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Conversion Factors
U.S. customary units to International System of Units

Multiply By To obtain

Flow rate

cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)

International System of Units to U.S. customary units

Multiply By To obtain

Length

centimeter (cm) 0.3937 inch (in.)
river kilometer (rkm) 0.3107 mile (mi)

Area

hectare (ha) 2.471 acre
square kilometer (km2) 247.1 acre
hectare (ha) 0.003861 square mile (mi2)
square kilometer (km2) 0.3861 square mile (mi2)

Volume

liter (L) 33.81402 ounce, fluid (fl. oz)
liter (L) 2.113 pint (pt)
liter (L) 1.057 quart (qt)

Mass

gram (g) 0.03527 ounce, avoirdupois (oz)

Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:

°F = (1.8 × °C) + 32.

Abbreviations
Campground	 Cowlitz Falls Campground on Cowlitz River Arm of Lake Scanewa

Cispus Arm		 Cispus River Arm of Lake Scanewa

Cowlitz Arm	 Day Use Park on Cowlitz River Arm of Lake Scanewa

GLM		  Generalized linear model

SD		  standard deviation

PUD		  Public Utility District





Behavior and Survival of Hatchery Rainbow Trout 
(Oncorhynchus mykiss) in the Upper Cowlitz River Basin, 
Washington, 2013 and 2017

By Amy C. Hansen, Tobias J. Kock, Brian K. Ekstrom, and Theresa L. Liedtke

Abstract
A two-year study (2013 and 2017) was conducted to 

determine if annual releases of hatchery rainbow trout (resi-
dent Oncorhynchus mykiss) in the upper Cowlitz River Basin, 
Washington adversely affected anadromous fish in the basin. 
Rainbow trout tagged with radio transmitters were monitored 
after release to describe movement patterns, entrainment rates 
at Cowlitz Falls Dam, and survival. Additionally, trout that 
were radio-tagged in 2017 were monitored during spring 2018 
to determine if any moved upstream and entered tributaries 
where winter steelhead (anadromous Oncorhynchus mykiss) 
spawning occurs. A total of 580 hatchery rainbow trout (122 
in 2013 and 458 in 2017) were radio-tagged and released at 
three release sites: (1) Cowlitz Falls Campground on Cowlitz 
River Arm of Lake Scanewa river kilometer (rkm) 155, (2) 
Cispus River Arm of Lake Scanewa rkm 1, and (3) Day Use 
Park on Cowlitz River Arm of Lake Scanewa rkm 146. Most 
radio-tagged trout (70 percent) remained within 6.4 rkm of 
the release site but some fish moved at least 25.7 rkm from 
the release site. The predominant movement direction was 
downstream. More than twice as many fish released at Cowlitz 
Falls Campground in 2017 (compared to the other two release 
sites) remained in the Cowlitz River, where potential overlap 
with steelhead occurs. A total of 28.3 percent of the study fish 
were entrained at Cowlitz Falls Dam. Apparent survival (time 
until movement ceased) for most tagged trout was fewer than 
100 days from release in both years and no fish were detected 
moving during the spring following their release. In summary, 
hatchery rainbow trout released upstream from Cowlitz Falls 
Dam seem to remain primarily in Lake Scanewa or entrained 
at Cowlitz Falls Dam with few fish surviving to winter 
months. We found no evidence of hatchery trout interacting 
with steelhead in spawning tributaries during spring months. 
These results suggest that trout stocking in the upper Cowlitz 
River Basin poses minimal threat to anadromous fish in 
the basin.

Introduction
Hatchery rainbow trout (Oncorhynchus mykiss) are 

commonly released into streams, lakes, and reservoirs to 
provide or supplement fisheries in various locations worldwide 
(MacCrimmon, 1971; Walters and others, 1997; Bettinger and 
Bettoli, 2002; Farrington and others, 2004; High and Meyer, 
2009; Candiotto and others, 2011). In the Pacific Northwest, 
United States, rainbow trout are annually released in some 
rivers to mitigate for fisheries that were eliminated because of 
the construction and operation of hydropower dams. Dams and 
reservoirs blocked access to the habitat of native anadromous 
salmon, resulting in the extirpation of these fishes upstream 
from many dams. In some cases, mitigation fisheries have 
been established to offset these losses.

In Lake Scanewa, upstream from Cowlitz Falls Dam, 
approximately 25,000 rainbow trout are released each year 
during June–August to mitigate for lost fishing opportunities 
when dams were constructed in the Cowlitz River during the 
1960s and 1990s. If many unharvested trout remain in the 
upper Cowlitz River Basin, resident and anadromous fishes 
could potentially be impacted. Estimates from creel surveys 
conducted during 2000 and 2010 indicated that less than one-
half of the released hatchery trout were eventually captured 
by anglers (Tipping and Serl, 2000; Liedtke and others, 2011). 
Liedtke and others (2011) also found 2.6 percent of trout 
greater than (>) 30 centimeters (cm) and 0.2 percent of trout 
less than (<) 30 cm had salmonids in their stomachs. Because 
the stomach content sampling did not seasonally coincide 
with the peak abundance of salmon fry and parr, these were 
likely conservative estimates of predation. These results 
indicated that hatchery trout could have an impact on juvenile 
salmonid populations, but dispersal and survival of the trout 
are unknown. Studies of hatchery rainbow trout in the upper 
Cowlitz River Basin prior to 2013 have focused on creel sur-
veys and stomach samples to estimate impact on anadromous 
salmonids.
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A substantial amount of research has assessed how 
hatchery rainbow trout respond after release in recreational 
fisheries. In general, studies have shown that rainbow trout 
tend to have low return-to-creel rates, limited dispersal from 
release sites, and low survival. Research on return-to-creel 
rates suggests that less than 50 percent of the released trout 
are eventually harvested by anglers (Cresswell, 1981; Heimer 
and others, 1985; Wiley and others, 1993). Previous studies 
on the Cowlitz River are consistent with this finding, with 
return-to-creel of 37.9 percent (Liedtke and others, 2011) and 
41 percent (Tipping and Serl, 2000). In many studies, hatchery 
rainbow trout generally remained close to the stocking site. 
Post-release dispersal in rivers and streams was often within 
5 river kilometers (rkm) (Shetter, 1947; Bjornn and Mallet, 
1964; Bettinger and Bettoli, 2002; High and Meyer, 2009), but 
most fish were caught within 1 rkm of the stocking location 
(Trembley, 1945; Helfrich and Kendall, 1982; Heimer and 
others, 1985; Baird and others, 2006). However, some studies 
showed rainbow trout moved as far as 24 rkm away (Shetter 
and Hazzard, 1941; Bjornn and Mallet, 1964; Bettinger and 
Bettoli, 2002). The limited dispersal of stocked fish is benefi-
cial for anglers (if access is not limited) and may help reduce 
potential interactions with native populations.

Stocked hatchery rainbow trout can reduce native fish 
populations because of competition and predation (Miller, 
1958; Beauchamp and others, 1995; Seiler and Keeley, 2009). 
Competition for resources such as space and food can contrib-
ute to low survival of resident fish, especially at high stocking 
rates (Petrosky and Bjornn, 1988). Hatchery fish tend to be 
more aggressive, more active, and are larger than wild conspe-
cifics and therefore have a higher metabolic rate (Butler, 1975; 
Ersbak and Haase, 1983; Mesa, 1991; McMichael and others, 
1999; Bettinger and Bettoli, 2002). Bachman (1984) found 
wild brown trout used a sit-and-wait approach for feeding, tak-
ing advantage of drifting food while hatchery fish moved more 
and fed less. The potential negative impacts that hatchery trout 
might have on resident populations would be short-term if the 

stocked fish died quickly or moved downstream. Research has 
shown that most rainbow trout survive less than 90 days fol-
lowing release (Shetter and Hazzard, 1941; Walters and others, 
1997; Bettinger and Bettoli, 2002; High and Meyer, 2009) and 
few trout survive to the following fishing season after a winter 
(Shetter and Hazzard, 1941; Cooper, 1953; Heimer and others, 
1985; Wiley and others, 1993; Meyer and Griffith, 1997).

We conducted a study in two separate years (2013 and 
2017), using radio telemetry to quantify movement and sur-
vival of hatchery rainbow trout from three release sites in the 
upper Cowlitz River Basin. The objectives were to assess post-
release movement, post-release survival, and potential spatial 
overlap with spawning steelhead.

Study Area

The Cowlitz River, in southwestern Washington, is a 
primary tributary to the lower Columbia River, the largest 
river in the Pacific Northwest. The Cowlitz River drains 6,698 
square kilometers (km2) on the western slopes of the Cascade 
Mountain range. Three dams are present: Mayfield (rkm 84) 
and Mossyrock (rkm 105) dams, constructed during the 1960s, 
and Cowlitz Falls Dam (rkm 143), which began operating in 
1994. The upper Cowlitz River Basin, located upstream from 
Cowlitz Falls Dam, is drained by the Cowlitz (1,577 km2 
drainage area) and Cispus (1,121 km2 drainage area) rivers 
(fig. 1). They share a confluence at rkm 144, near the center of 
Lake Scanewa, a small reservoir which has a surface area of 
264 hectares. Hatchery trout were stocked in three locations: 
(1) Cowlitz Falls Campground on Cowlitz River Arm of Lake 
Scanewa (Campground) at rkm 155, (2) Cispus River Arm of 
Lake Scanewa (Cispus Arm) at rkm 1, and (3) Day Use Park 
on Cowlitz River Arm of Lake Scanewa (Cowlitz Arm) at rkm 
146. Radio-tagged fish were released at Campground, Cispus 
Arm and Cowlitz Arm (fig. 1).



Methods    3

N

Cowlitz 
Falls 
Dam

Cowlitz River

Cispus River

km
0 1 2

Lake 
Scanewa

Riffe 
Lake

WASHINGTON

Campground

Cispus Arm

Cowlitz Arm

Reservoir boundary

Reservoir boundary

**

*

mi
0 1 2

W 121.95°W 122.07°W 122.13°

N 46.47°

N 46.51°

N 46.43°

W 122.01°

Figure 1.  Locations of fixed radio telemetry monitoring sites used only in 2013 (open triangles), fixed radio telemetry sites used 
in 2013 and 2017 (filled circles), fixed radio telemetry sites used in 2017 (open circles), and locations where radio-tagged rainbow 
trout were released (large stars), upper Cowlitz River Basin, Washington. Boundaries between the reservoir Lake Scanewa and the 
riverine Cowlitz and Cispus Rivers are denoted by red lines perpendicular to the rivers. [*, site added August 2017; **, site removed 
August 2017.]

Methods

Radio Telemetry Monitoring

Radio telemetry monitoring sites (hereafter, fixed sites) 
were installed at several locations in the Cowlitz River basin 
during 2013 and 2017 to monitor movements of rainbow trout 
that were tagged and released for the study. (fig. 1).

In 2013, fixed sites were installed at the following 
locations:

•	 Riffe Lake, Cowlitz River rkm 132.9

•	 Taidnapam Park, Cowlitz River rkm 136.8

•	 Cowlitz Falls Dam tailrace, Cowlitz River rkm 141.8

•	 Cowlitz Falls Dam Fish Facility, Cowlitz River 
rkm 142.1

•	 Cowlitz Falls Dam forebay, Lake Scanewa rkm 142.6

•	 PUD boat launch, Lake Scanewa rkm 144.0

•	 Day Use Park, Cowlitz River Arm of Lake Scanewa 
rkm 146.1

•	 Copper Creek, Cispus River Arm of Lake 
Scanewa rkm 1.6

In 2017, fixed sites were installed at the following 
locations:

•	 Taidnapam Park, Cowlitz River rkm 136.8

•	 Washington Department of Fish and Wildlife office, 
Cowlitz River rkm 138.4

•	 Cowlitz Falls Dam tailrace, Cowlitz River rkm 141.8

•	 Cowlitz Falls Dam Fish Facility, Cowlitz River 
rkm 142.1

•	 Cowlitz Falls Dam forebay, Lake Scanewa rkm 142.6

•	 Cowlitz Falls Dam fish separator, Lake Scanewa 
rkm 142.6
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•	 Mooring site, Lake Scanewa rkm 144.2

•	 Day Use Park site, Cowlitz River Arm of Lake 
Scanewa rkm 146.1

•	 Cowlitz River Arm of Lake Scanewa rkm 149.7

•	 Cowlitz Falls Campground, Cowlitz River Arm of 
Lake Scanewa rkm 154.5

•	 Lewis County PUD, Cowlitz River Arm of Lake 
Scanewa rkm 162.5

•	 Cispus Island, Cispus River Arm of Lake 
Scanewa rkm 0.6

•	 Copper Creek, Cispus River Arm of Lake 
Scanewa rkm 1.6

•	 200 Road, Cispus River rkm 4.8

•	 Kritter Camp, Cispus River rkm 8.0, deployed 
August 2017

•	 25 Road bridge, Cispus River rkm 11.3, removed 
August 2017

Mobile tracking was conducted (by vehicle and boat) to 
augment detections from fixed sites. During the 2013 study 
year, mobile tracking occurred on three dates: September 7, 
2014; November 16, 2014; and January 25, 2015. In 2017, 
mobile tracking occurred on 14 dates during July–November, 
2017. Trout tagged in 2013 were monitored on fixed gear 
through June 30, 2014, and trout tagged in 2017 were moni-
tored on fixed gear until July 25, 2018. Trout mobile track-
ing was supplemented by a concurrent radio telemetry study 
monitoring adult steelhead in 2017 and 2018 in Lake Scanewa 
and the Cowlitz and Cispus Rivers, upstream from the trout 
monitoring fixed sites (Liedtke and others, 2020).

Fish Tagging and Releasing

On each stocking date, hatchery rainbow trout (hereafter, 
rainbow trout) were transported by truck from a commer-
cial facility near Orting, Washington (about 1-hour transport 
time) to release locations in the upper Cowlitz River Basin. 
Approximately 25,000 fish, averaging 2 fish per pound, were 
stocked bi-monthly during June–August per year. Stocked fish 
were released at three sites on each release date (fig. 1).

Study fish were subsampled from the stocked fish just 
prior to release or collected in the reservoir. During the 
2013 study, approximately 40 fish were radio-tagged in July, 
August, and November for a total of 122 trout (table 1). 
During the July and August tagging events, fish were net-
ted from the transport truck at the Cispus Arm stocking site 
located at rkm 1. Following tagging at the Cispus Arm site, 
one-half of the fish were released, and one-half were trans-
ported by boat to the Cowlitz Arm and released. During the 
November tagging event, fish were collected in Lake Scanewa 
using hook and line, transported to the PUD boat launch for 
radio-tagging, and then transported by boat to the Cowlitz 
Arm and Cispus Arm release sites. In 2017, fish were net-
ted from the transport truck, tagged, and released at three 
stocking sites—Campground, Cispus Arm, and Cowlitz Arm. 
Approximately 50 tagged rainbow trout were released at each 
stocking site in June, July, and August, for a total of approxi-
mately 150 fish each month (table 1).

Prior to tagging, fish were held in containers with flow-
through river water at densities less than 20 grams (g) of 
fish per liter of water. Collected fish were held from 1 to 6 
hours until tagging, except for the fish collected by angling 
in November of 2013, which were held overnight to recover 
from collection then tagged and released the following day. 
Radio transmitters were surgically implanted using methods 
described by Liedtke and others (2012). Ten percent Aqui-S 
20E® (Aqua Tactics, Kirkland, Washington) was used as an 
anesthetic during tagging. Radio-tag model TX-PSC-I-450 
(8.5 g in air; Sigma Eight, Inc.) was implanted during 2013. 

Table 1.  Number and size of hatchery rainbow trout tagged and released, by month of release, in the upper Cowlitz River Basin, 
Washington, 2013 and 2017.

[N, sample size; min, minimum; max, maximum; St. dev., standard deviation]

Month N
Fork length (centimeters) Weight (grams)

Mean (min–max) Median St. dev Mean (min–max) Median St. dev.

2013

Jul 40 26.0 (24.2–28.2) 25.8 1.1 200.9 (168.9–265.5) 195.6 24.1
Aug 41 26.9 (21.8–30.8) 26.6 1.6 218.1 (180.0–331.0) 210.0 32.1
Nov 41 27.3 (25.3–30.0) 27.4 1.1 210.6 (172.3–280.6) 206.8 25.8

2017

Jun 152 25.0 (13.8–29.5) 25.2 1.9 158.8 (80.2–261.3) 156.0 33.1
Jul 150 25.6 (21.0–30.2) 25.7 1.5 176.4 (103.1–252.7) 174.7 31.0
Aug 156 25.8 (14.3–30.3) 25.8 1.8 181.4 (118.0–313.1) 178.1 34.2
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In 2017, model TX-PSC-I-80 (4.2 g in air; Sigma Eight, Inc.) 
was used to accommodate smaller fish. Expected life of the 
transmitters was 2,501 days in 2013 and 445 days in 2017. 
Tagged fish recovered for 10 minutes or until fish reached 
equilibrium in 68-liter plastic totes and then were released.

There were no differences in fish size between release 
sites, but size varied by month (fig. 2; table 1). In 2013, 
there were no differences in mean fork length or weight 
of fish between release sites (one-way generalized linear 
model [GLM]; fork length P=0.9754; weight P=0.3430). 
Fork lengths of tagged fish ranged from 21.8 to 30.8 cm 
(mean 26.7; standard deviation [SD] 1.4) and weights ranged 
from 168.9 to 331.0 g (mean 210.0; SD 28.3). Fork length 
increased each month (one-way GLM; P<0.0001) and fish 
were heavier in August than the other two months (one-way 
GLM; P=0.0219; fig. 2; table 1), but lighter in November. In 
2017, there were no differences in mean fork length or weight 
of fish between release sites (one-way GLM; fork length 
P=0.2119; weight P=0.0822). Fish were longer and heavier 
in each consecutive tagging event (one-way GLM; P=0.0002; 

P=0.0001). Mean fish size in 2017 was 25.5 cm fork length 
(range 13.8–30.3; SD 1.8) and a weight of 172.4 g (range 
80.2–313.1; SD 34.2; fig. 2; table 1). Mean tag burden (weight 
of the transmitter expressed as a percentage of fish weight) 
was 4.1 percent in 2013 and 2.5 percent in 2017.

Data Analysis

Detection records from fixed telemetry sites and from 
mobile tracking were merged with tagging and release data 
to create a combined detection dataset. False positive detec-
tions were identified in the dataset using an automated filter 
described in Beeman and Perry (2012). The remaining data 
were reviewed by the authors and reconciled to create the final 
dataset. All Global Positioning System coordinates of fish 
locations were rounded to the nearest river mile in each river 
or creek and then converted to river kilometers. These data 
were managed, processed, and analyzed using SAS® version 
9.4 (Cary, North Carolina).
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Figure 2.  Radio-tagged hatchery rainbow trout fork lengths by date and release location in the upper Cowlitz River Basin, 
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Our goal was to determine the following: (1) how far fish 
moved away from release sites, (2) how long fish survived 
after release, (3) the proportion of released fish that were 
entrained at Cowlitz Falls Dam, and (4) if tagged rainbow 
trout were detected in steelhead spawning tributaries during 
the steelhead spawning period. The maximum distance moved 
was calculated to determine the maximum river kilometer 
detected upstream and downstream from each release site. Fish 
entrained at the dam were of interest because they were no 
longer available for harvest. Entrainment at Cowlitz Falls Dam 
occurred if a fish passed downstream from the dam through 
the turbines or into the fish collection facility. Percent entrain-
ment was calculated by dividing the number of tagged fish 
collected at Cowlitz Falls Dam or detected downstream from 
Cowlitz Falls Dam by the total number of tagged fish released 
during each study year. To determine if a flow-entrainment 
relationship existed, mean daily flow data on the Cowlitz 
River downstream from Cowlitz Falls Dam were downloaded 
from U.S. Geological Survey National Water Information 
System (U.S. Geological Survey, 2020) and compared to daily 
observations of tagged fish in the collection facility at the 
dam and downstream from the dam. Apparent survival was 
calculated using fish movement data. Fish detected moving 
within the study area were assumed to be alive, whereas fish 
that stopped moving and never were detected moving again 
were assumed to be dead. Apparent survival was defined as the 
elapsed time from release until movement cessation. Elapsed 
time from release to movement cessation was plotted using 
the Kaplan-Meier survivorship function to illustrate apparent 
survival. Statistical significance was assessed using an alpha 
of 0.05 when comparing apparent survival.

The fate of each fish was identified to estimate the 
percentage of fish that were in the Cowlitz River or Cispus 
River, that remained in Lake Scanewa, fell back downstream 
from Cowlitz Falls Dam, or were harvested or predated. Fish 
were assigned Cowlitz River or Cispus River fates if they 
were last detected in either river; fish were assigned a Lake 
Scanewa fate if they were last detected in Lake Scanewa; and 
fish were assigned an entrainment fate if they were detected 
downstream from Cowlitz Falls Dam or collected in the fish 
collection facility at the dam. Harvest was determined from 
angler reports. In addition, tags mobile tracked to residences 
were assigned to the harvest fate. Fish that were tracked to 
areas on land or near birds of prey nesting areas were assigned 
to a predation fate.

Evaluation of Spawning Overlap with Steelhead

During 2017 and 2018, a concurrent telemetry study was 
conducted in the upper Cowlitz River Basin that focused on 
adult steelhead (O. mykiss) movements (Liedtke and others, 
2020). A total of 130 natural and 85 hatchery-origin steelhead 
were radio-tagged and released at the Cowlitz Arm site and 
at rkm 28 in the Cispus River from February through May of 
2017 and 2018. From March 2017 to July 2018, we mobile 
tracked radio-tagged steelhead and trout in an area encom-
passing the trout study—45 rkm in the Cispus River near the 
confluence of Prospect Creek and the 72 rkm in the Cowlitz 
River upstream from Cowlitz Falls Dam. Nearby tributaries 
were also monitored; mobile tracking occurred in 18 Cowlitz 
River tributaries and 13 Cispus River tributaries.

Results
A total of 69.6 percent of tagged fish stayed within 6.4 

rkm of the release site but some fish moved at least 25.7 rkm 
from the release site (fig. 3). A total of 24.7 percent of fish 
moved between 6.5 and 12.9 rkm while few fish (5.5 percent) 
moved more than 12.9 rkm away from the release site (fig. 3). 
Five percent of fish did not leave the release site and, of the 
fish that did move from the release site, movement was lim-
ited and predominantly downstream. The median maximum 
distance moved was 3.2 rkm downstream and 0 rkm upstream 
for both years. Tagged fish moved greater distances away 
from the release site in 2017 than in 2013 and were detected 
as far as 25.7 rkm upstream and 24.1 rkm downstream. There 
were few differences in maximum distance moved between 
release month in either year, but some fish in 2017 moved a 
greater distance upstream after release in July and August than 
in June.

Most fish released at the Lake Scanewa release sites 
(Cispus and Cowlitz Arms) stayed in Lake Scanewa or were 
entrained (were collected at or passed through Cowlitz Falls 
Dam in Lake Scanewa). Similarly, most (67.3 percent) of the 
fish released at the river site (Campground) remained in the 
Cowlitz River. More than one-half (58.2 percent) of the 2013 
trout and 30.8 percent of the 2017 trout released at Cispus or 
Cowlitz Arms had fates indicating their last detection was in 
Lake Scanewa compared to 0.7 percent of the Campground-
released fish (table 2). In 2013, few fish had river fates 
(Cowlitz or Cispus) while 3.3, 6.5, 15.7, and 20.4 percent of 
fish released at the Lake Scanewa release sites had river fates 
in 2017 (table 2). River fates suggest a potential overlap with 
steelhead who spawn in the upstream tributaries of the Cowlitz 
and Cispus Rivers and 67.3 percent of Campground fish 
remained in the Cowlitz River at the end of the study.
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Figure 3.  Percentage of radio-tagged rainbow trout by maximum distance moved from release site in the upper Cowlitz River Basin, 
Washington, 2013 and 2017.

Table 2.  Percentage of fish and their fate, by year of release, in the upper Cowlitz River Basin, Washington, 2013 and 2017.

[Campground, Cowlitz Falls Campground on Cowlitz River Arm of Lake Scanewa]

Release site No detections Cowlitz River Cispus River Lake Scanewa Entrained Harvest Predation

2013

Cispus Arm 1.6 1.6 0.0 66.1 22.6 1.6 6.5
Cowlitz Arm 0.0 13.3 0.0 50.0 21.7 5.0 10.0
Total 2013 0.8 7.4 0.0 58.2 22.1 3.3 8.2

2017

Campground 0.0 67.3 0.7 0.7 22.9 5.9 2.6
Cispus Arm 1.3 6.5 15.7 38.6 26.1 1.3 10.5
Cowlitz Arm 0.7 20.4 3.3 23.0 40.8 3.9 7.9
Total 2017 0.7 31.4 6.6 20.7 29.9 3.7 7.0



8    Behavior and Survival of Hatchery Rainbow Trout in the Upper Cowlitz River Basin, Washington

Few tagged fish were reported as harvested in either 
year. Of the 122 radio-tagged trout released in 2013, four (3.3 
percent) were known to be harvested, three of them between 
December 2013 and January 2014. Harvests occurred 22, 
25, 61, and 86 days after release. In 2017, four tags were 
reported as harvested fish by anglers. These fish were released 
at the Cispus Arm (n=2) and Cowlitz Arm (n=2) sites. Of the 
reported harvest, fish were captured 14, 32, 32, and 52 days 
after release. Several radio tags were mobile tracked to areas 
considered to be evidence of harvest, such as near a residence. 
An additional 13 fish in 2017 were considered harvested for a 
total of 3.3 percent in 2013 and 3.7 percent in 2017 (table 2). 
Total harvest numbers are likely underestimated due to few 
reported harvested fish compared to other studies in the 
upper Cowlitz River Basin. Some fish were mobile tracked 
to locations indicating predation, including proximity to a 
bird of prey nest. Ten fish in 2013 (8.2 percent) and 32 fish in 
2017 (7.0 percent) were assigned predation as their final fate 
(table 2).

A total of 28.3 percent of fish released were entrained at 
Cowlitz Falls Dam by either collection at the Cowlitz Falls 
Fish Facility or fallback downstream into Riffe Lake. A nearly 
equal percentage of fish released in 2013 at the two release 
sites were detected as fallbacks in Riffe Lake (22.6 and 21.7 
percent; table 2). No radio-tagged trout were recorded at the 
collection facility in 2013. In 2017, 7.6 percent of fish were 
collected at Cowlitz Falls Dam and 22.3 percent were detected 
as fallbacks in Riffe Lake. Fish released at the Cowlitz 
Arm site experienced substantially higher fallback than fish 
released at the Cispus Arm and Campground sites (table 2). 
Most entrainment occurred in August and early September 

when flows were low, but entrainment continued throughout 
winter in both years (fig. 4). Median time to entrainment was 
33.5 days in 2013 and 9.4 days in 2017.

Most fish were entrained or stopped moving and were 
assumed to have died within 100 days of release. Median 
apparent survival (time from release to entrainment or move-
ment cessation) was nearly double in 2013 (30.4 days) than in 
2017 (16.4 days) but the survival trends were similar (fig. 5). 
A total of 75 percent of fish stopped moving by day 57 in 
2013 and day 45 in 2017 and less than 9.0 percent of fish were 
detected moving within the study area after 100 days in both 
years. None of the tagged trout were detected moving during 
spring months in the year following release. There were no 
differences in apparent survival between month of release in 
either year (Wilcoxon test, 2013: Z=4.3145, P=0.1156; 2017: 
Z=3.7221, P=0.1555). In 2017, fish released at the Cispus Arm 
had slightly longer apparent survival (median Cispus Arm 26.2 
days) compared to fish released at the other two sites (median 
Campground 13.7 days; Cowlitz Arm 12.8 days).

Evaluation of Spawning Overlap with Steelhead

The last detected movement of any rainbow trout was 
within 165 days of release and no movement was detected 
the following spring of either year. Some radio-tagged trout 
moved upstream and were last detected in the Cowlitz and 
Cispus Rivers during the year they were released. However, 
all those fish had detection histories which indicated that they 
died, and we never detected tagged rainbow trout in either 
river the following spring when steelhead spawning occurred. 
No tagged trout were detected during mobile tracking as part 
of the steelhead effort in 2018. No radio-tagged trout released 
in 2013 or 2017 were found in steelhead spawning tributaries.
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Figure 4.  Number of radio-tagged rainbow trout, by date and release month, entrained at the Cowlitz Falls Dam and line graph 
showing discharge at Cowlitz Falls Dam in the upper Cowlitz River Basin, Washington, 2013 and 2017.
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Figure 5.  Apparent survival of radio-tagged rainbow trout, in days by year of release, in the upper Cowlitz River Basin, Washington, 
2013 and 2017.

Discussion
Tagged hatchery rainbow trout primarily remained near 

release sites and most had an apparent survival of less than 
100 days. The results from this study are consistent with 
other studies. For example, Trembley (1945) and Baird and 
others (2006) found rainbow trout moved less than 1.6 rkm 
from release locations in Spring Creek, Pennsylvania and 
the Moose River, New York, respectively. In other studies, 
rainbow trout moved less than 5 rkm (Shetter, 1947; Bjornn 
and Mallet, 1964; High and Meyer, 2009). High and Meyer 
(2009) reported 85 percent of trout were presumed dead at 30 
days after release in an Idaho River. In Tennessee, 93 percent 
of stocked rainbow trout died or moved out of the study area 
within 11 weeks of stocking (Bettinger and Bettoli, 2002). 
Similarly, in the Colorado River, trout were only caught within 
four weeks of stocking (Walters and others, 1997). Our find-
ings suggest that rainbow trout survival in the upper Cowlitz 

River Basin is relatively short, providing angling opportunities 
in the summer months near the release sites, but long-term 
survival beyond the summer fishing season is limited.

High harvest rates close to the stocking dates can influ-
ence potential low survival within a few months after stocking 
(Cresswell, 1981; Dillon and others, 2000; High and Meyer, 
2009). There were few reports of study fish harvested in either 
year of our study, which could be a result of our limited pres-
ence at the boat ramps during fishing season, lack of creel 
surveys, unreported or illegal harvest, or reluctance of anglers 
to report tags. From creel surveys in 2010, Liedtke and others 
(2011) reported 1,214 anglers resided in the county encom-
passing the study area. Using mobile tracking, we detected 
several unreported radio tags in residences, providing evidence 
to categorize these fish as harvested. These residences were 
away from water bodies, reducing the possibility of errant 
radio signals. In addition, we mobile tracked some transmitters 
to areas on land. These land-based locations could have been 
a combination of avian predation, natural mortality of a trout 
followed by scavengers dragging the carcass to land, or angler 
harvest and tag removal. More than one-half of the known 
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harvest was within 32 days of release with the remaining 
harvest at 2–3 months from release. When combining reported 
harvest with predation from our mobile tracking efforts, our 
harvest rates are still likely underestimated. We found 11.5 
and 10.7 percent combined harvest and predation in our 2013 
and 2017 study years, respectively. Creel surveys were not 
conducted in either study year. Using creel surveys, Tipping 
and Serl (2000) and Liedtke and others (2011) reported 38–41 
percent of stocked rainbow trout were harvested in the upper 
Cowlitz River Basin, leaving many fish in our studies unac-
counted for.

Once released, hatchery fish have a hard time transition-
ing from manufactured pellets to variable and seasonal food 
sources in the wild. In the wild, hatchery fish concentrate on 
food that is similar in size, shape, and coloration to artificial 
food pellets in hatchery diets (Ersbak and Haase, 1983). In the 
first months after stocking, planted hatchery trout lost weight 
due to starvation (Miller, 1952; Ersbak and Haase, 1983). As 
food resources change throughout the year, hatchery rainbow 
trout had difficulty adapting to available food as evidenced 
by few prey items (Fenner and others, 2004) and limited 
variety in their diet (Weiland and Hayward, 1997). In addi-
tion to limited variety in their diet, hatchery trout tended to 
spend more time and effort actively feeding, thereby increas-
ing their caloric requirements (Butler, 1975; Bachman, 1984). 
Although it was not a formal part of our study, we observed 
evidence of the feeding challenges for hatchery rainbow trout. 
Fish collected for tagging by angling in the upper Cowlitz 
River Basin in November 2013 were the survivors of the July 
and August releases. The fish collected in November had 
greater fork length but weighed less than those released in 
July and August, suggesting that trout released in the upper 
Cowlitz River Basin lost weight in the 3–4 months following 
release. Water temperature, food availability, and competition 
can affect growth rates (Miller, 1958; Beauchamp and oth-
ers, 1995; Baird and others, 2006; Seiler and Keeley, 2009), 
but based on examination of stomach contents (Liedtke and 
others, 2011), hatchery trout in this study seemed to not be 
feeding effectively. We believe this ineffective foraging was 
the primary factor influencing lack of growth. The lack of 
adapting to effectively foraging in the wild may cause some of 
the low apparent survival beyond 100 days.

Several studies have reported that hatchery rainbow trout 
consumed live prey. In laboratory trials, hatchery rainbow 
trout diets consisted of less than one-half of the prey than that 
of wild fish (Ward and others, 2018), suggesting that stocked 
trout may impact live prey less than native steelhead. In the 
upper Cowlitz River Basin, Liedtke and others (2011) found 
fish prey in 2.3 percent of stomachs sampled, but two-thirds 
of the prey were non-salmon species. Liedtke and others 
(2011) estimated their 2.1 percent of salmonid predation 
was an underestimate due to the timing of their creel cen-
sus which coincided with fewer juvenile salmonids pres-
ent. Predation was highest in the upper Cowlitz River Basin 
during February, March, and May (Liedtke and others, 2011), 
when few of the tagged trout were thought to be alive. Size 

of the fish can impact piscivory where larger fish consume 
more prey. Beauchamp (1990) reported rainbow trout >25 cm 
were piscivorous throughout the year in Lake Washington, 
Washington. In the upper Cowlitz River Basin, more than 
eightfold of salmonids were consumed by trout >30 cm long 
than trout less than 30 cm long (Tipping and Serl, 2000; 
Liedtke and others, 2011). Less than 1 percent of hatchery 
trout released in 2013 and 2017 were >30 cm, indicating that a 
small percentage of the stocked trout could be impacting live 
prey and juvenile salmonids could be at risk. However, few 
juvenile anadromous salmonids should be in the upper Cowlitz 
River Basin when trout are present, due to the short-term pres-
ence of most trout.

Our trout telemetry results indicated that few hatchery 
trout survive more than 3 months after release, and mobile 
tracking during the steelhead spawning period later in the year 
also failed to identify the presence of tagged trout in steelhead 
spawning tributaries. These findings align with one of the 
assumptions of the trout stocking program: that unharvested 
fish will not interact with natural-origin steelhead (Mike Kohn, 
Lewis County Public Utility District, personal communication, 
2016). However, in other basins, resident rainbow trout have 
been shown to spawn with steelhead. In the Yakima River 
Basin in Washington, 7–20 percent of steelhead had resident 
maternal life histories in two separate years (Courter and 
others, 2013). McMillan and others (2007) reported mating 
attempts between female steelhead and wild resident males 
in the Calawah and Sol Duc river basins, Washington. In the 
Babine River in British Columbia, Canada, Zimmerman and 
Reeves (2000) reported mixing of maternal genes between 
rainbow trout and steelhead life histories. Of concern is the 
evidence that indicates hatchery fish may negatively impact 
wild fish through competition (physical contact, displacement; 
McMichael and others, 1999). Hatchery trout do interact with 
anadromous steelhead, although there is little evidence of it 
occurring in the upper Cowlitz River Basin based on our eval-
uations with tagged trout. However, in 2017 we captured video 
of a natural-origin male rainbow trout courting a radio-tagged 
female hatchery-origin steelhead in a tributary of the Cowlitz 
River (h​ttps://www​.usgs.gov/​media/​videos/​anadromous-​
steelhead-​and-​resident-​rainbow-​trout-​interactions), illustrating 
the potential for steelhead-rainbow trout progeny.

Managers can improve the trout stocking program in the 
Cowlitz River Basin in several ways. They can continue to 
use several small releases of fish compared to one large one, 
allowing multiple periods when fish are available for harvest. 
Most of the angling is from June to September (Liedtke and 
others, 2011) and releases in these months will support angling 
opportunities. Fish released at the Cispus Arm site tend to 
remain near the release site for a longer period, allowing for 
greater opportunities of harvest. The falls just upstream from 
the Cispus Arm site may provide a partial natural barrier for 
rainbow trout because low numbers of tagged trout were 
detected upstream. Fish, including steelhead, can ascend the 
falls, but few trout do, keeping the trout mostly in the lake or 
the arms where they are less likely to interact with steelhead. 

https://www.usgs.gov/media/videos/anadromous-steelhead-and-resident-rainbow-trout-interactions
https://www.usgs.gov/media/videos/anadromous-steelhead-and-resident-rainbow-trout-interactions
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While the Cowlitz Arm is convenient for anglers due to the 
proximity of a boat ramp, more fish released there are prone 
to entrainment at Cowlitz Falls Dam, making them unavail-
able for harvest. The risk of entrainment, although reducing 
angling opportunities, also reduces the risk of trout compet-
ing with anadromous fish in the upper Cowlitz River Basin. 
Entrainment is related to flows and lake drawdowns and is 
variable between years. Tagged fish moved a greater distance 
upstream after release in July and August than June 2017, 
likely seeking cooler water as Lake Scanewa warmed dur-
ing the summer. Trout released at the Campground are more 
likely to head upstream or stay in the Cowlitz River, poten-
tially interacting with steelhead. Eliminating the Campground 
release site, thereby reducing the total number of trout 
released, and continuing stocking trout at the lake release sites 
(Cispus and Cowlitz Arms) over a period of several months 
in the summer may be a strategy to provide continued angler 
satisfaction and minimize the likelihood of interactions with 
anadromous salmonid stocks.

In summary, the short apparent survival and limited 
movement of radio-tagged rainbow trout indicate stocked rain-
bow trout have a low impact to anadromous steelhead, either 
during spawning periods or during the juvenile outmigration 
when predation is a concern. However, not all the release 
locations posed equivalent risk to impacting anadromous fish. 
Eliminating the Campground release site may reduce the risk 
of potential interaction of rainbow trout and adult steelhead in 
the Cowlitz River and still assist in meeting the goals of the 
trout release program.
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