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Evaluation of Factors Affecting Migration Success of 
Adult Sockeye Salmon (Oncorhynchus nerka) in the 
Yakima River, Washington, 2020

By Tobias J. Kock,1 Amy C. Hansen,1 Scott D. Evans,1 Richard Visser,2 Brian Saluskin,3 Andrew Matala,3 and 
Paul Hoffarth4

Abstract
A study was conducted during June–October 2020 to 

evaluate factors affecting the migration success of adult 
sockeye salmon (Oncorhynchus nerka) in the Yakima River, 
Washington. A total of 144 adult sockeye salmon were tagged 
and released during the study. Most fish (112 fish) were col-
lected, tagged with passive integrated transponder (PIT), 
and released at the mouth of the Yakima River. The remain-
ing fish were tagged with a radio transmitter and PIT tag: 13 
fish were collected, tagged, and released at Prosser Dam; 13 
fish were collected and tagged at Prosser Dam, transported 
downstream, and released at the mouth of the Yakima River; 
and 6 fish were collected, tagged, and released at the mouth of 
the Yakima River. Radio-tagged fish released at Prosser Dam 
initially moved upstream and spread out in the river reach 
between Prosser and Sunnyside Dams, but all fish stopped 
moving and several transmitters were recovered. Detection 
records and temperature data from recovered transmitters were 
the basis for inferring that avian predators consumed at least 6 
of the 13 fish. Fifteen of the 19 radio-tagged sockeye salmon 
released at the mouth of the Yakima River moved upstream 
in the Columbia River and were detected at Johnson Island 
in the Hanford Reach, or at Priest Rapids Dam. Two of these 
fish, tagged on August 7, eventually moved back downstream 
and entered the Yakima River when water temperatures in the 
lower Yakima River were 16–18 degrees Celsius (°C). One 
fish moved upstream to Sunnyside Dam where its tag was later 
recovered. The other fish moved farther upstream and was 
detected at Prosser Dam, but eventually moved downstream 
and its tag was recovered near Benton City, Washington. 
None of the recovered tags were found near a carcass. More 
than one-half of the sockeye salmon that were collected, 
tagged, and released at the mouth of the Yakima River were 

1U. S. Geological Survey

2Bureau of Reclamation

3Yakama Nation Fisheries

4Washington Department of Fish and Wildlife

subsequently detected, and the greatest proportion of fish from 
groups released during June, July, and August entered the 
Yakima River. This finding suggests that adult sockeye salmon 
are present at the mouth of the Yakima River throughout the 
summer. Detection records for tagged fish at monitoring sites 
located near cool water inputs in the lower Yakima River sug-
gest that sockeye salmon do not spend a substantial amount 
of time at these locations. Fish count data at Prosser Dam fish 
ladders showed that sockeye salmon had a bi-modal pattern 
of upstream migration with peaks in late June/early July and 
September when water temperature in the lower Yakima River 
was 20 °C or less. Sixty-one percent of PIT-tagged sockeye 
salmon detected at Prosser Dam were eventually collected 
at the adult fish trapping facility at Roza Dam where fish are 
collected and transported upstream to Cle Elum Reservoir. 
These data, in conjunction with results from other studies, 
suggest that a substantial proportion of Yakima River sockeye 
salmon fail to arrive at Roza Dam. Additional research will be 
required to better understand factors affecting Yakima River 
sockeye salmon.

Introduction
The Yakima River, in Washington State, historically 

supported the largest run of sockeye salmon (Oncorhynchus 
nerka) in the Columbia River Basin, with an estimated 
150,000–200,000 adults returning annually to spawn (Yakama 
Nation, 1990; Bureau of Reclamation, 2005). Spawning histor-
ically occurred in four nursery lakes (Keechelus, Kachess, Cle 
Elum, and Bumping Lakes), but access to each of these lakes 
was blocked by dams constructed during 1904–10 (Yakama 
Nation, 1990). The construction of these dams prevented 
returning adult sockeye salmon from accessing the nursery 
lakes and the population eventually was extirpated. As a result, 
sockeye salmon were absent from the Yakima River for a 
century until efforts were initiated in the 2000s to reintroduce 
anadromous fish populations to areas they historically occu-
pied (Bureau of Reclamation, 2005; Matala and others, 2019).
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In 2002, as part of a settlement agreement with the 
Yakama Nation, the Bureau of Reclamation (Reclamation) 
agreed to evaluate the feasibility of constructing fish pas-
sage structures at five reservoir dams in the Yakima Basin, 
eventually determining that this was feasible (Bureau of 
Reclamation, 2005, 2011). After the feasibility determination, 
Cle Elum Dam was chosen as the first site where fish pas-
sage facilities were to be constructed. The Yakama Nation and 
Washington Department of Fish and Wildlife began planning 
to reintroduce sockeye salmon into the Yakima Basin and in 
2009 Yakama Nation began releasing adult sockeye salmon 
into Cle Elum Reservoir. The initial reintroduction consisted 
of outplanting 1,000 adult sockeye salmon into the reservoir 
where they could spawn along shorelines or move upstream 
into the Cle Elum River for spawning. Outplanted fish origi-
nating from either the Wenatchee River or Okanogan River 
were collected for translocation at Priest Rapids Dam on the 
main-stem Columbia River during annual spawning migra-
tions (Matala and others, 2019). Monitoring indicated that 
outplanted adults were able to successfully spawn upstream 
from Cle Elum Dam and produce progeny that eventually 
migrated to the ocean (Brian Saluskin, Yakama Nation, oral 
commun., July 2017). Based on this success, annual outplant-
ing efforts have continued since 2009 and in some years as 
many as 10,000 adult sockeye salmon collected at Priest 
Rapids Dam have been released into the reservoir. These 
releases now include fish from three origins: Wenatchee River 
and Okanogan River sockeye salmon from Priest Rapids Dam 
and Yakima River sockeye salmon that return to the basin for 
spawning. The latter fish are progeny of outplanted sockeye 
salmon that spawned naturally in Cle Elum Reservoir and 
in the Cle Elum River. The number of adult sockeye salmon 
that returned to the Yakima River and were collected at Roza 
Dam has varied substantially from a low of 95 fish to a high of 
4,379 fish since 2013 (table 1).

Adult sockeye salmon pass McNary Dam (located 69 
river kilometers [rkm] downstream from the Yakima River 
mouth) during June–August (fig. 1) each year; spawning in 
the upper Yakima River Basin occurs from late September 

through November (Matala and others, 2019). Migratory 
conditions in the lower Yakima River are extreme, where 
water temperatures commonly exceed 24 degrees Celsius 
(°C) when summer air temperature peaks (Appel and oth-
ers, 2011). This environment is believed to deter fish from 
entering the river and moving upstream because sockeye 
salmon are observed passing Prosser Dam when this occurs. 
This phenomenon, referred to as a “thermal block,” has been 
documented for sockeye salmon at several locations including 
the Fraser River (migration blocked at 18–22 °C; Macdonald 
and others, 2000), and the Okanogan River (migration blocked 
at 21–23 °C; Major and Mighell, 1967; Hatch and others, 
1993) in British Columbia, Canada, and the Snake River in 
Washington (migration blocked at 22 °C; Quinn and oth-
ers, 1997). In addition to preventing adult sockeye salmon 
from entering the Yakima River during part of their normal 
migration period, elevated water temperature in the Yakima 
and Columbia Rivers has the potential to increase mortal-
ity of sockeye salmon adults, which has been documented 
in numerous studies throughout the Pacific Northwest (Rand 
and others, 2006; Keefer and others, 2008; Mathes and others 
2010; Eliason and others, 2011; Jeffries and others, 2012; 
Martins and others, 2012; National Oceanic and Atmospheric 
Administration, 2016).

Although elevated summer water temperature is a threat 
to adult sockeye salmon in the lower Yakima River, research 
by Appel and others (2011) has identified several cool water 
inputs near locations where groundwater discharge seeps 
and stream mouths enter the river. These areas of incoming 
cool water have the potential to provide thermal refuge and 
benefit adult sockeye salmon if they locate in and use them as 
a source of thermal relief during extended warm periods. Sites 
such as these have been described in other systems as cool 
water (or cold water) refugia and are hypothesized to benefit 
fish species that encounter them (Ebersole and others 2001; 
U.S. Environmental Protection Agency, 2012; Hess and others, 
2016). As an example, Ebersole and others (2003) reported 
that the increasing frequency and size of cold-water patches 
were associated with increased abundances of rainbow trout 
(Oncorhynchus mykiss) and Chinook salmon (Oncorhynchus 
tshawytscha) in northeastern Oregon.

A telemetry study was conducted during June–
October 2020 to evaluate factors affecting migration of adult 
sockeye salmon in the Yakima River. This study follows a 
pilot study conducted during 2019 that included radio-tagging 
of 60 adult sockeye salmon released in the lower Yakima 
River and at the mouth of the Yakima River mouth in June 
and July (Kock and others, 2020). Tagged fish released in the 
river in June moved downstream and out of the Yakima River 
several days after release when water temperature increased 
from 20 °C to greater than 25 °C (Kock and others, 2020). 
Tagged sockeye salmon failed to reenter the Yakima River 
until September when water temperature decreased to less 
than 20 °C and only 1 of the 60 tagged fish eventually moved 
upstream to Roza Dam where fish are collected and trans-
ported to a release site on the Cle Elum River  

Table 1. Number of adult sockeye salmon returning annually to 
Prosser and Roza Dams, Yakima River, Washington, 2013–20.

Year
Number of fish at 

Prosser Dam
Number of fish at 

Roza Dam

2013 696 691
2014 2,678 2,576
2015 342 95
2016 3,742 3,949
2017 372 137
2018 456 201
2019 110 201
2020 2,549 4,379
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(Kock and others, 2020). The 2020 study was designed to fur-
ther assess factors affecting migration of adult sockeye salmon 
in the Yakima River. All study fish were tagged with a PIT 
tag and a subset of these also were tagged with a temperature-
sensing radio transmitter. Fish primarily were released at the 
mouth of the Yakima River to evaluate behavior and move-
ment patterns from that location upstream to Roza Dam, but a 
few fish also were released at Prosser Dam. Results from the 
2020 study are described in this report.

Methods

Fish Collection and Tagging

Adult sockeye salmon were collected, tagged, and 
released at two locations during the study. A total of 26 fish 
were collected and tagged with a radio transmitter and PIT tag 
at Prosser Dam from June 19 to June 22, 2020. One-half of the 
tagged fish (13 fish) were released into the forebay of Prosser 
Dam to resume upstream migration in the Yakima River. The 
remaining 13 fish were transported downstream by truck and 
released at the mouth of the Yakima River to collect informa-
tion on fish behavior downstream from Prosser Dam (fig. 2; 
table 2). Additionally, 112 fish were collected, tagged, and 
released at the mouth of the Yakima River on three dates from 
June 26 to August 7, 2020 (fig. 2). All 112 fish were tagged 
with a PIT tag and 6 of these also were tagged with a radio 
transmitter (table 2).

Fish collected at Prosser Dam were trapped in the 
southernmost fish ladder (river right bank) at the dam. To 
operate the fish trap, a weir was lowered into the fish ladder 
to prevent fish from moving upstream past the weir and water 
was diverted from the ladder through a steeppass that had 
an entrance located immediately downstream from the weir. 
To enter the trap, fish moved upstream through the steep-
pass and fell about 1 meter (m) into the wetted trap where 
they remained until tagging occurred. The trap was checked 

once per day at about 8:00 a.m. Fish tagged on June 19 and 
20 were collected over approximately 24 hours whereas fish 
tagged on June 22 were collected over approximately 48 
hours. Fish were hand netted from the trap and transferred to 
a 378-liter (L) holding tank that contained fresh river water. 
Each fish was measured to the nearest centimeter for fork 
length, sex was visually estimated, PIT tags were implanted 
into the pelvic girdle, and a radio transmitter (Lotek Wireless; 
Model MCFT3–EM-T-L®; Newmarket, Ontario, Canada) 
was implanted gastrically using methods described in Keefer 
and others (2004). The transmitters contained a sensor that 
recorded body temperature at 1-minute intervals in addition to 
emitting a signal every 5 seconds. The transmitters were able 
to measure and record body temperature associated with water 
temperature throughout the range from -6 to 34 °C. The record 
of body temperatures was downloadable when transmitters 
were recovered at the end of the study. After tagging, fish were 
transferred to a fish hauling truck for downstream transport to 
the lower river release site, transferred to a boat, and released 
in the center of the channel at the mouth of the Yakima River.

Angling was used to collect fish at the mouth of the 
Yakima River. The Washington Department of Fish and 
Wildlife organized a group of volunteer anglers to collect fish 
for tagging on three days (June 26, July 17, and August 7, 
2020). On each day, a total of 26 anglers fished on six boats 
from about 5:00 a.m. until 10:00 a.m. The tagging crew oper-
ated a seventh boat that remained close to the angling boats. 
The tagging crew monitored the angling boats continuously 
and when fish were caught, pulled alongside individual boats 
to transfer fish to a 378-L holding tank filled with fresh river 
water. Each fish was tagged with a PIT tag, measured to the 
nearest centimeter for fork length, and its sex was visually 
estimated. Six of these fish also were tagged with a radio 
transmitter on August 7, 2020, using methods described earlier 
in this section. Tagged fish were released near the point of 
capture as soon as they appeared to be visibly recovered from 
the collection and tagging process.

Table 2. Number of adult sockeye salmon collected and tagged on the lower Yakima River, Washington, 2020.

[RT+PIT: Radio telemetry transmitter- plus passive integrated transponder-tagged. FL range: Fork length range; cm, centimeters. Abbreviations: NA, not 
applicable, data not available]

Collection location Tagging date
Prosser Dam Yakima River mouth

RT+PIT 
(number of fish)

FL range 
(cm)

RT+PIT 
(number of fish)

FL range 
(cm)

PIT only 
(number of fish)

FL range 
(cm)

Prosser Dam June 19, 2020 2 47–49 2 48–50 NA NA
Prosser Dam June 20, 2020 9 41–53 9 45–49 NA NA
Prosser Dam June 22, 2020 2 48–53 2 47–49 NA NA
Yakima River mouth June 26, 2020 NA NA NA NA 12 46–52
Yakima River mouth July 17, 2020 NA NA NA NA 38 44–52
Yakima River mouth August 7, 2020 NA NA 6 49–55 62 45–56

Total fish tagged 13 41–53 19 45–55 112 44–56
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Figure 2. Locations of fish release sites (black arrows) and fixed radio telemetry monitoring sites (black closed diamonds) used to 
detect tagged fish in the Yakima and Columbia Rivers, Washington. Image is the intellectual property of Esri and is used herein under 
license. Copyright © 2021 Esri and its licensors. All rights reserved. Hwy, Highway; I-182, Interstate Highway 182.

Fish Monitoring Array

A total of 11 fixed monitoring sites were established to 
detect tagged fish moving within the study area. All moni-
toring sites contained radio telemetry equipment and were 
located downstream from Roza Dam on the Yakima River 
and downstream from Priest Rapids Dam on the Columbia 
River (fig. 2). Monitoring sites on the Yakima River were 
located in the tailrace of Roza Dam (rkm 205.8), at Sunnyside 
Dam (rkm 167.0), at Marion Drain near Granger, Washington 
(rkm 132.6), at Prosser Dam (rkm 75.5), at the confluence of 
Spring and Snipes Creeks and the Yakima River (rkm 67.1), 
at Chandler Outfall (rkm 57.6), at the confluence of Corral 
Creek and the Yakima River (rkm 53.9), at Wanawish Dam 
(rkm 29.0), and at the I-182 Bridge (rkm 7.5). Monitoring 
sites on the Columbia River were located approximately 16.2 
rkm upstream from the mouth of the Yakima River at Johnson 
Island (rkm 555.2) and approximately 7.0 rkm downstream 
from the mouth of the Yakima River at the Highway 395 
Bridge in Kennewick, Washington (rkm 532). Sites in the 
Yakima River were operated continuously from June 19 to 
October 21, 2020. Sites in the Columbia River were operated 
continuously from June 16 to October 26, 2020.

Mobile tracking was conducted to collect additional 
information on the location of tagged fish in the study area 
between fixed sites. A vehicle was used to slowly drive along 
the river, where feasible, while monitoring for the presence of 
tagged fish. In the lower Yakima River and Columbia River, 
a boat was used to conduct mobile tracking. When a tagged 
fish was observed, the date, time, and coordinates (latitude 
and longitude) of the detection location were recorded. Mobile 

tracking was conducted 3–4 times per month during the study 
period. If the mobile tracking crew encountered a tag that was 
not moving, they attempted to locate the tag to determine the 
fate of the fish. A final effort to locate and recover tags in the 
Yakima River was attempted at the end of the study period.

Data Analysis

Detection records from fixed monitoring sites were 
merged with tagging and release records to create a prelimi-
nary dataset. The preliminary dataset then was integrated 
with mobile tracking records to create a draft dataset that was 
proofed using an automated program to remove non-valid 
detection records. Records were determined to be non-valid if 
(1) they occurred prior to release, (2) the signal strength was 
less than the 90th percentile of the signal strength of detec-
tions of tag identification codes that were not released during 
the study (noise), (3) less than three consecutive detections 
occurred at a given monitoring station (consecutive detections 
had to be 60 seconds or less apart), and (4) it was impos-
sible for the detection to occur geographically (for example, 
detections at separate locations with timestamps that would 
have exceeded the swimming capability of the fish). These 
criteria were used in the automated program to remove non-
valid detection records from the dataset containing detections 
of study fish. The auto-proofed dataset then was manually 
reviewed to confirm that the auto-proofing process was suc-
cessful and to verify that the dataset could be considered final 
for analysis. This final dataset was used for all data queries 
and analyses presented in this report.
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Environmental Conditions

We used data collected at existing streamgages in the 
Yakima River to describe water temperature and river flow 
patterns during the study. Daily water temperature data from 
the U.S. Geological Survey (USGS) streamgage located 
on the Yakima River at the Van Giesen Bridge in Richland, 
Washington (about rkm 13.5; USGS streamgage 12511800) 
were downloaded for the June 1, 2020–October 1, 2020 time 
period from the following site: https:/ /waterdata .usgs.gov/ 
wa/ nwis/ uv/ ? site_ no= 12511800&PARAmeter. Data at this 
streamgage were not available after October 1, 2020. Daily 
water temperature data from the USGS streamgage located on 
the Columbia River at Pasco, Washington (USGS streamgage 
12514400) were downloaded for June 1, 2020–October 1, 
2020 from the following site: https:/ /waterdata .usgs.gov/ wa/ 
nwis/ uv/ ? site_ no= 12514400&agency_ cd= USGS. Historical 
water temperature data from 2013 to 2020 were downloaded 
from USGS streamgage 12514400 and the Reclamation 
streamgage on the Yakima River in the Chandler fish screen 
weather station (about rkm 46) from the following site:  
h ttps://www .usbr.gov/ pn- bin/ yak/ webarccsv.pl? station= 
CFSW&year= 2013&month= 6&day= 1&year= 2020&month= 
10&day= 1&pcode= WZ. Daily river flow data from the 
Reclamation streamgage on the Yakima River in the Prosser 
Dam tailrace (about rkm 75.6) were downloaded for June 1, 
2020–October 1, 2020 from the following site: h ttps://www 
.usbr.gov/ pn- bin/ yak/ webarccsv.pl? station= YRPW&year= 
2019&month= 6&day= 1&year= 2019&month= 10&day= 
31&pcode= QD. Diel periods were assigned using civil twi-
light at Prosser, Washington, downloaded at https://sunrise- 
sunset.org/ us/ prosser- wa/ 2020/ 10.

Fish Behavior

Radio-Tagged Fish
We examined the final dataset to describe the behavior 

of tagged fish and movements using six reaches of the study 
area (table 3). Final locations of fish were determined from a 

combination of fixed and mobile detections, PIT detections, 
transmitter temperature data, and tag recoveries. We queried 
detection records to determine if there was evidence that fish 
used cool water refugia during their migration. To do this, 
we first calculated residence times of tagged fish at all sites 
including known areas of cool water inputs at Spring and 
Snipes Creeks, Chandler Outfall, Corral Creek, and I-182 
Bridge sites. Residence times were determined by subtract-
ing the time of first detection at each site from the time of last 
detection at that same site. If a fish made multiple trips past a 
site (a trip is defined as detection at a site after being detected 
at another site or detection at the same site after an absence of 
detections for greater than 1 hour), then the time spent at the 
site during the multiple trips also was included in the residence 
time (that is, it was possible for one fish to have multiple trips 
at a site). If fish used these sites as cool water refugia, we 
would expect to see extended residence times at those sites. 
Data from 2019 were included for comparison (Kock and 
others, 2020). Diel periods using civil twilight were assigned 
to each detection. Radio transmitters that were recovered were 
downloaded to obtain water temperature data records. These 
records were merged with detections from fixed monitoring 
sites and mobile tracking to determine individual fish locations 
at specific times during the temperature history.

Passive Integrated Transponder-Tagged Fish
Tagging and detection history data of PIT-tagged adult 

sockeye released in the Columbia River Basin were down-
loaded from the PTAGIS website (htt ps://www.p tagis.org/ ) on 
January 15, 2021. The percentage of tagged fish that moved 
upstream from Prosser Dam and arrived at Roza Dam was 
calculated by dividing the number of fish detected in the fish 
ladder at Roza Dam by the number of tagged fish detected in 
fish ladders at Prosser Dam. Travel time was calculated as the 
elapsed time between the last detection at Prosser Dam and the 
first detection at Roza Dam. Diel periods were assigned using 
civil twilight at Prosser, Washington.

Table 3. Study reach descriptions used in this report.

  Reach name   Reach description

Downstream from McNary Dam Columbia River, downstream from McNary Dam.
McNary Dam to Yakima River mouth Columbia River, from the forebay of McNary Dam to the Yakima River mouth.
Snake River Snake River, upstream from Ice Harbor Dam.
Yakima River Yakima River, upstream from the Yakima River mouth.
Hanford Reach Columbia River, from the mouth of the Yakima River to the tailrace of Priest Rapids Dam.
Upstream from Priest Rapids Dam Columbia River, upstream from Priest Rapids Dam.

https://waterdata.usgs.gov/wa/nwis/uv/?site_no=12511800&PARAmeter
https://waterdata.usgs.gov/wa/nwis/uv/?site_no=12511800&PARAmeter
https://waterdata.usgs.gov/wa/nwis/uv/?site_no=12514400&agency_cd=USGS
https://waterdata.usgs.gov/wa/nwis/uv/?site_no=12514400&agency_cd=USGS
https://www.usbr.gov/pn-bin/yak/webarccsv.pl?station=CFSW&year=2013&month=6&day=1&year=2020&month=10&day=1&pcode=WZ
https://www.usbr.gov/pn-bin/yak/webarccsv.pl?station=CFSW&year=2013&month=6&day=1&year=2020&month=10&day=1&pcode=WZ
https://www.usbr.gov/pn-bin/yak/webarccsv.pl?station=CFSW&year=2013&month=6&day=1&year=2020&month=10&day=1&pcode=WZ
https://www.usbr.gov/pn-bin/yak/webarccsv.pl?station=YRPW&year=2019&month=6&day=1&year=2019&month=10&day=31&pcode=QD
https://www.usbr.gov/pn-bin/yak/webarccsv.pl?station=YRPW&year=2019&month=6&day=1&year=2019&month=10&day=31&pcode=QD
https://www.usbr.gov/pn-bin/yak/webarccsv.pl?station=YRPW&year=2019&month=6&day=1&year=2019&month=10&day=31&pcode=QD
https://www.usbr.gov/pn-bin/yak/webarccsv.pl?station=YRPW&year=2019&month=6&day=1&year=2019&month=10&day=31&pcode=QD
https://sunrise-sunset.org/us/prosser-wa/2020/10
https://sunrise-sunset.org/us/prosser-wa/2020/10
https://www.ptagis.org/
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Results

Environmental Conditions

Water temperature in the lower Yakima River exceeded 
20 °C most days from mid-June to early September and 
peaked at 28 °C on July 31, 2020 (fig. 3). River flows were 
about 700 cubic feet per second (ft3/s) on the first day of tag-
ging and remained at less than 1,000 ft3/s on most days until 
mid-October. Flow peaked in the fall on October 27, 2020 at 
3,270 ft3/s. Columbia River water temperature was less than 
20 °C during most of the study period. In mid-September, 
Yakima River water temperatures cooled and decreased to less 
than Columbia River water temperatures for the remainder of 
the study (fig. 3).

Fish Behavior

Radio-Tagged Sockeye Salmon Released at 
Prosser Dam

Radio-tagged sockeye salmon released in the forebay of 
Prosser Dam initially moved upstream and spread out in the 
Prosser Dam-to-Sunnyside Dam reach. A total of six tagged 
fish (46 percent) were detected at Marion Drain and two fish 
(15 percent) were detected at Sunnyside Dam. However, all 
fish stopped moving within 2 weeks of release and several 
transmitters were recovered in the Prosser Dam-to-Sunnyside 
Dam reach. Thermal history data from those transmitters were 
plotted along with Columbia River and Yakima River water 
temperature and detection events (app. l, figs. 1.1–1.6). One 
transmitter was recovered approximately 100 m upstream in 
Sulphur Drain (rkm 98), which enters the Yakima River near 
Sunnyside, Washington; one transmitter was recovered near 
the Chandler Fish Handling Facility (rkm 75); one transmitter 
was recovered 8 rkm downstream from Sunnyside Dam (rkm 
159); two transmitters were recovered 16 rkm downstream 
from Sunnyside Dam (near Buena, Washington, rkm 151); 
and one transmitter was recovered in the tailrace of John Day 
Dam. None of the recovered tags were located inside or near 
a carcass at the time of recovery. Temperature data from the 
tag collected near the Chandler Fish Handling Facility were 
consistent with the internal body temperature of a bird, which 
suggests that the fish had been consumed by an avian preda-
tor (app. 1, fig. 1.2) and presumably was transported down-
stream to the recovery site by the bird. Similarly, based on a 
combination of radiotelemetry and temperature data, another 
fish was detected near Prosser Dam for three days and then 
transported to the tailrace of John Day Dam, presumably by 
an avian predator (app. 1, fig. 1.6). The PIT tag of a third 
fish (tagged on June 20) was recovered at the Badger Island 
avian colony on the Columbia River, upstream from McNary 
Dam. Temperature records and detections from fixed sites 
indicated that at least three other tagged fish were consumed 
by avian predators for a total of 6 fish out of the 144 adult 

sockeye salmon tagged during the study. These six fish were 
last detected at Marion Drain (1 fish), Spring and Snipes Creek 
(1 fish), Chandler Fish Handling Facility (1 fish), and Prosser 
Dam (3 fish). None of the tagged fish released at Prosser Dam 
were detected upstream from Sunnyside Dam.

Radio-Tagged Sockeye Salmon Released at 
Yakima River Mouth

Sixteen of the 19 radio-tagged sockeye salmon released 
at the mouth of the Yakima River were detected at radiote-
lemetry or PIT-tag monitoring sites. Of those 16 fish, two 
fish were detected downstream from McNary Dam, four fish 
were detected between McNary Dam and the mouth of the 
Yakima River, two fish were detected in the Yakima River, 15 
fish were detected in the Hanford Reach, and two fish were 
detected upstream from Priest Rapids Dam. Of the fish that 
moved upstream to the Hanford Reach, all were detected at 
the Johnson Island site within 1–4 days after tagging. Twelve 
of those fish made multiple trips to Johnson Island and two 
were detected at Priest Rapids Dam. One of the fish detected 
at Priest Rapids Dam eventually moved upstream and was 
detected at Rock Island Dam.

The last known locations of radio-tagged fish included 
two fish downstream from McNary Dam in John Day 
Reservoir, two fish in the Yakima River, two fish near the 
mouth of the Yakima River, nine fish in the Hanford Reach, 
and one fish upstream from Priest Rapids Dam (table 4). One 
fish, released at the mouth of the Yakima River on June 20, 
2020, moved upstream into the Hanford Reach, was detected 
in the fish ladder at Priest Rapids Dam, and then moved 
downstream, passed McNary Dam, and was harvested in 
John Day Reservoir (fig. 4). Two fish, tagged and released 
on August 7, were detected at the Johnson Island site in the 
Hanford Reach and then later entered the Yakima River when 
the water temperature was 16–18 °C (fig. 5). One fish moved 
upstream to Sunnyside Dam and stopped; the transmitter was 
recovered there on October 26, 2020 (fig. 6). The other fish 
moved upstream to Prosser Dam and then back downstream. 
Its transmitter was recovered upstream from Wanawish Dam 
on October 22, 2020 (fig. 7). Three radio-tagged fish released 
at the mouth of the Yakima River were never detected during 
the study (two from the June release; one from the August 
release).

Detection records were plotted to show the relation 
between diel arrival period (daytime versus nighttime) and 
residence time at fixed telemetry sites within the study area 
(fig. 8). These data were plotted along with results from the 
2019 study (Kock and others, 2020) to provide a summary 
of multi-year residence times at fixed telemetry sites to-date 
(fig. 8). Most tagged fish spent less than 10 hours at fixed 
sites in the study area during both years. Sites where extended 
residence (greater than 20 hours) occurred included Sunnyside 
Dam, Prosser Dam, Chandler Outfall, and Wanawish Dam 
(fig. 8).
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Figure 3. Sockeye salmon tagging dates (red vertical lines), mean daily river flow in the Yakima River (light blue line), mean daily 
water temperature in the lower Yakima River (dark blue line), and mean daily water temperature in the Columbia River (black dotted 
line) near Richland, Washington, June 1–October 1, 2020.
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Table 4. Final locations of radio- and passive integrated transponder-tagged adult sockeye by release month after collection and 
release at the mouth of the Yakima River, Washington, 2020.

[Detection history: Downstream from McNary Dam (Columbia River river kilometer [rkm] 0 to 470); McNary Dam to Yakima River mouth (Columbia 
River rkm 470 to 539); Snake River (Snake River rkm 0 to 173); Yakima River (Yakima River rkm 0 to 206); Hanford Reach (Columbia River rkm 539 to 
639); Upstream from Priest Rapids Dam (Columbia River upstream from rkm 639); Avian predation, which includes PIT-tag recovery at Badger Island in the 
Columbia River (rkm 512). PIT: Passive integrated transponder-tagged; no., number of fish. RT+PIT: Passive integrated transponder plus radio telemetry 
transmitter-tagged]

Detection history
June July August Combined

PIT 
(no.)

Total 
(percent)

PIT 
(no.)

Total 
(percent)

RT+PIT
PIT 

(no.)
Total 

(percent)
Total 

(percent)

Downstream from Mc-
Nary Dam

0 0 (0) 1 1 (3) 0 0 0 (0) 1 (1)

McNary Dam to Yakima 
River mouth

0 0 (0) 0 0 (0) 1 1 2 (3) 2 (2)

Snake River 0 0 (0) 0 0 (0) 0 0 0 (0) 0 (0)
Yakima River 6 6 (50) 11 11 (29) 2 24 26 (38) 43 (36)
Hanford Reach 0 0 (0) 1 1 (3) 1 1 2 (3) 3 (2)
Upstream from Priest 

Rapids Dam
2 2 (17) 7 7 (18) 1 5 6 (9) 15 (13)

Avian predation 0 0 (0) 1 1 (3) 0 1 1 (1) 2 (2)
Not detected 4 4 (33) 17 17 (44) 1 31 31 (46) 52 (44)

Total 12 12 (100) 38 38 (100) 6 68 68 (100) 118 (100)
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Figure 4. Water temperature use data (thick black line) collected by a radio transmitter inside an adult sockeye salmon (fork 
length 48 centimeters) released at the mouth of the Yakima River on June 20, 2020. The fish was harvested in John Day Reservoir on 
July 8, 2020. Black text boxes identify times and locations of detection in the study area. Water temperature data from the Columbia 
River (blue line; streamgage PAQW, Pasco, Washington) and Yakima River (red line; streamgage CFSW; Chandler Fish Screens) are 
included for reference. PIT, passive integrated transponder.
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Figure 5. Mean daily water temperature as measured at the Van Giesen Bridge (U.S. Geological Survey streamgage 12511800) 
in Richland, and number of radio-tagged sockeye salmon that entered the Yakima River and were detected on a fixed site, 
Washington, 2020.
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Figure 6. Water temperature use data (thick black line) collected by a radio transmitter inside an adult sockeye salmon (fork length 
49 centimeters) released at the mouth of the Yakima River on August 7, 2020. The transmitter was recovered near Sunnyside Dam 
on October 26, 2020. Black text boxes identify times and locations of detection in the study area. Water temperature data from the 
Columbia River (blue line; streamgage PAQW, Pasco, Washington) and Yakima River (red line; streamgage CFSW; Chandler Fish 
Screens) are included for reference. CR, Creek; PIT, passive integrated transponder.
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Figure 7. Water temperature use data (thick black line) collected by a radio transmitter inside an adult sockeye salmon (fork 
length 53 centimeters) released at the mouth of the Yakima River on August 7, 2020. The transmitter was recovered near Benton City, 
Washington, on October 22, 2020. Black text boxes identify times and locations of detection in the study area. Water temperature 
data from the Columbia River (blue line; streamgage PAQW, Pasco, Washington) and Yakima River (red line; streamgage CFSW; 
Chandler Fish Screens) are included for reference. CR, Creek.
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Figure 8. Residence time by diel arrival period for radio-tagged adult sockeye salmon at fixed telemetry sites on the lower Yakima 
River, Washington, 2019–20. Diel period is defined by civil twilight and potential cool water sites are shaded gray. Multiple trips of fish 
are included, and total number of trips are shown below the data points for each site.

Passive Integrated Transponder-Tagged Sockeye 
Salmon Released at Yakima River Mouth

A total of 112 adult sockeye salmon were PIT-tagged and 
released at the mouth of Yakima River in June (12 fish), July 
(38 fish), and August (62 fish) 2020. Sixty-one (54 percent) 
of the PIT-tagged sockeye salmon eventually were detected 
on PIT-tag antennas in the Yakima, Columbia, and Snake 
Rivers (table 5). Detection locations included Three Mile Falls 
Dam on the Umatilla River; McNary Dam on the Columbia 
River; Ice Harbor Dam on the Snake River; Yakima River; 
Ringold Springs Hatchery, Priest Rapids Hatchery and Dam, 
Rock Island Dam, Rocky Reach Dam, and Wells Dam on the 
upper Columbia River; and the Wenatchee River including 
Tumwater Dam. The largest percentage of tagged fish from 

monthly release groups were detected in the Yakima River (50 
percent of June-released fish; 29 percent of July-released fish; 
37 percent of August-released fish; table 5).

Based on location of last detection of the 112 PIT-tagged 
sockeye salmon, 37 percent of the fish (41 fish) entered the 
Yakima River, 14 percent (16 fish) moved upstream in the 
Columbia River, 2 percent (2 fish) moved downstream from 
McNary Dam, and 46 percent (51 fish) were not detected 
(table 5). Two PIT tags were recovered at Badger Island, 
which presumably was the result of avian predation. The final 
location of the combined total of 61 detected PIT-tagged fish 
was predominantly in the Yakima River (67 percent) and was 
highest after release in June and August (fig. 9). A total of 26 
percent of PIT-tagged fish were last detected in the Columbia 
River at Priest Rapids or upstream.
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Table 5. Detection history of passive integrated transponder-tagged adult sockeye salmon released at the mouth of the Yakima River in 
river reaches by chronological detection history and release month, Washington, 2020.

[Detection history: Downstream from McNary Dam (Columbia River rkm 0 to 470); McNary Dam to Yakima River mouth (Columbia River kilometer [rkm] 
470 to 539); Snake River (Snake River rkm 0 to 173); Yakima River (Yakima River rkm 0 to 206); Hanford Reach (Columbia River rkm 539 to 639); Upstream 
from Priest Rapids Dam (Columbia River upstream from rkm 639); Avian predation, which includes passive integrated transponder-tag recovery at Badger 
Island in the Columbia River (rkm 512)]

Detection history
Number of fish detected

June July August Total

Avian predation 0 1 1 2
McNary Dam to Yakima River mouth to downstream from McNary Dam 0 1 0 1
McNary Dam to Yakima River mouth to the main-stem Yakima River 0 0 1 1
McNary Dam to Yakima River mouth 0 0 1 1
Yakima River 6 11 23 40
Hanford Reach 0 1 1 2
Upstream from Priest Rapids Dam to the Snake River to upstream from Priest Rapids Dam 0 1 0 1
Upstream from Priest Rapids Dam 2 6 5 13
No detection 4 17 30 51

Total 12 38 62 112
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Figure 9. Percentages of detected passive integrated transponder-tagged adult sockeye salmon at final locations by release month 
after release at the mouth of the Yakima River, Washington, 2020. %, percent.
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During 2020, a total of 56 PIT-tagged sockeye salmon 
were detected in the Yakima River after tagging and release at 
Bonneville Dam (14 fish), the mouth of the Yakima River (41 
fish), and Priest Rapids Dam (1 fish). Upstream movement by 
PIT-tagged fish in the Yakima River occurred primarily during 
early July and September (fig. 10). Most (63 percent) PIT-
tagged fish arrived at Prosser Dam during daylight hours, but 
many fish (21 percent) arrived just after sunset (figs. 11–12). 
Fifty-five percent (31 of 56) of the PIT-tagged fish that passed 
Prosser Dam eventually moved upstream and were detected at 
Roza Dam (table 6; fig. 13), including 21 of the fish released 
at the mouth of the Yakima River. Median travel time from 
Prosser Dam to Roza Dam was 9.1 days (range = 6.0–41.2 
days).

Water Temperature Use
Tagged sockeye salmon experienced a range of tempera-

tures in the Yakima and Columbia Rivers. Fish released at 
Prosser Dam experienced water temperatures in the Yakima 
River ranging from 16 to 24 °C in June and 10–22 °C in 
July (app. 1, figs. 1.1–1.6). Fish released at the mouth of the 
Yakima River and detected in the Columbia River encoun-
tered water temperatures ranging from 17 to 21 °C in June 
and July (fig. 4), and 19–21°C in August and early September 
(figs. 6–7). September and October water temperatures in the 
Yakima River cooled from 19 to 15 °C (figs. 6–7).
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Figure 10. Number of passive integrated transponder-tagged sockeye salmon arriving at Prosser Dam by date in the Yakima 
River after tagging at Bonneville Dam (number of fish [n]=14), the mouth of the Yakima River (n=41), and Priest Rapids Dam (n=1), 
Washington, 2020.
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Figure 11. Hour of first arrival of passive integrated transponder-tagged sockeye salmon at Prosser Dam in the Yakima River, after 
tagging at Bonneville Dam (number of fish [n]=14), the mouth of the Yakima River (n=41), and Priest Rapids Dam (n=1), Washington, 
2020.
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Figure 12. Hour of passive integrated transponder-tagged sockeye salmon arrival at Prosser and Roza Dams in the Yakima River, 
Washington, 2020. The size of circles is proportional to the number of fish represented in each value. Fish were tagged at Bonneville 
Dam (number of fish [n]=14), the mouth of the Yakima River (n=41), and Priest Rapids Dam (n=1).
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Table 6. Number of passive integrated transponder-tagged sockeye salmon detected at Prosser 
and Roza Dams in the Yakima River, and the percentage of fish that successfully arrived at Roza Dam 
after passing Prosser Dam (percentage successful), by week of arrival at Prosser Dam, Washington, 
2020.

[Tagged fish were released at the Bonneville and Priest Rapids Dams, and at the mouth of the Yakima River. mm-dd-yy, 
month-day-year]

From 
(mm-dd-yy)

To 
(mm-dd-yy)

Detected at  
Prosser Dam

Detected at 
Roza Dam

Percentage  
successful

07-01-20 07-07-20 12 9 75
07-08-20 07-14-20 0 0 0
07-15-20 07-21-20 0 0 0
07-22-20 07-28-20 0 0 0
07-29-20 08-04-20 0 0 0
08-05-20 08-11-20 0 0 0
08-12-20 08-18-20 1 1 100
08-19-20 08-25-20 0 0 0
08-26-20 09-01-20 1 0 0
09-02-20 09-08-20 7 3 43
09-09-20 09-15-20 21 17 81
09-16-20 09-22-20 11 1 9
09-23-20 09-29-20 3 0 0

Total 56 31 55

 F  i  r  s  t     a  r  r  i  v  a  l     a  t     P  r  o  s  s  e  r     D  a  m 

 7  /  1  /  2  0        8  /  1  /  2  0        9  /  1  /  2  0        1  0  /  1  /  2  0       

 N
  u
  m

  b
  e
  r   
  o
  f   
  f  i
  s
  h
 

 0 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 W
  a
  t  e

  r   
  t  e

  m
  p
  e
  r  a

  t  u
  r  e

  ,   
  i  n

     d
  e
  g
  r  e

  e
  s
     C

  e
  l  s

  i  u
  s
 

 1  0 

 1  5 

 2  0 

 2  5 

 3  0 

 P  r  o  s  s  e  r     D  a  m     o  n  l  y 
 P  r  o  s  s  e  r     D  a  m  -  R  o  z  a     D  a  m 

 Y  a  k  i  m  a     R  i  v  e  r 
 C  o  l  u  m  b  i  a     R  i  v  e  r 

 W  a  t  e  r     t  e  m  p  e  r  a  t  u  r  e 

                E  X  P  L  A  N  A  T  I  O  N 
 N  u  m  b  e  r     o  f     f  i  s  h 

Figure 13. Number of adult passive integrated transponder-tagged sockeye released in the Columbia River Basin that only were 
detected at Prosser Dam (open boxes) and both Prosser and Roza Dams (shaded boxes), Washington. Water temperature in the 
Yakima River is plotted on the right y-axis. Detected fish were released at Bonneville Adult Fish Facility (number of fish [n]=14), Priest 
Rapids Dam (n=1), and the mouth of the Yakima River (n=41).
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Discussion
Results from this and other studies suggest that a substan-

tial number of sockeye salmon destined for the Yakima River 
fail to reach Roza Dam where they are collected and trans-
ported upstream from Cle Elum Dam for spawning. We found 
that only 21 of the 144 (15 percent) sockeye salmon tagged 
and released during this study eventually moved upstream in 
the Yakima River and arrived at Roza Dam. During our 2019 
study, a total of 60 sockeye salmon were tagged and released 
in the Yakima River and at the mouth of the Yakima River 
but only 1 tagged fish was collected at Roza Dam (Kock and 
others, 2019). Other studies have reported similar results. Hess 
and others (2021) used genetic parentage analysis to identify 
fish of Yakima River origin from among sockeye salmon 
sampled at Bonneville Dam, and estimated that 11,719 sock-
eye salmon adults from the Yakima River passed Bonneville 
Dam in 2020. However, catch data from Roza Dam showed 
that only 4,379 sockeye salmon were subsequently collected. 
Among the 31 PIT-tagged fish that were assigned genetically 
to the Yakima River, most (27 fish; 87 percent) were detected 
passing McNary Dam, but only 4 of those (13 percent) were 
detected in the Yakima River, and 11 (35 percent) of the fish 
that failed to enter the Yakima River were never detected after 
passing McNary Dam. Because these fish were not detected 
on PIT-tag antennas located at Prosser, Priest Rapids, and Ice 
Harbor Dams, or at other upstream detection sites, we pre-
sume that the 11 PIT-tagged fish last detected at McNary Dam 
remained in the Columbia River between McNary and Priest 
Rapids Dams, in the Yakima River downstream from Prosser 
Dam, or in the Snake River downstream from Ice Harbor 
Dam. The 51 PIT-tagged fish that went undetected after col-
lection, tagging, and release at the mouth of the Yakima River 
during our study had a fate similar to the fate of the fish in the 
Bonneville sample.

These findings support the hypothesis that elevated sum-
mer water temperatures create a thermal block that nega-
tively affects the migration of Yakima River sockeye salmon. 
Existing data show that Yakima River sockeye salmon largely 
are absent from the lower Yakima River during summer when 
the water temperature exceeds 20 °C. However, during this 
time, many fish destined for the Yakima River are present in 
the Columbia River at the mouth of the Yakima River. After 
experiencing the thermal block of the Yakima River for an 
extended period, some of these fish eventually move to other 
Columbia River subbasins prior to the onset of spawning. The 
inhibited migration associated with higher water temperatures 
is consistent with movement barriers we observed between 
fixed tracking sites. Specifically, the probability of a fish 
reaching the adult trap at Roza Dam decreases when the pas-
sage date at Prosser Dam moves later into the summer, until 
September when water temperatures begin to drop. Passage 
counts for sockeye salmon adults at Prosser Dam are very low 
when water temperature is greater than 20 °C in the lower 

Yakima River. Additionally, telemetry results have shown that 
tagged fish moved downstream and out of the Yakima River 
during periods of increasing water temperature, and only 
reentered the river when it cooled to 20 °C or less (Kock and 
others, 2019). Detections of tagged fish were common near the 
mouth of the Yakima River during the summer, and the largest 
proportion of PIT-tagged fish from groups released in June, 
July, and August 2020 eventually were detected in the Yakima 
River. These results indicate that Yakima River sockeye 
salmon spent considerable time near the mouth of the Yakima 
River waiting for water temperature to cool and thereby 
facilitate or stimulate upstream migration. Detections of some 
Yakima River fish that were PIT-tagged at Bonneville Dam 
(Hess and others, 2021) or tagged at the mouth of the Yakima 
River included last-known locations in the Upper Columbia 
River, Ringold Springs Fish Hatchery, and the Umatilla River, 
approximately 70 rkm downstream. Finally, results from 2020 
showed that only 61 percent of the PIT-tagged sockeye salmon 
detected at Prosser Dam successfully moved upstream to Roza 
Dam, and that most fish that failed to arrive at Roza Dam 
passed Prosser Dam in mid-to-late September.

Results from the study confirmed that piscivorous birds 
consume adult sockeye salmon during upstream migration 
in the Yakima and Columbia Rivers. We determined that at 
least 6 of the 13 radio-tagged sockeye salmon released in the 
Prosser Dam forebay were consumed by piscivorous birds. 
The transmitter from one of these fish was recovered in the 
tailrace of John Day Dam, which indicates that the fish was 
consumed in the Prosser Dam-to-Sunnyside Dam reach and 
transported to the Columbia River, and that the transmitter 
was deposited at the recovery location. Although we were able 
to confirm that piscivorous birds consumed radio-tagged fish 
upstream from Prosser Dam, we do not know if the fish were 
alive and healthy, sick, or dead at the time of consumption. 
Other data sources provide additional information about bird 
consumption as well. Several PIT tags from adult sock-
eye salmon tagged in 2020 at Bonneville and Priest Rapids 
Dams, and the mouth of the Yakima River were recovered 
on islands with bird colonies where fish predation has been 
documented (Evans, Payton, and others, 2016). Although adult 
sockeye salmon are relatively large, American white pelicans 
(Pelecanus erythrorhynchos) and double-crested cormo-
rants (Phalacrocorax auritus) have been shown to consume 
Lost River suckers (Deltistes luxatus) and shortnose suckers 
(Chasmistes brevirostris) as large as 730 millimeters (Evans, 
Hewitt, and others, 2016). In addition to tagging data that con-
firm consumption by piscivorous birds, we also observed sev-
eral adult sockeye salmon in the trap at Prosser Dam that had 
fresh wounds on the dorsal side of their bodies (fig. 14). We 
believe that these wounds resulted from attempted predation 
events by American white pelicans as fish migrated upstream 
in the Yakima River. Additional research will be required to 
better understand the magnitude of adult sockeye salmon con-
sumption by piscivorous birds.
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Figure 14. Dorsal wound on an adult sockeye salmon trapped 
for radio-tagging at Prosser Dam, Washington, on June 26, 2019. 
Photograph by Tobias J. Kock, U.S. Geological Survey.

Growing evidence suggests that diversion dams alter 
migration behavior by adult sockeye salmon in the Yakima 
River. Residence times at most telemetry monitoring sites 
were low (less than 5 hours) during 2019 and 2020, but 
extended residence times (greater than 24 hours) were 
observed at Sunnyside, Prosser, and Wanawish Dams. Thus, 
migration behavior in the lower Yakima River seems to consist 
of rapid upstream movements that are delayed when fish 
encounter diversion dams. A study conducted on the upper 
Yakima River in 2018 (Kock and others, 2019) indicated simi-
lar results in which tagged sockeye salmon spent less than 2 
hours at fixed sites with the exception of Town Ditch (a diver-
sion dam near Ellensburg, Washington) where median resi-
dence time was 19.7 hours. In our 2019 and 2020 studies on 
the lower Yakima River, we observed several fish that moved 
upstream to Prosser Dam, where upstream movement stopped, 
and the fish eventually began moving downstream (Kock and 
others, 2020). This behavior occurred during September and 
October, which is when sockeye salmon begin spawning in the 
Yakima Basin (Matala and others, 2019), so these fish likely 
were in poor condition and physically incapable of moving 
upstream and passing several diversion dams. Future stud-
ies will be required to better understand how diversion dams 
affect migration of adult sockeye salmon in the Yakima River.

Finally, data collected during 2019 and 2020 suggest 
that sockeye salmon primarily migrate past cool water sites 
in the lower Yakima River and spend little time holding at 
these locations. Although observations are limited to a low 
number of tagged fish, residence times at cool water sites 
have been consistently low during the 2 years of study. Future 
research using techniques such as snorkeling and underwater 
videography would be helpful. These approaches would allow 
researchers to identify and quantify fish species present at 
these sites during periods when summer water temperature 
exceeds 20 °C. This information would be useful for better 
understanding the relative importance of these sites during 
summer, and for potentially designing studies to collect addi-
tional information.
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Appendix 1. Temperature Use Records from Recovered Transmitters
Appendix 1 figures show plots of fish detection and water temperature histories of adult sockeye salmon collected using 

temperature-sensing radio transmitters in the Yakima and Columbia Rivers during 2020.

Figure 1.1. Water temperature use data (thick black line) collected by a radio transmitter inside an adult sockeye salmon (fork length 
44 centimeters) tagged and released at Prosser Dam on June 20, 2020. Transmitter was recovered approximately 100 meters upstream 
in Sulphur Drain, which enters the Yakima River near Sunnyside, Washington, on July 8, 2020. Water temperature data from the 
Columbia River (blue line; streamgage PAQW, Pasco, Washington) and Yakima River (red line; Gage CFSW; Chandler Fish Screens) are 
included for reference.
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Figure 1.2. Water temperature use data (thick black line) collected by a radio transmitter inside an adult sockeye salmon (fork length 
49 centimeters) tagged and released at Prosser Dam on June 19, 2020. Transmitter was recovered near the Chandler Fish Handling 
Facility on July 8, 2020. Temperature peak during June 21–22, 2020 likely was owing to the tag being inside a piscivorous bird. Water 
temperature data from the Columbia River (blue line; streamgage PAQW, Pasco, Washington) and Yakima River (red line; streamgage 
CFSW; Chandler Fish Screens) are included for reference.
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Figure 1.3. Water temperature use data (thick black line) collected by a radio transmitter inside an adult sockeye salmon (fork length 
48 centimeters) tagged and released at Prosser Dam on June 22, 2020. Transmitter was recovered in the tailrace of John Day Dam 
on October 27, 2020. Temperature peak during June 24–26, 2020 likely was owing to the tag being inside a piscivorous bird. Water 
temperature data from the Columbia River (blue line; streamgage PAQW, Pasco, Washington) and Yakima River (red line; streamgage 
CFSW; Chandler Fish Screens) are included for reference.
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Figure 1.4. Water temperature use data (thick black line) collected by a radio transmitter inside an adult sockeye salmon (fork length 
48 centimeters) tagged and released at Prosser Dam on June 20, 2020. Transmitter was recovered 6 river kilometers downstream from 
Sunnyside Dam on July 22, 2020. Water temperature data from the Columbia River (blue line; streamgage PAQW, Pasco, Washington) 
and Yakima River (red line; streamgage CFSW; Chandler Fish Screens) are included for reference.
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Figure 1.5. Water temperature use data (thick black line) collected by a radio transmitter inside an adult sockeye salmon (fork length 
47 centimeters) tagged and released at Prosser Dam on June 20, 2020. Transmitter was recovered 16 river kilometers downstream from 
Sunnyside Dam near Buena, Washington, on July 22, 2020. Temperature peak during June 24–25, 2020 likely was owing to the tag being 
inside a piscivorous bird. Water temperature data from the Columbia River (blue line; streamgage PAQW, Pasco, Washington) and 
Yakima River (red line; streamgage CFSW; Chandler Fish Screens) are included for reference.
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Figure 1.6. Water temperature use data (thick black line) collected by a radio transmitter inside an adult sockeye salmon (fork length 
48 centimeters) tagged and released at Prosser Dam on June 20, 2020. Transmitter was recovered 16 river kilometers downstream 
from Sunnyside Dam near Buena, Washington, on July 22, 2020. Highly variable temperatures after June 26 likely occurred because 
the transmitter was not present in a live fish during this period. Water temperature data from the Columbia River (blue line; streamgage 
PAQW, Pasco, Washington) and Yakima River (red line; streamgage CFSW; Chandler Fish Screens) are included for reference.
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