selected KEAs include: (1) Stream Temperature, (2)
Sediment Size, Distribution, and Embeddedness (3) Stream Complexity, and (4) Aquatic Habitat
Connectivity. The rationale for KEA selection, as well as the various components of each of the following
four KEAs is documented in Section 3.2.

Table 3 can be used to assess the relevant importance of a KEA for a specific species and life history
stage. For example, stream entry and upstream migration of adult summer Chum Salmon is very sensitive
to stream temperature and therefore considered having high importance, based on the river entry timing of
this stock when elevated summer stream temperatures may be present (August or September).
Conversely, winter Steelhead adults enter freshwater much later (December to March) when stream
temperatures in WRIA 14 are naturally cool, indicating that the Stream Temperature KEA is of low
importance. Likewise, rearing Coho Salmon juveniles are extremely dependent on complex habitat,
including off-channel and side channel habitats for the 1+ years they spend in freshwater, indicating the
Aquatic Habitat Complexity KEA for rearing Coho Salmon is of high importance, while for Chum
Salmon (both summer and fall run) the same KEA has low importance, as juvenile Chum Salmon spend
little time rearing in freshwater as they outmigrate soon after gravel emergence.
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Table 3. Relative Influence of Key Ecological Attributes on the Life History Stages of Salmonids Present in WRIA 14
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3 EXISTING HABITAT CONDITIONS

Section 3 describes the methods and results of an assessment of habitat quality in WRIA 14, including a
review of the existing data sources and the framework used for the assessment. Based on the status and
condition of a number of constituent indicators informing a KEA, all of the watersheds were rated as one
of three “condition bins” (good, fair, or poor).

The assessment of existing conditions was conducted at the watershed scale in order to evaluate habitat
conditions on a scale that is meaningful and supported by available data. The assessment was conducted
in 17 watersheds. The watersheds were similar to those evaluated in the 2004 Salmon Plan; however,
three watersheds (Hiawata Creek, Lynch Creek, and Pickering Passage Tributaries) in the 2004 report
were not evaluated in this update process. Instead, Perry Creek was added and the remainder of the
drainage areas in WRIA 14 was rolled into a single analysis unit. The decision on the specific watersheds
to be addressed in the update was made based on group discussions with the Committee. Note that some
of the data tables contain information pertinent t