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Chapter 8

Scientific History of the Species

Although the Cutthroat Trout (Oncorhynchus clarkii Richardson, 1836) was likely known 
to the earliest European explorers of western North America, first written notice of it occurred 
only on June 13, 1805 when Meriwether Lewis encountered it near Great Falls, Montana. 
What is now regarded as the Coastal Cutthroat Trout is one of several subspecies of a taxo-
nomic complex with considerable diversity (Behnke 1992, 1997, 1988). In 1805, Lewis, and 
his co-leader William Clark, described the fish as being similar to other trout in form but hav-
ing long sharp teeth on the tongue and a dash of red on each of the ventral sides (Trotter and 
Bisson 1988).

That the species bears Clark’s name rather than Lewis’s can be traced to Sir John Rich-
ardson, who named the species Clark’s salmon, Salmo clarkii (Richardson 1836) from two 
specimens of what was probably Coastal Cutthroat Trout from Dr. Meredith Gairdner who 
was employed by the Hudson Bay Company on the Columbia River. Richardson named the 
species based upon Clark’s mentioning a dark variety of salmon-trout in his journal on June 
19, 1806.

Richardson’s nomenclature was sustained through the middle of the 19th century, despite 
an attempt at taxonomic reorganization by Günther (1866) at the British Museum. Günther 
considered S. clarkii to be the same species as S. purpuratus (Pallas 1831) which is now 
known to be Georg Steller’s S. mykiss (Pallas 1831). The scientific name S. clarkii was re-
tained with a variety of common names through the late 1800s, even briefly with the varietal 
name S. clarkii clarkii (Jordan 1885). When the common name, Cutthroat Trout, did finally 
appear, it was juxtaposed (erroneously) with the scientific name S. mykiss (Jordan and Starks 
1895; Jordan and Evermann 1896) and the species that is now the Cutthroat Trout was con-
sidered by Jordan and Evermann (1896) to be a subspecies of S. mykiss (Salmo mykiss clarki), 
and was given the common name of Columbia River Trout.

By the early twentieth century, the idea that the Cutthroat Trout was a subspecies of S. 
mykiss had been abandoned (Jordan and Evermann 1902). At the beginning of the 20th centu-
ry, the common name, Cutthroat Trout, and the scientific name, S. clarkii, were finally linked 
but there was no mention of their anadromy (Jordan and Evermann 1902). Subsequently, both 



906   Chapter 8

Cutthroat and Rainbow Trout, both more closely related to Pacific salmon than Brown Trout 
Salmo trutta or Atlantic Salmon Salmo salar, were classified as Oncorhynchus (Smith and 
Stearley 1989).

Phylogeny

The Cutthroat Trout first appeared at the beginning of the Pleistocene when selective 
pressures on a common ancestor gave rise to Cutthroat Trout and Rainbow Trout (Behnke 
1988, 1997). Both species colonized new habitats along the coast of North America as the 
glaciers receded (McPhail and Lindsey 1986; Behnke 1992; Griswold 2002). However, Es-
teve and McLennan (2007) questioned the monophyletic origin of these two species based 
on behavioral and life history traits, suggesting that genetic similarities between these species 
may be a result of a high degree of introgression and hybridization.

Phylogenetically, the population structure of Coastal Cutthroat Trout reveals many di-
verse local patterns across their range, with reproductively isolated and genetically distinct 
units at the level of individual streams and river system, often in spite of low effective popula-
tion size (Campton and Utter 1987; Wenburg et al. 1998; Williams and Reeves 2008). Physi-
cal landscapes appear to affect these genetic patterns: the genetic diversity is greater in the 
coast range ecosystem with more complex drainage networks and fewer barriers to movement 
than in the Cascades where genetic drift is more prevalent (Guy et al. 2008). Populations in 
the northern part of the range are genetically unique from other parts of their range. Genetic 
diversity of recently colonized streams farther to the north in Alaska is low compared to lon-
ger established populations farther to the south (Griswold 2002; Griswold et al. 2008).

Distribution

Coastal Cutthroat Trout, the most abundant of the many subspecies, occurs over a 
broader distribution than any other subspecies of Cutthroat Trout. It differs from all other 
Oncorhynchus because it is only found along the west coast of North America and not in 
Asia.  It is found along the Pacific coast of North American from Humboldt Bay (Eel River) 
in northern California to Prince William Sound in Alaska, from the coast to the crest of the 
Cascades in Oregon and Washington and to the Coast Range in British Columbia (Behnke 
1992; Hall et al. 1997; Trotter 1997; Figure 1). The ocean distribution of anadromous or sea 
run Cutthroat Trout rarely occurs more than 150 km from land. Compared to other anad-
romous Oncorhynchus, they have limited ocean migrations in both area and duration, are 
rarely found in oceanic waters, and spend more time in fresh water and estuaries than other 
anadromous salmonids.

Life Histories

Coastal Cutthroat Trout, one of the least studied salmonids of the Pacific coast, has re-
markably diverse and complex life histories, perhaps the most complex reproductive and 
migratory diversity of any Pacific salmonid. This includes several basic forms: anadromous, 
adfluvial (lake dwelling), fluvial (migrating from large to small streams), and non-migratory 
or resident life histories that are restricted to fresh water because of either barriers or be-
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havioral mechanisms (Armstrong 1971; Johnston 1982; Trotter 1989, 1997; Northcote 1997; 
Johnson et al. 1999; Saiget et al. 2007). Many of these plastic life-history strategies may exist 
in the same population or basin (DeWitt 1954; Johnston 1982; Williams and Reeves 2008; 
Zydlewski et al. 2009; Stein et al. 2012), with alternating stream vs. anadromous fish in the 
same watershed. Hence resident freshwater fish may become anadromous, and andromous 
fish may become resident in fresh water.

The fresh water aspects of the life history of anadromous Coastal Cutthroat Trout are re-
viewed in detail by Hall et al. (1997), Connolly et al. (2008) and others in Oregon Chapter of the 
American Fisheries Society Symposia, and by Johnson et al. (1999)). Three life history forms 
have been identified for sea-run coastal Cutthroat: 1) ocean migrants that migrate through the 
estuary to the ocean and return to the estuary before migrating upstream to spawn, 2) fish that 
reside in the estuary during the spring and summer and do not migrate to the ocean, and 3) a type 
that overwinters in the estuary or ocean (Johnston 1982; Behnke 1992; Trotter 1997; Johnson 
et al. 1999; Krentz 2007; Krentz et al. 2008; Stein et al. 2012). Coastal Cutthroat Trout may use 
more than one of these rearing strategies before returning to fresh water to spawn.

The composition of fish returning to fresh water from estuaries and the ocean is a sum of 
first-time spawning fish and repeat spawning fish, as well as sexually immature fish. Females 
generally mature before 4 years (see Trotter 1997; Johnson et al. 1999). Most fish returning to 
Oregon and Washington streams are mature, whereas in the Columbia River and farther north 
in Alaska, many fish that return from the sea are not sexually mature and will return a second 
time before spawning (Trotter 1997). Some Coastal Cutthroat may attain a maximum age of 
about 10 years (Behnke 1992). (See later section on the return of anadromous Cutthroat to 
fresh water).

Figure 1. Geographic range of coastal rivers supporting populations of anadromous Cutthroat Trout from 
the Eel River, California to Prince William Sound, Alaska.
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Spawning is protracted, usually from December through May, and is later farther north. 
However, spawning occurred in a tributary of the Elwha River (WA) in October and Novem-
ber (McMillan et al. 2014). Spawn timing and construction of redds is related to stream flow 
(Losee et al. 2016). Fecundity, ranging from 226 to 4,420 eggs per female, varies with size and 
age of spawning fish—eggs of older females are more numerous and larger (Scott and Cross-
man 1973). Eggs incubate for several weeks before hatching. Alevins spend several weeks 
in the gravel absorbing their yolk sacs before emerging. Fry usually emerge in March–June 
and move into low-velocity and off-channel waters and remain there throughout the summer. 
During the winter they move into low velocity waters and usually migrate downstream and 
to estuaries or the ocean typically after their second to fourth winter in fresh water (ages 2–4) 
where they grow rapidly (Johnson et al. 1999). Losee et al. (2016) observed high interannual 
variability in the redd counts in a tributary of Puget Sound, apparently related to stream flows. 

Coastal Cutthroat Trout usually spawn in small tributaries in water less than 0.5 m depth 
(Trotter 1997; Slaney and Roberts 2005). They attain a much smaller adult size, compared to 
other anadromous salmonids, such as O. mykiss (Steelhead) a close relative which spends one 
or more years at sea, migrates long distances, matures at much larger sizes, and as juveniles 
are usually found in higher water velocities than Cutthroat (Hartman and Gil 1968: Johnson 
et al. 1994). This small size of mature Coastal Cutthroat, and their low critical swimming 
velocities (Hawkins and Quinn 1996) are likely an adaptation to the utilization of small order 
stream tributaries for spawning and rearing to reduce interactions with other salmonids (Bis-
son et al. 1988, Pearcy et al. 1990, Slaney and Roberts 2005, Reeves et al. 2011). This may 
be a reason that Coastal Cutthroat do not reach the large maximum size of lake-dwelling O. 
clarkii (Behnke 2008). Earlier spawning in smaller headwater streams is also an isolating 
mechanisms that reduces interbreeding and hybridization with O. mykiss, (Johnston 1982), 
although hybridization till occurs (Williams et al. 2007).

Ocean and Estuarine Migration

Migration into estuarine and ocean waters generally results in better growth opportu-
nities, but higher predation risks, especially during early ocean residence, than freshwater 
habitats (Quinn 2005). Juvenile anadromous Coastal Cutthroat Trout transform into smolts 
and migrate to or toward the sea from age 1 to 6, but most are from 2–4 years of age (average 
160–216 mm FL), depending on stream location and environmental conditions at ocean entry 
(Giger 1972; Trotter 1997; Johnson et al. 1999; Losee et al. 2016). Johnston (1982) specu-
lated that different physical and biological characteristics of the marine environment, such as 
open coast vs. protected inlets, may exert selective pressure on smolting age and size. Most 
migrate to sea beginning in March, with peak migration in May in Oregon and Washington 
and later in the year in Alaska (Giger 1972; Lowry 1965; Armstrong 1971; Trotter 1997). In 
Oregon coastal streams, Cutthroat trout migrate downstream during March–April, with a peak 
in mid-April. Nearly all of the fish 160-250 mm are silvered smolts (ODFW 2015). Growth is 
more rapid in estuaries and the ocean than in fresh water (Krentz 2007; Stein et al. 2012). In 
the ocean, Pearcy et al. (1990) estimated an average growth rate of about one millimeter per 
day, greater than estimated 0.5 mm per day in protected inlets of Puget Sound (A Claiborne, 
Washington Department of Wildlife, personal communication).

Migration of spawned-out adults (kelts) to saltwater peaks in late March and early April in 
Oregon and Washington and about a month later in Alaska (Jones 1976; ODFW 2015). In the 
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Copper River Delta region, movements of both anadromous and non-anadromous Cutthroat 
were related to habitat availability and food resources. Some radio-tagged spawners from the 
Copper River migrated to over-wintering areas in estuarine waters in the Delta or into lakes, 
while others remained in fresh water (Saiget et al. 2007, Saiget 2008). Timing and age of 
saltwater entry have been related to entry environment, with smaller and younger fish enter-
ing protected bays compared to larger fish that enter the open coast (Johnston 1982). In Auke 
Creek, Alaska, migrations out of the creek were significantly earlier in years of warmer stream 
temperatures in the early 1980s (W. Smoker, University of Alaska, personal communication).

Sea-run Cutthroat Trout have a wide range of migration behaviors, but generally migrate 
into estuaries, but not always into the ocean (Sumner 1962; Johnston 1982; Krentz 2007; 
Krentz et al. 2008; Goetz et al. 2013; Losee et al. 2016). They are highly dependent on estuar-
ies, migrating through them and inhabiting them multiple times during their life. For example, 
in the Salmon River estuary, Oregon, Cutthroat Trout were found in the estuary all months 
of the year (Krentz 2007; Krentz et al. 2008: Cornwell 2011; Stein et al. 2012). Most tagged 
fish with acoustic or PIT tags migrated to the estuary during spring and summer where they 
reared for much of the year; some, but not all, migrated to the ocean, some migrated back 
upstream from the estuary, and some remained in the estuary during the winter. However, 
Cornwell et al. (2009) reported that about one half of the acoustically tagged Cutthroat Trout 
(57–365 mm FL) from the Salmon River did not migrate to the estuary, less than one kilome-
ter downstream, while those that reached the estuary all migrated to the ocean. Survival of 
ocean migrants was low in these studies.

Tomasson (1978) reported both anadromous and resident Cutthroat Trout in the Rogue 
River and concluded that the anadromous fish with elevated Sr/Ca ratios were confined to the 
estuary. Based on the similar numbers caught in the estuary during the months of June–Oc-
tober, he thought that these estuarine fish did not migrate to the ocean. From PIT or acousti-
cally tagged fish Krentz et al. (2008) identified a group of fish that migrated into the Salmon 
River estuary (Oregon) during the spring and summer but did not migrate into the ocean, and 
another group that may remained in the estuary during the winter.

In the Columbia River, Herring et al. (2009, 2011) found that 60% of the tagged Cut-
throat entered the estuary and 25% migrated rapidly toward the ocean from two tributaries 
in the lower Columbia River. Some spent all summer in the estuary. Estuarine and marine 
survival was low, less than 10% (or straying was high), based on the return of tagged fish 
to their freshwater streams. This low survival is possibly the result of predation by the large 
Caspian tern and double-crested cormorant colonies, as 15% of the PIT tags from these fish 
were recovered on a Caspian tern breeding colony. Hudson et al. (2008) reported that Cut-
throat kelts that were radio-tagged in tributaries of the lower Columbia River migrated up to 
over 90 km and occupied the main channel, side channels, other tributaries and backwaters 
for 1–60 d before either migrating to the ocean or dying. Migrant sea-run Cutthroat Trout 
tagged in the lower Columbia River tributaries made rapid, direct movements from tributaries 
into seawater, moving downstream most rapidly on out-going tides, spending generally less 
than a week in the estuary (Zydlewski et al. 2008, 2009; Herring et al. 2011). Anadromous 
Cutthroat Trout, and steelhead/Cutthroat hybrids, have been captured in purse seines in the 
lower Columbia River estuary during April–September, although they are the least abundant 
salmonids caught (Weitkamp et al. 2012; L. Weitkamp, NWFSC, personal communication). 

In the Hood Canal in Washington State, Goetz et al. (2011, 2013) acoustically tagged and 
tracked downstream migrating Cutthroat Trout and found that most remained within 10 km of 
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their tagging location, with declining numbers at distances of 55 km, some crossed a deep wa-
ter channel, and one left Hood Canal, indicating a wide range of seasonal migratory behaviors. 

Goetz et al. (2013) and Losee et al. (2017) both documented two distinct migration types 
in Puget Sound: those that stayed within their natal estuary (residents) and a smaller pro-
portion that exhibited inter-estuarine migrations (migrants). Cutthroat in South Puget Sound 
were captured up to 35 km from their natal stream with greater distances observed in summer 
months. (Mean distances and standard deviations are shown in Figure 2).

Most authors generally agree that anadromous Cutthroat Trout stay close to shore, not be-
yond 50–70 km from their home stream (Giger 1972; Tomasson 1978; Johnston 1982; Tipping 
1981; Trotter 1989). In Alaska, Jones (1976, 1978; Jones and Siefert 1997) concluded that they 
follow shorelines and did not cross large inlets. In Prince William Sound and the Copper River 
Delta in Alaska, coastal cutthroat trout are common in tributaries (Griswold 2002, Marston et 
al. 2005, G. Reeves, OSU, personal communication, W. Smoker, University of Alaska, personal 
communication) but none were captured in the surveys in the nearby ocean or in Prince Wil-
liams Sound (M. Willette, Alaska Department of Fish and Game, personal communication). 
They were reported in small numbers in beach seines in nearshore waters and inside straits of 
southeastern Alaska (Jaenicke et al. 1985; Orsi and Landingham 1985), but no Cutthroat were 
reported in offshore waters of southeast Alaska or the northern Gulf of Alaska (Jaenicke and 
Celewycz 1994; Orsi et al. 2007; J. Orsi, Alaska Fisheries Science Center Auke Bay, personal 
communication). Many hundreds of surface trawls directed at juvenile salmon have also been 
made off British Columbia, both in the Strait of Georgia and offshore, but Cutthroat Trout were 
“virtually absent” in catches (R. J. Beamish, M. Trudel Department of Fisheries and Oceans, 
Canada, personal communication), probably because trawls were not close enough to shore, 
again indicating limited extent of offshore marine migrations north of Washington State.

Northern populations appear to have restricted offshore movement and are closely associ-
ated with indented marine or estuarine shorelines and inlets. This contrasts with some studies 
farther to the south along the Washington and Oregon coasts which lack large inlets and bays 
and where they have been caught further from shore.

Figure 2. Mean (and standard deviations) of distances Cutthroat Trout were captured from their natal 
stream in South Puget Sound (Losee et al. 2017).
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Coastal Waters off Oregon, Washington, and California

Purse seining in the open ocean off Oregon and Washington (1981–1985) caught anad-
romous Cutthroat 10 to 66 km offshore (Loch and Miller 1988; Pearcy et al. 1990; Pearcy 
1997). Most were captured 10–46 km offshore and in the vicinity of the Columbia River 
plume, where surface salinity averaged 28.6 psu and sea surface temperatures were 13.4°C 
during May and June (Figure 3). A few were caught in July and August but none in September 
of any year (Figure 4), presumably because they migrated back into estuaries and fresh wa-
ter (Pearcy and Fisher 1990; Pearcy et al. 1990). Surface trawling in later years off northern 
Oregon and Washington (1998–2011) captured sea-run Cutthroat Trout only during May and 
June (Figure 4), although cruises off California and southern Oregon reported them later in the 
year, as late as August (Brodeur et al. 2004, unpublished data). Although this is good evidence 
that some coastal Cutthroat Trout are found far offshore, we have no quantitative estimates of 
the proportions in offshore vs. inshore waters. Giger (1972) thought that migrating sea-runs 
form schools that remain intact until they return to fresh water, but this was not evident from 
ocean sampling, where generally only one fish was caught per seine haul or trawl. The mean 
(± s.d.) temperature where fish were captured was 13.3 and 14.1°C for the purse seine (range 
10.1–17.2°C) and surface trawl (range 8.6–17.9°C), respectively (Brodeur, unpublished data). 

Figure 3. Station locations where surface trawl hauls were made (open circles) and where Coastal Cutthroat 
Trout were caught (closed circles) along eight transect lines off Washington and Oregon.
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Fish caught off Oregon and Washington in both purse seines and surface trawls were most 
commonly from 250–350 mm in FL length and increased from about 270 mm to > 300 mm 
between May and August (Figure 4).

Return to Freshwater

Timing of pre-spawning and post-spawning movements of anadromous Cutthroat Trout 
are variable and again related to geographic locations and environmental conditions. Timing 
of the return from the ocean into fresh water is fairly consistent among years for a specific 
stream, but varies among streams, perhaps related to the distance fish must swim to spawning 
sites and size of home streams, with fish returning to larger streams with higher flows earlier 
than small streams with low flows (Johnston and Mercer 1976; Johnston 1982; Blakley et 
al. 2000; Trotter 1989, 1997). Fish usually congregate in estuaries during the summer before 
swimming upstream. In Puget Sound this estuarine “staging” behavior appears to occur with-
in weeks of spawning in freshwater.  In marine water of south Puget Sound beach seine caught 
Cutthroat Trout were genetically assigned to nearby natal streams as described by Losee et 
al. (2017).  Declining catch rates of adult cutthroat trout genetically assigned to nearby natal 
streams coincided with the immediate onset of redd construction in associated streams (Losee 
et al. in prep) (Figure 5) suggesting adults remain in marine waters until immediately prior to 
spawning.   

Generally fish that previously spawned return first, followed by younger fish that enter 
later (Johnston 1982; Johnson et al. 1999). Repeat spawning is common in anadromous Cut-
throat and is related to size, age and survival of fish (Buehrens 2011). Up to 41% of spawned 
out adults in Washington survived to return to salt water (Johnston and Mercer 1976). In Sand 

Figure 4. Purse seine, surface trawl and beach seine catches of Cutthroat Trout by months (upper panel), 
and  fork lengths composite length frequencies  caught during spring and summer purse seine surveys (left: 
1981–1985) and trawl surveys (right: 1998–2011) off the west coast of Washington and Oregon, and beach 
seine sampling in south Puget Sound (2015).



913Ocean Ecology of Anadromous Coastal Cutthroat Trout

Month

1 2 3 4 5 6 7 8 9 10 11 12

C
ou

nt

0

20

40

60

Redd Counts

Marine Catch
Kennedy Creek

McLane Creek

Skookum Creek 

Undetermined

Kennedy

McLane

Skookum

Figure 5. Number and genetic assignments of adult Cutthroat Trout captured in 2015 in Eld Inlet of South 
Puget Sound (stacked bars) and number of redds counted in associated streams in the same year (lines).  
Genetic stock assignment methodology described by Losee et al. (2017).

Lake Creek, Oregon, 39% of the spawners returned a second time, 17% a third time and 12% 
a fourth time (Sumner 1962, 1972), but in the Alsea River, where there was a fishery, less than 
14% were repeat spawners. The frequency of repeat spawning coastal Cutthroat, as well as 
growth and survival, is likely dependent on the qualities of freshwater, estuarine, and ocean 
environments (see later discussion).

Site fidelity and homing have been observed in both adult and juvenile Cutthroat Trout. 
Repeat spawners usually demonstrated precise homing (Giger 1972; Jones 1978; Trotter 
1997). Krentz (2007) reported that 70% of PIT and acoustical tagged fish were recaptured at 
the previous capture site, indicating strong site fidelity in the Salmon River estuary. Straying 
has been reported for sea-run Cutthroat Trout, mostly from either hatcheries or immature fish, 
when fish tagged in one area have been reported in other coastal streams or estuaries, (Skee-
sick 1965; Sumner 1962, 1972). Bulkley (1966) and Giger (1972) reported marked hatchery 
fish straying from the Alsea River and captured in the Siuslaw estuary 133 km away and 
suggested they were possibly advected there by coastal currents. In Alaska, some immature 
tagged fish apparently overwintered in other nearby streams during the winter (Jones 1975, 
1976). Based on mark-recapture studies, Losee et al. (2016) found high site fidelity in a tribu-
tary of Puget Sound, with 21% (64/305) of tagged Cutthroat Trout recaptured within 36 m of 
their original catch location over a one year period with multiple individuals captured in five 
different months at his location with the farthest recapture (37 km) during the summer.  

Returning sea-run Cutthroat (sometimes called bluebacks) are important for recreational 
fisheries both in marine and fresh waters (and for subsistence in Alaska: Washington Depart-
ment of Fisheries website). However, decreased catches have been reported throughout their 
range (Leider 1997; Hooton 1997; Schmidt (1997).
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Food and Feeding

Coastal Cutthroat Trout are opportunistic feeders. During migrations to the ocean, Cut-
throat smolts feed on a variety of prey (Table 1), including insects, crustaceans, and fishes 
(Loch and Miller 1988; Jones et al. 2008). They are effective predators on other fishes (Beau-
champ et al. 1995; Jauquet 2008; and others). In sheltered marine waters, they forage along 
gravel beaches and eel grass beds where they feed on gammarid amphipods, isopods, shrimps, 
Threespine Stickleback Gasterosteus aculeatus, Pacific Sand Lance Ammodytes hexapterus, 
and other small fishes (Trotter 1997; Brennan et al. 2004). In the Salmon River estuary (Or-
egon) the diet of small fish consisted largely of invertebrates while larger fish were more 
piscivorous (Jones et al. 2008). Other studies have found Cutthroat Trout consuming juvenile 
salmonids in coastal estuaries.

In Puget Sound (Washington) salmon eggs and Chum Salmon O. keta and Pink Salmon 
O. gorbuscha fry are eaten by Cutthroat Trout (Armstrong 1971; Fresh et al. 1981; Jauquet 
2002, 2008). Consumption estimated by bioenergetics modeling over the summer months was 
related to the amount of prey available to the Cutthroat (Mazur and Beauchamp 2006).

Duffy and Beauchamp (2008) examined the diets of Cutthroat Trout in Puget Sound dur-
ing spring and summer and found a major ontogenetic shift in their diet from invertebrates to 
fishes. Pacific Herring were the major prey, but between April and June, juvenile salmonids 
comprised >50% of the fish prey consumed. They found that the size of salmonids in the diet 
was at the low end of the available prey size spectrum. Using bioenergetic modeling, they 
estimated that Cutthroat Trout contributed to only a small fraction of the mortality of juvenile 
salmon in Puget Sound. 

Along the open coast and in the Columbia River plume they primarily consumed fishes 
(Northern Anchovy Engraulis mordax, greenlings, Cabezon Scorpaenichthys marmoratus 
and rockfish juveniles) by weight, although mysids, crab megalopae, and euphausiids fre-
quently occurred in their diets (Armstrong 1971; Fresh et al. 1981; Loch and Miller 1988; 
Brodeur et al. 1987; Pearcy et al. 1990; Brodeur and Pearcy 1992; Table 1). Cutthroat Trout 
were identified as one of the few predators on juvenile salmon in a comprehensive diet study 
of pelagic fishes (Brodeur et al. 1987). Many of the common prey in coastal waters are associ-
ated with the neustonic (upper 1 m) water column suggesting that they are feeding close to the 
surface (Pearcy et al. 1990). Based on stable isotope ratios of nitrogen, Cutthroat Trout were 
found to be feeding at among the highest trophic level of nekton examined by Miller et al. 
(2010), just below two shark species. Dietary overlap of Cutthroat with other juvenile salmo-
nids can be high in coastal waters (~50% with juvenile Chinook Salmon) due to the common 
utilization of fish as prey (Pearcy et al. 1990; Brodeur and Pearcy 1990). Cutthroat Trout also 
showed similar diets to juvenile Sablefish Anaplopoma fimbria, and Pacific Hake Merluccius 
productus in coastal marine waters (Miller et al. 2010).

Nothing is known about Cutthroat Trout feeding periodicity or food consumption in the 
open ocean. However, Mazur and Beauchamp (2006) analyzed both of these for a population 
inhabiting Lake Washington in Seattle, Washington. They found that Cutthroat Trout fed pri-
marily at crepuscular (dawn and dusk) and during the night and that the consumption rate was 
higher at night than during the day for all seasons. Goetz et al. (2011) monitored diel activities 
of Cutthroat Trout in Hood Canal and found that fish were most active during the day and 
crepuscular periods, declining at night, as expected of a visual predator (Hansen et al. 2013).
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Predation

Seabirds, marine mammals, and fishes are known to consume juvenile salmonids. They are 
an important component of the diets of Caspian terns and Double-crested Cormorants in the 
Columbia River estuary (Collis et al. 2002; Lyons et al. 2007). Herring et al. (2011) reported 
that up to 15% of the PIT tags from Cutthroat out-migrating from a tributary of the Columbia 
River were detected on a Caspian tern breeding colony. Cornwell et al. (2009) reported that the 
return of acoustically tagged fish to the Salmon River was low. Cormorants are also known to 
prey on juvenile salmonids in Oregon bays (Schreck et al. 2002). Potential predators on juve-
nile Cutthroat in the ocean include fishes, such as Pacific Hake, Spiny Dogfish Squalus acanth-
ias, adult salmon (Emmett et al. 2006); as well as seabirds (Varoujean and Matthews 1983) and 
marine mammals (NOAA 1997; Laake et al. 2002) such as harbor seals (Herring et al. 2011; 
Roby and Collis 2009; Zamon 2001). Giger (1972) found a high frequency of predator scars 
on upstream migrants of coastal Cutthroat Trout in the Alsea River, indicating likely predatory 
attacks by harbor seals. Juvenile salmonids were the second most important prey in the diet 
of Steller sea lions along the Oregon coast (Reimer et al. 2011) and their rookeries are found 
in close proximity to Cutthroat Trout rivers. Few studies have been able to positively identify 
Cutthroat Trout in the stomachs of predators. Kvitrud et al. (2005), found it difficult to distin-
guish between Steelhead and Cutthroat Trout in the diets of harbor seals using DNA analysis.

Effects of Climate and Ocean Conditions

Sea-run Cutthroat Trout are affected by dynamic atmospheric, ocean, and freshwater con-
ditions, which vary on multiple temporal scales. Prominent among these are the seasonal 
variation in the intensity of coastal upwelling, a driver of ocean productivity, extra-tropical 
expressions of El Niño events, which currently have return times of about 3–8 years, and in-
terdecadal changes in the PDO (Pacific Decadal Oscillation). These affect both freshwater and 
coastal ocean conditions (Lawson 1993; Beamish and Bouillon 1993; Mantua et al. 1997).

Highest average catches of Cutthroat Trout per km2 in surface trawls were taken during 
years of strong coastal upwelling and cool PDOs, such as in 1981 and 1985. In particular, 
1985 was a cool ocean year and also a year of good ocean survival of Coho Salmon (O. 
kisutch) off Oregon (Pearcy 1992). Catches in surface trawls (1998–2011) were highest in 
2009, several times higher than other years. This was a year of strong and persistent coastal 
upwelling and an early spring transition. Catches in 2001, 2004, and 2007 were also high, 
and these were also years of favorable ocean conditions off Oregon. No fish were caught 
offshore in 1998 and 1999 during or after the 1997/1998 El Niño. The estimated number of 
cutthroat passing the trap on Ten Mile Creek (OR) were highest from 2000–2003 and again in 
2009–2011 (C. Lorian, ODFW, personal communication), mostly following cool years with 
good freshwater and ocean conditions.

One of the best time series for coastal Cutthroat Trout is the annual counts at the Win-
chester Dam on the Umpqua River in Oregon (Johnson et al. 1994, 1999). These provide 
a time series from 1947 to 1998 (Figure 6). Large declines in dam counts occurred during 
1957–1964, following large El Niños, and again after the 1976/1977 regime shift to a pro-
longed period with a warm PDO. Return rates during the period from about 1960 through 
1974 were also a period confounded by the hatchery releases of Cutthroat in the Umpqua 
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(Johnson et al. 1994). These data for Cutthroat passing the dam however include many sizes 
of fish, including resident fish. Data on the number of Cutthroat over 38 cm (F. Carr, Oregon 
Department of Fish and Wildlife, personal communication) indicate that the numbers of large 
fish passing the dam were the highest from 1999–2002, and again in 2008–2010, including 
fish up to 46 cm in length, presumably repeat spawners. Both of these periods had favorable 
ocean conditions off the coast of Oregon with strong coastal upwelling, negative PDOs, early 
spring transitions and a cool, wet coastal environment. This contrasts with few fish counted 
in during 2003–2007, years of less favorable conditions, and, we assume, lower stream flows 
with warmer temperatures during migration, all suggesting that climatic conditions that affect 
streams and the ocean influence survival and the size of returning fish

Status and Population Declines

Coastal Cutthroat Trout experienced a major range-wide decline over the past several 
decades (Nehlsen et al. 1991, Johnson et al. 1999). They have been considered for threatened 
status but at the present time are not listed or considered for listing by the U.S. Fish and Wild-
life Service (2010) based on relatively healthy resident population and the production of anad-
romous fish from resident life history forms, suggesting that migratory and non-migratory 
fish may represent a single evolutionary lineage. Based on PIT tagging and genetic data for 
lower Columbia River tributaries Johnson et al. (2010) concluded single, randomly mating 
populations in each stream that produced both migratory and resident life history forms. This 
indicates that life history strategies of coastal Cutthroat Trout are predominantly determined 
by phenotypic plasticity rather than genotype. Expresssion of this plasticity is determined by 
habitat connectivity among spawning and rearing habitats, allowing expression of different 
life history forms.
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Figure 6. Numbers of large Cutthroat Trout (over 38 cm) counted at the Winchester Dam of the Umpqua 
River.
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Compared with other Oncorhynchus, little data exist on long-term trends in abundance 
based on coastwide reviews of the status and trends of coastal Cutthroat, largely because 
they are not ESA-listed and are not commercially harvested (Hall et al. 1997; Connelly et al. 
2008; and others in these Oregon Chapter of the American Fisheries Society publications). 
In the 2008 review Johnson et al. (2010) and Anderson (2008) reviewed the status of coastal 
Cutthroat from Washington, Oregon and California and reported declines in some regions, 
stable populations in others, and increasing trends in others. Most time series were short (be-
ginning in the late 1970s to the late 1990s), and had large fluctuations in catch per unit effort 
or numbers of fish counted, caught, or trapped, thus providing little evidence of long-term 
trends. Nevertheless, several river systems in Washington (Elochoman, Cowlitz, Coweeman, 
Toutle, and Abernathy) and Oregon (Nestucca, Trask, Wilson, and Umpqua) showed declines 
between the earlier years and the late 1990s. Some biologists involved in these status reviews 
thought that some populations had experienced significant declines, but consistent evidence 
for trends in abundance or productivity were not available, so they concluded that risk assess-
ments were not possible. Furthermore, abundance estimates often included both anadromous 
and non-anadromous forms, making assessment of the sea-run component difficult. Earlier 
research has shown sharp declines in both fishing effort and catches of wild sea-runs Cut-
throat Trout in the Alsea and Siuslaw rivers in Oregon between during 1966 and 1970 (Giger 
1972) and 1991–1993 (Oregon Department of Fish and Wildlife (1994, 1995) (Figure 7). 
Differences in survival and frequencies of repeat spawners between Sand Lake, where little 
fishing occurred, and the Alsea River, where survival was much lower, were attributed to 
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Figure 7. Wild sea-run Cutthroat Trout caught in the Alsea R. (Oregon) fishery from 1966–1970 (Giger 
1972) and from 1991–1993 (ODFW 1994, 1995).



919Ocean Ecology of Anadromous Coastal Cutthroat Trout

overexploitation by anglers (Giger 1972). Leider (1997; Leider, Washington Department of 
Fish and Wildlife, personal communication) also observed a large decrease in the numbers of 
Cutthroat Trout, both wild and hatchery, at the Kalama Falls Salmon Hatchery in Washington 
during the 1976–1994 return years. But Nickelson (1991) found no evidence for a decline in 
the abundance of pre-smolt Cutthroat over 11 years, 1980–1990, all years after the regime 
shift of 1976/1977. Oregon Department of Fish and Wildlife monitored trends of salmonids 
in traps in eight streams in western Oregon since the late 1990s. This report generally shows 
a decline in Coastal Cutthroat, both in upstream and downstream traps in more recent years, 
2010-2014 (ODFW 2015).  

Reagan and Olsen (2009) stated that the low number of adult Cutthroat Trout caught at 
the trap on the Hood River (OR) suggests that the anadromous form of this species may be se-
verely depressed. A survey of coastal Cutthroat Trout in the state of Washington in 2000 clas-
sified the status of most stocks “unknown,” with seven stocks in the lower Columbia River 
listed as “depressed” (Blakley et al. 2000). Vadas (2011) found a recent population decline 
of adfluvial Cutthroat by an order of magnitude reflecting summer/fall droughts in a pristine 
watershed in the Olympic National Park. Sea-run Cutthroat Trout were described as abundant 
in Puget Sound in the late 19th century (Jordan and Starks 1895), but more recently declines 
have been reported (see Johnson et al. 1999 and Blakley et al. 2000 for reviews). This had 
led to catch and release regulations in Puget Sound beginning in 1999.  However, extensive 
movments and mixed-stock fisheries may not protect small population. No long-term trends 
were noted in the redd counts in a tributary of Puget Sound, 2009–2015 (Losee et al. 2016).

Slaney and Roberts (2005) reviewed of the status of coastal Cutthroat Trout in the lower 
mainland watersheds of British Columbia. Albeit constrained by lack of data, they noted that 
some anadromous populations were extinct, others at high risk of extinction. In northern Brit-
ish Columbia, sea-run coastal Cutthroat Trout are caught in fish wheels that are installed an-
nually to monitor salmon escapements in the Nass River. Catches of cutthroat trout in the fish 
wheels are affected by flow, by numbers of wheels operating, and by their locations. Years of 
low flow tend to have lower catchability than years of higher flow. The summer of 2010 was 
a low flow year, yet the numbers of coastal Cutthroat Trout caught was the highest since 1994 
(Figure 8). El Niño conditions in 2008 and 2009 reverted to La Niña conditions with cool sea-
surface temperatures in the California Current and along British Columbia during the spring 
and summer of 2010 (Bjorkstedt et al. 2011; Crawford and Robert 2011) possibly explaining 
the high counts in 2010.

Threats

Coastal Cutthroat are characterized by more diverse, isolated, and localized populations 
than other species of Pacific salmon (Guy et al. 2008; Williams and Reeves 2008). One of the 
greatest risks for isolated populations is loss of migratory and anadromous life history forms 
with the ability to move across the landscape and recolonize habitats after local extinctions 
(Northcote 1997; Johnson et al. 1999; Griswold 2002; Williams and Reeves 2008).

Coastal sea-run Cutthroat make extensive use of freshwater and estuarine habitats, both 
of which have been subjected to an array of alterations and degradations in the past. These in-
clude agricultural developments, grazing, diking, dredging, filling, channelization, tide gates 
in estuaries. Losses of tidal wetlands and estuarine habitats in both Oregon and Washington 
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have been huge. On average about 70% of the tidal wetlands have been lost from filling and 
diking of Oregon estuaries between 1870 and 1970 (Thomas 1983). Similar losses have oc-
curred in Washington (Simenstad and Thom 1992; Johnson et al. 1999). In fresh water, log-
ging, road construction, inadequate fish passage, urbanization, dams and water diversions 
have degraded habitats. Overfishing, hatchery releases, and pollution, all result in loss of 
populations and degradation of many habitats (Johnson et al. 1999; Lichatowich 1999; Slaney 
and Roberts 2005; Connolly et al. 2008). The U.S. Fish and Wildlife Service (2010) concluded 
that estuarine degradation and forest management are major factors in declines in the Wash-
ington/Columbia River Distinct Population Segment. Logging activities have led to increased 
sedimentation, loss of riparian cover, and increased stream temperatures, all of which may 
have depressed Cutthroat Trout populations (Moring and Lantz 1975; Hall 2008). However, 
not all logging influences on cutthroat trout have been negative. In some circumstances, in-
creased solar energy on the stream channel has enhanced productivity of invertebrate prey and 
led to larger population size in clearcut stream segments (Murphy and Hall 1981; Wilzbach 
et al. 1986). Decimation of beaver also played a role since channel complexity, off-channel 
habitat and ponds were excellent rearing habitat for Cutthroat Trout (Naiman et al. 1986). 
These are all legacies of human-induced effects.

Future climate changes with low-flows and warmer stream temperatures during summer 
and fall,  higher stream flows in winter, changes in ocean conditions, increases in non-native 
fishes will all become increasing threats in the future (Reeves 2011), especially for popula-
tions in the southern end of the range.

Another concern is the declining frequency of large, repeat spawning Coastal Cutthroat. 
In early Oregon studies, about 70% of the returning wild fish were age 3, and over 80% of 
these had spawned once, and about 10% two times (Giger 1972; Bulkley 1966). In the Alsea 
River, most returning Cutthroat Trout were age 2–5 in 1992 (L. Borgerson, Oregon Depart-
ment of Fish and Wildlife, unpublished data). Similarly, the percentage of repeat spawners in 
Puget Sound rivers has declined (Johnson et al. 1999) with recent estimates concluding that 
less than 5% of adult cutthroat captured survive to spawn a second time (Losee et al. 2017). 
This results in the loss of multiple spawning events by larger more fecund fish, with negative 
effects on population productivity and resilience.

Figure 8. Annual counts of coastal Cutthroat Trout caught in a salmon assessment fish wheel on the Nass 
River, British Columbia.
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Hybridization with Rainbow Trout is another threat (Johnson et al. 1999). Although this 
was recognized many years ago by Nicholas (1978) and Utter (1981), it was thought it would 
be largely circumvented by spatial and/or temporal segregation of spawning. However, inter-
breeding with Rainbow Trout or Steelhead (O. mykiss) has been documented in streams along 
the west coast (Moore et al. 2010; Marston et al. 2005). Williams et al. (2007) reported that 
hybridization varies from over 58% in the Copper River Delta in Prince William Sound to 
no hybridization in some populations. Hybridization may cause general decreases in the vi-
ability of coastal Cutthroat Trout throughout much of their range (Johnson et al. 1999). In the 
Keogh River, British Columbia, Troffe et al. (2008) found that 6 percent of identified Steel-
head smolts sampled actually were hybrids with Cutthroat Trout, and about 27 percent of fish 
identified as Cutthroat had a hybrid lineage. Both Troffe et al. (2008) and Baumsteiger et al. 
(2005) concluded that some of these F1 hybrids survive to spawn successfully.

Summary

The anadromous Coastal Cutthroat Trout, ranging from California to Alaska, is one of the 
many forms of O. clarkii, which has the most diverse and complex life histories of any On-
corhynchus. Both anadromous and non-anadromous Cutthroat Trout often are found within 
the same population or basin and appear to be phenotypically different life histories and not 
distinct genetically. Because of their localized and often isolated populations, anadromy and 
movements across the landscape is critical for the survival of local populations. Sea-run Cut-
throat have been caught offshore in the southern portion of their range, but appear to reside 
closer to shore in shallow water to in their northern range. Their sojourn in the ocean is shorter 
than other Oncorhynchus, often residing in estuaries during the summer after downstream 
migration and not undertaking long ocean migrations. Little is known about factors that af-
fect their growth and survival in estuaries and the ocean, although cool, productive ocean 
conditions are correlated with high estimates of abundance. Because of their dependence on 
estuarine and freshwater habitats they are susceptible to many degradations of these habitats.

Future Research

The anadromous component of the life history of coastal Cutthroat Trout is important for re-
colonization and maintaining the genetic diversity of localized populations. To maintain resilience 
over the long term, gene flow from straying anadromous migrants is critical. Future management 
will therefore depend on conservation and enhancement of migratory sea-run life histories. Re-
search is needed on factors and conditions that influence anadromy and residency (e.g., tempera-
ture, flows, growth rates) as well as factors affecting the population size and residency and produc-
tivity in estuaries, the ocean and freshwater. Large repeat spawners may be especially important 
for a buffer against interannual variability and for recolonization. Barriers should also be removed 
to restore and facilitate connectivity among habitats and movements within landscapes.

Since many populations are small and isolated they should be managed and conserved at 
the level of individual stocks within watersheds, as Willis Rich as early as 1927 stated: “in the 
conservation of any natural, biological resource it may, I believe, be considered self-evident 
that the population must be the unit to be treated. By population I mean an effectively isolated, 
self-perpetuating group of organisms of the same species.” However, at present, data on the 
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status of coastal Cutthroat populations are too limited to determine the status and trends of 
most populations. Are they healthy? Do they need management? What are the major causes 
of the decline of many populations throughout their range? To answer these questions we 
need better data from population trends of abundance of migrants and spawners provided by 
monitoring, trapping, tagging, stream and redd surveys. Management options include fishing 
regulations, stream closures, catch limits, stream restorations, barrier removals and others. 
While conservative regulations in marine water have likely reduced overall mortality, dis-
tinct populations of anadromous Cutthroat Trout mix in marine waters.  This means efforts to 
protect small populations of Cutthroat Trout should be focused in freshwater where distinct 
populations segregate naturally.  Barriers should also be removed to facilitate connectivity 
within individual streams and between landscapes.  In addition, redd based escapement meth-
odologies utilized for other anadromous salmonids should be developed for Coastal Cutthroat 
Trout to allow for a cost effective estimate of abundance.

Currently a range-wide status assessment is being conducted by the Coastal Cutthroat Inter-
agency Committee (Griswold 2008, 2011; http://www.coastalcutthroattrout.org/). The objectives 
include creating a distribution database and assessing the current status and monitoring of popu-
lations. At present little or no monitoring occurs for Coastal Cutthroat or other non-commercial 
species. Coordination is provided by the Pacific States Marine Fisheries Commission and includes 
participation by California, Oregon, Washington, Alaska, federal and tribal agencies, and Brit-
ish Columbia. Important for future research are assessment of limiting factors  including climate 
change, non-native fishes, habitat conditions, and current state of the knowledge of hybridization 
with O. mykiss.  The effects of hybridization and introgression with O. mykiss  will require future 
research.

Clearly, future scenarios for Coastal Cutthroat Trout will depend on local and large-scale 
events including increased urbanization and climate change in the context of historical land use. 
How will climate change and resulting warmer freshwater habitats affect population structure, 
diverse life histories and connectivity among habitats? Cool spawning and rearing tributaries will 
be critical for maintaining healthy resident populations. However, warmer temperatures and lower 
flows in mainstem habitats may be an impediment to fluvial and anadromous life histories. Ther-
mal barriers to migration have been reported as a limiting  the expression of migratory life histories 
(K. Griswold, Pacific States Marine Fisheries Commission, personal communication).
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