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Each year, eight different species of salmon and trout migrate 
down rivers and into Puget Sound and other parts of the Salish 

Sea. They either migrate farther out to the Pacific Ocean or remain 
in the estuarine, nearshore, or open waters of the Salish Sea 
until they return and swim back upstream to spawn. Their use of 
estuary habitats as juveniles has been extensively studied, and 
restoration efforts have been completed or planned to improve 
habitat access and quality for juveniles. However, use of estuaries 
by adults has received much less attention, and that is the focus 
of this review. Estuary use by adults is important for salmon 
ecology and conservation because we have modified estuaries 
so extensively, and conduct commercial and recreational fishing 
in nearshore, estuary, and lower river habitats. The behavior of 
adults differs considerably among the species and populations, 
as they transition from salt to fresh water, from active feeding to 
anorexia, from immature to sexually mature fish, and from the 
orientation mechanisms that guided their migration in open water 
to those used during upriver migration. These complex factors 
and different behavior patterns cause salmonids to vary greatly in 
their duration in estuaries and exposure to fisheries, predators, 
and stressful environmental conditions.

Summary

Anadromous migrations

One of the defining traits of salmon and trout is their tendency 
and capacity to migrate from freshwater to marine habitats 

for feeding and growth before they return to freshwater to breed. 
This life history pattern, known as anadromy, is not unique to 
salmon and trout as other unrelated fishes do so as well, notably 
striped bass and American shad, native to the east coast of North 
America, and various species of lamprey and sturgeon, native to 
east and west coasts. Regardless of the species, these migrations 
require the juvenile fish to adapt from freshwater to marine 
environments. 

Estuaries are key habitats as salmonids make this transition, 
providing intermediate salinities as the fish adjust their physiology 
to higher salt concentrations, and rich and diverse prey resources 
so they can quickly grow and avoid predators. Most salmonids 
leave the estuaries to feed in offshore waters of the Salish Sea, 
other coastal waters, and Pacific Ocean, and then return through 
estuaries on their spawning migration as adults, though some 
species remain in estuaries or nearshore waters for their entire 
anadromous period. 

Puget Sound and the other waters collectively known as the Salish 
Sea have rivers ranging in size from the Fraser River in British 
Columbia and the Skagit River in Washington to many much 
smaller rivers and streams, each with its associated estuary. 
Depending on the river’s capacity to support spawning and 
rearing, these estuaries might see migrating pink (Oncorhynchus 
gorbuscha), chum (O. keta), sockeye (O. nerka), coho (O. kisutch), 
and Chinook salmon (O. tshawytscha); coastal cutthroat trout 
(O. clarkii clarkii) and steelhead trout (O. mykiss), and bull trout 
(Salvelinus confluentus). 

Some rivers such as the Skagit River support all eight species 
(Austin et al. 2023) and most have several species. These species 

differ in the extent to which they use estuaries as juveniles during 
their seaward migration, and this has been the focus of a great 
deal of research (Healey 1982, Simenstad et al. 1982, Arbeider et 
al. 2024, Quinn 2024). However, there are also important patterns 
of variation among species in when adults return and how quickly 
they move through estuaries. While feeding is a much lower 
priority for adult Pacific salmon compared to juveniles in estuaries, 
there are also important functions that estuaries play for adults, 
and the ways in which they have been altered merit attention. 
In addition, fisheries and predators commonly concentrate in 
estuaries and associated nearshore marine waters and lower 
reaches of rivers, thus the behavior of the fish greatly affects 
their vulnerability. The purpose of this review is to consider these 
processes and suggest lines of research on adult salmon and 
trout in estuaries that would be especially fruitful for conservation 
purposes. 

Ecology and physiology 
of salmon and trout: The 
challenges of anadromy

Just as juvenile salmon (smolts) must adjust from freshwater 
to marine conditions, adults must accomplish the reverse 

process, and the physiological challenges are considerable. The 
concentrations of ions (salts) in the bodies of fish are higher than 
those in fresh water, thus fish in rivers and lakes must keep fresh 
water from entering their bodies. They do not drink, and they take 
in ions through their gills. At sea they have the opposite problem; 
they must keep their ion concentrations lower than the ambient 
conditions by absorbing water and secreting salts. The details 
of these physiological processes are beyond the scope of this 
review and there have been far fewer studies on returning adult 
salmon compared to seaward migrating smolts in this regard 
(Björnsson et al. 2011, McCormick 2012). However, interested 
readers might consult the review by Clarke and Hirano (1995) and 
detailed work on chum salmon (Makino et al. 2007). The surface 
waters in estuaries are less salty than those below them, so 
adult salmon can adjust their ambient salinity to some extent by 
moving up and down in the water column. To achieve the same 
effect through horizontal movements they would have to move 
much greater distances. The important point is that they must 
prepare themselves to make the transition back from marine to 
fresh water. Salmon that seem the same to us may not be equally 
capable of making that transition, and so some might move 
quickly upriver while others remain in estuaries while their bodies 
get ready for fresh water.

The surface waters in estuaries are predictably less saline than 
the deeper marine waters, but the water temperature profiles 
can be very different. For example, in the spring and fall, marine 
waters may be similar in temperature to the rivers flowing into the 
estuary. However, in summer the rivers are typically warmer (and 
sometimes greatly so) compared to marine waters, whereas in 
winter the rivers might be colder. For example, the Stillaguamish 
River’s monthly mean temperatures ranged from 18.3° C in 
August to 4.1° C in December (Goetz et al. 2021). In comparison, 
temperatures in the top 5 m of central Puget Sound range from 
14° C in August to about 8° C in February and March (Smith et al. 
2015). 
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Large river estuaries have many different types of habitats in terms of physical and biological features. This map shows 16 major river deltas that flow 
into Puget Sound and the extent of their current esturay habitat type: Euryhaline unvegetated (orange), estruarine marsh (light green), oligohaline 
trans. wetlands (green), and tidal fresh water wetlands (dark green). Map: Kevin Bogue/PSI



Photo 1. Gillnet fishing vessel moored at the Shilshole Bay marina in 
Seattle. The drum on the bow is used to deploy and retrieve the net to 
catch salmon in nearshore and estuarine waters. Photo: Thomas Quinn.
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In some cases the behavior of adult salmon in estuaries has 
been interpreted to reflect the need to adjust their ambient 
temperatures, such as Chinook salmon in the estuary of the 
Klamath River in northern California (Strange 2013) and chum 
salmon in Japan (Tanaka et al. 2000). However, it can be difficult 
to determine whether salmon migrating through estuaries occupy 
certain depths in the water column and follow certain paths to 
adjust their ambient salinity, temperature, or to seek odors from 
their natal stream, as for example with chum salmon in Japan 
(Tanaka et al. 2000, Nobata et al. 2019), Chinook salmon in the 
Columbia River estuary (Olson and Quinn 1993), and sockeye 
salmon approaching the Fraser River, B.C. (Quinn et al. 1989, 
Drenner et al. 2014). One additional consideration is that in some 
cases in the late summer the warm, fresh surface waters are 
also low in dissolved oxygen, and some combination of adverse 
conditions can delay upstream migration, as reported in Chinook 
salmon (Hallock et al. 1970, Alabaster 1988, 1989), sockeye salmon 
(Johnson et al. 1996), and Atlantic salmon (Priede et al. 1988). 
Thus, the water plays many roles for adult salmon: it supports 
them and allows them to swim, it provides them with oxygen 
and prey, and its temperature and salinity control their bodily 
processes. It also delivers the chemical traces they learned years 
earlier, as juveniles in streams and smolts migrating to sea, that 
they need to identify their home stream for spawning. 

In addition to the complicated effects of salinity, temperature, 
dissolved oxygen and odors from the home stream on the vertical 
and horizontal movements of salmon in estuaries, their advancing 
sexual maturation and declining appetite (i.e., anorexia) also 
affect their movements. Specifically, some populations approach 
their natal rivers many months prior to spawning. They may 
feed heavily in their final period in marine waters, then migrate 
upriver and complete the maturation process in fresh water. In 
contrast, others spawn within a few days of leaving salt water 
and long since ceased feeding. Understanding these variants in 
timing, described below for each species, is very important for 
appreciating the complex behavior that they show in nearshore 
and estuarine waters. Such timing variants are widespread in 
salmonids (Quinn et al. 2016) and have long been known in other 
anadromous fishes (Berg 1959).

How do we study adult salmon 
and trout in estuaries?

Humans have caught Pacific salmon in rivers and estuaries 
for thousands of years (Halffman et al. 2015), and the arrival 

of the first salmon of the season was celebrated (Swezey and 
Heizer 1977). Indeed, the presence of salmon, recolonizing the 
rivers of North America after the last ice age, may have facilitated 
colonization by humans (Sutton 2017). People built weirs and 
structures of wood and stone and used a variety of implements 
and techniques to catch salmon (Stewart 1977). Doubtless, they 
quickly learned when fishing was a waste of time and when the 
salmon tended to arrive each season. While the abundance 
of salmon varies greatly from year to year, the timing of their 
migrations is very consistent, controlled more by genetic factors 
rather than environmental ones compared to most fishes 
(Quinn and Adams 1996). As fishing gear modernized, internal 
combustion engines came into use, written records became 
available on the catches of salmon at certain places and times, 

and the scientific literature on the subject of upriver migration 
grew rapidly (Banks 1969). These studies provided information on 
when salmon of each species arrive in coastal water and estuaries 
and ascend different rivers. Such data are provided in this review 
for representative rivers in Puget Sound to illustrate the general 
patterns.

Counts in weirs or in fisheries can indicate when salmon are 
migrating through a given area but do not indicate how fast they 
are going, and whether fish destined for different rivers travel 
at the same rate or not, and which routes they use. Decades 
ago tagging studies were undertaken to determine these facts 
about some of the major stock complexes. In such studies, large 
numbers of salmon are caught, given an external tag (typically a 
pair of numbered plastic discs held across the dorsal area with a 
pin, or a plastic “T-bar” tag like those used in clothing stores, but 
with a number or other code indicating the fish that was marked. 
Salmon caught in fisheries or recovered in hatcheries or spawning 
ground surveys provide the rest of the information, from which 
scientists can determine how long the fish was at large, how 
far it went, and similar kinds of information. Such studies were 
conducted on, for example, sockeye salmon migrating to the 
Fraser River (Verhoeven and Davidoff 1962) and Alberni Inlet 
on the west coast of Vancouver Island (Manzer et al. 1985), and 
chum salmon to the Fraser River and other rivers in the Salish 
Sea including Puget Sound (Anderson and Beacham 1983). These 
studies were very useful, but if we only know where and when the 
fish was tagged and where and when it was recaptured, we know 
little or nothing about its swimming speed, route, and behavior—
only the net travel rate. 

Data on catches indicate when salmon pass through estuaries 
and large groups of fish given external tags indicate rough travel 
rates and routes (if there are sufficient efforts to detect the tagged 
fish) but neither method tells us much about the movements 
of individual fish. Almost seven decades ago, the first sonic 
or acoustic transmitters were used for tracking salmon in the 
Columbia River (Johnson 1960). These transmitters, inserted into 
or attached to the outside of a fish, allowed scientists to follow the 
fish in boats and later, when self-contained receiver-hydrophone 
listening stations were developed, determine precisely when fish 
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with transmitters passed specific points along their migratory 
route. Sonic transmitters were used to detect the movements 
of sockeye salmon in the estuary of the Skeena River (Groot et 
al. 1975), sockeye salmon (Stasko et al. 1976, Quinn et al. 1989, 
Drenner et al. 2015) and pink salmon (Stasko et al. 1973) in the 
San Juan Islands, Strait of Georgia, and Johnstone Strait in British 
Columbia, Chinook salmon in the estuaries of the Columbia (Olson 
and Quinn 1993), Klamath (Strange 2013), and Green-Duwamish 
rivers (Fujioka 1970), and the Salish Sea (Hendriks 2024), bull trout 
in Skagit Bay (Hayes et al. 2011, Goetz et al. 2021), steelhead in 
coastal British Columbia (Ruggerone et al. 1990), and cutthroat 
trout in Hood Canal (Goetz et al. 2013) and southern Puget Sound 
(Quinn et al. 2024). And this is by no means an exhaustive list of 
such studies, as work has been done in Japan and Alaska as well.

Thus, there have been many studies using sonic tracking to reveal 
the movements of individual salmon and trout in nearshore and 
estuarine waters. Despite this wealth of data, there is much less 
understanding than one might expect. Part of the problem is that 
studies were conducted on different species in different places 
and years; they are hard to compare to each other because there 
are too many variables. Seldom is more than a single species 
tracked in the same place and time, though simultaneous data 
collection on sockeye and Chinook salmon in Cook Inlet, Alaska 
indicated different depth distributions (Welch et al. 2014). The 
more fundamental problem is that, as noted above, so many 
factors affect the behavior of individual salmon that it is difficult 
to decipher the variation in their behavior in the complex and 
shifting estuarine environment. Tracks of individual salmon in 
these waters often look like plates of spaghetti, leading Leggett 
(1984) to question the fish’s orientation capabilities. But do they 
slosh back and forth with the tides because they are confused 
and disoriented, or just not ready to enter fresh water, or not yet 
ready to spawn, or the water is too warm, or some other reason 
we cannot identify. “Not all those who wander are lost,” as Tolkien 
wrote in “The Fellowship of the Ring.” Or, in more scientific terms, 
as Fujioka (1970) concluded after failing to detect an effect of 
low DO on Chinook salmon travel up the Duwamish River, “The 
results of this [sonic tracking) study do not indicate whether 
dissolved oxygen concentrations affect the distribution of Chinook 
salmon in the estuary. The response of fish to the interactions 
of the variables tidal stage, salinity, streamflow, temperature, 
and dissolved oxygen is difficult to ascertain. Not only do these 
conditions vary in the estuary with time and in space, but 
presumably the fishes’ response to them changes as maturation 
proceeds.” [p. 45]

Regardless of why some salmon move back and forth in estuaries 
whereas others move rapidly upriver, many salmon are taken in 
commercial and recreational fisheries in nearshore and estuarine 
waters, so the duration of their exposure to these fisheries is 
very important (Photo 1). Moreover, the abundance of pinnipeds 
(harbor seals, California sea lions, and Steller sea lions), has 
increased greatly in recent decades and they prey on adult salmon 
in estuarine habitats of small and large rivers (London 2006, 
Wright et al. 2007, Farrer and Acevedo-Gutiérrez 2010, Wargo Rub 
et al. 2019, Walters et al. 2020, Freeman 2021), (Photos 2 and 3) 
Importantly, the timing of arrival of specific salmon populations 
can strongly affect their vulnerability to predators in estuaries 
(Sorel et al. 2021). 

Photo 3. Harbor seals hauled out on Race Rocks, near Victoria, B.C. in the 
Strait of Juan de Fuca. Photo: Thomas Quinn.

Photo 2. California sea lions taking advantage of human structures near 
the Shilshole Bay Marina to bask and prey on fishes. Photo: Brian Quinn.

Estuaries as habitats for adult 
salmon and trout

As described by Quinn (2024), salinity, water velocity, turbidity, 
temperature, and dissolved oxygen are controlled by the 

interaction of the river, flowing downward, and the salt water 
pushed upward by the tides. Puget Sound’s tides (https://www.
eopugetsound.org/articles/puget-sound-tides) are characterized 
by two high and two low tides each day. The highs and lows differ 
in amplitude but are commonly 3 m or more each cycle. The tidal 
forces are especially important for juvenile salmon in estuaries, 
but the behavior of adults is strongly linked to conditions in the 
rivers entering the estuaries, which the fish will ascend. These may 
be large and complex, associated with the major rivers flowing 
from the Cascade Mountains westward into Puget Sound such 
as the Skagit and Snohomish rivers, or more modest rivers and 
streams. Or they may be tiny trickles that scarcely even flow in the 
late summer but have enough water for populations of salmon 
and trout that enter during higher flows in winter, and whose 
offspring leave when there is enough water to do so. As examples, 

https://www.eopugetsound.org/articles/puget-sound-tides
https://www.eopugetsound.org/articles/puget-sound-tides
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Estuary use and upstream 
migration by Puget Sound 
salmon and trout

In every month of the year, one salmon and trout species or 
another migrates through an estuary on its way upstream 

to spawn in streams and rivers of Puget Sound. Some species 
migrate during narrow seasonal periods and others over many 
months, in each river or among rivers. There are many exceptions 
to the rules but what is presented here are the basic patterns, 
using data reported by Quinn and Losee (2022). We used 
Washington Department of Fish and Wildlife recreational fishing 
records from the Stillaguamish and Skagit rivers because they 
provide many years of data on wild populations of all five salmon 
species and steelhead (Fig. 2). There are many other rivers, but 
with some exceptions that I note, the migration timing patterns 
in these two rivers are generally representative for the species, 
though of course there are considerations of open and closed 
periods, changes in angler effort, and so forth so these are general 
patterns, not to be taken as precise for salmon timing. 

The records from these two rivers are augmented by several other 
data sets. Salmon are counted at the Hiram Chittenden Locks 
(often referred to as the Ballard Locks) as the Lake Washington 
system drains into Shilshole Bay (Photo 5). The counts from 
2014–2023, expanded for subsampling, were provided by Mike 
Mahovlich, Muckleshoot Tribal Fisheries Office. When counting 
ended on October 2, sockeye and Chinook salmon had all 
migrated but coho salmon were still arriving. Consequently, 
the actual timing of coho salmon is a bit later but for graphical 
purposes these data will suffice (Fig. 3). In addition, Dr. Joseph 
Anderson, Washington Department of Fish and Wildlife provided 
data on wild coho salmon counted at a weir on Big Beef Creek, in 
Hood Canal, as this is more representative of a small stream. 

There are no recreational catch records for bull trout and 
cutthroat trout, so their timing was inferred from beach seine 
catch rates in the Skagit River estuary (Eric Beamer, Skagit System 
Cooperative, personal communication). Bull trout timing in this 
river is characteristic of the other Puget Sound populations, 
based on sonic tracking data (Goetz 2016; Goetz et al. 2021), but 
cutthroat trout timing in large rivers such as these differs from 
that in small Hood Canal and southern Puget Sound streams 
(Johnston 1982). To better represent the variation in timing of 
cutthroat trout in small streams, upstream and downstream data 
on adult cutthroat trout reported by Wenburg (1998) from Big Beef 
Creek in Hood Canal are displayed. The salmon and steelhead 
patterns are presented first, in order of their appearance from 
early summer to the following winter: sockeye, Chinook, pink, 
coho, chum, and then steelhead, followed by cutthroat trout and 
bull trout.

Figure 1 shows the flow regimes of Kennedy Creek and the North 
Fork of the Nooksack River in southern and northern Puget Sound, 
respectively. Kennedy Creek’s flow regime is dominated by fall 
and winter rains, which are augmented by summer snowmelt in 
the Nooksack River because it drains higher elevations. This mix 
of rain and melting snow characterizes the flows in Puget Sound 
rivers. In addition to the differences in seasonal flow regimes, the 
estuaries differ in the extent and nature of human development, 
including dikes and tide gates for agriculture and extensive 
modification for cities and ports (Photo 4). 

Photo 4. Seattle shoreline, as seen from a ferry from Bainbridge Island, 
showing the highly unnatural shoreline. Photo : Thomas Quinn. 

Figure 1. Mean monthly flows of two rivers that discharge into Puget 
Sound to illustrate the differences in seasonal patterns. The Nooksack 
River drains areas with melting snow, hence the peak in late spring, and 
lower elevations which are rain-fed, hence the smaller peak in the winter. 
Kennedy Creek flows into Totten Inlet in southern Puget Sound and its 
low elevation does not accumulate snow. Consequently, flows are driven 
by winter rains and the summer seems much lower flows. The flows have 
been adjusted so the annual average of each is 1 to facilitate comparison. 
Data provided by Jeffrey Shellberg, based on Gibbins et al. (2008).
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Figure 3. Counts of sockeye, Chinook, and coho salmon at the Hiram Chittenden Locks at the interface between the Lake Washington Ship Canal and 
Shilshole Bay, in central Puget Sound. Counts ended on October 2 so the coho salmon is not entirely represented. Data are from 2014–2023, and for 
each year the daily counts for each species were calculated as the percent of the annual total, and the percentages for the 10 years were then averaged 
to avoid over-representing years with more salmon. Thus, the counts for each species sum to 100% and do not represent their overall abundance, only 
timing. Provided by Mike Mahovlich, Muckleshoot Indian Tribe Fisheries Department.

Figure 2. Timing of adult salmon and steelhead returning to the Stillaguamish and Skagit rivers, based on recreational fishing catches from 1976–2017 
(WDFW data, from Quinn and Losee 2022). The bars sum to 100% for each species but the total numbers differ among species.
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Sockeye salmon
The vast majority of sockeye salmon from 
Puget Sound rivers (and others as well) feed 
in the open North Pacific Ocean (Farley Jr et 
al. 2018) and thus are not found in the Salish 
Sea as immature fish to any significant extent 
(Quinn and Losee 2022). They arrive from 
the ocean, migrate through Puget Sound, 
and ascend their natal rivers. There are only 
two major populations of sockeye salmon 
in rivers of Puget Sound (Baker River and 
Baker Lake, in the Skagit River system, and 
the Lake Washington basin), because the 
species tends to occupy lakes for a year or 
two prior to seaward migration. The primary 
Lake Washington population, spawning 
in the Cedar River, was established in the 
1930s with a transplant from the Baker Lake 
population, though evidence indicates that 
the species existed in the basin prior to 
the stocking events (Hendry et al. 1996, 
Spies et al. 2007). The Baker Lake and Lake 
Washington runs return in late spring and 
early summer, peaking in late June and early July (Fig. 2). Like many 
sockeye populations towards the southern end of the species 
range (Hodgson and Quinn 2002), they enter freshwater well in 
advance of spawning, before the water temperatures in the outlet 
river get too warm. They hold in deep, cool water in the lake all 
summer, and spawn in the fall. These patterns are best known 
in the Lake Washington system, where they are counted at the 
Hiram Chittenden Locks and have been tagged and studied in 
some detail (Newell and Quinn 2005, Newell et al. 2007), revealing 
that they move quickly up the Ship Canal and into the lake (Liscom 
1973, Newell and Quinn 2005), though the extent of holding 
in marine waters near the locks is not known. The Baker River 
population is a bit later than the Lake Washington population 
(Tillotson et al. 2019) but they are not counted the same way, so 
I am reluctant to over-interpret the difference. I surmise that the 
Baker River sockeye salmon also move upriver quickly but to my 
knowledge this has not been studied. 

Rapid movement from marine water upriver, with little delay in 
estuaries, is common in sockeye salmon, though some of the 
Fraser River populations spend more time in the Strait of Georgia 
before moving upriver than others (Killick 1955, Crossin et al. 
2007). Sonic tracking in Queen Charlotte Strait and the Strait 
of Georgia showed the fish swimming about 2 km/h (slower at 

night) and traveling about 20–30 km per day after considering 
the tidal currents and physical obstacles (islands, peninsulas, etc.) 
that they encountered (Quinn 1988, Quinn et al. 1989). There is 
evidence from passive acoustic monitoring that upriver migration 
is facilitated by use of tidal currents, as the salmon move up in the 
water column to take advantage of flooding tides and hold near 
the bottom of the estuary to avoid being pulled back on ebbing 
tides (Levy and Cadenhead 1995). This “selective tidal stream 
transport” is well known in larval fishes (McCleave and Kleckner 
1982, Rowe and Epifanio 1994), invertebrates (Queiroga 1998) 
and adult fishes (Harden Jones et al. 1979, Parker and McCleave 
1997) but has received surprisingly little attention among salmon 
scientists. This is a very fruitful area for future research. 

Thus, sockeye salmon do not seem to spend long periods of 
time in estuaries. However, this generalization may not apply to 
a lesser-known type of sockeye salmon that spawns in rivers not 
associated with lakes. The juveniles of this type may migrate to 
sea in their first year or second year of life. They are much less 
common in the Puget Sound region than the typical lake-rearing 
type of sockeye salmon but they have been documented in several 
rivers and especially the Skagit and Nooksack rivers (Gustafson 
and Winans 1999). To my knowledge there is no information on 
the estuarine movements patterns of adults representing these 
types in Puget Sound. 

Photograph 5. Adult sockeye salmon in the Hiram Chittenden Locks, between the Lake Washington 
Ship Canal and Shilshole Bay, taken in late June. Photo: Thomas Quinn

Mature adult  sockeye salmon. Photo: Adobestock
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Chinook salmon
Unlike the relatively narrow migration 
timing of sockeye salmon, Chinook 
salmon pass through estuaries and 
up rivers over a much wider period, 
from spring to fall. Adults ascend the 
Sacramento River in every month of the 
year and in the Columbia River their 
counts at Bonneville Dam extend from 
early March to early December. Their 
runs are designated by the season when 
they leave marine waters (e.g., spring, 
summer and fall) and all these spawn 
in the fall, though the Sacramento River 
winter-run Chinook salmon spawn in 
the late spring. In Puget Sound, the 
great majority of Chinook salmon are 
fall-run, leaving marine waters in the 
late summer and early fall as water 
temperatures are peaking and dropping, 
and spawning in the fall. Hatchery 
operations have tended to advance 
the timing of spawning, for example 
in the Issaquah Creek and University 
of Washington populations in the Lake 
Washington Basin, the Soos Creek 
population in the Green River (Quinn 
et al. 2002), and the Skagit River (Austin 
et al. 2021). In addition to the effects of hatchery programs on 
timing, there have also been some extirpations, so the current 
diversity in timing does not fully represent historical patterns, but 
spring, summer, and fall runs persist in Puget Sound, including 
spring runs in the Skagit and Puyallup rivers (Myers et al. 1998, 
Ruckelshaus et al. 2006). 

How we assess the use of Puget Sound’s estuaries by Chinook 
salmon depends on how we view Puget Sound and the Salish 
Sea as a whole. In many ways Puget Sound is an estuary, and it 
is critical for Chinook salmon. Scientists knew that Chinook and 
coho salmon were routinely taken throughout the year in Puget 
Sound and doubtless the indigenous 
peoples knew this long before (Jordan 
and Evermann 1896). Some smolts leave 
and feed along the Pacific Ocean coast 
whereas others remain in Puget Sound 
until they mature, and there are even a few 
that go back and forth between the ocean 
and Puget Sound (Kagley et al. 2017). The 
tendency to remain as “residents” in Puget 
Sound is not well understood but it occurs 
in many populations rather than being 
unique to one or a few (Chamberlin et al. 
2011). Moreover, the residents do not move 
widely throughout Puget Sound but seem 
to spend most of their time in a limited 
area, based on data from 1976–2017, while 
others in their population migrate up the 
coast to British Columbia and even Alaska 
(Quinn et al. 2005). These residents, known 
as “blackmouth” by anglers in reference to 

the black gum line, remain important in 
recreational fisheries (Photo 6), including 
the Tengu Derby, held for many 
decades in the winter in Elliott Bay near 
downtown Seattle (Quinn et al. 2022). 
Thus, some Chinook salmon feed within 
Puget Sound, including waters near the 
mouths of rivers such as Elliott Bay and 
the Duwamish River, for their entire 
marine residence period. Estimates vary 
but the fraction of Puget Sound origin 
Chinook showing this resident pattern 
is large (O’Neill and West 2009), and 
perhaps they even make up the majority, 
though the proportion seems to vary 
among years (Chamberlin et al. 2011, 
Quinn and Losee 2022). 

Resident Chinook feed actively while in 
Puget Sound, primarily on invertebrates 
when they enter marine waters and 
occupy the nearshore area, shifting to 
other invertebrates and fishes as they 
grow and move offshore (Duffy et al. 
2010).Their diet is more dominated by 
fishes compared to the other Pacific 
salmon species (Beacham 1986, Quinn 
2018), and this tendency increases 

as they grow (Prakash 1962, Beacham 1986, Daly et al. 2009). 
Consistent with this overall tendency, sub-adult Chinook salmon 
in Puget Sound prey heavily on fishes, and especially Pacific 
herring (Kirkness 1948, Healey 1976, Chamberlin et al. 2021), thus 
healthy and diverse herring populations are important for Chinook 
salmon. In addition to these residents, many Chinook salmon feed 
along the coast, primarily off British Columbia but as far north as 
Alaska and also off Oregon. These salmon pass through the Salish 
Sea on their homeward journey, and they travel in the upper 30 
m of the water column, migrating about 1–2 km/hour (Hendriks 
2024).

Photo 6. Justin Wong, a recreational angler participating 
in the Tengu Salmon Derby, displaying a Chinook salmon 
of the resident or “blackmouth” form, caught in Elliott Bay, 
near the mouth of the Duwamish River, in early November. 
Photo: Thomas Quinn

Photo 7. Adult Chinook salmon in the Hiram Chittenden Locks, between the Lake Washington Ship 
Canal and Shilshole Bay, taken in early September. Photo: Thomas Quinn
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few decades. The pink salmon runs to southern Puget Sound tend 
to arrive at terminal areas in mid-July to mid-August, a bit later to 

Hood Canal, and later still to the Skagit 
River (Hard et al. 1996). These rivers do 
not present a challenge to migrating 
adults, either in terms of distance to 
the spawning areas or flow regimes, as 
the species spawn in large rivers where 
there is always sufficient water in late 
summer. In contrast, farther north 
in southeastern Alaska pink salmon 
spawn in very small streams. Such 
streams in Puget Sound might not have 
enough water to support adult salmon 
in late summer but are used by later 
migrating coho and chum salmon. 

Because they are undergoing the initial 
stages of maturation in marine waters 
(e.g., changes in color and shape), there 
is likely to be some holding period in 
estuaries but, like other salmon, this 
does not seem to have been explicitly 
studied in any Puget Sound population. 
Examples of the changes in color 
patterns of pink salmon are shown 
in Photo 8 for males and females. 
Pink salmon are commonly caught 
in the summer by anglers in boats 
trolling in Puget Sound, and those 
casting from shore at points of land 
where they come close enough to be 
reached. There does not seem to be 
any systematic study of their migratory 
behavior, depth of travel, and other 

Photo 8. Adult female pink salmon caught in the nearshore 
area of Puget Sound (A) and ripe on the spawning grounds 
(B), and adult male pink salmon having just entered a river 
(C) and in spawning condition (D). Photos: Thomas Quinn.

Pink salmon
After sockeye and Chinook salmon, the next species to arrive in 
Puget Sound rivers is the pink salmon. Runs in Puget Sound are 
almost exclusively on odd-numbered 
years. The species is almost invariably 
two years of age at maturity, and 
for reasons not entirely understood, 
the two “lines” differ in abundance. 
Odd year runs predominate in the 
southern end of the distribution (e.g., 
Puget Sound and southern British 
Columbia); the runs are about equal 
and variable in the middle of the 
range, and in northern areas even-year 
runs commonly are more abundant 
(Krkošek et al. 2011). In Puget Sound, 
the Snohomish River seems to have the 
only even-year run (Hard et al. 1996). 
Thus, use of estuaries by adult pink 
salmon is limited to odd-numbered 
years (and their offspring use the 
estuaries on their seaward migration in 
the spring of even-numbered years). 

Like sockeye salmon, pink salmon are 
scarce in Puget Sound prior to the 
spawning season, with only a very 
small resident component, though in 
past decades there apparently were 
more residents than there are now 
(Jensen 1956, Quinn and Losee 2022). 
This scarcity of resident pink salmon 
is not because the species itself is 
scarce. Indeed, pink salmon (virtually 
all wild) have been enjoying a great 
increase in abundance over the last 

As they approach sexual maturity Chinook salmon ascend their 
natal rivers, but their progress up free-flowing rivers in our 
region has not been studied in detail. Those ascending the locks 
on their way into the Lake Washington basin (Fig. 3) have an 
unusual set of challenges because the temperature, salinity, and 
dissolved oxygen change abruptly from the marine to freshwater 
environments. Chinook salmon have been studied in these 
habitats (Goetz and Quinn 2019), but it is not clear how their 
behavior informs us about those in the more natural estuaries 
(Photo 7). We might expect the early running spring Chinook to 
move upriver quickly to reach cool waters near their spawning 
sites where they can hold while completing sexual maturation. 
In contrast, the fall Chinook enter in a more advanced state of 
maturity and might spend more time in estuaries. However, this 
is really a hypothesis in need of testing rather than a general rule. 
To my knowledge, there is no specific, thorough study of estuarine 
behavior of different Chinook salmon runs in the same river. 

In addition to the broad seasonal patterns of Chinook salmon 
timing, there is also the question of what factors cue them to 
migrate upriver. There is a common impression that increasing 
flows stimulate their migration but there is evidence to the 
contrary from the Klamath River (Strange 2010). In some cases 

diversions of water for human uses result in unnaturally steady 
flows, and efforts to stimulate upstream migrating Chinook 
salmon with experimental pulsed flows has been either not 
efficacious (Hasler et al. 2014) or only slightly successful (Peterson 
et al. 2017). Overall, the factors controlling the upriver migrations 
of salmon have long been studied but remain poorly understood. 
Temperature, flow, and physical factors play a large role in some 
cases (rivers and salmon species) and a much smaller one in 
others, and the social interactions among salmon likely play a role 
as well (Berdahl et al. 2017). Chinook salmon tend to migrate up 
large rivers and there is seldom, if ever, too little water in these 
rivers for them to ascend, and so how long they stay in estuaries 
may depend on other factors related to their internal condition 
(maturation, feeding, salt regulation, etc.) and the various 
environmental conditions there such as salinity, flow, temperature, 
and dissolved oxygen (Fujioka 1970). In particular, combinations of 
high temperature and low dissolved oxygen levels, as can occur in 
late summer, may stall upriver migration (Alabaster 1988, 1989). 
Moreover, the presence of predatory marine mammals may 
also affect how long Chinook and other salmon species stay in 
estuaries (Strange 2013).
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features relevant to their use of estuaries in Puget Sound. One 
study, conducted decades ago, tracked individual pink salmon 
(assumed to be destined for the Fraser River) around the San 
Juan Islands (Stasko et al. 1973). The fish were categorized, based 
on their movements, as active and passive. Active fish swam 

phenomenon of resident coho salmon is not unique to certain 
populations, nor does it systematically differ between wild and 
hatchery fish (Rohde et al. 2014). Throughout the year, some 

coho salmon are within 20 meters from shore and are caught by 
anglers standing knee-deep in the water (Photo 9), though others 
are farther offshore in deeper water (Smith et al. 2015). The Puget 
Sound resident coho salmon are smaller than those that feed off 
the coast (Allen 1959), as is also the case with coho salmon from 
the Strait of Georgia (Milne 1950). They tend to feed primarily 
on invertebrates, shifting to a diet more dominated by fishes as 
they grow (Kirkness 1948, Prakash 1962). After Chinook salmon 
they have the greatest tendency to feed on fishes of the Pacific 
salmon species (Beacham 1986), and Pacific herring are especially 
important in their diets (Healey 1976). 

As the adult coho salmon reach the vicinity of their natal 

Photo 9. Resident coho salmon, caught from shore in Skagit Bay in May. Photo: Thomas Quinn.

Photo 10. Anglers fishing for returning adult coho salmon at Meadow Point, Seattle in September (left) and a representative fish caught there (right). 
Photos: Thomas Quinn.

northward, towards the Fraser River, on flooding and ebbing tides, 
and did not follow shorelines, whereas passive fish made little net 
progress. As noted above, these patterns exemplify the difficulties 
in determining why fish do what they do, especially in these 
complex environments. 

Coho salmon
Unlike sockeye salmon, that are largely restricted to systems with 
lakes, and Chinook and pink salmon that primarily use large rivers 
in Puget Sound, coho salmon are found in many small streams 
flowing into Puget Sound as well as tributaries 
of larger rivers. They enter later in the year 
than the Chinook salmon, as seen in the 
Skagit and Stillaguamish rivers (Figure 2 D). 
However, these are entries into the river and 
not necessarily the tributaries where they will 
spawn. Coho salmon spawn not only later 
than Chinook salmon, but also over a much 
more protracted period in any given river. 
For example, spawning from November into 
February would not be unusual among wild 
coho in Puget Sound. The patterns of arrival 
timing seen in larger rivers (Fig. 2 D), which 
have more than enough water for the fish to 
ascend, and the Lake Washington Ship Canal 
(Fig. 3) are not necessarily the same as those 
in smaller streams, which may have very little 
water in late summer. For example, counts of 
wild coho salmon ascending Big Beef Creek at 
a weir just above tidal influence in Hood Canal 
revealed a later pattern: none in August, 10% in September (in 
the latter half of the month), 46% in October, 39% in November, 
4% in December, and 1% in January, based on five years of data 
collected by the Washington Department of Fish and Wildlife and 
provided by Dr. Joseph Anderson. In the late summer and early 
fall these fish congregate near the mouths of such streams, but 
to what extend individual fish move in and out of estuaries is not 
known. If water levels are very low, such entry seems unlikely, but 
not impossible.

Some of the adult coho salmon would have migrated in from the 
coast whereas others would have been feeding in Puget Sound as 
residents, like the Chinook salmon. As with Chinook salmon, the 
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streams it is common for them to hold in nearshore waters, 
sometimes jumping conspicuously. Unlike Chinook salmon, which 
are primarily caught from boats in open water, coho salmon 
approaching their natal rivers are also caught from shore (Photo 
10). How long each fish might spend near the mouth of the stream 
is not known, but if the flows are very low in the fall and the 
salmon arrive before the fall rains, they might hold for some time 

Photo 11. Recreational angler with a mature male chum salmon caught in marine waters 
near Chico Creek, in Dyes Inlet, Puget Sound. Photo: Joseph Anderson. 

Photo 12. Mature chum salmon ascending the intertidal zone of a small stream in Hood Canal. 
Photo: Thomas Quinn.

Chum salmon
In Puget Sound, chum salmon spawn in many small 
streams of Hood Canal and southern Puget Sound 
as well as large rivers of central and northern Puget 
Sound. As noted, these small streams such as 
Kennedy Creek have very low flows in late summer 
and early fall (Figure 1) and the chum salmon enter 
in November and early December. In larger rivers 
such as the Skagit (Fig. 2 E) they enter a bit earlier, 
but November is probably the modal spawning 
month in general, timed with the fall rains. They 
often spawn very close to tidal range in small 
streams and lower tributaries of larger rivers, and 
so are commonly in a very advanced stage of sexual 
maturity when caught in the estuaries of rivers 
(Photo 11). In some of these streams they must 
struggle upstream through rocky intertidal areas 
with oysters and barnacles to reach their spawning 
sites (Photo 12). How these fish behave in the final 
stages of maturation is not well known, but they can 
be taken in commercial fishing gear in nearshore 
and offshore areas. The extent of movement and 
duration of holding in marine waters, and the 
connection between tides and rainfall triggering 
upstream migration are intriguing for scientists, but 
also very important from conservation standpoints because they 
affect exposure to mortality agents of many kinds. 

there. Indeed, their broad distribution of spawning timing is likely 
to be an adaptation to the variable flow regime of these rivers. 
Farther south, along the coast of California, some streams are 
blocked by impassable sand bars until the first fall rains wash the 
sand away, and coho salmon return late in the year (Shapovalov 
and Taft 1954). 

In addition to the typical fall runs of chum salmon in Puget Sound, 
the summer run to Hood Canal streams (listed as Threatened 
under the US Endangered Species Act) and the winter run, chiefly 
in the Nisqually River, greatly expand the species’ range of return 

timing in the region. These patterns of 
timing and abundance are important, 
not only for exposure of salmon runs to 
fisheries but also to predators. Studies 
in Hood Canal revealed that harbor seals 
killed 8% (range: 1–28%) of the returning 
adult summer chum salmon, averaged over 
four rivers and five years (London 2006). 
London (2006) observed that most of the 
seal predation on chum salmon (chiefly 
in the Dosewallips and Duckabush rivers) 
took place on incoming tides and within a 
few hours of high tide because the salmon 
tended to enter on rising tides and the 
rising tide also facilitated entry by the seals. 
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Steelhead trout
Steelhead, the anadromous form of rainbow 
trout, leave Puget Sound rapidly as smolts 
(Goetz et al. 2015, Moore et al. 2015) and 
do not return until they are maturing adults 
(Myers 2018). Some steelhead arrive in 
nearshore areas in the winter in a rather 
advanced state of maturity, migrate upriver, 
and spawn soon thereafter in winter and 
spring. These fish are referred to as winter 
run or ocean-maturing steelhead (Busby et 
al. 1996), as exemplified by the Skagit and 
Stillaguamish rivers (Figure 2 F). This form is 
the dominant one in Puget Sound rivers, but 
the alternative form, called summer run or 
river-maturing also occurs. These summer 
steelhead fish migrate from the ocean in the 
late summer, spend the winter in rivers, and 
then undergo final maturation and spawn in 
the spring. These variable natural patterns 
have also been modified by the selective 
effects of fishing and hatchery operations 
(Mackey et al. 2001, McLean et al. 2005, 
McMillan et al. 2022), but steelhead still enter rivers over a broad 
period. Winter run steelhead movements in estuaries have not 
been studied, but work in coastal British Columbia fjords indicated 
that summer steelhead migrated in open water, very close to the 
surface, and were much less active at night than during the day 
(Ruggerone et al. 1990). 

It is also important to note that the species is iteroparous (able 
to reproduce more than once during its lifetime), thus adult use 
(or at least pass through) estuaries not only on their homeward 
migration but also as they leave if they survive spawning, and 
then again on subsequent return migrations if they are fortunate. 
These downstream migrants may be in estuaries while others 
are migrating upriver to spawn, or later in the season after all 
upstream migrants have passed (Photo 13).The proportion of 
steelhead that successfully return to spawn more than once is low, 

Photo 13. Mature male steelhead photographed in early June in the Skagit River. 
Photo: Thomas Quinn.

and especially so for males (Clemens 2015, Copeland et al. 2019). 
This seems to result from energy depletion during migration 
and reproduction, and is especially acute for interior, summer-
run populations (Penney and Moffitt 2014, Penney et al. 2016). 
The post-spawning adults, known as kelts, have not been closely 
studied in Puget Sound but work in the Sacramento River system 
indicated that some remained in the river system after spawning 
whereas others went back to sea (Null et al. 2013), and those 
that entered the ocean were near the surface (Teo et al. 2013), as 
seems typical of the species (Nielsen et al. 2011). We do not know 
to what extent steelhead kelts use estuaries in Puget Sound, and 
this is another area where further work seems needed. Because 
most of the kelts are females, they are especially important for 
population health.

Steelhead trout. Photo: J.R. McMillan NOAA / NWFSC.



16

Cutthroat trout 
Coastal cutthroat trout, the subspecies 
native to Puget Sound, is related to 
rainbow/steelhead trout, the two species 
commonly co-occur in streams, and 
juveniles are difficult to distinguish by 
eye (Baumsteiger et al. 2005, Kennedy 
et al. 2009). Despite these similarities, 
their marine migrations differ greatly, as 
reviewed by Pearcy et al. (2018) and Losee 
et al. (2024). While steelhead smolts migrate 
rapidly to the open ocean, feed there for 
several years, and then return to spawn, 
cutthroat trout from Puget Sound streams 
typically spend less than a year at a time 
in marine waters and patrol the shorelines 
within about 20–30 km of their natal 
stream. Interestingly, populations on the 
coast (e.g., Salmon River, Oregon) include 
both estuarine residents and individuals 
that migrate into the ocean (Krentz 2007), where they occupy 
waters 30–50 km from shore (Pearcy et al. 1990). 

In Puget Sound’s marine waters, cutthroat trout caught by anglers 
must be released and in rivers they can be retained but, unlike 
salmon and steelhead, there are no catch records. There are no 
commercial fisheries for cutthroat trout, and thus none of the 
catch data like those of salmon and steelhead from which to infer 
migration patterns. Moreover, populations include anadromous 
and non-anadromous spawners (Claiborne et al. 2020), which 
further complicates analysis of their marine ecology. Individuals 
caught in marine waters are, by definition, anadromous; those 
caught in rivers may be so as well but one cannot be certain just 
by looking at them (Photo 14). Chemical analyses of their scales 
or otoliths are needed for a definitive answer. Populations consist 
of mixtures of anadromous and non-anadromous individuals 
rather than separate, isolated populations, based on work in 
Puget Sound (Claiborne et al. 2020), the lower Columbia River 
(Johnson et al. 2010), coastal Oregon (Tomasson 1978), and central 
Alaska (Saiget et al. 2007). One further complication regarding 
the use of estuaries by coastal cutthroat trout is a possibility that 
they may move in and out of small streams in the fall to take 
advantage of drifting eggs from spawning salmon, prior the trout 
migration upstream to spawn. Such movement is inferred from 
the observation of cutthroat trout caught in marine waters that 
had consumed many salmon eggs (Jauquet 2002). Perhaps the 
eggs drifted down to the estuary and were eaten there; cutthroat 
trout in this area feed heavily on salmon eggs if they are available 
(Ellings 2003). It is also possible that the trout swam up to the 
spawning areas to feed on the eggs and then moved back into 
Puget Sound. Such entry into streams to feed on eggs is common 
in rainbow trout;  they move from lakes into streams in the fall to 
feed on salmon eggs (Arostegui and Quinn 2018), distinct from 
their spring spawning migrations.

Despite the limited scientific information, anglers (Raymond 1996, 
Johnson 2004) and scientists (Johnston 1982) believe that cutthroat 
trout from the larger, northern Puget Sound rivers tend to stay 
near their natal rivers for the summer, return in the fall, over-
winter in the river, spawn in the spring, and return to Puget Sound 
if they survive (Fig. 4 Top). In contrast, populations from small 

Photo 14. Coastal cutthroat trout caught in the lower reaches of the Stillaguamish River in early 
October. Photo: Thomas Quinn.

streams tend to return in the winter, just prior to spawning, and 
return to marine waters shortly thereafter (e.g., in southern Puget 
Sound (Losee et al. 2016, Losee et al. 2018), Hood Canal (Wenburg 
1998) (Fig. 5), and Discovery Bay (Michael 1989)). In Puget Sound, 
most cutthroat trout do not move more than about 20–30 km 
from the natal streams, based on genetic assignment of fish to 
rivers of origin (Losee et al. 2017), and sonic tracking in Hood 
Canal (Goetz et al. 2013) and southern Puget Sound (Quinn et al. 
2024). Consequently, there is variation in how long individuals stay 
in marine waters, but the component of populations that migrates 
to Puget Sound (Claiborne et al. 2020) relies heavily on estuaries 
and nearby nearshore areas, and for some cutthroat trout, 
estuaries are really their only marine habitat. In these habitats, 
they seem to favor gravel beaches with oysters and shell hash 

Figure 4. Beach seine catches (juveniles and adults combined) of cutthroat 
trout (n = 452) and bull trout (n = 378) at nearshore sites in the Skagit River 
estuary (including a nominal value of zero for January, when no sampling 
occurred), from Quinn and Losee (2022). 
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rather than lower-gradient sandy and muddy ones, and they can 
be very close to shore. Inexperience anglers, intimidated by the 
size of Puget Sound, often wade as far from shore as they can and 
cast way out, until more savvy anglers point out that the cutthroat 
trout might be behind them. Sonic tracking of cutthroat trout with 
pressure sensitive transmitters indicated that the great majority of 
their time was spent 1–2 m below the surface (Quinn et al. 2024). 
Most of the detection patterns suggested that they were slowly 
cruising along the shoreline, but in some cases, they remained 
within a limited area (e.g., ca. 200–300 m along the shore) for 
hours or days (Quinn et al. 2024). 

While in marine waters, cutthroat trout have a varied diet that 
included fishes such as juvenile salmon, Pacific herring and 
shiner perch, and a variety of invertebrates (Jauquet 2002, Duffy 
and Beauchamp 2008). As with Chinook and coho salmon, 
cutthroat trout tend to rely more on fish as prey as they grow 
(Duffy and Beauchamp 2008), mirroring the pattern seen in Lake 
Washington (Nowak et al. 2004). Pacific herring comprised the 
greatest biomass of fish eaten by cutthroat trout in Puget Sound, 
but juvenile salmon were especially important from April to 

Figure 5. Monthly migration patterns of adult coastal cutthroat trout 
counted going up (N = 175) and down (N = 140) Big Beef Creek between 
1994 and 1996. Data reported by Wenburg (1998) in Appendix Table G.

Photo 15. Bull trout caught in Skagit Bay in mid-May, hence anadromous (left), and another caught in the Skagit River in late January, whose silvery rather 
than dark colors suggest that it may also have been to salt water (right). Photos: Thomas Quinn.

Bull trout
Bull trout, like coastal cutthroat trout, suffer from weak 
quantitative information because they cannot be legally retained 
in marine sport fisheries, and in rivers where they can legally be 
retained, no catch record is required. They are not the target of 
commercial fisheries, though some are taken as by catch, for 
example in gillnet fisheries in the Hoh River on the Washington 
coast  (Brenkman et al. 2007). Like cutthroat trout, bull trout do 
not die after their first spawning season but may move back and 
forth multiple times (up to 6 or more) between rivers and Puget 
Sound, as revealed by analysis of otoliths from Skagit River fish 
(Austin et al. 2019a). To further add to their complexity, some 
individuals do not migrate, and some do so intermittently, as 
shown by studies on the Hoh River (Brenkman and Corbett 2005, 
Brenkman et al. 2007) on the Washington coast, and the Elwha 
and Dungeness rivers on the Strait of Juan de Fuca (Ogg et al. 
2008, Quinn et al. 2017, Brenkman et al. 2019). Bull trout in the 
Puget Sound basin are much less widely distributed than cutthroat 

June. In terms of numbers, the trout ate primarily chum and pink 
salmon, but the larger-bodied juvenile Chinook salmon were more 
important in terms of biomass (Duffy and Beauchamp 2008).

trout; the main anadromous populations are in the large rivers 
flowing westward from the Cascades such as the Nooksack, Skagit, 
Snohomish, and Puyallup.

Bull trout smolts migrate downstream primarily in May and June 
in the Skagit River (Zimmerman and Kinsel 2010, Quinn and Losee 
2022), but downstream migrants and estuarine residents there 
(Goetz et al. 2021) and in the Elwha River include a range of sizes 
(Lincoln et al. 2018). The timing of adult return migration can be 
inferred from two kinds of information: decreasing catches in 
systematic sampling with beach seines or similar scientific gear in 
estuaries, and by tracking individual fish. These data indicate that 
most bull trout that enter Puget Sound spend only a few months 
there, primarily from April to July (Fig. 2), before migrating back 
upriver where they hold in cool water before spawning in the fall, 
especially September and October (Austin et al. 2019b) (Fig. 4). 
The lower reaches of rivers may get too warm for them in the late 
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summer, so they pass up feeding opportunities (e.g., in Skagit Bay) 
to avoid high water temperatures (Goetz et al. 2021). Having said 
this, we must be careful of generalizations. Monthly sampling over 
many years by Anne Shaffer and the Coastal Watershed Institute 
at the mouth of the Elwha River revealed that bull trout were 
never abundant but present throughout the year, with highest 
catches of juveniles from December through May (Lincoln et al. 
2018). Thus, variation among rivers and estuaries in physical 
conditions and biotic factors can result in different patterns.

In marine waters, bull trout stay near their home river and 
close to shore. For example, Skagit River bull trout with acoustic 
transmitters were mostly detected within 14 km of the river mouth 
(Hayes et al. 2011). This study also reported that most fish were 
located within 400 m of shore, in water shallower than 4 m, and 
tended not to cross open water. Their habitat use patterns thus 
resemble those of cutthroat trout in Puget Sound. Some bull trout 
spend at least part of the winter in marine waters, some do not 
spawn every year (Austin et al. 2019, Goetz et al. 2021), and some 
move through marine waters and enter a non-natal river outside 

assessment of physiological status (Crossin et al. 2007, Cooke et al. 
2008a, Cooke et al. 2008b, Crossin et al. 2009), but comprehensive 
work with other species and river systems is lacking, and the 
Fraser River sockeye salmon may not fully represent other species 
and systems. 

Changes in the Puget Sound ecosystem 
Puget Sound and its estuaries have changed in ways that 
might affect migration and use by adult salmon. Sea surface 
temperatures, recorded near Victoria, B.C., indicate that the water 
has been getting warmer over the past century (Quinn 2024), flow 
regimes have been modified by diversion for human uses and by 
changing patterns of rain and snow (Casola et al. 2009, Lee et al. 
2016) and there have been extensive modifications of shorelines 
and estuaries, losses of eelgrass and other biota, and many other 
physical and biological changes. A full review of these changes is 
far beyond the scope of this report, but the ways in which salmon 
react to temperature, salinity, dissolved oxygen, shorelines, and 
other aspects of estuaries under natural conditions are uncertain 
to begin with, and when we add uncertainty about future 
conditions, we are in an even weaker position to take actions 
needed for their conservation.

In addition to natural and human-causes changes in the physical 
environment, salmon are now faced with a much greater density 
of predators than was the case in the early-mid 20th century. 
The Salish Sea harbor seal population rapidly increased more 
than tenfold after protective regulations in the USA (Jeffries et al. 
2003) and Canada (Trites 2014). Unlike southern resident killer 
whales (Ford and Ellis 2006), they do not depend on salmon as 
prey (Olesiuk 1993, Howard et al. 2013), but seals still consume 
considerable numbers of juvenile and adult salmon (Chasco et 
al. 2017, Thomas et al. 2017). Moreover, their aggregations in 
estuaries (London 2006, Farrer and Acevedo-Gutiérrez 2010) may 
also alter the behavior of adult salmon, as Strange (2013) observed 
with Chinook salmon and California sea lions in the Klamath River 

of the spawning season (Small and Martinez 2013). Thus, there is a 
lot more to be learned about this species, but anadromous Puget 
Sound bull trout depend strongly on estuary conditions (Photo 
15). Because the anadromous and non-anadromous fish are part 
of the same populations, we can infer that they depend heavily on 
estuaries.

Like cutthroat trout, bull trout feed in estuaries as juveniles and 
as adults, but bull trout get much larger, commonly over 50 cm 
long whereas coastal cutthroat trout of that size are rare (Losee 
et al. 2024). In Puget Sound bull trout eat almost exclusively fish, 
and especially surf smelt, though Pacific herring, shiner perch, 
juvenile salmonids, and sand lance are also important. Goetz et 
al. (2004) gathered numerous data sets on Puget Sound bull trout 
ecology and concluded that “Together, more than 99% of the total 
prey biomass (pooled data for all locations) in bull trout stomach 
samples was comprised of fish species.” [p. 110]. This conclusion 
is consistent with analysis of tissue samples of bull trout from 
the Elwha River; stable isotopes indicated a diet similar to that of 
Chinook salmon (Quinn et al. 2017).

Habitat alteration, restoration 
and future research needs

The Puget Sound shoreline as a whole and the estuaries of 
rivers have been greatly modified in the past two centuries, 

and especially in the last one (Simenstad et al. 1982, Sobocinski 
2021). It is beyond the scope of this report to review the large 
literature on the many changes in physical features and biotic 
responses, other than to cite a few of the reviews, and then note 
knowledge gaps with respect to adult salmon and trout. The 
natural physical features of Puget Sound beaches and bluffs and 
the effects of human activities were detailed by Johannessen and 
MacLennan (2007) and Simenstad et al. (2011), among others. 
Many studies have been conducted on the effects of these 
alterations and efforts to restore habitats on biota, emphasizing 
invertebrates (Sobocinski et al. 2010, Lee et al. 2018), larval fishes 
(Rice 2006), and juvenile salmon and other small fishes (Toft et 
al. 2007, Munsch et al. 2014). Work specifically on returning adult 
salmon has been limited, with a scattering such as an inconclusive 
study decades ago on dissolved oxygen in the Duwamish River 
and Chinook salmon (Fujioka 1970), and more recent work on the 
same species in the Hiram Chittenden Locks and Lake Washington 
Ship Canal (Goetz and Quinn 2019). However, there have been 
a number of studies over the years that involved tagging adult 
salmon to determine their migration rates, patterns of timing, and 
extent of interceptions in coastal fisheries (e.g., chum salmon: 
Anderson and Beacham 1983). As noted in a review of the use of 
estuaries by juvenile salmon (Quinn 2024), estuaries are difficult 
places to study because 1) there are fewer of them than there 
are streams and lakes, 2) they are idiosyncratic, with unique 
physical features and histories of development, degradation, 
and restoration, and 3) the inherent features of tidal and river 
flow and temperature regimes greatly complicate the replication 
that scientists desire. Work with adult salmon is especially 
difficult because, as noted in the Introduction to this report, their 
motivation to move upriver is affected by many external and 
internal processes operating at once. Elegant and detailed work 
has been done on adult sockeye salmon migrating to the Fraser 
River by combining telemetry with various kinds of non-lethal 
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estuary. The combination of altered physical aspects of estuaries, 
fishing pressure, and increased predation risk presents salmon 
with real challenges. 

In conclusion, Puget Sound’s adult salmon and trout vary in 
the timing of their arrival in estuaries, their readiness to enter 
fresh water, temperature tolerance, progress towards sexual 
maturation, appetite, and other traits that affect when they 
get there, how long they remain and what habitats they use. 
Estuaries are often the locus of fisheries (Photos 1, 10 , and 11) 
and predators (Photos 2 and 3), yet our descriptive knowledge of 
salmon behavior there is weak, and our scope for understanding 
why they behave as they do is weaker still. There is a pressing 
need for more basic research on how they use shorelines and 
open water, how long they stay in estuaries in natural conditions, 
times of the day when they are most active, how they respond to 
tidal height and currents, etc. The absence of such information 
on “baseline” behavior and the inherent complexities of their 
motivations in estuaries make it even more challenging to 
understand how salmonids interact with docks and other 
artificial structures, hardened shorelines where there should be 
more gentle, vegetated sloping edges, how they behave when 
approaching fishing gear such as gillnets, and many other features 
of their behavior. Such information would help inform many kinds 
of activities and management options that could benefit them, 
while still allowing sustainable fishing on healthy populations.
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