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1.  Introduction  

The Snoqualmie River Chinook salmon conceptual model provides a structure for organizing 

information about Chinook life stages including how and when they utilize habitats in the 

Snoqualmie River watershed and Snohomish River estuary. The conceptual model is based on 

scientific information detailing life-stage and life-history patterns, highlighting what we known, 

what we think we know, and what still needs to be determined. The model focuses on patterns 

specific to Snoqualmie River Chinook; however, when applicable and relevant, we discuss 

information from the Snohomish River estuary, other areas of the Snohomish Basin, Puget 

Sound, and the broader Salish Sea. Information included in the Snoqualmie River Chinook 

salmon conceptual model is organized as follows: 

• What we know – Information specific to Snoqualmie watershed and Snohomish estuary 

Chinook salmon life-stage and life-history patterns, habitat associations, limiting factors, 

and driving variables. This category also includes information based on well-established 

and published understandings of Chinook salmon behavior, ecology, and related driving 

variables from areas outside the Snoqualmie watershed and Snohomish Basin, which can 

be confidently applied to Snoqualmie/Snohomish Chinook populations. 

• What we think we know – Assumptions and inference made about Chinook salmon 

behavior, ecology, limiting factors, and driving variables, either based on Snoqualmie 

watershed and Snohomish estuary information or drawn from other basins and Chinook 

populations. This category also includes regional evaluations and assessments that 

include information from the Snoqualmie watershed, Snohomish estuary, and/or 

Snohomish Basin.  

• What still needs to be determined – Ongoing questions and information needs that 

require further evaluation and assessments. This category also includes assumptions and 

inference that need to be assessed and validated in the Snoqualmie watershed, Snohomish 

estuary, and/or Snohomish Basin. 

Information was grouped into these categories based on subjective best professional judgement 

by the author and from thorough input from reviewers. By organizing information into these 

categories, we can better pinpoint where we are relying on assumptions rather than watershed-

specific evidence, and where the critical information gaps may be. Growth and survival in 

marine environments including the Puget Sound, Salish Sea, and Pacific Ocean are critical and 

largely influential for Chinook population viability; however, these portions of the life cycle 

were beyond the scope of this conceptual model and thus received limited discussion. The model 

focuses on freshwater, estuarine, and nearshore parts of the Chinook life cycle to align with 

habitat improvement strategies supported by the Snoqualmie Watershed Forum and outlined in 

the Snohomish River Basin Chinook Salmon Conservation Plan (SBSRF 2005). Information 

specific to harvest, hatcheries, and marine/oceanic conditions will be critical for salmon 

conservation efforts but are not adequately discussed in this conceptual model. The model is 

aimed at supporting Snoqualmie River and Snohomish Basin salmon conservation planning and 

strategy development, as well as supporting the formulation of monitoring studies, research 

ideas, and strategic assessments. Aligning understandings, assumptions, and information gaps 

with planning and strategy development will help to ensure recovery efforts are informed, 

strategic, and based on up-to-date information and assumptions. 
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2.  Viable Salmonid Population 

Throughout this document, we use the concept of viable salmonid population and related 

viability metrics to evaluate the Snoqualmie River Chinook population. The concept is a 

regionally accepted standard used to evaluate attributes of salmonid populations. A viable 

salmonid population is defined as “an independent population of any Pacific salmonid (genus 

Oncorhynchus) that has a negligible risk of extinction due to threats from demographic variation, 

local environmental variation, and genetic changes over a 100-year time frame” (McElhany et al. 

2000). Population viability is characterized by abundance, productivity, spatial structure, and 

diversity.  

• Abundance is a measure of the number of fish at various life stages or at certain points in 

time and helps to ensure a population can persist when faced with environmental 

fluctuations and anthropogenic alterations to the environment. A population should be 

large enough to maintain genetic diversity over the long term and to provide ecological 

functions. 

• Productivity is the ratio of abundance in the next generation to current abundance, 

capturing the ability for a population to replace itself through survival across all life 

stages. Population growth rate across the entire life cycle is based on stage-specific 

productivity and survival, with juvenile survival largely based on growth and size, and 

adult survival/productivity based on condition and reproductive success.  

• Spatial structure comprises the geographic distribution of individuals in the population 

and the processes that generate that distribution. Spatial structure reduces vulnerability to 

environmental fluctuation and catastrophic events, and is largely dependent on habitat 

quality/quantity, spatial configuration, and dynamics, as well as the dispersal 

characteristics of individuals in the population. 

• Diversity includes variation in genetic characteristics, behavior, morphology, physiology, 

development, life histories, life-stage transitions, and distribution patterns. Diversity 

allows a species to use a variety of environments and protects against both short- and 

long-term environmental changes.  
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3.  Overview of Snoqualmie River Chinook Salmon Adult and Juvenile 
Life Histories 

Chinook salmon exhibit a wide variety of patterns across life stages including the age and season 

of spawning migration, length of freshwater, estuarine, and oceanic residence, the age when most 

juveniles begin their seaward outmigration, as well as ocean distribution and migratory patterns 

(Healey 1991; Myers 1998; Quinn 2018). Variation in residence and migration patterns in 

freshwater and estuarine habitats may be a result of phenotypic plasticity to environmental 

conditions and to genetic variation in the population (Ricker 1972; Taylor 1990; Healey 1991).  

 

Across the Chinook salmon life cycle, life history patterns can be framed around specific life 

stages (e.g., adults, egg, and juveniles), the primary habitat areas they occupy (e.g., river, 

estuary, Puget Sound), as well as how long they reside in those areas. Snoqualmie River Chinook 

salmon display a variety of life history patterns (Figure 1). Life history diversity is critical for the 

long-term persistence of Chinook populations. A portfolio of life histories helps to buffer inter-

annual variability in environmental conditions and population dynamics, which spreads out 

demographic risks and decreases chances of encountering unsuitable environmental conditions at 

the population scale (Hilborn et al. 2003; Greene et al. 2010; Schindler et al. 2010). Life history 

diversity also allows Chinook populations to use a wide array of environments, allowing for a 

more effective use of resources and greater overall productivity (Ruckelshaus et al. 2003). 

Additional Chinook life history patterns may have historically existed in the Snoqualmie River 

watershed and Snohomish River estuary; however, they may not currently exist because habitat 

types have been reduced or because research has yet to identify additional patterns. The 

following sections are organized around Snoqualmie Chinook life stages and the primary habitat 

areas they occupy. 
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Figure 1: Snoqualmie Chinook salmon life cycle and life histories. Adapted from a life cycle schematic prepared by Tulalip Tribes Natural 

Resources Department. Adult Chinook age at return data provided by Diego Holmgren, Tulalip Tribes Natural Resources Department.  
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4.  Adult upstream migration and age at return 

4.1 What we know 

The Snoqualmie Chinook salmon population is considered a fall-run stock (Ruckelshaus et al. 

2006), migrating into the Snohomish River basin from August through October (WDFW 

Spawning Ground Database; PSIT & WDFW 2017; NMFS 2021). Across the Snoqualmie River 

watershed, adult Chinook distribution extends throughout the mainstem Snoqualmie River up to 

Snoqualmie Falls, as well as in Cherry Creek, Tuck Creek, Ames Creek, Tolt River, Griffin 

Creek, Patterson Creek, Raging River, and Tokul Creek (WRIA 7 Salmonid Species Distribution 

- Technical Advisory Group; Statewide Integrated Fish Distribution database).  

 

Snoqualmie adult Chinook return at either age 2, 3, 4, or 5 years old, with the largest proportion 

of returns occurring at age 4, followed by age 3 adults (Diego Holmgren, Tulalip Tribes Natural 

Resources Department). Variability in age at return and the contribution of age classes are 

influenced by various environmental and genetic factors, including juvenile life history 

(discussed in Freshwater Areas – Juvenile life histories, habitat use, and outmigration). From 

return year 2006 to 2020, 63% of all unmarked returning adult Chinook were 4 years old and 

19% were 3 years old. Variation in age at return helps to maintain genetic diversity and spreads 

out the population’s productivity over several years helping to buffer inter-annual variability in 

environmental conditions, population dynamics, and catastrophic loss in a particular year 

(Ruckelshaus et al. 2003; Greene et al. 2010; Schindler et al. 2010).  

 

The Snoqualmie Chinook population also displays a strong component of adults that return at 

age 5, with age-5 returns from 2006 to 2020 averaging 15% and ranging up to 34% of returning 

adults (Diego Holmgren, Tulalip Tribes Natural Resources Department). Six years across that 

period had an age-5 component at or above 15% of all returning adults. However, in recent years 

the proportion of adults returning at age 5 has been decreasing.  

4.2 What we think we know 

Across Pacific Chinook populations, there appears to be a decrease in the size of returning adults 

(Ricker 1981; Bigler et al. 1996; Jeffrey et al. 2017; Oke et al. 2020). Decreases in the age-5 

component of the Snoqualmie Chinook population, in addition to the broader reduction in the 

size of returning adults, likely impacts the productivity and survival of Snoqualmie Chinook. 

Decrease in the size at return as well as younger age at return can impact Chinook population 

productivity since smaller and younger adults have fewer eggs per female (Healey and Heard 

1984; Beacham and Murray 1993; Oke et al. 2020), dig shallower and more scour-prone redds 

(DeVries 1997), and have reduced reproductive success (Helle 1979; Forbes and Peterman 

1994). Reduction in the age and size of returning adults may be due to increased competition at 

sea with abundant wild and hatchery salmon (Bigler et al. 1996; Jeffrey et al. 2017), variability 

in oceanic conditions and productivity (Mantua et al. 1997; Wells et al. 2006; Sharma et al. 

2013), and climate warming (Gardner et al. 2011).  

 

Total spawner escapement estimates are based on total redd counts and an assumption that on 

average there are 2.5 Chinook adults per redd (Pete Verhey, Washington Department of Fish and 
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Wildlife). While broadly used across the Puget Sound, it would be beneficial to validate the 

number of adult Chinook associated with each redd in the Snoqualmie River watershed and 

Snohomish Basin.  

4.3 What still needs to be determined 

• What are adult Chinook travel times through migratory corridors to spawning grounds?   

• What are Chinook survival and pre-spawn mortality rates across migration corridors and 

holding areas? 

• What are the factors influencing the age at return for adult Chinook in the Snoqualmie 

River watershed and Snohomish Basin? 

• What influences the proportion of age at return for adult Chinook in the Snoqualmie 

River watershed and Snohomish Basin? 

• Does decreased size at return as well as age at return impact Snoqualmie Chinook 

viability? 
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5.  Adult spawning, spawner abundance, and productivity 

5.1 What we know 

Spawning in mainstem and tributary areas throughout the Snoqualmie River watershed occurs 

from mid/late-September through early November (WDFW Spawning Ground Database; PSIT & 

WDFW 2017; NMFS 2021). Across the mainstem Snoqualmie River, Chinook spawning 

primarily occurs in the lower mainstem upstream of its confluence with the Skykomish River 

(RM 0 to RM 1), downstream of the Tolt River (RM 20 to RM 23.8), downstream of the Raging 

River (RM 29 to RM 34.3), and downstream of Snoqualmie Falls (RM 35 to RM 38) (Martin et 

al. 2004; Peter Verhey, Washington Department of Fish and Wildlife; PSIT & WDFW 2017). 

Across tributaries, Chinook spawning primarily occurs across the lower mainstems of the Tolt 

and Raging rivers, with occasional spawning in other tributaries (discussed in What we think we 

know).  

 

Variable timing in adult returns and location of spawning allows Chinook to use a greater variety 

of spawning habitats (Quinn 2018). Spawning habitat characteristics determine when and where 

spawning occurs. These characteristic include substrate, velocity, area, temperature, channel 

type, and others (Bjornn and Reiser 1991; Healey 1991; Montgomery et al. 1999; Cramer 2001). 

Spawning Chinook commonly use areas with gravel substrate, subsurface water flow, little sand 

or silt, adequate water depth to cover most or all of the adult fish, adequate velocity (~0.3 – 1.1 

m/s), adequate stream area to dig redds (~2.5 – 10 m2), and declining water temperatures (Bjornn 

and Reiser 1991; Healey 1991). In the Snoqualmie River watershed, streambed sediment across 

mainstem and tributary spawning areas is dominated by cobble and gravel (Booth et al. 1991; 

Solomon and Boles 2002). 

 

Snoqualmie adult Chinook natural spawner abundance estimates are based on natural- and 

hatchery-origin adult escapement across the Snoqualmie River watershed. Total Snoqualmie 

Chinook escapement from 1965 to 2020 averaged 1073 adults (geomean) and ranged from 321 to 

3589 adults (Figure 2) (Diego Holmgren and Mike Crewson, Tulalip Tribes Natural Resources 

Department; Pete Verhey, Washington Department of Fish and Wildlife). The 4-year geometric 

mean of total natural escapement increased from the mid-1990s to the early 2000s and then 

shifted to a declining trend from the early 2000s to 2015. Of the total escapement from 1997 to 

2020 (period where marking allowed for natural- and hatchery-origin differentiation), natural-

origin escapement averaged 1066 adults and ranged from 445 to 3284 adults. Since the adoption 

of the 2005 Snohomish River Basin Salmon Conservation Plan (SBSRF 2005), total Chinook 

escapement in the Snoqualmie River watershed averaged 1223 adults (geomean from 2005 – 

2020), which is only 22% of the high productivity recovery goal and only 5% of the low 

productivity goal. 
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Figure 2: Snoqualmie River Chinook total escapement including natural- and hatchery-origin 

adults. Data provided by co-managers (Diego Holmgren and Mike Crewson, Tulalip Tribes 

Natural Resources Department, and Peter Verhey, Washington Department of Fish and Wildlife). 

Productivity recovery goals outlined in the Snohomish River Basin Salmon Conservation Plan. 

 

The Snoqualmie River doesn’t have a Chinook salmon hatchery; however, straying of fish from 

hatcheries within the Snohomish Basin and from other basins around Puget Sound results in a 

consistent contribution of hatchery Chinook in total escapement across the Snoqualmie River. 

The percent hatchery contribution of total escapement averaged 16% from 1997 to 2001 and then 

increased to 23% from 2005 to 2020 (Diego Holmgren and Mike Crewson, Tulalip Tribes 

Natural Resources Department, and Pete Verhey, Washington Department of Fish and Wildlife). 

The increase in percent hatchery contribution is thought to be due in-part to declining natural-

origin Chinook (discussed in What we think we know). 

 

The productivity of a viable Chinook population should have a spawner cohort-replacement ratio 

at or above 1.0, indicating that the abundance of progeny from returning adults is greater than the 

spawning cohort abundance (McElhany et al. 2000). Overall, there has been a negative trend in 

recruits per spawner for the Snoqualmie River Chinook population (PSIT & WDFW 2017), 

especially around the turn of the century (Mike Crewson, Tulalip Tribes Natural Resources 

Department). Since 2000, productivity of Snoqualmie natural-origin Chinook spawners (spawner 

cohort-replacement ratio) has generally been less than 1.0, with the geometric mean from 2000 to 

2014 averaging 0.76, with 10 of the 15 years in that period having ratios at or below 1.0 (Figure 

3) (Diego Holmgren, Tulalip Tribes Natural Resources Department). 
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1Phases of recovery refer to the different ecosystem conditions that require different objectives to balance the various risks and 

opportunities for recovery that occur as the ecosystem changes. The four phases of recovery include: preservation (to retain 

whatever genetic diversity may have existed in the wild population before its decline), recolonization (there has been increases in 

suitable habitat and the objective is to colonize the now underutilized habitat), local adaptation (increasing abundance of natural-

origin spawners, ecological and genetic diversity, and average relative fitness), and full restoration (fully functional and diverse 

wild population existing in a fully restored and protected habitat) (Snohomish Chinook Recovery Plan: Phases of Recovery and 

Integrated Adaptive Management Strategy. DRAFT May 26, 2017). 

 

 

Figure 3: Snoqualmie River Chinook natural-origin recruits (NOR) productivity as indicated by 

a spawner cohort to replacement ratio. Figure based on analysis conducted by Kit Rawson and 

Mike Crewson, Tulalip Tribes Natural Resources Department. 

5.2 What we think we know 

The Snoqualmie Chinook population is considered to have low population viability due to 

declining abundance of natural-origin Chinook, productivity consistently below replacement, as 

well as habitat loss and habitat degradation across freshwater and estuarine life stages (discussed 

in Limiting factors and driving variables influencing adult migration, spawning, and egg 

incubation). Based on low population viability and poor habitat status, the Snoqualmie Chinook 

population is considered to be in a preservation phase1 (PSIT & WDFW 2017).  

Across the Snohomish River basin, 34 subbasins currently support Chinook spawning; however, 

Scheuerell et al. (2006) estimated that 37 subbasins had historically supported Chinook 

spawning. Snoqualmie Chinook spawning is thought to predominately occur across the mainstem 

Snoqualmie, Tolt, and Raging rivers, as well as Tokul Creek. There may be tributaries or other 

mainstem areas that support Chinook spawning but are unknown or poorly documented due to 

limited and inconsistent surveys. For example, Chinook spawning has been occasionally
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observed across watercourses either inconsistently surveyed or not included in co-manager 

Chinook surveys such as Cherry Creek, Griffin Creek, Patterson Creek, and others.  

 

As previously discussed, the percent hatchery contribution of total Snoqualmie Chinook 

escapement appears to have increased over the last two decades (Diego Holmgren and Mike 

Crewson, Tulalip Tribes Natural Resources Department, and Pete Verhey, Washington 

Department of Fish and Wildlife). The increase in percent hatchery contribution may be due in-

part to declining returns in natural-origin Chinook, which appear to display a declining trend, 

especially from 2001 to 2015 (PSIT & WDFW 2017). The geometric mean of natural-origin 

Chinook escapement declined from 1597 adults (1997 – 2001), to 1284 adults (2005 – 2009), 

and further declined to 818 adults (2010 – 2014) and 814 adults (2015 – 2020) (Diego Holmgren 

and Mike Crewson, Tulalip Tribes Natural Resources Department, and Pete Verhey, Washington 

Department of Fish and Wildlife). During the same annual periods, the number of hatchery-

origin spawners has remained relatively stable with the geometric mean ranging from 288 adults 

(1997 – 2001), to 290 adults (2005 – 2009) and 205 adults (2010 – 2014), and then to 284 adults 

(2015 – 2020). 

 

Mass marking of hatchery-origin Chinook in the Snohomish Basin has improved over the last 20 

years when adipose fin clipping and thermal otolith marking were fully adopted at the WDFW 

Wallace River hatchery, to align with ongoing efforts at the Tulalip Bernie Kai-Kai Gobin 

hatchery (NMFS 2021). Hatchery-origin adult Chinook observed across the Snoqualmie River 

watershed are assumed to be largely from out-of-basin stocks. Recent analyses from 2017 to 

2019 indicate that only 6.6% of total Snoqualmie Chinook escapement came from in-basin 

hatcheries (Tulalip Bernie Kai-Kai Gobin hatchery and WDFW Wallace River hatchery), 

compared to 12.3%, which came from out-of-basin hatcheries (NMFS 2021). Additional years of 

analyses will help to further inform contributions from other basins and hatcheries. 

 

Snoqualmie Chinook spawning tends to occur during the same period as pink salmon spawning. 

During odd years when pink salmon can be numerous, adult Chinook spawning behavior and 

spawning location may be influenced by redd superposition and interspecific interactions. 

Differences between Chinook and pink salmon in spawning locations, suitable spawning gravel 

sizes, and redd depth may help to mitigate redd superposition and interactions; however further 

investigation is needed to inform if and how Chinook spawning and redds are impacted.  

5.3 What still needs to be determined 

• What is the full temporal extent of Chinook spawning across the Snoqualmie River 

watershed, including potential late spawning? 

• What is the full spatial extent of Snoqualmie Chinook spawning across mainstem and 

tributary reaches? 

• What are the survival rates across early life stages including the green-egg to eyed-egg 

stage (first 3 – 4 weeks) and egg-to-emergence? 

• Is there spatial variation in survival rates during early Snoqualmie Chinook life stages, 

especially between mainstem and tributary reaches? 
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6.  Limiting factors and driving variables influencing adult migration, 
spawning, and egg incubation  

6.1 What we know 

Water quality (e.g., temperature and dissolved oxygen) and quantity (e.g., low flow conditions) 

during adult upstream migration and holding can influence geographic distributions, spawning 

times, susceptibility to disease and pathogens, and the overall survival and spawning success of 

returning adults (WSDE 2002). Exceedingly high water temperatures (e.g., >21 – 22°C) can 

delay upriver migration and/or block salmon migration, and daily maximum temperatures 

exceeding 22.5 to 23°C can result in pre-spawn mortality. Warm temperatures (e.g., 16 – 22°C) 

can cause sub-lethal effects including increased stress, increased disease susceptibility, and 

altered spawn timing (WSDE 2002; Quinn et al. 2018).  

 

Temperatures exceeding 11 to 12°C during Chinook spawning can alter egg fertilization through 

deceased unfertilized egg viability and temperatures exceeding 8 to 9°C during incubation can 

decrease the survival of fertilized egg to eyed stages (Heming 1982; Boles 1988). In addition, 

warm temperatures can impact embryo development through metabolic energy deficit from 

altered growth rates and from increased embryo abnormalities (Seymour 1956; WSDE 2002). 

Exceedingly warm temperatures during incubation (e.g., >17.5°C) can also result in acute 

lethality (WSDE 2002). Fertilized eggs incubate in redds from 2 to 4 months, depending on 

water temperature (Jager 2011), and alevin (newly hatched juveniles with attached yolk sacs) 

remain in the gravel for 2 to 3 weeks prior to emergence. The number of days from fertilization 

to emergence is temperature dependent, with Chinook incubation ranging from 120 days at ~9°C 

to 135 days at ~7°C (Beer and Steel 2018).  

 

Dissolved oxygen is necessary for respiration and metabolism in salmonids. Dissolved oxygen 

levels less than 4.25 mg/L can be stressful to salmonids and levels less than 2 mg/L can be lethal 

(Davis 1975; SPU & USACOE 2008).The impacts of elevated and impaired water temperature 

and reduced DO can limit salmonid reproduction success (Pentec Environmental and GIS NW 

1999; Haring 2002; WSDE 2002). 

 

The Snoqualmie River has widespread water temperature impairments, especially downstream of  

Snoqualmie Falls and throughout summer base-flow periods (Stohr et al. 2011; Kubo et al. 

2021). Additionally, several tributaries across the Snoqualmie watershed commonly exceed 

temperatures likely to result in sub-lethal and potentially lethal impacts to salmonids. 

Temperature impairments across the Snoqualmie watershed are largely attributed to extensive 

removal of riparian and forest vegetation, channel simplification and engineering, as well as land 

use development (Collins and Sheikh 2002; Solomon and Boles 2002; Stohr et al. 2011; King 

County 2018). The Snoqualmie River has localized areas of cooling and temperature moderation, 

influenced by groundwater, tributaries, and hyporheic exchange (Stohr et al. 2011; Kubo 2017). 

The spatial and temporal variation in temperature conditions help to support thermal diversity 

(Steel et al. 2016; Fullerton et al. 2017b), which is critical for adult Chinook migration and 

spawning. Temporal and spatial temperature patterns across reaches (Torgersen et al. 1999, 

2012), floodplains (Tonolla et al. 2010), stream networks (Isaak et al. 2015), and watersheds 
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(Fullerton et al. 2015; Woltemade 2017) characterize thermal diversity and influence salmonids 

across all life-stages. 

 

Salmonids require suitable instream flows at specific times of the year for effective spawning, 

incubation, and rearing (Haring 2002). Low flow conditions upon entering freshwater habitats  

affects the distribution and timing of pre-spawning and spawning adult Chinook (Poff et al. 

1997; McClure et al. 2008). The removal of water, either directly from the stream channel or 

from wells, can reduce the amount of instream flow and useable wetted area remaining for adult 

salmonid spawning. Streamflow limitations are typically greatest during summer and early-fall 

months when stream flows are lowest. Low flows and physical barriers can limit or add stress to 

upstream migration (Pentec Environmental and GIS NW 1999; Haring 2002). Low flows in late 

summer can exacerbate warm temperature impacts, as well as limit access to spawning areas, 

such as the lower Raging River, which during low-flow conditions can go sub-surface before 

entering the Snoqualmie River. Lower summer and fall flows during adult holding, redd-

building, and spawning can force Chinook to spawn almost exclusively in mainstem thalweg 

areas, which can exacerbate the vulnerability of eggs and juveniles to the impacts of peak flows, 

reduce egg-to-emergence and egg-to-migration survival, and can limit rearing areas available to 

Chinook after emergence (PSIT & WDFW 2017).  

 

Stream temperature and microhabitat characteristics (e.g., gravel size, depth, velocity) are 

important factors that influence the distribution and timing of Chinook salmon spawning 

(Montgomery et al. 1999). Additionally, sediment supply can affect the distribution and 

productive capacity of Chinook spawning and incubation (Dauble et al. 2003). Spawning 

location establishes the suite of potential rearing habitats available to progeny and distance 

between spawning areas contributes to reproductive isolation, which is important for genetic and 

life-history diversity (McElhany et al. 2000). Time of spawning is important because it 

determines, along with water temperature, the date of egg hatching and emergence of fry from 

gravels (Ruggerone and Weitkamp 2004), which dictates what food is available as well as 

environmental conditions experienced during emergence. 

 

Redds are highly vulnerable to peak flows and debris torrents, which scour the stream bed and 

destroy redds, displace eggs, and smother embryos buried in gravel (DeVries 1997; Pentec 

Environmental and GIS NW 1999). Egg-to-fry survival is reduced with greater peak flow 

recurrence interval (Beamer and Pess 1999). In the Snoqualmie River, egg-to-migrant survival 

has been shown to decrease with higher peak flows during incubation and early rearing (Kubo et 

al. 2013; Draft Snohomish Hatchery Program and Monitoring and Adaptive Management). 

6.2 What we think we know 

Habitat supporting spawning and egg-to-fry life stages can directly influence Chinook population 

viability (i.e., abundance, productivity, diversity, and spatial distribution) (Ruggerone and 

Weitkamp 2004). The spawning and embryo incubation period may be highly sensitive to habitat 

disturbances since there is little opportunity to seek alternative habitats. Additionally, some of 

the highest mortality for fishes occurs during egg deposition, fertilization, and early development 

shortly after hatching (Bunn et al. 2000). However, in the Snoqualmie River watershed and 

Snohomish Basin, spawning habitat availability is assumed to be less of a liming factor than 
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juvenile rearing habitat availability and capacity (Scheuerell et al. 2006). Population modelling 

conducted by Scheuerell et al. (2006) indicated that increased egg-to-fry or fry-to-smolt survival 

had less of an impact on overall population performance than improved juvenile habitat capacity.  

 

Physical attributes that influence salmon egg-to-fry survival and productivity include fine 

sediment, dissolved oxygen, gravel size and scour, fitness of parents and their gametes, and 

differences in hydrologic and thermal regimes (Chapman 1988; Jensen et al. 2009; Sear et al. 

2014; Roni et al. 2016). However, Chinook embryos may be less impacted by fine sediment and 

low dissolved oxygen during incubation compared to other salmonid species (Chapman 1988; 

Sternecker et al. 2014). The most sensitive incubation stage, especially to scouring flows, is 

considered to be the green-egg (fertilized egg) to eyed-egg (visible eye spot) stage, which usually 

occurs in the first 3 to 4 weeks after fertilization (Mike Crewson, Tulalip Tribes Natural 

Resources Department).  

 

Salmonids spawning in mountain drainage basins of the Pacific Northwest are adapted to, among 

other things, the timing and depth of channel bed mobility. Salmonids bury eggs below the 

annual scour depth or avoid egg burial during times of likely bed mobility (Healey 1991; 

Montgomery et al. 1999). Variations in egg burial depth and redd location may influence egg 

survival as well as embryo development.  

 

Downstream of Snoqualmie Falls, sediment deposition suitable for Chinook spawning is 

concentrated in the lower Tolt and Raging rivers, in the mainstem Snoqualmie River 

immediately downstream of the Raging and Tolt rivers, and near the confluence with the 

Skykomish River (Booth et al. 1991). Outside of these primary spawning areas, Chinook 

spawning habitat across the Snoqualmie River watershed is presumed to be limited due to non-

optimal gravel sizes, inadequate flow conditions, or high percentage of fines. As previously 

highlighted, spawning habitat availability is assumed to be less of a limiting factor for 

Snoqualmie River Chinook than juvenile rearing habitat; however, the quality of spawning 

habitats may be a factor influencing spawning success. Limited suitable spawning gravels and a 

high percentage of fine sediments may decrease spawning success and benthic food recourse 

productivity (Pentec Environmental and GIS NW 1999). Incubation productivity and survival to 

emergence for Chinook salmon is considerably impaired once fine sediments (<6.3 mm) are 

greater than 50% of streambed composition (Bjornn 1969).  

 

Climate change and variability is likely to influence water quality/quantity and habitat 

conditions, all of which impact adult Chinook migration, spawning, and egg incubation. Chinook 

salmon population viability across all life stages is likely to be impacted by warming stream 

temperatures, increasing peak flows, and decreasing summer low flows (Greene et al. 2005; 

Battin et al. 2007; Mauger et al. 2015). Within the Snohomish Basin, climate warming is 

predicted to decrease adult Chinook spawner abundance (Battin et al. 2007). The frequency and 

duration of temperature exceedances experienced by Chinook across Puget Sound rivers will 

likely increase (Mauger et al. 2015), which may delay or block upstream migration (Strange 

2010). The amount and quality of spawning habitat may also decline due to reduction in summer 

flow and temperature exceedances (Mantua et al. 2010). Warming stream temperatures and 

lower flows may also result in adult Chinook congregating in similar locations, which could 

increase disease transmission and the probability of infection (McCullough 1999; Miller et al. 
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2014). Increased stream temperatures can also alter the geographic range and virulence of 

pathogens (Marcogliese 2008), which when combined with thermally-stresses adult Chinook, 

may result in increased disease susceptibility. 

  

Climate-related changes to flood magnitude, timing, frequency, and duration is assumed to 

impact egg survival (Mauger et al. 2015). Increasing flood magnitude and more frequent peak 

flows are likely to decrease survival through streambed scour and the removal or crushing of 

salmon eggs (Montgomery et al. 1996; DeVries 1997; Mauger et al. 2015). Projected increases in 

winter floods and sediment loads may also increase sediment deposition, which could reduce egg 

survival (Neupane and Yager 2013). 

6.3 What still needs to be determined 

• How do environmental variables during upstream migration influence pre-spawn holding 

time and location? 

• How do Snoqualmie-specific water quality and quantity conditions impact Chinook 

migration and spawning location? 

• How do Snoqualmie-specific water quality and quantity conditions during migration, 

holding, and spawning impacts adult Chinook condition, disease susceptibility, survival, 

and reproductive success? Have warming temperatures and altered hydrologic regimes 

magnified impacts? 

• Which Snoqualmie watershed environmental driver(s) (e.g., hydrologic regimes, thermal 

regimes, sediment dynamics, or other) are most influential for Chinook egg and embryo 

survival?  

• Does spawning location, perhaps in cooler tributaries and mainstem reaches, result in 

prolonged incubation and delayed emergence? 

• How do sub-basin hydrologic regimes influence the accessibility and availability of 

spawning habitat as well as survival during incubation? 

• Would higher Chinook spawner abundance lead to increased use of currently 

underutilized spawning habitats? 

• What are the effects of climate change on the interactions between pathogens, disease 

vectors, and Snoqualmie Chinook salmon?  
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7.  Freshwater Areas – Juvenile life histories, habitat use, and 
outmigration 

7.1 What we know 

Snoqualmie River juvenile Chinook display three freshwater life-history patterns: fry, parr, and 

yearling. After emergence, fry generally spend days to 3 months in freshwater habitats and parr 

spend 3 to 6 months in freshwater habitats prior to migrating downstream (Figure 1) (Kubo et al. 

2013; Seay and Pouley 2019; Keith et al. in prep.). Juvenile fry and parr are collectively known 

as sub-yearling Chinook. Juvenile yearling Chinook remain in freshwater habitats for an entire 

year prior to outmigration. 

 

The vast majority of juveniles produced in the Snoqualmie River watershed display the sub-

yearling (fry/parr) life histories, averaging 86% of outmigrants from 2001 to 2019 (Matt Pouley, 

Tulalip Tribes Natural Resources Department). However, the yearling cohort is frequently 

observed across the mainstem Snoqualmie River (King County 2021a, 2021b), and consistently 

contributes to returning adults in the Snoqualmie River watershed and greater Snohomish Basin 

(Diego Holmgren and Mike Crewson, Tulalip Tribes Natural Resources Department). The 

yearling contribution of the Snoqualmie population is relatively high compared to other Puget 

Sound Chinook populations (PSIT & WDFW 2017; NMFS 2021). 

 

Earlier in the year (Feb – Mar), there are two modes in Snoqualmie juvenile Chinook size 

classes, with smaller juveniles (35 – 50 mm) being sub-yearling fry which recently emerged 

from redds and larger juveniles (80 – 120 mm) being yearlings that overwintered in the system 

from the previous year (Figure 4) (King County 2021a, 2021b). As the spring progresses (Apr – 

May), there is continued emergence of fry, a greater frequency of medium-sized juveniles or parr 

(50 – 80 mm), as well as a low frequency of larger yearling Chinook (105 – 125 mm). By late 

spring and early summer (Jun – Jul), parr are the most frequent size class. During late fall and 

winter (Oct – Dec), a cohort of larger juvenile Chinook (85 – 125 mm) remain in a range of 

freshwater habitats. These juveniles contribute to the yearling life history. 

 

The outmigration of sub-yearling Chinook from the Snoqualmie River displays multiple modes, 

with fry out-migrating in March and early April and parr out-migrating in May and June (Figure 

5) (Kubo et al. 2013; Keith et al. in prep.; Matt Pouley, Tulalip Tribes Natural Resources 

Department). Around 50% of sub-yearling Chinook outmigration occurs by late April and nearly 

all sub-yearlings out-migrate by late May and early June. Juvenile Chinook characteristic of the 

yearling life history remain in freshwater for an entire year and then migrate downstream in 

April and early May. The median fork length of out-migrating sub-yearling Chinook generally 

increases from February (~40 mm) to June (~75 mm), with the largest increases in size occurred 

in May (Figure 6) (Kubo et al. 2013; Keith et al. in prep.). Out-migrating juvenile Chinook 

display a bimodal fork length distribution in May and June, including a smaller cohort of fry and 

a larger cohort of parr.  
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Figure 4: Size frequency plots of juvenile Chinook observed across seasonal periods in the 

mainstem Snoqualmie River. Figure includes data from King County (2021a) and (2021b). 
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Figure 5: Juvenile sub-yearling Chinook outmigration (average catch per hour) observed in the 

Snoqualmie River from 2001 – 2021. Statistical weeks (SW) and approximate corresponding 

months include SW 6 – 9 (February), SW 10 – 13 (March), SW 14 – 17 (April), SW 18 – 22 

(May), SW 23 – 26 (June). Figure from Kubo et al. (2013) and Keith et al. in prep.   

 

 
Figure 6: Juvenile sub-yearling Chinook fork lengths (mm) observed in the Snoqualmie River 

from 2001 – 2021. Dots indicate median fork length with whiskers denoting maximum and 

minimum lengths. Statistical weeks (SW) and approximate corresponding months include SW 6 

– 9 (February), SW 10 – 13 (March), SW 14 – 17 (April), SW 18 – 22 (May), SW 23 – 26 

(June). Figure from Kubo et al. (2013) and Keith et al. in prep.   

 

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

A
v
e

ra
g

e
 C

a
tc

h
 P

e
r 

H
o

u
r

Statistical Week

2001-2021 Snoqualmie Natural-Origin Sub-Yearling Chinook

0

20

40

60

80

100

120

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

F
o

rk
 L

e
n

g
th

 (
m

m
)

Statistical Week

2001-2021 Snoqualmie Natural-Origin Sub-Yearling Chinook



Snoqualmie River Chinook Salmon Conceptual Model 

January 2022 

Page 20 

 

 

Across mainstem rivers, channel margins are often used by juvenile salmon for rearing during 

early life stages (Hillman et al. 1987; Bjornn and Reiser 1991). Mainstem edge habitats are 

critical for juvenile Chinook because they typically have lower water velocities, shallower 

depths, and greater cover than mid-channel areas (Hayman et al. 1996; Beechie et al. 2005; King 

County 2021b). Juvenile Chinook have been observed across a variety of mainstem edge habitats 

throughout the Snoqualmie River including bars, backwaters, unarmored banks, and armored 

banks (King County 2021a, 2021b). In addition, juvenile Chinook have also been observed in 

tributaries, side channels, oxbows, and floodplain areas across the lower Snoqualmie River 

watershed (King County 2021b, 2021a; Kollin Higgins, King County Department of Natural 

Resources and Parks). Floodplains and related off-channels, sloughs, and wetland features 

provide important rearing areas for juvenile Chinook, where abundant food resources and refuge 

from displacement flows can result in elevated growth rates (Sommer et al. 2001; Jeffres et al. 

2008; Limm and Marchetti 2009; Takata et al. 2017).  

 

Across the mainstem Snoqualmie River, juvenile Chinook are found in the following edge 

habitats from highest to lowest abundance: bars, backwaters, unarmored banks, armored banks 

(King County 2021a, 2021b). Juvenile Chinook are also frequently found in tributary 

confluences (King County 2021a; Kubo 2021). Across bank types, Snoqualmie juvenile Chinook 

prefer unarmored banks, compared to armored banks (King County 2021b). This preference is 

consistent with observations across the region (Knudsen and Dilley 1987; Beamer and 

Henderson 1998; Quigley and Harper 2004), especially when large wood is present (Beamer and 

Henderson 1998).  

 

Juvenile Chinook use the diversity of edge habitats throughout the year. During late winter and 

early spring, sub-yearling fry-sized Chinook are most frequent in backwaters and bars, with peak 

abundance occurring from March through May (Figure 7) (King County 2021a, 2021b). Bars and 

backwaters generally have more low-velocity area compared to other edge habitat types. Smaller 

juveniles likely have limited swimming ability and therefore spend less time in higher-velocity 

bank habitats where their swimming ability would be challenged. As juveniles grow into parr 

sizes during spring and early summer, their swimming ability increases and they shift from 

backwaters and bars to bank habitats, with peak abundance occurring around June. Larger and 

older juveniles continue to use bars and banks, both unarmored and armored, during fall and 

winter (King County 2021a).  
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Figure 7: Juvenile Chinook abundance (catch per seconds) across months and edge habitat types 

observed in the mainstem Snoqualmie River. Figure includes data from King County (2021a) 

and (2021b). Note: one point for bar habitat in June (0.42 catch/sec) is not included for ease of 

visual interpretation across edge habitats. Boxes indicate the first quartile, median, and third 

quartile. The whiskers indicate maximum and minimum values up to 1.5x the inter-quartile range 

and the points are observations beyond 1.5x the inter-quartile range. 

 

Observations from King County (2021a, 2021b) inform and update prior assumptions of juvenile 

Chinook habitat use in the Snoqualmie River. For example, juvenile Chinook rearing across the 

mainstem Snoqualmie River was assumed to predominantly occur from late winter through 

spring. However, recent observations show that juvenile Chinook not only use mainstem habitats 

throughout the year, but that juveniles with extended freshwater rearing are distributed 

throughout the mainstem and use a variety of habitat types (King County 2021a). Additionally, 

juvenile Chinook abundance was assumed to be minimal in select habitats (e.g., bars), based on 

observations from other watersheds (Beamer and Henderson 1998 as cited in Beechie et al. 

2021); however, juvenile Chinook are quite abundant in bars across the Snoqualmie River (King 

County 2021a, 2021b). Watershed-specific information that update assumptions on salmon-

habitat associations as well as provide information on under-represented habitats (e.g., off-

channel habitat) and life histories (e.g., juvenile yearling Chinook) are important for habitat 

capacity estimates and life cycle modelling (Scheuerell et al. 2006; Bartz et al. 2006; Beechie et 

al. 2021; Jorgensen et al. 2021).  
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The estimated abundance of juvenile Chinook produced in the Snoqualmie River watershed has 

considerable inter-annual variation with production ranging as much as an order or magnitude 

from tens- to hundreds-of-thousands (Kubo et al. 2013; Keith et al. in prep.; Matt Pouley Tulalip 

Tribes Natural Resources Department). The abundance of sub-yearling Chinook in the 

Snoqualmie River was generally low from 2001 to 2016, with abundance only around 5% of 

estimated historical levels (based on Ecosystem Diagnosis Treatments as cited in Kubo et al. 

2013 and Keith et al. in prep.). In addition, the number of juvenile Chinook migrants per adult 

spawner has only been around 15% of historical estimates. However, juvenile Chinook 

abundance in recent years (2017 – 2021) has been consistently higher with estimated abundance 

over twice that of prior periods (Keith et al. in prep.; Matt Pouley, Tulalip Tribes Natural 

resources Department). Snoqualmie Chinook egg-to-migrant survival from 2001 to 2015 had a 

median of 4.1% and ranged from 1.2% to 7.8% (Kubo et al. 2013; Keith et al. in prep.; Emily 

Davis, King County Water and Land Recourses Division). Snoqualmie River egg-to-migrant 

survival estimates are generally on the lower end of estimates from other Puget Sound 

watersheds: Skagit River (3.9 – 13.5%), Stillaguamish River (1.5 – 19%), and Cedar River (5.2 – 

19.2%) (as cited in Kubo et al. 2013). 

 

Scale and otolith analysis of returning Snoqualmie River Chinook from 2006 to 2020 indicate 

that the majority of returning adults were characteristic of a sub-yearling juvenile life history 

(Diego Holmgren, Tulalip Tribes Natural Resources Department). However, the yearling life 

history was consistently expressed, with on average 15% and up to 35% of returning adults 

having a yearling juvenile life history. Six years from 2006 to 2020 had a yearling Chinook 

contribution at or above the overall 15% average. The yearling contribution for the Snoqualmie 

population is relatively high for such a rare trait among listed fall Chinook populations 

comprising the Puget Sound Chinook salmon Evolutionary Significant Unit (PSIT & WDFW 

2017; NMFS 2021).  

 

Chinook that display the sub-yearling juvenile life history tend to return as 3- or 4-year-old 

adults, while Chinook that display the yearling life history tend to return as 4- or 5-year-old 

adults (Figure 1) (Diego Holmgren, Tulalip Tribes Natural Resources Department). From 2006 

to 2020, of the returning Snoqualmie River adults that had a sub-yearling life history, 66% were 

4 years old and 21% were three years old. During the same period, of the returning adults which 

had a yearling life history, 45% were 4 years old and 48% were 5 years old. The yearling 

Chinook life history consistently contributes to returning adults; however, there has been a 

declining trend in the proportion of returning adults which displayed a juvenile yearling life 

history. The 3-year average from 1999 to 2019 of returning adults which had a juvenile yearling 

life history decreased from ~25% to ~10% (Figure 8) (King County 2021a; Mike Crewson, 

Tulalip Tribes Natural Resources Department).  
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Figure 8: The fraction of returning Snoqualmie adult Chinook (3-year average) which had a 

juvenile yearling life history. Figure provided by Mike Crewson, Tulalip Tribes Natural 

Resources Department.  

7.2 What we think we know 

Juvenile Chinook are assumed to rear throughout wetlands, oxbows, and watercourses across the 

Snoqualmie River 100-year floodplain (WRIA 7 Salmonid Species Distribution - Technical 

Advisory Group; Statewide Integrated Fish Distribution database). Juvenile Chinook are also 

assumed to use non-natal tributaries throughout the Snoqualmie River watershed, especially in 

areas near tributary confluences (King County 2021a). Juvenile Chinook likely overwinter in off-

channel habitats (Swales and Levings 1989), mid-channel pools containing large woody debris 

(Swales et al. 1986), floodplain channels (Lowery et al. 2020), tributaries, and tributary 

confluences (Rosberg and Associates 1987; Levings and Lauzier 1991), as well as across 

mainstem shoreline-edges (Levings and Lauzier 1991; Lowery et al. 2020; King County 2021a). 

 

During spring and summer months, juvenile Chinook are considered primarily diurnal; however, 

reduced predation risk during dusk and dawn appears to result in crepuscular and even nocturnal 

foraging (Bradford and Higgins 2001; Metcalfe et al. 2010). Juvenile Chinook are generally 

associated with mid-channel and covered habitats during the daytime and edge habitats during 

the evening and night (Bradford and Higgins 2001; Huusko et al. 2007). As juvenile Chinook 

grow, their improved swimming ability may enable them to take advantage of higher-velocity 

bank habitats in addition to low-velocity habitats. Bank habitats could be more bioenergetically 

profitable for larger juvenile Chinook, if the abundance of prey drift is greater than in low-

velocity areas. Additionally, bank habitats in the Snoqualmie River are known to have a high 

abundance of large trout (King County 2021a, 2021b), which larger juvenile Chinook may be 

less vulnerable to than smaller juveniles, due to greater evading abilities and predator gape 

limitations. Snoqualmie juvenile Chinook use bank habitats during overwintering periods (King 

County 2021a), possibly because banks provide microhabitats among coarse substrates, aquatic 

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

F
ra

c
ti
o

n
 o

f 
A

d
u

lt
 C

h
in

o
o

k

Snoqualmie Chinook 3-year Average Yearling Fraction



Snoqualmie River Chinook Salmon Conceptual Model 

January 2022 

Page 24 

 

 

vegetation, roots, and large wood, as shelter to minimize swimming energy expenditures, reduce 

predation risks, and to maintain limited foraging (Rosberg and Associates 1987; Muhlfeld et al. 

2001, 2003). 

 

Smaller juvenile Chinook (fry and parr) are present in the Snoqualmie River all the way into 

June and July (King County 2021a, 2021b). These late-emerging Chinook are observed 

consistently and throughout the mainstem Snoqualmie River. Late emergence could be a result of 

late-spawning adult Chinook and/or spawning occurring in colder tributaries or reaches. It’s been 

hypothesized that these late-emerging juveniles may contribute to the strong yearling Chinook 

cohort observed in the Snoqualmie River (King County 2021a). Late emergence may require 

juvenile to remain in freshwater areas to attain the size and condition necessary prior to 

outmigration. While juvenile yearling Chinook are consistently observed across the Snoqualmie 

River, the overall abundance of the yearling cohort as well as the timing of their outmigration is 

still poorly understood. The yearling component may be underrepresented in outmigration 

monitoring data due to trap avoidance by larger juveniles (Kurt Nelson and Matt Pouley, Tulalip 

Tribes Natural Resources Department). These limitations may result in an underestimation of the 

overall yearling Chinook cohort, which may influence estimated proportions and productivity 

across life histories. Understanding life history abundance and productivity is important for 

salmon conservation strategies focused on supporting sensitive life stages and life histories.  

 

Snoqualmie sub-yearling Chinook are known to prefer unarmored banks compared to riprap 

armored banks (King County 2021b); however, the lower Snoqualmie River has widespread 

bank armoring, specifically concentrated across spawning reaches (Solomon and Boles 2002; 

King County 2018). If the availability of certain preferred edge habitats (e.g., unarmored banks) 

is limited across mainstem reaches, juvenile Chinook may be forced to use other edge habitats. 

Widespread bank armoring likely limits the availability and proximity of preferred unarmored 

bank habitat, resulting in juveniles using armored banks or other edge habitats. The use of 

human-armored banks and degraded habitats may suggest that habitat availability and proximity, 

in addition to habitat preference, influences juvenile Chinook habitat use and distribution. 

 

Similar to the Snoqualmie River watershed, the greater Snohomish Basin shows a decline in 

number of returning adults that displayed a juvenile yearling life history (Mike Crewson, Tulalip 

Tribes Natural Resources Department). Additionally, as previously discussed, the Snoqualmie 

River watershed and Snohomish Basin show a decline in the age-5 component of returning adult 

Chinook. Reduced life history diversity and age at return likely impacts the productivity of 

Chinook populations by making them more vulnerable to inter-annual variability in 

environmental conditions and population dynamics as well as to anthropogenic alterations to the 

environment (Hilborn et al. 2003; Greene et al. 2010; Schindler et al. 2010). 

 

Since the quantity, quality, and connectivity of optimal rearing habitat is limited across the 

Snoqualmie River watershed (discussed below in Freshwater Areas – Limiting factors and 

driving variables influencing juvenile life histories, habitat use, and outmigration), as habitat 

areas fill up with fry and parr, additional juveniles likely disperse to more marginal habitats or 

continue out-migrating downstream. When freshwater habitats are limited, impaired, or 

inaccessible, juvenile Chinook have fewer habitats rearing opportunities, which can result in a 

predominance of juveniles that out-migrate early (i.e., fry migrants) (Greene et al. 2021). 
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7.3 What still needs to be determined 

• Are there differences in growth and survival across Snoqualmie Chinook juvenile life 

histories, freshwater habitat types, and by major spawning areas? If so, do faster growing 

juveniles and/or greater survival among early life stages translate to a greater likelihood 

of returning as adults? 

• What is the inter-annual abundance of yearling Chinook in the Snoqualmie River 

watershed and how can monitoring efforts better target this life history?  

• Do Snoqualmie yearling Chinook consistently show better marine survival than sub-

yearling Chinook?  

• What are the reasons for the decline in returning adults which displayed a juvenile 

yearling life history?  

• What is the distribution and habitat use of juvenile Chinook during day periods? 

• What is the spatial and temporal extent of juvenile rearing in floodplain areas, tributaries, 

and wetlands across the Snoqualmie River watershed? 

• Are late-emerging juveniles observed from May through July the result of later-spawning 

adults, spawning in colder tributary areas, or from other mechanisms? 

• What are outmigration and distribution patterns during higher and flood flows? 

• Are juvenile Chinook diets and available prey resources different across freshwater 

habitat types? Are prey resources different between degraded and functioning riparian 

area?  

• How does habitat restoration across the Snoqualmie River influence juvenile Chinook 

growth and survival? Are growth rates and survival different between impaired and 

restored areas? 

• What are juvenile Chinook habitat use and out-migration patterns across the lower 

Snoqualmie River (Duvall downstream to the Skykomish River confluence)?  

• What are potential Chinook life history patterns that may have historically existed in the 

Snoqualmie River watershed? Could historic life histories be determined from historic 

watershed conditions?  
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8.  Freshwater Areas – Limiting factors and driving variables influencing 
juvenile life histories, habitat use, and outmigration  

8.1 What we know 

All Snoqualmie Chinook population viability parameters (i.e., abundance, productivity, spatial 

structure, and diversity) have been reduced by anthropogenic activities over the last century and 

are further threatened by on-going developmental actions in the watershed as well as by human-

induced climate change (SBSRF 2005; Scheuerell et al. 2006; Bartz et al. 2006). These historic 

and ongoing pressures have resulted in widespread habitat loss and degradation. Salmonid 

habitat degradation throughout the Snoqualmie River watershed has primarily occurred due to 

the construction of fish passage barriers, bank and floodplain modifications, loss of wetlands, 

altered channel conditions including large wood removal, and altered riparian functions and 

conditions (Haring 2002, SBSRTC 2004, SBSRF 2005).  

 

Channel condition and complexity (i.e., number and diversity of features and their spatial 

organization) have been dramatically altered throughout much of the watershed by 

channelization, loss of large wood, and by a loss of bank stability and complexity due to a 

variety of land use practices (Haring 2002; Solomon and Boles 2002; King County 2018). 

Channel and floodplain engineering and modification reduces habitat complexity and variability, 

limits large wood recruitment, and limits the connectivity of watercourses to off-channel habitats 

and floodplain areas (Spence et al. 1996; Beechie et al. 2010). Additionally, the lower 

Snoqualmie River has a paucity of large wood (Solomon and Boles 2002; King County 2018) 

due to a century of snagging, dredging, removal of wood jams, and degradation of riparian 

forests. Large wood and jams are important for salmonids because they provide hydraulic 

heterogeneity critical for instream habitat features and channel processes, dissipate hydraulic 

energy during peak flows, and provide high quality cover and habitat diversity (Harmon et al. 

1986; Bilby and Ward 1991; Bilby and Bisson 1998). Furthermore, woody debris and overhead 

vegetated cover provide prey and nutrient inputs for juvenile salmonids (Haring 2002).  

 

Landscape and habitat connectivity (e.g., connectivity of watercourses and floodplain areas,  

frequency of inundation across floodplains, and flows supporting channel engagement) 

influences juvenile Chinook growth, rearing, mobility, and food resource availability (Sommer et 

al. 2001; Jeffres et al. 2008; Limm and Marchetti 2009; Takata et al. 2017). In addition, 

landscape and habitat connectivity directly affects thermal regimes, which influence the quality 

of habitats and subsequent juvenile Chinook growth (Fullerton et al. 2010). Connectivity across 

floodplain areas, tributaries, and mainstem reaches has been altered, reduced, or eliminated 

across much the Snoqualmie River watershed by a combination of diking, bank armoring, roads, 

mainstem channel incision, and by a variety of fish passage barriers (Haring 2002). Additionally, 

floodplain habitat in the Snoqualmie River and across watersheds in the Puget Sound have been 

impaired due to the conversion of floodplains and wetlands to residential/commercial 

development and agriculture, in addition to draining, ditching, and channelizing floodplain areas 

(Beechie et al. 2001; Haas and Collins 2001; Haring 2002; Pess et al. 2002).  

 

Hydrology affects the distribution and dispersal of juvenile Chinook across freshwater rearing 

habitats and their migration to estuarine, nearshore, and offshore marine habitats (McClure et al. 
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2008). Seasonal high and low flows are a primary control influencing the distribution and timing 

of fish rearing, growth, and survival (Poff et al. 1997). Additionally, local variation in sediment 

delivery rates, routing, and composition determines the type and quality of habitat (Sullivan et al. 

1987) as well as the development and persistence of habitat features that support salmon 

reproduction (Poff et al. 1997). 

8.2 What we think we know 

Juvenile Chinook rearing habitat in freshwater and estuarine areas is considered the primary 

limiting factor impacting Snoqualmie River and Snohomish Basin Chinook population 

performance (Haring 2002; SBSRTC 2004; SBSRF 2005). Increasing and improving juvenile 

Chinook rearing habitat, specifically across mainstem reaches and the Snohomish estuary, will 

likely result in the greatest improvement to overall Chinook population performance (Scheuerell 

et al. 2006). Improvements to juvenile Chinook rearing habitat are assumed to directly benefit 

juvenile growth and survival (SBSRF 2005, SBSRTC 2004). However, the availability and 

accessibility of well-functioning rearing habitat is considerably impaired in many areas of the 

Snoqualmie watershed due to widespread habitat loss and degradation (as discussed in What we 

know). 

 

Across the Snoqualmie River watershed, mainstem, tributary, and floodplain areas are assumed 

to provide the resources and habitat diversity needed to support juvenile Chinook (SBSRTC 

2004; SBSRF 2005). Restoring habitats and improving connectivity increases the capacity for 

juvenile rearing, which can translate to better juvenile growth, survival, and likelihood of 

returning as an adult spawner (Scheuerell et al. 2006). Much of the historic Chinook production 

capacity in the Snoqualmie River watershed was thought to been associated with the vast 

presence of floodplains and wetlands (Haas and Collins 2001). Degradation across floodplain 

areas, as well as alteration in the duration of floodplain habitat availability, has resulted in an 

estimated 40% to 60% loss in production capacity (Haas and Collins 2001). 

 

The Snoqualmie River may provide conditions more conducive for sub-yearling life histories, 

including generally warmer temperatures and longer photoperiods, compared to northern 

latitudes and snow-dominated systems where the yearling life history is more common (Healey 

1991; Taylor 1991). However, the yearling life history is consistently expressed in the 

Snoqualmie River watershed. Life-history diversity, including extended freshwater rearing, may 

be a result of both genetic variation and local adaptations to environmental conditions (Ricker 

1972; Healey 1991; Taylor 1991). Differences in gene expression and growth rates can influence 

the timing of volitional out-migration, condition at out-migration, and subsequent smoltification 

(Carl and Healey 1984; Taylor 1990). Additionally, differences in growth rates can translate to 

variation in survival across latter life stages. 

 

Juvenile yearling Chinook can have greater marine survival than sub-yearling Chinook (Beamer 

et al. 2005; Kilduff et al. 2014), suggesting that larger and older juveniles may have higher 

survival rates. However, this relationship hasn’t been thoroughly studied in the Snoqualmie 

River watershed and Snohomish River basin. Generally, the larger size of yearling Chinook is 

thought to benefit juveniles by lessening vulnerability to predation, increasing the speed of 

emigration, and improving foraging ability (Bugert et al. 1997; Connor et al. 2005).  
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Habitat diversity, availability, and connectivity associated with extended freshwater rearing are 

likely integral for yearling Chinook growth and survival in the Snoqualmie River watershed 

(Kubo 2017; King County 2021a). Specifically, habitat quality and quantity across seasons likely 

influence yearling Chinook since they display extended freshwater rearing. Factors like distance 

upstream from major river confluences, wetted width, wood cover, and vegetation cover appear 

to be associated with juvenile yearling Chinook presence and abundance (Beamer et al. 2010; 

Lowery et al. 2020). In addition, stream stability, stream flow, stream and air temperature 

regime, stream productivity, and general weather regimes are thought to influence yearling 

Chinook expression and persistence (Taylor 1990b; Myers et al. 1998).  

 

The widespread removal and degradation of riparian forests is assumed to be the primary driver 

resulting in increased water temperature throughout the lower Snoqualmie River watershed 

(Solomon and Boles 2002; Stohr et al. 2011; King County 2018). Warmer temperature 

conditions and altered thermal regimes during juvenile Chinook life stages likely alters growth 

and feeding rates, timing of life-stage transitions, increases susceptibility to disease, and reduces 

survival (WSDE 2002; Steel et al. 2012). Altered growth rates and life-stage transitioning during 

relatively warmer springs and summers may cause earlier juvenile Chinook outmigration, which 

can result in potential asynchronies with food resources as well as truncated growth seasons 

(Fullerton et al. 2017a; Hawkins et al. 2020). Altered growth and life-stage transitioning may 

also result in emergence and outmigration during unsuitable flow conditions, increased 

competitive or predator interactions, and spatiotemporal overlap with native and non-native fish 

species (Steel et al. 2019). Warmer water temperatures in spring, as well as prolonged warm 

periods, likely confer a competitive advantage to warm-water predators, which may become 

more active and effective at preying on salmonids (SPU & USACOE 2008; Steel et al. 2017). 

 

Contaminants in the Snoqualmie River watershed may also influence juvenile Chinook growth 

and survival. Concentrations of PBDEs (polybrominated diphenyl ethers) among juvenile 

Chinook sampled in the Snoqualmie and Skykomish rivers were found to be near critical tissue 

levels that are detrimental to salmon health (Arkoosh et al. 2010; Carey et al. 2018). Elevated 

PBDE levels may result in altered behavior, reduce growth, increased disease susceptibility, and 

altered thyroid function. In addition to the mainstem Snoqualmie River, elevated PBDEs were 

also found in the Snohomish estuary (discussed in Estuarine and Nearshore Areas – Limiting 

factors and driving variables influencing life histories, habitat use, density dependence, habitat 

capacity, and outmigration). 

 

Water quantity in the Snohomish Basin has been impacted by instream water withdrawals, 

altered hydrology associated with increased impervious surfaces, and shifting hydrologic and 

precipitation regimes (Haring 2002). Reduction in instream flow and useable wetted area from 

water withdrawals (surface and groundwater) can reduce the availability of summer rearing 

habitat, contribute to temperature-related impacts, and can limit habitat connectivity. Changes in 

peak flows, including the timing and duration, can displace juvenile Chinook downstream 

altering the timing of outmigration and life-stage transitions. The frequency and magnitude of 

peak flows can also alter stream stability, which can benefit habitat formation and persistence, 

but under altered regimes can result in negative impacts on salmon habitats and early life stages. 
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Degraded habitats, reduced complexity, and altered connectivity may influence food availability 

and predator pressures for juvenile Snoqualmie Chinook. Food resources in degraded habitats 

may be limited in quantity or quality, especially if the available prey assemblages are different 

from well-functioning habitats. Limited and poor-quality food resources could impact juvenile 

Chinook growth and condition, resulting in lower survival and productivity. In addition, 

degraded riparian forests may influence the quality and quantity of prey fall-out and drift 

available for juvenile Chinook. Degraded habitats may support a greater abundance of predatory 

fish. For example, riprap armored banks are known to support larger predatory fish such as trout 

and sculpin (King County 2021b). Larger fish may easily prey on juvenile Chinook, especially 

during the early life stages. Complex edge habitats such as unarmored banks with large wood as 

well as shallower edge habitats such as bars and backwaters may provide areas for juvenile 

Chinook to hide and avoid predators.  

 

Oxbow ponds throughout the Snoqualmie River floodplain can support juvenile Chinook; 

however, non-native species are common and numerous in oxbows (Kollin Higgins, King 

County Department of Natural Resources and Parks). The abundance of non-native species 

among oxbows and floodplain areas is assumed to limited juvenile Chinook growth and survival. 

Non-native species can compete with juvenile Chinook for food as well as directly prey on 

juveniles. The broad distribution and abundance of non-native species may greatly reduce the 

productivity of these otherwise highly productive floodplain habitats.  

 

The impacts of climate change are assumed to reduce Chinook habitat quality and quantity as 

well as the overall productivity of Snohomish Basin Chinook populations (Battin et al. 2007). 

Total winter and early-spring streamflow across Puget Sound drainages are projected to increase, 

which may reduce the extent and availability of slow-water habitat in rivers, reduce the duration 

of freshwater rearing, and could displace juveniles downstream (Mauger et al. 2015). Reduced 

freshwater rearing can impair juvenile Chinook growth and survival, and involuntary 

displacement downstream can result in altered life-stage transitions. 

 

Temperatures in Puget Sound streams and rivers are projected to increase substantially during 

the 21st Century due to climate change (Isaak et al. 2011; Mauger et al. 2015). Increased stream 

temperatures can alter food web dynamics as well as juvenile Chinook metabolism and energetic 

requirements. Warm temperatures can lead to increased juvenile Chinook growth (Beer and 

Anderson 2013); however, warm temperatures can also alter life-stage transitions, resulting in 

potential asynchronies with food resources and truncated growth seasons (Mantua et al. 2010; 

Fullerton et al. 2017a). Altered life-stage transitions in freshwater areas can also have negative 

consequences for subsequent survival in estuarine or coastal areas (Crozier et al. 2008). Climate 

change is also projected to decrease summer streamflow across Puget Sound watersheds, which 

may reduce rearing habitat for juvenile Chinook, including the quantity and connectivity of pools 

and off-channel features (Hamlet et al. 2013; Mauger et al. 2015). Reduced flows during juvenile 

rearing periods can also increase competition for food resources (Crozier et al. 2008), shift the 

timing of outmigration, and decrease overall migration success (Crozier and Zabel 2006). 

Additionally, reduced streamflow may favor the spread of warm-adapted invasive fish, which 

compete with or prey on native salmonid species (Petersen and Kitchell 2001; Rahel et al. 2008; 

Lawrence et al. 2012, 2014).  
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8.3 What still needs to be determined 

• What are the genetic and/or environmental drivers of juvenile Chinook life history 

expression and persistence?  

• How do freshwater habitat conditions and environmental variability during juvenile 

Chinook early life stages influence survival in latter life stages? 

• Which freshwater limiting factors are most influential year-on-year for juvenile Chinook? 

• How do habitat and environmental conditions influence food availability, quantity, and 

quality? 

• How do habitat and environmental conditions influence predator presence, abundance, 

and spatiotemporal overlap with juvenile Chinook?  

• Is prey resource abundance and availability during freshwater life stages a limiting factor 

for juvenile Chinook growth? 

• What is the abundance and distribution of non-native fish populations across the 

Snoqualmie River floodplain? 

• Does contaminant exposure by juvenile Chinook in the Snoqualmie River watershed 

affect growth and survival? 

• What are the primary drivers for inter-annual differences in juvenile Chinook production? 

How much is production based on adult abundance, environmental drivers such as high 

flows during incubation and early rearing, or other mechanisms? 

• Are there freshwater habitat conditions or freshwater limiting factors influencing the 

decline in returning adults which displayed a juvenile yearling life history? 
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9.  Estuarine and Nearshore Areas – Juvenile life histories, habitat use, 
and outmigration  

9.1 What we know 

Juvenile Chinook emigrating from freshwater areas and migration through or rearing in the 

Snohomish estuary display several life-history patterns: fry migrants, fry rearing migrants, parr 

migrants, parr rearing migrants, and yearling migrants (Figure 1). Fry migrants, generally smaller 

in size, tend to reside in the Snohomish estuary for only short periods before entering nearshore 

and marine areas. Some fry migrants rear in pocket estuary habitat (Beamer et al. 2006) or non-

natal coastal streams (Beamer et al. 2013). Fry migrants are generally less common than fry 

rearing migrants. Fry rearing migrants are also small when they enter the Snohomish estuary but 

tend to reside for extended periods (weeks to months) before moving to nearshore marine 

habitats (Chamberlin et al. 2021). Fry rearing migrants are the primary juvenile Chinook life 

history to use and benefit from estuarine habitats (Quinn 2018). After spending weeks to months 

in freshwater habitats, parr migrants enter the Snohomish estuary at larger sizes (~55 mm) and 

later in the season (~Apr/May), where they reside for a relatively short period before moving to 

nearshore and marine areas (Chamberlin et al. 2021). Parr rearing migrants are less common and 

reside for longer periods in the estuary. Yearling Chinook, which remained in freshwater for up 

to a year, migrate through the estuary relatively quickly (Beamer et al. 2005). The larger and 

older juvenile Chinook are at the time of riverine out-migration, the shorter they tend to reside in 

estuarine habitats (Kjelson et al. 1982; Levy and Northcote 1982; Healey 1991). Across the 

Puget Sound, younger and smaller juvenile Chinook are more likely to use the estuary, while 

older and larger juveniles are more likely to use nearshore and offshore areas (Gamble et al. 

2018).  

 

Juvenile Chinook fry migrants from the Snohomish Basin have been observed in non-natal 

coastal streams that drain directly into possession Sound and the Whidbey Basin (Beamer et al. 

2013). Juvenile Chinook rearing among non-natal coastal streams tend to reside for extended 

periods, averaging 33 to 42 days across late winter and early spring. Juveniles begin to show up 

in non-natal coastal streams in January with abundance peaking in February and March, and then 

declining in April and May. Years of relatively greater abundance shift the peak to later in 

spring. Prior to outmigration into marine waters, juveniles can either remain in a specific non-

natal costal stream, travel to a different non-natal stream or estuary, or transition to other 

nearshore habitats.  

 

Seasonal juvenile Chinook density across the Snohomish estuary displays two primary trends 

(Figure 9) (Chamberlin et al. 2021). The first trend highlights a steady increase in juvenile 

Chinook density from February through early June (aligning with riverine outmigration patterns) 

before decreasing into mid-summer. The first trend peaks around mid-April or early May and is 

most apparent in areas near and in the mainstem Snohomish River. The first trend highlights 

migration through the estuary with steady increases in juvenile Chinook density earlier in the 

season representing the continual input of fry migrants and declines in density later in spring 

reflecting the more directed migration of parr migrants. The second trend in juvenile Chinook 

density has a similar timing of peak abundance (late April/early May); however, density in the 

estuary is less aligned with riverine outmigration and density in the estuary remains near the 
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peak for a protracted period. The second trend is most apparent throughout the lower Snohomish 

estuary and highlights extended juvenile Chinook rearing with fry rearing migrants initially 

filling habitats in late winter/early spring and then remaining in the Snohomish estuary for an 

extended period.  

 

 
Figure 9: Seasonal variation in juvenile Chinook density across the Snohomish estuary for Trend 

1 (solid line) and Trend 2 (dashed line) by year. Figure from Chamberlin et al. (2021). Note: 

2012 was a relatively colder year and 2015 was a relatively warmer year. 

 

Habitat areas in the upstream portion of the Snohomish estuary typically display a constant 

increase in juvenile Chinook density through late May and early June before a steep decrease 

into mid-summer. Habitat areas in the upper estuary are most associated with the mainstem 

Snohomish River, which accounts for ~57% of the tidal and flow transport throughout the delta 

(Yang et al. 2010), and likely represents the primary migratory pathway through the estuary 

(Chamberlin et al. 2021). Additionally, habitat is limited in the upper Snohomish estuary; thus, 

these areas are largely used as migration corridors and as limited habitats are fill up, additional 

migrants continue to disperse into other downstream habitat areas (Chamberlin et al. 2021). 

 

Habitat areas located in the lower Snohomish estuary (downstream extent) generally display a 

gradual increase in juvenile Chinook density into early April before leveling off and decreasing 

in mid-June and early July (Chamberlin et al. 2021). Over 95% of current rearing habitat in the 

Snohomish estuary is located across the lower Snohomish estuary. Habitat areas in the lower 

estuary tend to display extended rearing and abundance, supporting sustained use throughout the 



Snoqualmie River Chinook Salmon Conceptual Model 

January 2022 

Page 33 

 

 

early part of the out-migration period. Landscape connectivity (i.e., distance of a particular 

site/area from the source population as well as the complexity of the pathway) across the 

Snohomish estuary is positively related to juvenile Chinook density, with areas of greater 

connectivity having higher juvenile Chinook density (Greene et al. 2021; Chamberlin et al. 

2021).  

 

Across the Snohomish estuary, juvenile Chinook densities tend to be greatest in forested riverine 

tidal areas, compared to estuarine forest transition areas, which both support greater densities 

than estuarine emergent marshes (Greene et al. 2021). Juvenile Chinook fry primarily use off 

channel or blind-tidal channel habitats for rearing during estuary residence (Beamer et al. 2005; 

Bottom et al. 2005; Greene et al. 2021). Densities in blind-tidal channels across the Snohomish 

estuary are greatest from early March to mid-April (Greene et al. 2021). During early rearing, 

juvenile Chinook fry tend to rear in blind-tidal channels and later in the rearing season they use 

distributaries, as they transition out of rearing habitats and into migratory pathways. 

9.2 What we think we know 

The travel time from the mainstem Snoqualmie River at ~ RM 11.3 (outmigration monitoring 

trap) to the Snohomish River estuary is estimated to be around one week (Chamberlin et al. 

2021); however, travel times likely vary across life histories. The estimated rate of travel from 

riverine areas to and throughout the Snohomish estuary varies considerably, ranging from 0.0 to 

17.2 km/day with a median of 0.3 km/day (Zackey et al. 2021). 

 

The fry migrant life history is thought to contribute only a small proportion of returning adults in 

the Snohomish Basin, compared to fry rearing migrants (Mike Crewson, Tulalip Tribes Natural 

Resources Department). Despite this small proportion, the fry migrant life history in addition to 

all life histories expressed in the Snoqualmie River and Snohomish Basin are likely critical for 

life-history diversity. We may expect that the contribution of a given life history may fluctuate 

over time with variability in environmental conditions and population dynamics. 

 

Since most hatchery Chinook in the Snohomish Basin are reared to parr and smolt size before 

being released, the presence of juvenile hatchery Chinook in the estuary is generally later in 

spring with overall residence likely limited, compared to natural-origin Chinook (Beamer et al. 

2005; Rice et al. 2011). This suggests there may be a limited period when natural-origin and 

hatchery-origin Chinook interact in the Snohomish estuary. However, overlap in the presence of 

natural-origin and hatchery-origin Chinook has been observed across Puget Sound estuaries, 

including the Snohomish estuary (Greene et al. 2021). There is high variability in the spatial and 

temporal overlap of natural- and hatchery-origin juvenile Chinook; however, this overlap may 

influence the duration of natural-origin juvenile Chinook rearing, timing of estuarine 

outmigration, and growth rates during estuarine residence. The impacts of potential overlaps are 

likely also tied to habitat and food recourse availability. Interactions between natural- and 

hatchery-origin juvenile Chinook in the Snohomish estuary require further research to improve 

certainty of potential impacts. 
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9.3 What still needs to be determined 

• What is the range in travel time across Snoqualmie juvenile Chinook life histories from 

freshwater areas to the Snohomish estuary? 

• What are the differences in marine survival and rate of adult return across estuarine life 

history types?  

• How does spatial and temporal overlaps between natural- and hatchery-origin juvenile 

Chinook influence growth rates, rearing time, and outmigration patterns? 

• What are potential Chinook life history patterns that may have historically existed in the 

Snohomish estuary? Could historic life histories be determined from historic estuarine 

conditions?  
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10. Estuarine and Nearshore Areas – Diet, growth, habitat capacity, and 
density dependence  

10.1 What we know 

Growth rates for juvenile Chinook in the Snohomish estuary from February through July average 

0.45 mm/day, with averages across months ranging from 0.25 to 0.63 mm/day (Zackey et al. 

2021). Growth rates in spring and summer are generally higher than in late-winter and early 

spring. In terms of weight, growth rates varying between 0.02 and 7.38 g/day; however, growth 

rates are highly skewed with nearly 70% of individuals experiencing growth at <1 g/day. 

(Greene et al. 2021). Growth pattern depends upon arrival date in the estuary with earlier arrival 

at larger size correlating with more overall growth. Growth tends to be higher in estuarine 

emergent marshes and estuarine forested transition areas, compared to forested riverine tidal 

areas; however, mean growth potential is highest in forested riverine tidal areas early in the 

outmigration period (Greene et al. 2021). Juvenile Chinook generally rear in estuaries to achieve 

a minimum size of ~70 mm before emigrating to the marine areas (Healey 1978, 1980, Levings 

2016).  

 

As previously discussed, Chinook fry migrants from the Snohomish Basin can rear in non-natal 

coastal streams that drain directly into Possession Sound and the Whidbey Basin (Beamer et al. 

2013). Across these non-natal coastal streams, juvenile Chinook body size and growth early in 

the year is similar to adjacent nearshore habitats (Beamer et al. 2013). Later in spring (e.g., after 

April) juvenile Chinook found in nearshore habitats are generally larger than those in non-natal 

coastal streams. However, the abundance of Chinook in non-natal streams considerably declines 

after April, which may reflect the movement of larger juveniles out of streams and into marine 

waters of the Whidbey Basin. Daily growth of juvenile Chinook in non-natal coastal streams 

average 0.23 mm/day, with growth rates increasing later in spring. However, juvenile Chinook 

growth rates in non-natal coastal streams tend to be lower than growth rates in the Snohomish 

estuary.  

10.2 What we think we know 

The diets of juvenile Chinook across select Puget Sound estuaries, including the Snohomish 

estuary, seem to be different than the available prey assemblage (Greene et al. 2021). Across 

these select estuaries, Green et al (2021) found that juvenile Chinook diets consistently had 

higher proportions of insects, vs non-insect prey. In the Snohomish estuary, >80% of individual 

Chinook diets across estuarine habitat types were insects, with dipteran flies representing the 

majority of diets (Greene et al. 2021). Across estuarine wetland types, the forested riverine tidal 

areas had the least overlap between prey assemblages and juvenile Chinook diets while estuarine 

forested transition areas had the most overlap. Marine prey (e.g., crustaceans, amphipods, 

decapods, and mysids) were generally more abundant in juvenile Chinook diets in estuarine 

emergent marshes. Juvenile Chinook diets can become more diverse with increasing juvenile 

density, possibly due to juveniles switching to alternative prey types if resources become 

limiting. Across nearshore areas, terrestrial insects can also contribute a large portion of juvenile 

Chinook diets (Gamble 2016). 
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The density of juvenile Chinook in habitats across Puget Sound estuaries show considerable 

variation in respect to habitat type and freshwater outmigration abundance (Greene et al. 2021). 

Generally, forested riverine tidal areas and estuarine forested transition areas support a greater 

density of juvenile Chinook, compared to estuarine emergent marshes, especially during early 

rearing periods. Estuarine emergent marshes generally support more juvenile Chinook later in 

the rearing period. Additionally, blind-tidal channels support more juvenile Chinook than 

distributary channels.  

 

It’s hypothesized that juvenile Chinook residence and migration in the Snohomish estuary may 

be density dependent (Greene et al. 2021). A collective evaluation of several Puget Sound 

estuaries suggests that density dependence occurs in some estuaries (e.g., Skagit estuary) and 

may occur in other such as the Snohomish estuary (Greene et al. 2021). If there is a time when 

density dependence may be a factor in the Snohomish estuary, it is likely between May and June, 

especially during parr outmigration (Greene et al. 2021). Habitat availability and resource 

limitations are the primary mechanism by which density dependence influences juvenile 

Chinook residence/migration behavior, foraging performance, growth, and survival. However, 

further evidence is needed to verify juvenile Chinook density dependence in the Snohomish 

estuary as well as if there are density-dependent changes in residence, migration, growth, and 

early mortality.  

 

The spatial and temporal overlap of hatchery-origin and natural-origin juvenile Chinook may 

cause competitive interactions for prey resources, which could result in density-dependent 

responses to individual growth (Greene et al. 2021). Since prey/diet similarity generally increase 

with increasing juvenile Chinook density, growth could be impacted with greater spatial and 

temporal overlap. However, density-dependent effects seems to be largely a function of habitat 

condition and availability rather than hatchery/wild competition (Greene et al. 2020). Migrant 

parr and hatchery-origin juveniles may contribute to competition later in the season; however, 

these associations need to be evaluated. 

The Snohomish estuary supports out-of-basin juvenile Chinook, with between 38% to 49% of 

juveniles observed from 2012 to 2014 being of non-natal origins (Chamberlin 2021; Greene et al. 

2021; Zackey et al. 2021). These non-natal juvenile Chinook were predominantly from natural-

origin Chinook populations from adjacent watershed (Mike Crewson, Tulalip Tribes Natural 

Resources Department). Additional years of evaluation will help to further inform inter-annual 

variation in out-of-basin Chinook presence. The potential interactions between natal- and non-

natal juvenile Chinook in the Snohomish estuary requires further evaluation. 

10.3 What still needs to be determined 

• Across Snoqualmie juvenile Chinook life history types, are there differences in growth 

during estuarine residence? If so, does life history and differences in growth translate to 

greater likelihood of returning as adults? 

• Do Snoqualmie juvenile Chinook display differences in growth and behavior across 

estuarine habitat types? 

• If the Snohomish estuary displays density dependence for juvenile Chinook rearing and 

migration, are there related changes in growth and survival? 
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• How do out-of-basin juveniles that rear in the Snohomish estuary influence Snohomish-

origin juvenile Chinook? Do out-of-basin juvenile salmonids influence the diet, growth, 

rearing, outmigration timing, and/or survival of Snohomish Basin Chinook? 

• To what degree do Snohomish Basin juvenile Chinook use non-natal estuaries and coastal 

streams? How frequently do these juveniles contribute to returning adults? 

• Do spatial and temporal overlaps between natural-origin and hatchery-origin Chinook 

influence density dependent interactions and are there any related changes in behavior, 

outmigration, growth, and survival?   
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11. Estuarine and Nearshore Areas – Limiting factors and driving    
variables influencing life histories, habitat use, density dependence, 
habitat capacity, and outmigration 

11.1 What we know 

The magnitude and duration of rearing in the Snohomish estuary depends on several factors 

including population abundance, habitat availability/capacity, habitat connectivity, 

environmental conditions (e.g. temperature), and life history (Chamberlin et al. 2021). For 

example, the density of juvenile Chinook in the Snohomish estuary is related to both the 

abundance of juvenile Chinook out-migrating from freshwater areas, the availability/capacity of 

estuarine habitats, and estuarine landscape connectivity (Greene et al. 2021; Chamberlin et al. 

2021b). Lost and degraded habitat in the Snohomish estuary has directly impaired the fry rearing 

migrant components of the Snoqualmie and Skykomish Chinook populations (Haas and Collins 

2001; Haring 2002).  

 

Habitat areas across the Snohomish estuary have either been lost or considerably degraded due to 

filling, diking, log raft storage, and channelization, as well as the loss or alteration of tidal 

connectivity due to tidegates and levees (Haring 2002). Additionally, nearshore habitat has been 

degraded due to bulkheads, overwater structures, filling, dredging, contamination from industrial 

activities, and alterations of longshore sediment processes. Habitat loss and degradation across 

the Snohomish estuary and nearshore areas can impact all Chinook population viability 

parameters (SBSRF 2005).  

 

The spatial and temporal variation of temperature conditions has a strong influence on the 

distribution, densities, rearing duration, and growth potential of juvenile salmonids (David et al. 

2014; Roegner and Teel 2014). Spring through summer surface water temperatures across the 

Snohomish estuary has a significant effect on juvenile Chinook density, with increased 

temperatures resulting in decreased local density and earlier seasonal declines in abundance 

(Chamberlin et al. 2021). Juvenile Chinook presence and density in the Snohomish estuary 

decline rapidly after temperatures exceed 15°C, with the effect more evident as a threshold rather 

than an incremental linear relationship. In addition to water temperature, dissolved oxygen, 

turbidity, river discharge, and tidal range can also influence juvenile Chinook abundance and 

distribution across estuarine habitats (Greene et al. 2021). 

 

Juvenile Chinook migrating through the Snohomish estuary accumulate higher concentrations of 

persistent organic pollutants compared to Chinook migrating thorough relatively less developed 

estuaries, such as the Skagit and Nisqually (O’ Neill et al. 2018; O’Neill et al. 2020; PSP 2021). 

Among Puget Sound basins, including the Snohomish, juvenile Chinook transiting contaminated 

estuaries from 1972 to 2008 exhibited an overall survival rate 45% lower than Chinook moving 

through uncontaminated estuaries (Meador 2014). Juvenile Chinook from the Snohomish estuary 

have some of the highest PBDE (polybrominated diphenyl ether) levels measured across select 

watershed in the Puget Sound (O’ Neill et al. 2018; O’Neill et al. 2020). 2018). Concentrations 

of PBDEs and TPCBs (total polychlorinated biphenyls) in juvenile Chinook from the Snohomish 

Basin were generally higher in fish from the estuary compared to those in nearshore habitats. 

However, PAH (polycyclic aromatic hydrocarbon) levels were highest in nearshore habitats, 
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with the estuary and offshore areas having similar levels. Juvenile Chinook rearing in urbanized 

estuaries across the Puget Sound are exposed to PCB levels above adverse effects thresholds and 

PCB accumulation continues as juveniles rear in marine waters of the Puget Sound (Pearsall et 

al. 2021). Juvenile Chinook exposure to contaminants including PCBs, PBDEs, and PAHs at 

levels found in the Snohomish estuary and across urbanized estuaries of Puget Sound can affect 

juvenile behavior, reduce growth, reduce disease resistance, and alter hormone and protein levels 

(Arkoosh et al. 1994, 2001, 2010, 2017). All of these impacts can ultimately reduce juvenile 

Chinook survival (Meador 2014). 

11.2 What we think we know 

As previously discussed in Freshwater Areas – Limiting factors and driving variables 

influencing juvenile life histories, habitat use, and outmigration, juvenile rearing habitat in 

freshwater and estuarine areas is considered the primary limiting factor impacting Snoqualmie 

River and Snohomish Basin Chinook population performance (Haring 2002; SBSRTC 2004; 

SBSRF 2005). The greatest improvement to overall Chinook population performance will likely 

result from increasing and improving habitats across mainstem reaches and the Snohomish 

estuary (Scheuerell et al. 2006). Increased habitat availability in both freshwater and estuarine 

areas will result in greater juvenile Chinook rearing habitat capacity in both the Snoqualmie 

River watershed and Snohomish estuary. Additionally, estuarine habitat availability may 

determine if there are density-dependent rearing and migration patterns as well as the strength of 

density dependence (Reimers 1971; Greene and Beechie 2004). 

 

Seasonal and annual environmental variation within tidal deltas can strongly affect juvenile 

Chinook residence time (Greene et al. 2021). Across the Snohomish estuary, temperature is more 

variable seasonally than it is spatially within a season (Hall et al. 2018), suggesting that habitat 

use and distribution may be influenced more by seasonal differences in temperature than habitat- 

or area-specific temperature patterns. Increasing temperature during estuary residence may 

contract the suitable rearing period, thereby reducing residence time (Chamberlin et al. 2021). 

Warm years could compress migrations, resulting in short periods of residence and higher 

densities when fish are present (Munsch et al. 2019). Additionally, cooler years could result in a 

longer seasonal rearing period, resulting in the accumulation of migrants moving downstream 

over the season (Munsch et al. 2020). Variation in environmental condition may also alter prey 

abundance, timing and duration of prey availability, and prey assemblage, which may all result 

in altered juvenile Chinook growth, condition, and life-stage transition. Climate-related changes 

in precipitation, streamflow, and stream temperatures could also affect the timing of juvenile 

Chinook migration into the Snohomish estuary, which may result in potential asynchronies with 

prey resources.  

 

Juvenile Chinook fry migrants that use non-natal coastal stream, which drain directly into 

Possession Sound and the Whidbey Basin, are generally found in watershed with areas greater 

than 45 hectares, in channels with less than 6.5% slope, and in non-natal streams less than 7km 

away from the natal river mouth (Beamer et al. 2013). Additionally, juvenile Chinook presence 

tends to be higher in non-natal streams without longshore deposition or culverts at their mouths. 
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Across the Snohomish estuary, climate change and variability will likely impact several drivers 

(e.g., temperature, salinity, nutrient inputs, freshwater/tidal exchange, others) that influence 

juvenile Chinook habitat use, distribution, and life-stage transitions. Sea-level rise related to 

climate change is projected to expand some tidal wetland areas while reducing others (Glick et 

al. 2007; Mauger et al. 2015). Across the Pacific Northwest, salt marshes, transitional marshes, 

and tidal flats are projected to increase; however, estuarine beaches, brackish marshes, tidal 

swamps, and tidal freshwater marshes are expected to decrease (Glick et al. 2007). The shifts in 

extent, composition, and availability of diverse estuarine habitats will likely impact juvenile 

Chinook growth, survival, and productivity throughout estuarine life stages (Mauger et al. 2015). 

In combination with sea-level rise, projected changes in the timing and magnitude of streamflow 

throughout upstream drainages, could alter sediment delivery and tidal wetland formation 

(Mauger et al. 2015). Changes in nutrient inputs, carbon dioxide levels, temperatures, and other 

related drivers are all likely to influence estuarine habitat productivity. 

11.3 What still needs to be determined 

• Does contaminant accumulation in the Snohomish estuary affect Chinook growth and 

survival across latter life stages? 

• How does prey resource availability, food-web interactions, and environmental 

variability influence Snoqualmie/Snohomish juvenile Chinook growth and survival 

during residence in the Snohomish estuary, as well as across Puget Sound nearshore and 

pelagic areas?  

• What are the residence times, rearing extent, and growth patterns of juvenile Chinook in 

nearshore and offshore habitats?  
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12. Puget Sound, Salish Sea, and Pacific Ocean – Distribution, diet, and 
limiting factors/driving variables influencing growth, diet, and 
survival 

12.1 What we know  

Across the Puget Sound, the presence of juvenile Chinook peaks between early May and late 

July (Gamble et al. 2018). Younger and smaller juvenile Chinook are more likely to use 

estuarine habitats while older and larger juveniles are more likely to use nearshore and offshore 

habitats. Additionally, growth rates for juvenile Chinook were found to be highest in offshore 

pelagic regions compared to nearshore and estuary habitats (Gamble et al. 2018). Juvenile 

Chinook use many nearshore and offshore areas across Puget Sound; however, stocks primarily 

rear in basins near their natal-origin streams through summer (Rice et al. 2011). While the 

majority of juvenile Chinook eventually migrate from the Puget Sound to the Salish Sea and 

Pacific Ocean, up to 30% can spend their lives in Puget Sound (O’Neill and West 2009; 

Chamberlin et al. 2011).  

 

Conditions during early marine residency are important determinants of marine survival and 

year-class strength (Sharma et al. 2013; Quinn 2018). Juvenile Chinook in the Puget Sound and 

Salish Sea experience a critical period in their first summer where they need to achieve a growth 

threshold and condition in order to avoid size-selective predation and to build up enough fat to 

survive the subsequent fall and winter periods (Holtby et al. 1990; Beamish and Mahnken 2001; 

Tomaro et al. 2012). Between these, juvenile Chinook growth rather than size-selective mortality 

is considered the most influential determinant of overall marine survival (Pearsall et al. 2021). 

Specifically, growth achieved during this critical period regulates marine survival and is largely 

driven by food resource supply and overall predation. 

 

Marine survival of juvenile Chinook in the Puget Sound and Salish Sea showed a significant 

decline from the 1970s through the 1990s and has continued to decline to the present (Ruggerone 

and Goetz 2004; Sharma et al. 2013; Sobocinski et al. 2021; Welch et al. 2021). Similar steep 

declines in marine survival have not been observed across Chinook population in adjacent 

regions (i.e., west coast of Vancouver Island and coast of Washington) (Kilduff et al. 2014; Ruff 

et al. 2017); however, marine survival has declined across many Chinook populations throughout 

the northeast Pacific coast (Welch et al. 2021). Declines in marine survival across the Puget 

Sound and Salish Sea are due to various driver including large-scale environmental conditions, 

climate-related changes to water temperatures, flow regimes, and primary production, changes in 

prey resource availability, competition, and mismatch, as well as contaminants and disease 

(Pearsall et al. 2021).    

 

Juvenile Chinook survival in the Puget Sound is correlated with size and growth during the first 

marine summer, both within years (Beamish and Mahnken 2001; Woodson et al. 2013) and 

among years (Duffy and Beauchamp 2011; Tomaro et al. 2012). Specifically, Duffy and 

Beauchamp (2011) found a positive relationship between Puget Sound juvenile Chinook size in 

July and smolt-to-adult returns, with larger juveniles having greater overall survival. In addition, 

Claiborne et al. (2021) found that Chinook growth during the first year at sea was related to 

overall survival, with above average growth resulting in higher overall marine survival. Juvenile 
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Chinook body size and growth in marine areas influences foraging behavior and foraging success 

(Schabetsberger et al. 2003; Chittenden et al. 2018). Based on extensive research conducted 

across the Puget Sound and Salish Sea, Pearsall et al. (2021) concluded that juvenile Chinook 

marine survival was influenced less by absolute size and more by early marine growth rates and 

related reserves for migration and overwintering.  

 

Water temperature, diet, feeding rate, and prey availability are the primary ecological drivers 

influencing juvenile Chinook growth rates (Connelly et al. 2018; Pearsall et al. 2021). 

Additionally, weather, water conditions, nutrients, and productivity determine prey resource 

availability and abundance. During early marine residence in the Puget Sound, juvenile Chinook 

diets are largely composed of euphausiids, crab larvae, hyperiid and gammarid amphipods, large 

copepods, and an increasing proportion of small fish as they grow (Simenstad et al. 1982; Daly et 

al. 2009; Duffy et al. 2010). The abundance and availability of zooplankton (Keister et al. 2019; 

Perry et al. 2021) and Pacific herring (Chamberlin et al. 2017; Duguid et al. 2021) have been 

shown to influence marine survival in the Puget Sound and Salish Sea (Pearsall et al. 2021). In 

offshore areas, juvenile Chinook feeding rate has a greater influence on growth than prey energy 

content (Beauchamp and Duffy 2011; Duffy and Beauchamp 2011). As juvenile Chinook 

transition to piscivory, the availability and abundance of Pacific herring is important for growth 

(Chamberlin et al. 2017). Switching to piscivory increases juvenile Chinook growth (Litz et al. 

2017; Davis et al. 2020), which results in greater marine survival (Duffy and Beauchamp 2011). 

 

Predation-related mortality impacts Chinook in the Puget Sound and Salish Sea. Pinniped 

populations in the Salish Sea have increased seven to tenfold since the 1970s (Olesiuk 1993; 

Jeffries et al. 2003). As a result, pinniped predation on juvenile and adult Chinook has increased 

by an order of magnitude over the last 50 years with consumption contributing a primary source 

of mortality (Chasco et al. 2017a, 2017b; Nelson 2020; Nelson et al. 2021). Harbor seals eat 

more juvenile Chinook than any other pinniped species (Chasco et al. 2017a), and the abundance 

of harbor seals is negatively correlated with juvenile Chinook marine survival (Sobocinski et al. 

2021). Consumption by harbor seals is highest in early/mid-spring with a steady decline into late 

spring and summer (Nelson et al. 2021). Strong predatory pressures and competition from 

increased pinniped populations results in decreased productivity and survival across Puget Sound 

Chinook populations (Nelson et al. 2019).   

 

Adult Chinook acquire almost all of their contaminants through bioaccumulation in marine 

waters (Cullon et al. 2009; O’Neill and West 2009). Specifically, extended residence by adult 

Chinook in the Puget Sound and Salish Sea result in elevated contaminant levels compared to 

adults residing elsewhere along the Pacific coast (O’Neill and West 2009; PSP 2021). 

Contaminant concentration in Puget Sound Chinook tend to increase with greater distance from 

oceanic waters.  

 

Disease and pathogens considerably impact juvenile and adult Chinook survival (Pearsall et al. 

2021). In adult Chinook, pathogens and disease result in enhanced stress, shifts in 

osmoregulation and immunosuppression, earlier arrival at spawning grounds, and premature 

mortality (Teffer et al. 2018). Pathogens have direct impacts on juvenile Chinook survival 

including death from disease as well indirect effects including infection-related changes to 

physiological performance and behavior.  
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In the Pacific Ocean, Chinook salmon have consistent year-to-year distributions with hatchery-

origin and natural-origin fish displaying similar oceanic distributions (Trudel et al. 2009; 

Weitkamp 2010). Oceanic survival rates among Chinook populations are affected by 

environmental conditions at ocean basin, regional, and local scales (Wells et al. 2006; Sharma et 

al. 2013). Drivers include large-scale environmental conditions such as the El Niño Southern 

Oscillation and Pacific Decadal Oscillation, as well as finer-scale drivers like localized 

temperature, upwelling, lower-trophic level production, competition, and predation. 

12.2 What we think we know 

Across the Puget Sound, there is little evidence of size-selective mortality during the first 

summer across nearshore, estuary, and offshore habitats (Gamble et al. 2018). While there is 

considerable juvenile Chinook mortality during the first summer and early marine period; size-

selective mortality does not seem to be operating. Gamble et al. (2018) noted that size-selective 

mortality could affect juvenile Chinook in years with low overall survival, which may suggest 

that other factors, such as density dependence and/or oceanic conditions, are likely more 

important drivers of survival (Quinn et al. 2005; Claiborne et al. 2011; Miller et al. 2013; 

Woodson et al. 2013).  

 

As previously discussed, pinniped predation on juvenile and adult Chinook is a primary driver 

impacting survival. While juvenile salmon contribute a relatively small component of harbor seal 

diets (<5%), due to the vast number of seals and their energetic demand, the overall amount of 

juvenile Chinook lost to seal predation is estimated to be large, ranging between 22% to 49% 

(Nelson et al. 2021). Consumption estimates based on seal population sizes and bioenergetic 

modelling suggest that seals contribute a significant source of mortality for out-migrating 

Chinook (Chasco et al. 2017). Specifically, Chasco et al. (2017a) converted juvenile Chinook 

salmon targeted by harbor seals to adult equivalents, via assumed survival rates, and estimated 

that by 2015, consumption by pinnipeds was twice that of resident killer whales and six times 

greater than fishery catches. In addition to direct seal predation from targeted feeding, juvenile 

Chinook are likely impacted by competition with seals for prey resources (e.g., Pacific herring) 

and from incidental mortality associated with seal predation on other species that co-occur with 

Chinook (Thomas et al. 2017). 

 

The  availability of crab larvae (Gamble 2016; Beauchamp et al. 2018; Connelly et al. 2018) and 

amphipods (Weil et al. 2019; Costalago et al. 2020) seem to be important for juvenile Chinook 

growth, feeding, and survival. These prey resources tend to be abundance in juvenile Chinook 

diets and the availability of crab larvae in June and July appear to influence variability in 

juvenile Chinook growth, feeding, and survival (Beauchamp and Duffy 2011; Duffy and 

Beauchamp 2011). Additionally, it’s hypothesized that juvenile Chinook may be dependent on 

late-spawning herring (April through June) since they can be smaller and thus easier for juvenile 

Chinook to prey on (Chamberlin et al. 2017).  

      

As discussed, Chinook salmon accumulate contaminants while residing in the Puget Sound and 

Salish Sea (O’Neill and West 2009; PSP 2021). Contaminant accumulation may be considerable 

for resident Chinook, which spend most of their life in the Puget Sound rather than coastal 
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waters of the Pacific Ocean (O’Neill and West 2009; Chamberlin et al. 2011). Elevated 

contaminant concentrations for resident Chinook may cause reproductive or growth impairments 

and premature mortality (Berninger and Tillitt 2019). 

 

Several studies suggest there may be density-dependent interactions between Chinook and pink 

salmon in the Salish Sea and Pacific Ocean (Ruggerone and Goetz 2004; Ruggerone et al. 2019; 

Kendall et al. 2020). Specifically, from the 1980s through 1990s, during years when pink salmon 

were abundant (even years), juvenile Chinook marine survival was 60% lower than in odd years 

(Ruggerone and Goetz 2004). It was predicted that abundant pink salmon acted as competitors 

for juvenile Chinook. However, since the late-1990s this pattern has switched with juvenile 

Chinook marine survival being higher in even years than in odd years. Recent hypotheses 

suggest that the switch in survival is likely attributable to large-scale changes in prey availability, 

and if inter- or intra-species competition is occurring in the Salish Sea then it’s most likely 

occurring in places where food supply or habitat are limited (Pearsall et al. 2021). 

 

Climate change is likely to influence Chinook viability through increased prevalence of marine 

heat waves, increase coastal freshwater and marine temperatures, and changed in salinity and 

dissolved oxygen levels (Pearsall et al. 2021). These processes influence Chinook growth and 

survival across life stages. Additionally, warming conditions will likely increase pathogen 

presence, abundance, and virulence, since warmer temperatures result in higher replication and 

stronger disease impacts (Stocking et al. 2006; Crossin et al. 2008; Ray et al. 2012). Warming 

water temperatures across rivers, coastal marine areas, and the open ocean are becoming 

increasingly common in the northeast Pacific Ocean region (Laufkötter et al. 2020). The impacts 

of climate change on Chinook may be most dramatic across marine stages (Crozier et al. 2021), 

as ocean temperature can impact Chinook though a combination of bottom-up and top-down 

trophic processes, which regulate growth and survival (Ottersen et al. 2010; Ruzicka et al. 2016; 

Chasco et al. 2017b).  

12.3 What still needs to be determined 

• What are the growth patterns, productivity, and survival of Snohomish Basin and 

Snoqualmie River Chinook across the Puget Sound, Salish Sea, and Pacific Ocean? 

• How do growth rates, productivity, and survival of Snohomish Basin and Snoqualmie 

River Chinook compare to adjacent populations and regions? 

• What are the ultimate impacts of pinniped predation on the overall survival and 

abundance of Snohomish Basin and Snoqualmie River Chinook? 

• What is the timing and magnitude of various sources of mortality during the marine stage 

for Snohomish Basin and Snoqualmie River Chinook? 

• How do broad-scale and fine-scale environmental during residence in the Puget Sound, 

Salish Sea, and Pacific Ocean specifically influence Snohomish Basin and Snoqualmie 

River Chinook?  
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