
PNNL-18246 
 

Seasonal Juvenile Salmonid Presence 
and Migratory Behavior in the  
Lower Columbia River 
 
FINAL REPORT 
 
 
 
 
 
 
JA Carter RA Harnish 
GA McMichael BJ Bellgraph 
ID Welch 
 
 
 
 
 
April 2009 



Final Report 

1.2 
 

 



 

 

 
 
 
 
 
 
 
 
 
 
 

Seasonal Juvenile Salmonid Presence 
and Migratory Behavior in the  
Lower Columbia River 
 
 
FINAL REPORT 
 
 
 
 
JA Carter RA Harnish 
GA McMichael BJ Bellgraph 
ID Welch 
 
 
 
April 2009 
 
 
 
 
 
Prepared for the  
U.S. Army Corps of Engineers, Portland District,  
under a Government Order with the  
U.S. Department of Energy  
Contract DE-AC05-76RL01830 
 
 
 
 
Pacific Northwest National Laboratory 
Richland, Washington  99352 



 

ii 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This report should be cited as follows: 
 
Carter, J. A., G. A. McMichael, I. D. Welch, R. A. Harnish, and B. J. Bellgraph.  
2009.  Seasonal Juvenile Salmonid Presence and Migratory Behavior in the 
Lower Columbia River.  PNNL-18246, Pacific Northwest National Laboratory, 
Richland, Washington. 
 
 



Final Report 

 iii  

Summary 

The U.S. Army Corps of Engineers conducts construction and dredging activities in the lower 
Columbia River and estuary to maintain navigation routes.  This area is used by several species of Pacific 
salmon protected under the Endangered Species Act of 1973.  To facilitate planning of proposed channel 
maintenance projects, the Portland District of the U.S. Army Corps of Engineers contracted the Pacific 
Northwest National Laboratory to summarize information regarding juvenile anadromous salmonid 
distribution and behavior in the lower Columbia River and estuary, including existing published 
information as well as data from 5 years (2004–2008) of acoustic telemetry studies conducted in the 
Columbia River estuary using the Juvenile Salmon Acoustic Telemetry System.  

Juvenile anadromous Pacific salmon rear in and migrate through the Columbia River and estuary 
between Bonneville Dam and the Pacific Ocean.  A large quantity of information has been published on 
seasonal presence, habitat use, and migratory behavior of Chinook salmon.  Some information is available 
on steelhead.  Information on use of the Columbia River estuary by the less abundant anadromous 
salmonid species (cutthroat and bull trout) and or those species having life histories with limited 
freshwater rearing and migration (pink and chum salmon) is limited.  This is not to say that estuary 
habitats are not important to the life cycle of these species; instead, it is simply a statement that specific 
information is lacking or the existing information indicates these species are not known to widely utilize 
these estuary habitats for extended periods.  

Little information exists on use of the Columbia River estuary by pink salmon.  Based on published 
information on this species from other areas, it is likely that pink salmon use of the Columbia River 
estuary is very limited.  Chum salmon are present in the Columbia River estuary following emergence as 
early as mid-January through mid July, with the peak in abundance between mid April and mid May as 
they migrate seaward.  Hatchery and wild coho salmon use the Columbia River estuary as a migratory 
route to the Pacific Ocean and also for rearing in some cases.  Rearing coho salmon may be in the 
Columbia River estuary throughout the year, with peak abundance of smolts migrating between April and 
June.  Similar to coho salmon, juvenile Chinook salmon may be found rearing in the Columbia River 
estuary any time of the year.  Stream-type Chinook salmon, which typically rear in higher elevation 
tributaries for 1 year prior to migrating to sea, are most abundant in the Columbia River estuary between 
early April and early June.  Large numbers of pre-smolt Chinook salmon rear in the Columbia River 
estuary, and it is likely that many of these are fall Chinook salmon.  The fall Chinook salmon migration 
through the Columbia River estuary typically peaks between May and July.  However, there is typically a 
pulse of subyearling Chinook salmon entering the estuary in March from hatchery releases from Spring 
Creek National Fish Hatchery upstream of Bonneville Dam.  Sockeye salmon typically rear in freshwater 
lakes for 1 to 3 years prior to migrating to the ocean and primarily use the Columbia River estuary as a 
migration corridor.  The limited information available indicates that sockeye salmon are most abundant in 
the Columbia River estuary in May.  Cutthroat trout may use the Columbia River estuary for seasonal 
rearing and as a migration corridor, with peak abundance of migratory juveniles between March and May.  
Steelhead typically rear in freshwater tributary habitats for one to several years prior to seaward 
migration, although juvenile steelhead may use the estuary for limited rearing.  Juvenile steelhead 
abundance in the Columbia River estuary peaks between late May and mid-June.    
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Most anadromous salmonid smolts migrate rapidly through the Columbia River estuary.  Migration 
rates are influenced by river discharge, fish species/run type, distance from the ocean, date, and fish size.  
In general, smolts pass through the Columbia River estuary more quickly during periods of high 
discharge and later in their migration season.  Larger smolts tend to move more rapidly than their smaller 
cohorts.  Migrating smolts tend to move faster as they approach the ocean, slowing just prior to ocean 
entry.  Smolts that migrate downstream past Bonneville Dam in-river travel more rapidly through the 
Columbia River estuary than fish that are transported in barges and released downstream of Bonneville 
Dam.  Acoustic telemetry data collected in the Columbia River estuary between 2004 and 2008 indicate 
that yearling Chinook salmon typically migrated at a rate of about 80 km/day between Bonneville Dam 
and Vancouver, Washington.  Yearling Chinook salmon migrated slower (~60 km/day) through the 
section of the Columbia River between Vancouver and the mouth of the Columbia River.  Once yearling 
Chinook salmon committed to leaving the Columbia River, typically during an ebb tide, they migrated 
rather quickly at rates between 100 and 150 km/day between RKM 8.3 and 2.8.  Data collected on arrays 
of acoustic receivers placed throughout the Columbia River estuary beginning in 2007 indicate that 
yearling and subyearling Chinook salmon and steelhead travel more slowly in the final 50 km of the 
Columbia River than in the previous 200 km, before substantially increasing their travel rates as they exit 
the river and enter the Pacific Ocean. 

When most smolts reached the lower 8 km of the Columbia River, they exited the river and entered 
the plume on an ebb tide.  Between 76% and 91% of the acoustic-tagged yearling Chinook salmon were 
first detected at RKM 8.3 during an ebb tide.  Subyearling Chinook salmon also were more likely to pass 
RKM 8.3 on an ebb tide, with 84% to 94% of those fish passing during ebb tides.  Relationships between 
steelhead passage and tide stage were similar to that of Chinook salmon smolts, with 89% to 91% of the 
acoustic-tagged steelhead passing RKM 8.3 during ebb tide conditions.  

Acoustic-tagged salmonid smolts were present in the Columbia River estuary throughout all times of 
day during their migration seasons, with no clear patterns in diel presence at most acoustic arrays.  The 
one exception may be that more yearling Chinook salmon appeared to pass the Columbia River Bar 
(RKM 2.8) just after sunrise than at other times of the day.    

Most anadromous salmonid smolts appear to migrate seaward in or near the navigation channel.  
However, information in published reports and from recent acoustic telemetry studies shows that small 
proportions of the tagged fish were detected using off-channel migration routes.  Main channel use in the 
Bonneville Dam tailrace was pronounced for all tagged species and run types, with a maximum of 3% of 
detections in side channels near Reed and Lady islands.  Between Vancouver, Washington, and the mouth 
of the river, side channel use was more common for all groups, with larger proportions of the acoustic-
tagged smolts detected in side channels south of the islands near Cathlamet, Washington, and in Grays 
Bay.   

Most acoustic-tagged yearling and subyearling Chinook salmon passed the acoustic receiver array 
near East Sand Island (RKM 8.3) on the north (Washington) side of the navigation channel.  This was 
especially pronounced for subyearling Chinook salmon, most of which tended to pass this array close to 
East Sand Island.  With only 2 years of data (2005 and 2008), no clear pattern in cross-channel 
distribution was observed for acoustic-tagged steelhead on the array near East Sand Island.  Migration 
distribution across the array on the Columbia River Bar (RKM 2.8) tended to be nearer, or in, the 
navigation channel than it was at RKM 8.3 for yearling and subyearling Chinook salmon and steelhead.   
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Limited data on the depth distribution of acoustic-tagged salmonid smolts migrating through the 
Columbia River estuary in 2007 showed that depth use was highly variable but appeared to be deeper for 
subyearling Chinook salmon than for yearling Chinook salmon.   

Published accounts of the use of plume areas by juvenile salmonids suggest that the Columbia River 
plume is a food-rich habitat where juvenile salmonids have the opportunity for significant growth as they 
adjust their physiology to the more saline ocean environment.  All species of Pacific salmon that emigrate 
from the Columbia River estuary utilize the plume to some extent.  Several authors have concluded that 
the structure and conditions within the Columbia River plume may have a pronounced effect on the 
distribution, growth, and survival of salmon smolts leaving the Columbia River. 

 

 



Final Report 

 vii  

Acknowledgments 

Many people have been instrumental in allowing this project to be completed.  We thank Blaine 
Ebberts, Kim Larson, Steve Helm and Doris KcKillip from the U.S. Army Corps of Engineers, Portland 
District, for their generous funding and for the opportunity to further explore the data we have collected 
over the past 5 years.  Lynn McComas from NOAA Fisheries kindly allowed us to present depth 
estimates gathered through his mobile tracking efforts.  Dennis Dauble, Evan Arntzen, Joanne Duncan, 
Greg Gaulke, Kathleen Carter, Andrea Currie, and Mandi Oukrop from Pacific Northwest National 
Laboratory contributed to the preparation, technical reviews, editing, and formatting of this report. 

 

 



Final Report 

 ix  

Acronyms and Abbreviations 

BON Bonneville Dam 

CC corner collector 

CH0 subyearling Chinook salmon 

CH1 yearling Chinook salmon 

ft foot, feet 

JDA John Day Dam 

JSATS Juvenile Salmon Acoustic Telemetry System 

km kilometer(s) 

LCR lower Columbia River 

LGR Lower Granite Dam 

LGS Little Goose Dam 

M meter(s) 

MCR mouth of the Columbia River 

mm millimeter(s) 

NAV navigation channel 

NMFS National Marine Fisheries Service 

NOAA National Oceanic and Atmospheric Administration 

PIT passive integrated transponder 

PNNL Pacific Northwest National Laboratory 

RKM river kilometer(s) 

SKA Skamania Landing 

STL steelhead 

TDA The Dalles Dam 

TR tailrace 

USACE U.S. Army Corps of Engineers 
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1.0 Introduction 

Under the Congressionally authorized Columbia River Channel Operations and Maintenance 
Program, the U.S. Army Corps of Engineers maintains navigation channels and the structures that 
influence these channels (e.g., jetties, pile dikes) in the lower Columbia River.  Activities required to 
maintain these channels at sufficient depths to allow for safe passage of deep-draft vessels may influence 
juvenile salmonids that migrate through or rear in the lower Columbia River estuary and plume 
(NMFS 2005).  These activities were determined to likely have adverse effects on Pacific salmon species 
protected under the Endangered Species Act of 1973 (ESA).  To facilitate preparing Biological 
Assessments of proposed channel maintenance projects, the Portland District of the U.S. Army Corps of 
Engineers contracted the Pacific Northwest National Laboratory to consolidate and synthesize available 
information about the use of the lower Columbia River and estuary by juvenile anadromous salmonids.  
The information to be synthesized included existing published documents as well as data from 5 years 
(2004–2008) of acoustic telemetry studies conducted in the Columbia River estuary using the Juvenile 
Salmon Acoustic Telemetry System.  For the purposes of this synthesis, the Columbia River estuary 
includes the section of the Columbia River from Bonneville Dam at river kilometer (RKM) 235 
downstream to the mouth where it enters the Pacific Ocean. 

Estuaries are important to the rearing of juvenile salmon and are an integral part of the continuum of 
habitats that salmon occupy throughout their life cycle (Bottom et al. 2005).  All Columbia River 
anadromous fishes must pass through the estuary en route to the ocean, and some may rear in the estuary 
for extended periods during the transition from freshwater to saltwater.  Historically, all salmonids in the 
Columbia River system were native fish produced in natural streams.  However, artificial propagation 
now accounts for approximately three-quarters of all returning adult salmonids (Johnson et al. 2003).  
Hatchery programs, flow regulation, salmon population declines throughout the Columbia basin, as well 
as wetland habitat losses and increasing water temperatures in the estuary, may have decreased juvenile 
salmonid use of the estuary in summer and fall compared to historic levels (Rich 1922 as cited in Bottom 
et al. 2008; Bottom et al. 2008).  Columbia River estuary salmon habitat has been dramatically altered by 
dredging, urbanization, and the construction and operation of hydroelectric dams.  Additionally, 
hydrological barriers, including dikes, levees, and flood control structures such as tide gates, as well as 
degraded wetland systems with restricted connectivity, have reduced off-channel rearing habitat for 
salmonids (Bottom et al. 2005; Roegner at al. 2007). 

Since 1991, 13 Columbia River salmon stocks have been added to the list of threatened or endangered 
species under the ESA, which has prompted research focused on the survival and recovery of these 
stocks.  The majority of studies on juvenile salmonid migration patterns in the Columbia River estuary 
have been conducted on juvenile Chinook salmon (Oncorhynchus tshawytscha), principally migrants 
from upriver Evolutionary Significant Units such as the Snake River populations.  Results from these 
studies tend to emphasize the estuary primarily as a pathway that is only used briefly as the fish migrate 
through it to the ocean.  However, some life-history strategies involve greater use of the estuary for 
rearing over extended periods of time.  For example, recent findings reported by Marsh et al. (2007), 
indicated that a large percentage (≥61%) of the returning adult fall Chinook salmon transported and 
released downstream of Bonneville Dam late in the migration season as juveniles reared in freshwater for 
an additional winter before entering seawater.  A comprehensive work done by Bottom et al. (2005) on 
habitat use and importance of the estuary to juvenile salmonids, especially those rearing in the estuary,  
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also points out that most of the research has been based on migrants from upstream of Bonneville Dam, 
which are not representative of the populations that rear in the estuary or of naturally produced salmon 
that have variable life-history strategies. 

In this report, we summarize the seasonal salmonid presence and migration patterns in the Columbia 
River estuary based on information from published studies as well as relevant data from acoustic 
telemetry studies conducted by NOAA Fisheries and the Pacific Northwest National Laboratory (PNNL) 
between 2004 and 2008.  Recent acoustic telemetry studies, conducted using the Juvenile Salmon 
Acoustic Telemetry System (JSATS; developed by the Portland District of the U.S. Army Corps of 
Engineers), provided information on the migratory behavior of juvenile steelhead (O. mykiss) and 
Chinook salmon in the Columbia River from Bonneville Dam to the Pacific Ocean.  

Section 2 provides a summary of information from published literature on the seasonal presence and 
migratory behavior of juvenile salmonids in the Columbia River estuary and plume.  Section 3 presents a 
detailed synthesis of juvenile Chinook salmon and steelhead migratory behavior based on the use the 
JSATS between 2004 and 2008.  Section 4 provides a discussion of the information summarized in the 
report as well as information drawn from literature reviews on potential effects of channel maintenance 
activities to juvenile salmonids rearing in or migrating through the Columbia River estuary and plume.  
Sources cited are listed in Section 5.  The Appendix provides a list of the latitudes and longitudes for the 
receiver locations and reference points, as well as calculated distances for each receiver location. 
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2.0 Literature Review 

2.1 Seasonal Presence of Juvenile Anadromous Salmonid Species in 
the Columbia River Estuary 

Salmonids that use the Columbia River estuary during their life history include steelhead 
(Oncorhynchus mykiss), chum salmon (O. keta), coho salmon (O. kisutch), sockeye salmon (O. nerka), 
Chinook salmon (O. tshawytscha), coastal cutthroat trout (O. clarki clarki), and small numbers of pink 
salmon (O. gorbuscha).  The numbers and seasonal extent of salmonids using the estuary during their 
outmigration has declined during the 20th century (Bottom et al. 2005).  Large portions of the salmon 
populations found in the Columbia River estuary now are released from hatcheries, and the timing of their 
migrations through the estuary is largely dependent on hatchery release dates and river discharge (Dawley 
et al. 1986).  Variations in migration rates from upstream locations indicate that fish from a common 
hatchery release group typically do not reach the estuary as one distinct group (Schreck et al. 2005).   

Because of the variety of life-history strategies, species, and sizes, juvenile salmonids can be found in 
the estuary throughout the entire year.  Most of the juvenile salmonids migrate through the estuary 
between March and October, with peaks at various times depending on species and run type.  Figure 2.1 
summarizes the seasonal timing of the passage of juvenile Chinook salmon, steelhead, coho salmon, and 
sockeye salmon through the juvenile bypass facility at Bonneville Dam.  This graphical summary 
provides a general indication of when juveniles of each species and run type enter the Columbia River 
estuary from areas upstream of Bonneville Dam.   

Information from studies conducted in the lower 75 km of the estuary provides seasonal trends in 
abundance of juvenile anadromous salmonids in the lower Columbia River estuary.  Chum salmon 
presence peaks in early to mid May, followed by coho salmon migrating out during mid to late May, 
steelhead and sockeye in late May, yearling Chinook salmon in late May and early June, and subyearling 
Chinook salmon in late June and July (Dawley et al. 1986; McCabe et al. 1986; Roegner et al. 2004; 
Bottom et al. 2008).  Figure 2.2 displays seasonal trends in juvenile salmonid presence throughout the 
Columbia River estuary, based on studies that specifically investigated migration timing of juvenile 
salmonids in the Columbia River estuary.   

There is little to no information on the specifics of seasonal presence in the Columbia River estuary 
for juvenile pink salmon, and limited information for sockeye, coho, and chum salmon.  Of the overall 
population of juvenile salmon that use the estuary, these four species comprise a smaller proportion than 
the Chinook salmon, a more abundant species.  Most of the published research has been focused on 
Chinook salmon and steelhead.  Brief descriptions of the juvenile stages of salmonid species life histories, 
abundance, seasonal presence, and passage through the Columbia River estuary are presented in 
Sections 2.1.1 through 2.1.7. 



Final Report 

2.2 

0

20000

40000

60000

80000

100000

120000

140000

160000

180000

200000

03
/0

1

03
/1

1

03
/2

1

03
/3

1

04
/1

0

04
/2

0

04
/3

0

05
/1

0

05
/2

0

05
/3

0

06
/0

9

06
/1

9

06
/2

9

07
/0

9

07
/1

9

07
/2

9

08
/0

8

08
/1

8

08
/2

8

09
/0

7

09
/1

7

09
/2

7

10
/0

7

10
/1

7

CH1

CH0

sockeye

coho

steelhead

 

Figure 2.1. Daily salmonid smolt passage at Bonneville Dam, averaged over 1998–2008 (Fish Passage 
Center data). 

 

 

Figure 2.2. General trends in presence and abundance of juvenile salmonids in the lower Columbia 
River estuary, at and downstream of Jones Beach (RKM 75) (Dawley et al. 1986; McCabe et 
al. 1986; Roegner et al. 2004; Bottom et al. 2008). 
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2.1.1 Pink Salmon 

The native range of pink salmon in North America is from the Sacramento River in California, to the 
coast of Alaska and the Mackenzie River, but they are now scarce south of Puget Sound (Hard 
et al. 1996).  Pink salmon spawn in gravel beds in the upper portion of estuaries and lower reaches of 
rivers (Thorpe 1994).  Fry emerge in the spring and move to seawater almost immediately, remaining in 
the estuary for only as long as it takes them to travel to the ocean (Hard et al. 1996; Thorpe 1994).  
Information on juvenile pink salmon specific to the Columbia River estuary is scarce.  In Puget Sound, 
Washington, pink salmon fry form schools in shallow water where they feed and grow rapidly during 
their migration to the ocean (Simenstad et al. 1982).  Some studies in the Fraser River indicate pink 
salmon fry migrate downstream primarily in March and April, although migration can extend into May 
(Hard et al. 1996). 

2.1.2 Chum Salmon 

Chum salmon tend to spawn farther upstream than pink salmon.  Historically, chum salmon were 
distributed throughout the coastal regions of western Canada and the United States, as far south as 
Monterey Bay, California.  Currently, major spawning populations are found only as far south as 
Tillamook Bay on the northern Oregon coast (Johnson et al. 1997).  Spawning typically occurs in the 
main stem or in side channels of rivers from just upstream of tidal influence to nearly 100 km from the 
sea (Johnson et al. 1997).  In the Columbia River, chum salmon are known to spawn in the main stem 
near Ives Island (RKM 229) and Multnomah Falls (RKM 219), and in tributaries downstream of 
Bonneville Dam, with the majority of fish spawning on the Washington side of the river (Salo 1991; 
Johnson et al. 1997; Fish Passage Center 2008). 

Unlike pink salmon, chum salmon reside in the estuary during their outmigration in order to feed 
before beginning their ocean migrations (Thorpe 1994; Johnson et al. 1997).  Fry typically emerge at 
night and promptly begin migrating downstream to the estuary (Salo 1991).  The timing of outmigration 
is usually associated with increasing day length, warming of estuarine waters, and high densities of 
plankton (Salo 1991; Johnson et al. 1997).  Therefore, juvenile chum salmon in southern areas, such as 
those in Washington and southern British Columbia, tend to migrate earlier (late January through May) 
than fry in northern British Columbia and southeastern Alaska (April to June) (Johnson et al. 1997).  
Migrations of chum fry into Grays Harbor in Washington were reported to peak in late April (Brix 1981 
cited in Salo 1991).  In the Fraser River, chum fry moved in and out of salt-marsh channels with the tides 
where they remained for an average of 11 days (Levy and Northcote 1982).  Studies in the Nanaimo and 
Nitinat estuaries in British Columbia (Healy 1982), Puget Sound (Simenstad et al. 1982), and Yaquina 
Bay, Oregon (Myers and Horton 1982), found chum salmon present in those estuarine environments for 
two to three months, although individual residence times were not determined.  Residence times also 
changed seasonally in Puget Sound where chum fry remained for about one week in February and March, 
but remained for up to 1 month in April to June (Simenstad et al. 1982).  Beach seine samples in the 
lower Columbia River estuary found chum salmon present from February through May, with peak 
numbers occurring in April (Roegner at al. 2004). 



Final Report 

2.4 

2.1.3 Coho Salmon 

Coho salmon tend to spawn even farther upriver than pink or chum salmon and are found in many 
tributaries along the Washington side of the Columbia River (Sandercock 1991).  The vast majority of 
coho fry remain feeding and growing in the freshwater river environment for at least 1 year after 
emergence (Sandercock 1991; Thorpe 1994).  Once they begin their seaward migration, they generally do 
not delay in the estuary but pass through directly to the ocean (Thorpe 1994).  In the Columbia River 
estuary, juvenile coho enter the upper estuary between late April and early June, and their numbers peak 
between May 6 and 17 (Durkin 1982).  In Yaquina Bay, Myers and Horton (1982) reported coho salmon 
present for over two to three months, but individual residence times were only four to nine days.  Beach 
seine and purse seine sampling at Jones Beach (RKM 75) from 1966 through 1972 and 1977 through 
1983 caught juvenile coho between mid-April and late May, with the peak outmigration occurring in May 
(Dawley et al. 1986).  Few juvenile coho were caught in beach seining in the lower part of the estuary, but 
almost all were captured in May (Roegner et al. 2004). 

2.1.4 Sockeye Salmon 

Although sockeye salmon have a range of life-history strategies, juvenile anadromous sockeye 
salmon typically rear in lakes for 1 to 3 years after emergence (Burgner 1991; Gustafson et al. 1997).  
However, some Alaskan populations use stream areas and migrate to sea soon after emergence (Burgner 
1991; Thorpe 1994).  The Columbia River system is home to the southernmost sockeye runs in North 
America where juveniles begin their seaward migrations in mid to late May (Gustafson et al 1997).  
Within the Columbia River basin in Washington, historical populations of sockeye salmon existed in the 
Yakima, Wenatchee, and Okanogan rivers (Gustafson et al. 1997).  Smolt migration typically occurs 
between sunset and sunrise, beginning in late April and extending through early July, with southern 
stocks migrating earliest (Burgner 1991; Gustafson et al. 1997).  In the Columbia River estuary, sockeye 
were captured in seine nets in the late 1960s and late 1970s, from mid-April to late June, with peak 
numbers in late May (Dawley et al. 1986). 

2.1.5 Coastal Cutthroat Trout 

Coastal cutthroat trout have a variety of life-history strategies, even within the same watershed where 
fish may remain in freshwater or become anadromous (Johnson et al. 2008).  The anadromous and 
freshwater forms exist along the coast from the Eel River in Northern California to the Kenai Peninsula of 
Alaska (Quinn 2005).  Coastal cutthroat trout in the Columbia River that exhibit anadromy do so at age 
two or three, migrating as juveniles in the spring.  The proportion that leaves in the spring versus the 
proportion that remains in freshwater for residency or later migration is unknown (Trotter 1989; Johnson 
et al. 2008; Zydlewski et al. 2008).  PIT-tagged coastal cutthroat trout caught by electrofishing were 
monitored from three tributaries—Abernathy Creek (RKM 87), Chinook River (RKM 6), and Gee Creek 
(RKM 140)—in the lower Columbia River from 2001 to 2004.  Antenna arrays and smolt traps were used 
to detect smolts as they migrated out of these tributaries.  Peak movement out of Abernathy Creek 
occurred in April and May, out of the Chinook River between March and May, and from Gee Creek 
between February and April (Johnson et al. 2008).  Although not extensively studied, it is believed that 
cutthroat trout generally make extensive use of the river mainstem and estuary habitats with minimal use 
offshore (Zydlewski et al. 2008).  However, some radio-tagged and acoustic-tagged cutthroat trout 
exhibited directed seaward movements and exited the river mouth into the plume (Zydlewski et al. 2008). 
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2.1.6 Steelhead  

Steelhead are the anadromous form of rainbow trout and are widely distributed between Malibu 
Creek, California, and Bristol Bay, Alaska (Quinn 2005).  Steelhead differ from the other Pacific salmon 
species; they spawn in the spring and may survive, migrate seaward following spawning (referred to as 
kelt), and return to spawn again (Quinn 2005).  Steelhead fry emerge in late spring or early summer, and 
juveniles typically remain in freshwater for 1 to 3 years and then migrate out in the spring (Quinn 2005).  
In the Columbia River estuary, at Jones Beach, peak catches of steelhead in beach and purse seines were 
generally in the latter part of May (Dawley et al. 1986). 

2.1.7 Spring and Fall Chinook Salmon 

Chinook salmon are the most abundant species of salmonid to occur in the Columbia River estuary 
(Figure 2.1) and are also the most widely studied.  Chinook salmon exhibit a range of life-history 
strategies that generally fall into one of two categories—stream-type or ocean-type.  Chinook salmon that 
exhibit the stream-type life-history strategy spend one or more years as fry or parr in freshwater before 
migrating to the ocean and returning to their natal river in spring or summer (Healy 1991).  These fish are 
referred to as spring Chinook.  Ocean-type Chinook salmon typically migrate to the ocean during their 
first year of life and return to spawn in the fall (Healy 1991).  These fish are referred to as fall Chinook 
salmon.  Fall Chinook salmon comprise the majority of this species that inhabit the Columbia River.  
Hatchery programs, flow regulation, population losses throughout the basin, as well as wetland habitat 
losses and increasing water temperatures in the estuary, may have decreased the proportion of Chinook 
salmon using the estuary in summer and fall compared to historical levels documented in early studies 
prior to 1920 (Bottom et al. 2008). 

Juvenile stream-type, or spring, Chinook salmon enter the estuary around April (Fish Passage 
Center data; Figure 2.1) after spending a year in freshwater and thus are referred to as yearling 
Chinook salmon.  At Jones Beach (RKM 75), catches of juvenile yearling Chinook salmon declined 
rapidly in June and early July, after which almost none were captured through to the end of the year 
(Dawley et al. 1986).  The peak catches of yearling Chinook salmon generally occurred in late May 
(Dawley et al. 1986). 

Juvenile fall Chinook salmon typically enter the estuary in the spring and summer after a shorter 
development period in production areas and are thus referred to as subyearling Chinook salmon.  
However, there is a large pulse of juvenile fall (“Tule”) Chinook salmon that are released as subyearlings 
from the Spring Creek National Fish Hatchery (RKM 269) upstream of Bonneville Dam, typically in 
March (Figure 2.1).  Juvenile subyearling Chinook salmon are smaller than their yearling counterparts 
and tend to use the estuary as juvenile rearing habitat to a much greater degree than other juvenile 
salmonids (Thorpe 1994).  Salt marshes and tidal channels are important habitats as a source of food and 
shelter for subyearling Chinook salmon rearing in the estuary (Healy 1982; Bottom et al. 2005).  Chinook 
salmon rearing in Yaquina Bay were present from April to November, with peak abundance in 
mid-July (Myers and Horton 1982).  They initially inhabited the upper estuary and nearshore areas and, as 
they grew, moved downstream to the lower estuary and into deeper waters (Myers and Horton 1982). 

Beach seine sampling at Jones Beach over an entire year indicated that 80% of the juvenile fall 
Chinook salmon entered the estuary between late April and early September (Dawley et al. 1986).  More 
recent studies corroborate this pattern, showing Chinook salmon are found in the estuary year round, with 
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the vast majority present between May and September (McCabe et al. 1986; Roegner et al. 2004; Bottom 
et al. 2008).  Generally there is a peak in abundance in May and June, followed by a decline later in June, 
then a second (and usually greater) peak in late July (Dawley et al. 1986). 

McCabe et al. (1986) sampled various areas in the estuary with bottom trawls, purse seines, beach 
seines, and trap nets in pelagic and intertidal habitat upstream and downstream of Tongue Point 
(RKM 29).  In the pelagic habitat of the upper estuary (upstream of Tongue Point) in 1980, subyearling 
Chinook salmon showed a bimodal peak in abundance (May and July), whereas in the lower estuary their 
abundance peaked in June in pelagic habitats (McCabe et al. 1986).  In the intertidal habitat, abundance of 
subyearling Chinook salmon peaked in June in both the upper and lower estuary. 

Larger subyearling Chinook salmon from upstream sources, used in tagging and mark recovery 
studies, tend to remain within the Columbia River estuary for a relatively short period of time (Dawley 
et al. 1986).  Late migrant (or late transported) subyearling Chinook salmon may utilize the Columbia 
River estuary for extended rearing (Marsh et al. 2007).  These fish likely reside in the lower Columbia 
River and estuary over their first winter, migrating seaward in their second year of life.  Very little 
information is available for this juvenile subyearling Chinook salmon life-history strategy in the lower 
Columbia River.  However, there is some documentation of this extended rearing strategy for subyearling 
Chinook salmon in the Snake River reservoirs (Connor et al. 2002, 2005; Cook et al. 2007; McMichael 
et al. 2008). 

2.2 Habitat Use and Movements of Juvenile Anadromous Salmonids 
in and through the Columbia River Estuary 

2.2.1 Pink Salmon, Chum Salmon, Coho Salmon, and Cutthroat Trout 

Juvenile chum salmon, coho salmon, and cutthroat trout primarily use backwater and channel margin 
habitats during the pre-smolt and smolt life stages in the Columbia River estuary (Table 2.1).  However, 
cutthroat trout smolts have been sampled from mid-channel habitats (Johnsen and Sims 1973).  Cutthroat 
trout tagged with both radio and acoustic tags displayed directed downstream movement toward the ocean 
and traveled from Mill, Abernathy, and Germany creeks to the mouth of the Columbia River in 4.3 to 
6.6 days, with many individuals traveling the distance in 1–2 days (Zydlewski et al. 2008).  Migrating 
juvenile cutthroat trout were typically observed traveling near shore, although several juveniles crossed 
and migrated within the navigation channel for several hours (Zydlewski et al. 2008).   

Pink salmon and bull trout/dolly varden (Salvelinus confluentus/S. malma), although more rare than 
the aforementioned species, have been cited as using the Columbia River estuary (Johnson et al. 2003).  
However, little information is available in the literature to determine the estuarine habitat use of these 
species.    

Migrating coho salmon smolts moved downstream at a rate varying from 2 to 59 km/day (Table 2.1, 
Dawley et al. 1986).  Radio-tagged coho salmon in the Grays Harbor estuary were also influenced by 
flow, with periods of passive downstream movement in strong currents and periods of holding in low-
velocity habitats (Bottom et al. 2005).  Nearshore and mid-river catches of coho indicated a fairly uniform 
migration throughout the day period (Ledgerwood et al. 1991).  Maximum catches of coho in beach and  
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purse seines were made during the day between 0600 and 2000 hours (Dawley et al. 1986).  Most coho 
salmon smolts spend midmorning to late afternoon near shore and are found in mid-river areas at dawn 
and dusk (Pearson et al. 2005). 

Table 2.1. Movement rates and habitat use of chum salmon, coho salmon, and cutthroat trout juveniles in 
the Columbia River estuary.  Empty cells indicate information was not available in the cited 
reference.  Migration rates are not applicable (i.e., N/A) to the pre-smolt life stage.  The 
estuary was grouped into three river sections from Bonneville Dam to Vancouver, 
Washington (BON-VAN; RKM 234 to 170), the lower Columbia River (LCR; RKM 170 to 
4.8), and the mouth of the Columbia river (MCR; RKM 4.8 to −4.8). 

Species 
Run 
type 

River 
section RKM 

Length 
(mm) 

Movement 
rate (mean 
km/day) Habitat use 

Sampling 
method(s)(a) Citation 

Pre-Smolts 

Chum 

Fall LCR  ~40 N/A 
Tidal freshwater 
swamp 

TN 
Roegner et al. 

2007 

Fall MCR ~1 <45 N/A Brackish marsh PLS1, PLS2 
Roegner et al. 

2007, 2008 

Fall MCR  >30 N/A 
Tidal freshwater 
swamp 

TN 
Roegner et al. 

2008 

Coho 

 LCR  46 N/A 
Tidal freshwater 
swamp 

BS 
Roegner et al. 

2007 

 LCR  ~40 N/A 
Tidal freshwater 
swamp 

TN 
Roegner et al. 

2007 

 MCR ~1 <45 N/A Brackish marsh PLS1, PLS2 
Roegner et al. 

2007, 2008 

 MCR ~1  N/A Brackish marsh PLS1, PLS2 
Roegner et al. 

2007 

 MCR  >30 N/A 
Tidal freshwater 
swamp 

TN 
Roegner et al. 

2008 

Cutthroat  
BON-VAN 

& LCR 
47–233  N/A Channel margin  

Pauley et al. 
1986 

Smolts 

Chum 

Fall LCR 40   Side channels TN 
Roegner et al. 

2004 

 LCR 75  N/A Channel margin BS 
Hinton and 

Emmet 1994 

 
BON-VAN 

& LCR 
82–156 ~40 N/A Channel margin BS 

Pearson et al. 
2006 

Coho 

 
BON-VAN 

& LCR 
233–75 124–137 3.5–26.4 Channel margin BS, PS 

Dawley et al. 
1986 

 LCR 75–16 140–190 12–59 Channel margin BS, PS 
Dawley et al. 

1986 

 LCR 75   
Channel margin 
and mid-channel 

BS, PS 
Ledgerwood 
et al. 1991 

 
LCR & 
MCR 

75–0 140–190 2–44 Channel margin BS, PS 
Dawley et al. 

1986 

Cutthroat 

 LCR >46   Mid-channel PS 
Johnsen and 
Sims 1973 

 LCR 96  N/A Channel margin BS 
Hinton and 

Emmet 1994 

 
BON-VAN 

& LCR 
82–156  N/A Channel margin BS 

Pearson et al. 
2006 

(a) Sampling methods are beach seine (BS), purse seine (PS), trap net (TN), pole seine (PLS1), and pull seine (PLS2). 
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2.2.2 Chinook Salmon and Steelhead 

Habitat use information for Chinook salmon, steelhead, and sockeye salmon pre-smolts in the 
Columbia River estuary is scarce in the literature.  Chinook salmon pre-smolts used backwater habitats 
for rearing in the lower Columbia River estuary and near the Columbia River mouth; however, 
information on steelhead and sockeye salmon was unavailable (Table 2.2).  Pre-smolt steelhead are likely 
very rare and possibly nonexistent in the Columbia River estuary because adults typically spawn in high 
elevation, cold-water tributaries.  Similarly, sockeye salmon pre-smolts are most likely confined to high-
elevation lakes where breeding and rearing occur.  Therefore, juveniles use the estuary only during 
outmigration.  The run-type of Chinook salmon pre-smolts was not stated in the literature and was 
classified as unknown.  However, it is likely that most pre-smolts were fall run-type because the life 
history of spring- and summer-type Chinook salmon typically occurs farther upstream where those 
juveniles rear in tributaries for a year prior to seaward migration. 

All smolts were generally found in the navigation channel of the Columbia River estuary but have 
also been reported in channel margin habitats (Table 2.2).  Information on the location of smolts within 
the cross section of the river is likely most reliable because the entire cross section was interrogated 
(Carlson et al. 2001; Ledgerwood et al. 2004; Schreck et al. 2005; PNNL, unpublished data).   

In general, the larger juvenile salmonids tended to occupy deeper, offshore channel areas of the 
estuary, while the smaller fish tended to be found more frequently in the shallower nearshore areas.  
Juvenile Chinook and chum salmon less than 50–60 mm long were found primarily in shallow water 
(e.g., <1 m), fish 60–100 mm long were found in slightly deeper habitats (shoals, distributary channels), 
and fish greater than 100 mm long were found in deep- and shallow-water habitats (Carlson et al. 2001; 
Bottom et al. 2005). 

In capture studies with beach and purse seines, yearling Chinook and coho salmon and steelhead were 
most abundant in the offshore channel areas in purse seine samples, whereas the smaller fish, especially 
subyearling Chinook salmon, were usually found near the beaches (Johnsen and Sims 1973; Dawley et al. 
1986; McCabe et al. 1986; Ledgerwood et al. 1991).  Most were located within depths of 3 m or less 
(Carlson et al. 2001).  However, Bottom et al. (2005) noted that yearling Chinook salmon found in the 
estuary prior to June could also be found along the shoreline. 

The main navigation channel was used by 99% of the acoustic-tagged yearling Chinook salmon 
detected at Jim Crow Point (RKM 47) during their seaward migration, and only 1% used a smaller 
channel on the southern side of the river (Schreck et al. 2005).  At this same location, 95% of the juvenile 
steelhead were detected in the navigation channel, and 5% were detected in the smaller channel on the 
south side (Schreck et al. 2005) (Table 2.2). 

Downstream from Jim Crow Point, the majority of the yearling Chinook (66%) remained in the 
navigation channel, whereas 28% migrated north of Rice Island, and 6% utilized smaller side-channel 
habitats (Schreck et al. 2005).  For steelhead studied in 2003, the majority of fish remained in the 
navigation channel (76%), only 8% used the channel north of Rice Island, and 16% used the smaller side 
channels (Schreck et al. 2005) (Table 2.2). 

Although salmonid smolts were also sampled in channel margin habitats, sampling was confined 
primarily to these areas due to sampling gear type; thus, the sampling is likely a biased view of where 
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most smolts migrated (Dawley et al. 1986).  Smolts were also detected in side channels and bay habitats 
(i.e., Grays Bay) in the Columbia River estuary, albeit less commonly.  Roegner et al. (2007) sampled fish 
using beach seines at nearshore areas in Young’s Bay and the Grays River mouth for a habitat restoration 
study.  Few salmonids were caught at the Young’s Bay sites, and of those, all Chinook and coho salmon 
were less than 70 mm long.  The Grays River system has both natural and hatchery-produced salmonids, 
and chum salmon dominated the salmonid catch, followed by coho and a low number of Chinook salmon.  
The majority of these salmonids sampled were fry less than 60 mm, although fingerling Chinook and 
coho and yearling coho salmon were also present (Roegner et al. 2007). 

There is little specific information in the literature about the depths at which the different types of 
juvenile salmonids travel through the estuary.  Trawl samples from the channel off Tongue Point, Clatsop 
Spit, and Jones Beach in 1966 showed that more than 95% of all juvenile fall Chinook salmon were 
within 3 m of the surface (Dawley et al. 1986).  Fish detected by hydroacoustics in the channel and 
channel margins were significantly higher in the water column during the day than during the evening and 
night, whereas most fish closer to shore were detected within 2 m of the bottom during both day and night 
(Carlson et al. 2001).  Both laboratory and field studies have shown that juvenile salmonids prefer to 
occupy surface waters but will move up or down in the water column in response to adverse condition 
changes such as temperature and oxygen levels (Birtwell and Kruzynksi 1989). 

Avian predation studies have shown a greater susceptibility to terns by hatchery steelhead and 
yearling Chinook, indicating they have a greater tendency to reside near the surface of the water (Collis et 
al. 2001; Roby et al. 2003). 

Migration rates through the lower Columbia River and estuary were highly variable among salmonid 
species and studies (1 to 170 km/day; Table 2.2).  Variability is likely due to several factors that affect 
migration rate, including fish origin, fish size (Dawley et al. 1986), run-type (Schiewe et al. 1989), 
Columbia River discharge (Schreck et al. 2005; Ledgerwood et al. 2004), tidal cycle (Schreck and Stahl 
1998), and diel period (Dawley et al. 1986; Ledgerwood et al. 1991; Carlson et al. 2001).   

Radio-tagged spring and summer Chinook salmon released downstream of Bonneville Dam (RKM 
235) migrated to RKM 89 in 1 to 6 days at a mean rate of 81.6 km/day (Schreck et al. 2005).  
Acoustic-tagged spring and summer Chinook salmon migrated through the estuary from Jim Crow Point 
(RKM 47) to the ocean in 13 to 111 h (median 27 h) (Schreck et al. 2005).  River discharge was highly 
correlated to the migration rate at which radio-tagged yearling Chinook and PIT-tagged yearling Chinook 
and steelhead migrated from Bonneville Dam to Jones Beach (Ledgerwood et al. 2004; Schreck et al. 
2005). 

Ledgerwood et al. (2004) compared travel times and migration rates of fish from Lower Granite Dam 
that migrated in-river to those that were transported in barges and released at Skamania Landing, just 
downstream from Bonneville Dam.  The median travel time for in-river migrants from the tailrace of 
Lower Granite Dam to Jones Beach was 17 days for both yearling Chinook salmon and steelhead in 2000 
(a high water year) and nearly twice as long in 2001 (a low water year), when the median travel time was 
33 days for Chinook salmon and 30 days for steelhead (Ledgerwood et al. 2004).  

Travel time for in-river migrants from detection at Bonneville Dam to detection in the estuary was 
similar, with median travel times of 1.7 days for both species in 2000 and 2.3 and 2.5 days for yearling 
Chinook salmon and steelhead, respectively, in 2001.  The transported fish exhibited slightly slower 
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travel times of 2.0 days for Chinook salmon and 1.6 days for steelhead in 2000, and 2.9 and 2.3 days, 
respectively, in 2001.  Mean travel rates in 2000 were 73 km/day and 88 km/day for transported Chinook 
salmon and steelhead, respectively, and 91 km/day and 93 km/day for the in-river migrants.  In 2001, 
mean travel rates of transported and in-river migrant fish were 61 and 68 km/day for yearling Chinook 
salmon and 67 and 66 km/day for steelhead (Ledgerwood et al. 2004).  

Recovery of hatchery-origin freeze-branded fish in both beach and purse seines at Clatsop 
Spit (RKM 7) demonstrated a migration time of 6 days or less from Jones Beach (RKM 75), suggesting 
minimal rearing occurred in the lower 75 km of the estuary (Dawley et al. 1986).  This method, however, 
may not accurately represent estuarine residency because the timing describes group movement, 
composed of hundreds of thousands of similarly marked hatchery-origin fish (Bottom et al. 2005). 

Table 2.2. Movement rates and habitat use of Chinook salmon, steelhead trout, and sockeye salmon 
juveniles in the Columbia River estuary.  Empty cells indicate information was not available 
in citations.  Migration rates were not applicable (i.e., N/A) to the pre-smolt life stage.  The 
estuary river sections are from Bonneville Dam to Vancouver, Washington (BON-VAN; 
RKM 234 to 170), the lower Columbia River (LCR; RKM 170 to 4.8), and the mouth of the 
Columbia river (MCR; RKM 4.8 to −4.8). 

Life 
stage Species Run type 

River 
section RKM 

Length 
(mm) 

Movement 
rate 

(km/day)(a) 
Habitat 
use(b) 

Sampling 
method(s)(c) Citation 

P
re

-s
m

ol
t 

C
hi

no
ok

 

Unknown LCR  ~40 N/A 
Tidal 

freshwater 
swamp 

TN 
Roegner et 

al. 2007 

Unknown LCR  <50 N/A Marsh TN 
Roegner et 

al. 2004 

Unknown LCR 9.9–12.1  N/A  BS 
Bottom et al. 

2008 

Unknown LCR 19.8–22.0  N/A  BS 
Bottom et al. 

2008 

Unknown LCR 79.2–83.6  N/A  BS 
Bottom et al. 

2008 

Unknown LCR 35–53 ~40 N/A 
Tidal 

wetlands 
FN 

Bottom et al. 
2008 

Unknown LCR 19 31–50 N/A 
Tidal-

riverine 
BS 

Bottom et al. 
2005 

Unknown LCR 7 31–50 N/A 
Tidal-

riverine 
BS 

Bottom et al. 
2005 

Unknown LCR 19 31–50 N/A  BS Rich 1922 

Unknown LCR 7 31–50 N/A  BS Rich 1922 

Unknown LCR  31–50 N/A  BS Rich 1922 

Unknown LCR  31–45 N/A  BS Rich 1922 

Unknown MCR ~1 <45 N/A 
Brackish 

marsh 
PLS1, PLS2 

Roegner et 
al. 2007, 

2008 

Unknown MCR  >30 N/A 
Tidal 

freshwater 
swamp 

TN 
Roegner et 

al. 2007 
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Table 2.2.  (contd) 

Life 
stage Species Run type 

River 
section RKM 

Length 
(mm) 

Movement 
rate 

(km/day)(a) 
Habitat 
use(b) 

Sampling 
method(s)(c) Citation 

S
m

ol
t 

C
hi

no
ok

 

Spring/ 
Summer 

BON-
VAN & 

LCR 
219–89 139–163 81.6  RT 

Schreck et al. 
2005 

Spring/ 
Summer 

BON-
VAN & 

LCR 
219–46 139–169 

67–79 
(medians) 

 RT, AT 
Schreck et al. 

2005 

Spring/ 
Summer 

BON-
VAN & 

LCR 
235–8 103–260 19–179  JSATS 

PNNL 
unpublished 

data 

Spring/ 
Summer 

BON-
VAN & 

LCR 
233–113 103–260 26–107 

96% NAV; 
4% side 

JSATS 
PNNL 

unpublished 
data 

Spring LCR 83–61  68–91 
Mid-

channel 
PIT 

Ledgerwood et 
al. 2004 

Spring LCR 83–61  61–73 
Mid-

channel 
PIT 

Ledgerwood et 
al. 2004 

Spring LCR 75–16 95–175 5–59 
Channel 
margin 

BS, PS 
Dawley et al. 

1986 

Spring LCR 47   
99% NAV; 
1% other 

RT, AT 
Schreck et al. 

2005 

Spring LCR 75   
Mid-

channel 
BS, PS 

Ledgerwood et 
al. 1991 

Spring/ 
Summer 

LCR 113–8 103–260 25–113 
73% NAV; 
15% side; 
18% GB 

JSATS 
PNNL 

unpublished 
data 

Spring/ 
Summer 

LCR & 
MCR 

47–0 144–179 
10–87 

(medians) 
66% NAV, 
34% other 

AT 
Schreck et al. 

2005 

Spring 
LCR & 
MCR 

75–0 95–175 1–68 
channel 
margin 

BS, PS 
Dawley et al. 

1986 

Spring/ 
Summer 

LCR & 
MCR 

8–2 103–260 64–178  JSATS 
PNNL 

unpublished 
data 

Fall 
BON-

VAN & 
LCR 

233–75 56–77 4.8–35.2 

98% 
channel 

margin; 2% 
NAV 

BS, PS, 
T 

Dawley et al. 
1986 

Fall 
BON-

VAN & 
LCR 

219–89  36–79  RT 
Schreck et al. 

2005 

Fall 
BON-

VAN & 
LCR 

219–89  43–82  RT 
Schreck et al. 

2005 

Fall 
BON-

VAN & 
LCR 

235–8 94–230 41–72  JSATS 
PNNL 

unpublished 
data 
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Table 2.2.  (contd) 

Life 
stage Species Run type 

River 
section RKM 

Length 
(mm) 

Movement 
rate 

(km/day)(a) 
Habitat 
use(b) 

Sampling 
method(s)(c) Citation 

S
m

ol
t (

co
nt

d)
 

   
   

   
   

   
   

   
   

   
   

 C
hi

no
ok

 (
co

nt
d)

 

Fall 
BON-VAN 

& LCR 
233–113 94–230 55–83 

98% 
NAV; 2% 

side 
JSATS 

PNNL 
unpublished 

data 

Fall LCR 75–16 130–157 2–59 

98% 
channel 
margin; 

2% NAV 

BS, PS 
Dawley et al. 

1986 

Fall LCR 47   
99% 

NAV; 1% 
other 

 
Schreck et 
al. 2005 

Fall LCR 75   
channel 
margin 

BS, PS 
Ledgerwood 
et al. 1991 

Fall LCR 40 50–90  
Side 

channels 
TN 

Roegner et 
al. 2004 

Fall LCR 113–8 94–230 27–83 

67% 
NAV; 

10% side; 
23% GB 

JSATS 
PNNL 

unpublished 
data 

Fall 
LCR & 
MCR 

75–1 56–77 12.3–74.0 

98% 
channel 
margin; 

2% NAV 

BS, PS, T 
Dawley et al. 

1986 

Fall 
LCR & 
MCR 

75–0 130–157 1–99 

98% 
channel 
margin; 

2% NAV 

BS, PS, T 
Dawley et al. 

1986 

 

 

Fall 
LCR & 
MCR 

47–0   
66% 

NAV; 
34% other 

 
Schreck et 
al. 2005 

Fall 
LCR & 
MCR 

47–0 37–185  
95% IP; 
5% other 

BS, PS 
McCabe et 

al. 1986 

Fall 
LCR & 
MCR 

8–2 94–230 16–136  JSATS 
PNNL 

unpublished 
data 

St
ee

lh
ea

d 

 
BON-VAN 

& LCR 
233–75  

61–83 
(medians) 

 RT 
Ledgerwood 
et al. 2004 

 
BON-VAN 

& LCR 
233–75  

57–78 
(medians) 

 RT 
Ledgerwood 
et al. 2004 

 
BON-VAN 

& LCR 
219–89  50–101  RT 

Schreck et 
al. 2005 

 
BON-VAN 

& LCR 
219–89  55–108  RT 

Schreck et 
al. 2005 

 LCR 83–61  66–93 
Mid-

channel 
PIT 

Ledgerwood 
et al. 2004 

 LCR 83–61  67–88 
Mid-

channel 
PIT 

Ledgerwood 
et al. 2004 

 LCR 75–16 155–230 20–59 
Channel 
margin 

BS, PS 
Dawley et al. 

1986 
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Table 2.2.  (contd) 

Life 
stage Species 

Run 
type 

River 
section RKM 

Length 
(mm) 

Movement 
rate 

(km/day)(a) 
Habitat 
use(b) 

Sampling 
method(s)(c) Citation 

S
m

ol
t (

co
nt

d)
 

St
ee

lh
ea

d 
(c

on
td

) 

 LCR 46   
95% 

NAV; 
5% side 

RT, AT 
Schreck et al. 

2005 

 LCR 75   
Mid-

channel 
BS, PS 

Ledgerwood 
et al. 1991 

 
LCR & 
MCR 

75–0 
155–
230 

1–62 
Channel 
margin 

BS, PS 
Dawley et al. 

1986 

 
LCR & 
MCR 

46–0   
70% 

NAV; 
30% 

RT, AT 
Schreck et al. 

2005 

So
ck

ey
e 

 LCR >46   
Mid-

channel 
PS 

Johnsen and 
Sims 1973 

(a) Movement rates are expressed as mean kilometers per day unless otherwise noted. 
(b) Habitat use was classified as the location of sampling or the route of travel determined by the sampling method.  Habitats 

are navigation channel (NAV), side channel (side), Grays Bay (GB), and intertidal/pelagic zone (IP). 
(c) Sampling methods are beach seine (BS), purse seine (PS), trap net (TN), trawl (T), pole seine (PLS1), pull seine (PLS2), 

fyke net (FN), Juvenile Salmon Acoustic Telemetry System (JSATS), radio telemetry (RT), acoustic telemetry (AT), trap 
net (TN), and passive integrated transponder (PIT) trawl. 

 

Proximity to the estuary at the start of migration also seems to affect the migration rate through the 
Columbia River estuary.  Dawley et al. (1986) reported that hatchery fish released near the estuary 
generally moved downstream at a slower rate than their counterparts from hatcheries farther upstream.  
The same trend was observed for hatchery-reared juvenile coho salmon. 

Larger fish are less likely to rear in the estuary for additional periods of growth before entering the 
ocean, and thus tend to travel through the estuary at a faster rate than smaller fish.  Therefore, studies that 
typically use the larger hatchery-reared fish may underestimate estuary residence (Bottom et al. 2008).  
River discharge can also affect juvenile salmon migration rates, with faster migration rates occurring 
during high discharge periods (Dawley et al. 1986).  Juvenile salmon also tend to migrate more rapidly 
later in their migration season (Ledgerwood et al. 2004; McMichael et al. 2006b; McComas et al. 2008). 

Schreck and Stahl (1998) reported that movement in the lower estuary was influenced by tidal cycles, 
with fish moving downstream on the ebb tide and holding or moving upstream during the flood tide.  
Radio-tagged coho salmon in the Grays Harbor estuary were also influenced by flow, with periods of 
passive downstream movement in strong currents and periods of holding in low-velocity habitats (Bottom 
et al. 2005).  Steelhead, on the other hand, were less influenced by tidal flows and generally tended to 
achieve a net downstream movement, regardless of the tidal cycle (Schreck et al. 2005). 

Movement of juvenile salmonids through the estuary occurs throughout the day, with more movement 
during daylight hours (Dawley et al. 1986; Ledgerwood et al. 1991; Carlson et al. 2001).  The decrease in 
movement at night was consistent between sample sites at Jones Beach and Puget Island (Dawley et al. 
1986).  Diel movement patterns did not appear to be influenced by tidal conditions and were consistent 
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between years (Dawley et al. 1986, Ledgerwood et al. 1991).  Studies using beach and purse seines found 
yearling and subyearling Chinook salmon were most likely to be present between sunrise and early 
afternoon (Ledgerwood et al. 1991).  Coho were present throughout the period of daylight (Dawley et al. 
1986; Ledgerwood et al. 1991; Pearson et al. 2005), and steelhead were caught mainly between noon and 
early evening (Ledgerwood et al. 1991).  A study using PIT-tag detections in a surface pair-trawl detected 
more yearling Chinook salmon during dark than during daylight (19.1 vs. 8.4 fish/h), but there was no 
significant difference in detection rates of steelhead between darkness and daylight (Ledgerwood et al. 
2004).  It is unclear whether these capture data truly reflect fish abundance.  It is possible that fish 
susceptibility to capture in these gear types may be influenced by light levels.  For example, it is possible 
that fish are more likely to avoid being captured in a net or entrained in a trawl during daylight than 
during night.   

2.3 Use of the Columbia River Plume by Juvenile Anadromous 
Salmonids 

The Columbia River plume can be defined as the layer of Columbia River water in the nearshore 
Pacific Ocean.  The plume can be identified by a reduced salinity contour near the ocean surface of 
31 parts per thousand (Fresh et al. 2005).  The location and extent of the Columbia River plume varies 
seasonally with discharge, winds, and ocean currents, but it is typically located on the continental shelf 
off the Washington coast during fall and winter and beyond the shelf off the Oregon coast during spring 
and summer (Hickey and Banas 2003; NMFS 2006).  Evidence suggests that the plume is a food-rich 
habitat where juvenile salmonids have the opportunity for significant growth as they adjust their 
physiology to the more saline ocean environment (NMFS 2006).  Sediment and nutrients transported in 
the plume benefit juvenile salmonids by providing refuge from predators and by fueling primary 
productivity.  The plume may also benefit juvenile salmonids by distributing them away from predation 
pressure that occurs closer to shore and by concentrating food sources such as zooplankton (Fresh 
et al. 2005).   

Many Columbia River salmonids, such as yearling coho salmon, yearling Chinook salmon, chum 
salmon, and steelhead, enter the ocean during late spring and early summer when river flows are high and 
the low-salinity plume is well developed (De Robertis et al. 2005).  During 12 days of surface trawling in 
May of 2001 and 2002, densities of juvenile yearling coho salmon, yearling Chinook salmon, and 
steelhead were generally higher in the plume compared to more marine waters, reflecting the 
outmigration of large numbers of juvenile salmon from the Columbia River estuary into coastal waters 
during this time (De Robertis et al. 2005).  Chum salmon were rare in the plume, possibly because 
Columbia River chum salmon populations were at low levels during the time of this study (De Robertis et 
al. 2005).  However, juvenile chum salmon have been found to use riverine plume habitats as nursery 
areas in other regions (Fukuwaka and Suzuki 1998).   

While in the plume and adjacent waters, yearling coho and yearling Chinook salmon feed on a variety 
of forage fish, crab megalopae, adult euphausiids, pteropods, and hyperiid amphipods, whereas juvenile 
chum salmon seem to feed exclusively on planktonic prey (De Robertis et al. 2005).  Juvenile salmonids 
captured outside the plume are often larger in size and have fuller stomachs than those captured in the 
plume (Fisher and Pearcy 1995; De Robertis et al. 2005).  These results suggest that once fish made the  
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physiological transition to a marine habitat and reached a size at which they were less vulnerable to 
predation, they moved away from the plume to more marine waters where feeding opportunities were 
better (De Robertis et al. 2005).   

Samples from trawls, seines, and net tows have found that most Columbia River yearling Chinook 
salmon migrate north, out of the plume area, by June (Fisher and Pearcy 1995; Van Doornik et al. 2007; 
Casillas et al. 2008).  Although most yearling coho salmon migrate out of the plume area by late summer, 
they are more abundant than yearling Chinook salmon in the plume and off the coast of Washington 
during this time (Pearcy and Fisher 1988; Van Doornik et al. 2007; Casillas et al. 2008), suggesting that 
they are less migratory than yearling Columbia River Chinook salmon during their first summer in the 
ocean (Fisher and Pearcy 1995).    

Subyearling Chinook salmon typically enter the ocean during mid to late summer (Emmet et al. 2006; 
Casillas et al. 2008) and may overwinter in the waters near or adjacent to the mouth of the Columbia 
River (Fisher and Pearcy 1995; Casillas et al. 2008).  Subyearlings appear to be more strongly associated 
with shallow, nearshore areas of the Columbia River plume compared to yearling Chinook salmon (Fisher 
and Pearcy 1995).  This behavior makes subyearling Chinook salmon more susceptible to processes 
affecting the nearshore environment, such as storms that cause heavy surf conditions, concentrations of 
nearshore predators, and nearshore dredging and other habitat modifications (Fisher and Pearcy 1995).  
However, by staying near shore, where southward currents are not as strong during summer compared to 
15–20 km farther offshore (Kundu and Allen 1976; Huyer 1983), northward movements of the small 
subyearling fish may be facilitated (Fisher and Pearcy 1995).   

The use of the Columbia River plume by pink salmon, which migrate to the ocean as fry, is unknown.  
However, fry and small fingerlings (<80 mm) have not been captured in the plume (Fresh et al. 2003).  
This may be because small fish do not use the plume or that the sampling methods or the timing of 
sampling missed these small fish.  Because pink salmon are relatively rare in the Columbia River (Hard et 
al. 1996), it is likely that their absence from trawl catches indicates that they are not present in the plume 
in large numbers.   

Columbia River anadromous cutthroat trout migrate to saltwater at age 2 to 7 in April and early May 
(Dawley et al. 1978, 1979, 1980; Loch and Miller 1988).  Coastal cutthroat trout remain relatively close 
to shore while at sea compared to other anadromous salmonids; they do not cross bodies of deep open 
water (Trotter 1989) but may migrate considerable distances within the plume.  Coastal cutthroat trout 
have been captured within the Columbia River plume as far as 31.5 km offshore (Loch and Miller 1988).  
Cutthroat trout are mainly piscivorous while in or adjacent to the plume, feeding on juvenile cabezon 
Scorpaenichthys marmoratus, Pacific sand lance Ammodytes hexapterus, northern anchovies Engravalis 
mordax, juvenile kelp greenling Hexagrammus decagrammus, and rockfishes Sebastes spp (Brodeur et al. 
1987; Loch and Miller 1988).  Principal prey items also include mysids, brachyuran crab megalops, and 
euphausiids (Loch and Miller 1988).  Cutthroat trout have been reported to leave the plume, re-entering 
the Columbia River estuary in early June (Loch 1982; Loch and Miller 1988).   

Estimates of Columbia River juvenile salmon density obtained during the summer/fall from nearshore 
ocean environments have been highly correlated with the number of adults returning to Bonneville Dam 
(Van Doornik et al. 2007; Casillas et al. 2008).  These correlations indicate that ocean survival is set 
relatively early in the juvenile salmon’s ocean residence (Casillas et al. 2008) and emphasize the 
importance of the Columbia River plume and nearshore environments to the early marine phase of the 
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juvenile migration.  Because the plume is the first area encountered by juvenile salmonids upon ocean 
entry, changes in the structure of the plume may significantly influence the distribution, growth, and 
survival of Columbia River salmonids (De Robertis et al. 2005). 

The Columbia River plume has changed considerably in the past 200 years (NMFS 2006).  Changes 
to the hydrograph, which are attributed to flow regulation by the hydroelectric system, water withdrawal 
for irrigation and water supplies, and climate fluctuations, have altered the timing, magnitude, and 
duration of river flows.  These changes have affected erosion and accretion processes in the river, estuary, 
plume, and nearshore ocean environments (NMFS 2006).  Since the construction of dams, the amount of 
sand and gravel entering the estuary and plume has been severely reduced, while dredging activities have 
exported sand and gravel out of the estuary at a rate three times higher than it enters (Lower Columbia 
Fish Recovery Board 2004).  Additionally, dredging and the construction of jetties have limited wave 
action and the supply of marine sediment to the plume area (NMFS 2006).  The reduced transport of 
sediment to the plume likely influences habitat-forming processes, nutrient levels, and food sources, and 
may increase predation pressure on juvenile salmonids because of increased visibility (Bottom et al. 2005; 
Fresh et al. 2005; NMFS 2006).  Although the natural transport of sediment to the Columbia River plume 
has been reduced, dredge material has been disposed of in the area of the plume (NMFS 2006), which has 
altered the habitat available to juvenile salmonids and may attract colonies of piscovorous birds, as is 
common in the Columbia River estuary (Collis et al. 2002; Antolos et al. 2005; Roby et al. 2005).  

 



Final Report 

 3.1  

3.0 Juvenile Salmon Acoustic Telemetry  
System Data Synthesis 

The Juvenile Salmonid Acoustic Telemetry System (JSATS) tools were developed in response to a 
lack of information on survival and behavior of juvenile anadromous salmonids specific to the lower 
Columbia River and its estuary.  In 2001, the USACE, NOAA Fisheries, and PNNL initiated a project to 
develop tools to provide rigorous survival estimation for juvenile salmonids.  Acoustic telemetry was 
chosen as the only viable option for an existing technology that would allow for tagging individual fish of 
small size and being able to remotely detect them in both fresh and saltwater.  Subyearling Chinook 
salmon were of particular interest, and to effectively tag these fish, of which only about 85% of the 
population is ≥92 mm (3.5 in) fork length at the time they reach Bonneville Dam, a small, ergonomic 
transmitter was developed (McComas et al. 2005; McMichael et al. in review).  Receiving equipment was 
developed to detect these tags; a pilot-scale effort in 2004 used live fish tagged and released at Bonneville 
Dam and a few receivers deployed in the Columbia River estuary.   

3.1 Migratory Behavior Characterization Methodology 

Since 2004, nearly 65,000 juvenile steelhead and Chinook salmon tagged with JSATS acoustic 
transmitters have been released from the Clearwater River down through the Snake and Columbia rivers 
(Table 3.1).  The data summarized in this report make use of detections of these fishes on acoustic 
receivers deployed in the Columbia River from Bonneville Dam to the Pacific Ocean.  Table 3.2 describes 
where the acoustic receivers were deployed each year.  Figure 3.1 through 3.5 show the placement of 
JSATS receivers between Bonneville Dam and the mouth of the Columbia River (MCR) for 2004 through 
2008.  Thorough descriptions of fish collection, tagging, and handling, as well as receiver equipment 
protocols and specifications, can be found in McMichael et al. (2006a, 2008), Cook et al. (2007), 
McComas et al. (2007, 2008), and Ploskey et al. (2007). 

Table 3.1. Numbers, date, and size range of releases of acoustic tagged fish, 2004 through 2008.  Release 
location abbreviations are as follows:  Bonneville Dam (BON), John Day Dam (JDA), Little 
Goose Dam (LGS), Lower Granite Dam (LGR), Skamania Landing (SKA), The Dalles Dam 
(TDA), corner collector (CC), tailrace (TR).  The release river kilometer (RKM) value is the 
combined distance from the mouth of the Columbia River. 

Year Species/Run Release location 
Release 
RKM Release dates N 

Fork length 

Min Max Median 

2004 CH1 BON TR 233 16 May–29 May 963 123 215 150 

2005 CH1 BON TR 233 4 May–1 June 896 116 226 151 

2005 CH0 BON TR 233 18 June–16 July 1220 96 147 108 

2005 STL SKA 227 7 May–23 May 640 177 304 241 

2005 CH1 
S. Fork Klaskanine 

Hatchery 
80 5 April 75 105 191 157 

2005 CH1 Young's Bay YC 23 6 April 31 109 174 144 



Final Report 

3.2 

Table 3.1.  (contd) 

Year Species/Run Release location 
Release 
RKM Release dates N 

Fork length 

Min Max Median 

2005 STL Astoria Bridge 22 7 May–23 May 396 182 290 242 

2005 CH1 
Hammond 
Channel 

19 6 April 35 116 188 144 

2006 CH1 LGR TR 695 6 May–13 May 996 105 160 137 

2006 CH0 LGS TR 629 16 June–18 July 1949 94 136 111 

2006 CH1 JDA TR 349 16 May–3 June 1500 108 222 142 

2006 CH0 JDA TR 349 13 June–27 June 300 95 140 109 

2006 CH1 TDA TR 306 16 May–5 June 1000 116 214 143 

2006 CH0 TDA TR 306 13 June–13 July 2202 95 209 110 

2006 CH1 BON TR 234 2 May–27 May 974 116 218 148 

2006 CH0 BON TR 234 16 June–22 July 1955 94 155 109 

2007 CH0 Clearwater 803 18 Aug–17 Oct 410 96 170 138 

2007 CH1 LGR TR 695 25 April–15 May 3817 95 168 133 

2007 CH0 LGR TR 695 5 June–14 July 9836 83 146 103 

2007 CH0 LGS TR 631 31 July–13 Oct 1771 109 230 152 

2007 CH1 BON spillway 235 1 May–25 May 2990 116 228 142 

2007 CH0 BON spillway 235 21 June–13 July 3189 93 158 105 

2007 CH1 BON TR 234 1 May–2 June 1787 116 228 143 

2007 CH0 BON TR 234 16 June–21 July 2790 92 154 104 

2008 CH1 LGR TR 695 24 April–21 May 5442 74 202 137 

2008 STL Arlington 390 1 May–28 May 2453 143 271 217 

2008 CH1 Arlington 390 1 May–28 May 2451 110 232 157 

2008 CH0 Arlington 390 15 June–12 July 2489 95 148 116 

2008 STL JDA TR 344 2 May–29 May 993 144 273 216 

2008 CH1 JDA TR 344 2 May–29 May 994 111 229 154 

2008 CH0 JDA TR 344 16 June–13 July 996 97 147 115 

2008 CH0 TDA TR 306 16 June–13 July 2446 95 148 115 

2008 CH1 BON CC 235 30 April–2 June 826 113 232 130 

2008 CH0 BON CC 235 15 June–19 July 1020 95 151 112 

2008 CH1 BON TR 231 30 April–2 June 826 114 229 145 

2008 CH0 BON TR 231 15 June–19 July 1020 81 159 112 

2008 CH1 SKA 227 25 April–22 May 1282 82 260 140 
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Table 3.2. Acoustic receiver arrays, by river section, 2004 through 2008.  Numbers of receivers are 
indicated for each array each year.  The array code contains the river kilometer at which the 
array was located. 

River section Array code 
River 
mile Location description 2004 2005 2006 2007 2008 

MCR CR002.8 1.7 
Columbia River entrance, 
North Jetty to South Jetty 

6 33 25 31 31 

Lower 
Columbia River 

CR008.3 5.2 
Estuary, East Sand Island to 
Clatsop Spit 

4 22 22 22 22 

CR035.6 22.1 Main channel, Rice Island     4 

CR049.6 30.8 
Main channel, Three-Tree 
Point 

    3 

CR029-
CR053 

18.2-
32.9 

Grays Bay and estuary 
islands 

   6 12 

CR058.0 36.3 
Main channel, Tenasillahe 
Island 

   7  

CR084.0 52.2 
Estuary islands, 
downstream of Oak Point 

   4  

CR086.2 53.6 Estuary islands, Oak Point    5 4 

CR095-
CR097 

59.0-
70.2 

Fisher/Hump Island Slough     2 

CR113.0 70.2 
Main channel, Cottonwood 
Island 

   5 6 

Vancouver to 
Bonneville 

CR193.0 119.9 Main channel, Lady Island   4 5 6 

CR204.0 125.5 Main channel, Reed Island   4 5 9 

CR210.0 129.7 
Main channel, between 
Rooster Rock and Cape 
Horn 

  4 6  

CR224.0 139.2 
Main channel, near the town 
of Skamania 

   4  
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Figure 3.1.  JSATS acoustic telemetry receivers in the lower Columbia River in 2004. 

 

Figure 3.2.  JSATS acoustic telemetry receivers in the lower Columbia River in 2005. 
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Figure 3.3.  JSATS acoustic telemetry receivers in the lower Columbia River in 2006. 

 

Figure 3.4.  JSATS acoustic telemetry receivers in the lower Columbia River in 2007. 
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Figure 3.5.  JSATS acoustic telemetry receivers in the lower Columbia River in 2008. 

Fish from all release locations and groups were pooled for analyses, unless otherwise specified.  
Acoustic receiving arrays were assigned to one of three sections as seen in Table 3.2.  Only one array was 
present in the main channel in the section of river that includes the estuary islands (CR058.0 in 2007 and 
CR049.6 in 2008); where appropriate, data from these arrays were combined.  Where weekly data are 
presented, fish were grouped according to Julian date, either by date of release or detection at an array, 
and dates shown are the middle of the Julian week. 

Travel rate of fish tagged with JSATS acoustic transmitters was calculated as the time of first 
detection at an upstream array (or time of release) to time of first detection at the downstream array, 
divided by the distance between the arrays.  For the section between Bonneville Dam and Vancouver, 
travel rates were calculated for all fish detected at an array near Kalama, Washington (CR113.0) ,that 
were either released at Bonneville Dam or released upstream of Bonneville Dam and detected at any of 
the Bonneville tailrace arrays (CR225.2 through CR193.0).  For the lower CR section, travel rates were 
calculated for fish detected at CR113.0 and CR008.3.  For the MCR, travel rates were calculated for fish 
detected at CR008.3 and CR002.8. 

Hourly presence of fish tagged with JSATS acoustic transmitters at arrays downstream of Bonneville 
Dam was analyzed for influence of release time, based on release location.  It was determined that time of 
release at Bonneville Dam influenced the hourly distribution of fish at arrays all the way down to 
CR008.3.  For fish released upstream of Bonneville Dam (including fish released into the tailrace of The  
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Dalles Dam), release time did not appear to influence hourly distribution at arrays downstream from 
Bonneville Dam.  Therefore, only fish released upstream of Bonneville Dam were used for the remainder 
of the hourly distribution analyses. 

Hourly fish presence was also analyzed by release week to determine whether the hourly distribution 
of fish changed throughout the migration season.  Release week did not appear to impact hourly 
distributions of fish at arrays downstream from Bonneville Dam; therefore, fish were pooled across all 
release dates.  

All fish released upstream of Bonneville Dam were grouped according to species and run type and 
were counted as present for each hour during which they were detected at an array, independent of day, 
release group, or release location.  The number of fish present during each hour was divided by the total 
across all 24 hours to get the percentage for each hour.  The hours of approximate darkness shown in the 
figures are from one hour after sunset to one hour prior to sunrise, Pacific Standard Time, on the middle 
day of the season for each run type, at a location in the middle of the analyzed section of river (Longview, 
Washington).   

To evaluate relationships between detections of JSATS-tagged fish and tides, a count of first time 
detections for fish from each species and run type was made over five-minute intervals.  Using the tide 
generating software WXTIDE32 (http://www.wxtide32.com/), we produced tide elevation plots for 
periods during which tagged fish were migrating past the primary detection array.  Counts of detections 
were then plotted against the change in tide, as was the percentage of time the tide was at each stage.  

Use of migration pathways outside the main river channel was analyzed in the context of detection at 
an upstream array, or entrance array.  This was done because not all sections had coverage across the 
entire width of the river.  In some cases, as in 2008 at the estuary islands, the main channel array 
(Three-Tree Point) was located several kilometers downstream of the channel division where fish might 
enter the islands (Clifton Channel), and other channels and routes occurred in between.  Therefore, the 
percentages shown are the number of fish detected along a particular route, divided by the number of fish 
detected at the closest upstream array that detected fish across the entire river channel.  In addition, not all 
fish that were detected at the entrance array could be assigned to a route at the area of interest.  This is 
due to a number of factors, including mortality, detection probabilities that were less than 100%, the 
existence of routes that were not monitored by detection equipment, and potential residualization.  
Therefore, the sum of the percentages of fish detected in the main channel and side channel do not equal 
100%. 

Cross-channel distribution was analyzed for the two arrays nearest the Pacific Ocean.  Fish were 
counted at each receiver position at which they were detected, and the total number of fish at each 
position was divided by the total across the array to obtain the percentage of fish present at each location.  
This provided a better picture of which areas the fish used than simply relying on first detections at the 
array.  Receivers were not always in the same places from year to year, so to make comparisons between 
years possible, the percentage of fish at each position was plotted by distance to a reference point on 
shore.  Data from the autonomous receivers on the array at CR008.3 in 2005 were combined with data 
from the cabled-array receiver downstream.  The Appendix to this report contains a list of the latitudes 
and longitudes for the receiver locations and reference points, as well as calculated distances for each 
receiver location.  At array CR002.8, there were periods during which receivers were located in the 
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navigation channel.  These periods were analyzed separately to determine the percentage of fish migrating 
in the navigation channel.    

Fish tagged with JSATS acoustic tags were tracked by NOAA Fisheries using a mobile three-
dimensional positioning system beginning in 2007.  Obtaining information on fish depth was not the 
primary objective of the mobile tracking effort, and a study designed specifically to gather depth 
information would result in more reliable estimates of depth.  However, it was possible to generate depth 
estimates using the data collected in 2007.  Data collected in 2008 are still being analyzed.  To obtain a 
depth estimate on a fish, a single ping from the tag had to be detected and properly decoded by all four 
hydrophones aboard the tracking vessel.  Depth estimates were not generated for fish that were estimated 
to be more than 137 m (450 ft) from the tracking vessel, and estimates resulting in negative depths were 
removed from the analyses.  In addition, depth estimates from fish that appeared to be stationary (dead) 
were omitted.  Estimates were grouped by species and run type, and location of the fish, based on the 
origin of the track. 

3.2 Migratory Behavior Data Summary 

For yearling Chinook salmon, the slowest travel rate occurred in the section between Vancouver and 
East Sand Island.  The fastest travel rate occurred in the MCR area (Table 3.3).  Subyearling Chinook 
salmon and steelhead also exhibit the same pattern of having the fastest travel rate in the MCR and 
slowest travel rate in the lower CR section (Tables 3.4 and 3.5).  It is also interesting to note that travel 
rates in the MCR have consistently increased each year for both species over the last 4 years.   

Table 3.3. Travel rates for yearling Chinook salmon between each of three sections of the Columbia 
River downstream of Bonneville Dam, 2005 through 2008. 

CH1 Year N 
Mean (SE) 

km/day 
Median 
km/day 

MCR 

2005 95 104.9 (6.7) 104.2 

2006 873 128.9 (2.4) 137.5 

2007 1455 136.8 (1.9) 149.0 

2008 2952 142.3 (1.2) 151.7 

Lower CR 

2005 NA NA NA 

2006 NA NA NA 

2007 2966 57.6 (0.2) 60.5 

2008 3424 60.7 (0.5) 63.6 

Vancouver to 
Bonneville 

2005 NA NA NA 

2006 NA NA NA 

2007 4915 76.1 (0.2) 82.1 

2008 4630 79.7 (0.5) 82.1 
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Further breaking down the section between Vancouver and East Sand Island, travel rates consistently 
slowed down between each array as the fish move downstream, with the slowest rate between CR049.6 
and CR008.3.  This is true for yearling Chinook salmon (Table 3.6), subyearling Chinook salmon  
(Table 3.7), and steelhead (Table 3.8).  Between those two arrays, the river channel widens after the river 
passes through the Coastal Range and becomes more complex, with many shallow areas and islands 
between channels.  Further, the tidal influence over river velocities in the lower 50 km of river is greater 
than farther upstream. 

All species exhibit a slight increase in travel rate throughout the season through all sections of the 
river, with the possible exception of the MCR (Figures 3.6 through 3.8). 

Table 3.4. Travel rates for subyearling Chinook salmon between each of three sections of the Columbia 
River downstream of Bonneville Dam, 2005 through 2008.  Too few data points existed to 
calculate travel rate in 2004. 

CH0 Year N 
Mean (SE) 
(km/day) 

Median 
(km/day) 

MCR 

2005 135 72.0 (6.0) 54.2 

2006 1133 93.4 (1.9) 96.0 

2007 1944 85.7 (1.7) 79.7 

2008 3683 97.2 (1.2) 98.9 

Lower CR 

2005 NA NA NA 

2006 NA NA NA 

2007 2728 40.8 (0.2) 42.0 

2008 NA NA NA 

Vancouver to 
Bonneville 

2005 NA NA NA 

2006 NA NA NA 

2007 4899 64.3 (0.2) 65.3 

2008 NA NA NA 

Table 3.5. Travel rates for steelhead between each of three sections of the Columbia River downstream 
of Bonneville Dam, 2005 through 2008 

STL Year N 
Mean (SE) 
(km/day) 

Median 
(km/day) 

MCR 
2005 28 104.9 (15.6) 92.2 

2008 847 150.5 (2.4) 159.4 

Lower CR 
2005 NA NA NA 

2008 966 76.8 (0.5) 76.6 

Vancouver to 
Bonneville 

2005 NA NA NA 

2008 1739 97.0 (0.5) 97.9 



Final Report 

3.10 

Table 3.6. Travel rate in kilometers per day for yearling Chinook salmon from first detection at the 
upstream array to first detection at the downstream array, for three sections in the lower 
Columbia River between Vancouver and East Sand Island. 

CH1 Year N 
Mean (SE) 
(km/day) 

Median 
(km/day) 

CR049.6 to CR008.3 
2007 2420 45.4 (0.2) 47.8 

2008 2675 45.4 (0.2) 45.1 

CR086.2 to CR049.6 
2007 3298 75.8 (0.5) 75.8 

2008 2238 75.1 (0.5) 75.8 

CR113.0 to CR086.2 
2007 4149 89.3 (0.2) 90.2 

2008 2972 88.6 (0.5) 91.2 

 

Table 3.7. Travel rate in kilometers per day for subyearling Chinook salmon from first detection at the 
upstream array to first detection at the downstream array, for three sections in the lower 
Columbia River between Vancouver and East Sand Island 

CH0 Year N 
Mean (SE) 
(km/day) 

Median 
(km/day) 

CR049.6 to CR008.3 
2007 1699 32.4 (0.2) 32.9 

2008 3039 41.5 (0.2) 41.5 

CR086.2 to CR049.6 
2007 2682 52.6 (0.2) 51.1 

2008 3021 72.7 (0.2) 73.0 

CR113.0 to CR086.2 
2007 4550 65.3 (0.2) 62.4 

2008 NA NA NA 

 

Table 3.8. Travel rate in kilometers per day for steelhead from first detection at the upstream array to 
first detection at the downstream array, for three sections in the lower Columbia River 
between Vancouver and East Sand Island 

STL Year N 
Mean (SE) 
(km/day) 

Median 
(km/day) 

CR049.6 to CR008.3 2008 727 56.6 (0.5) 55.4 

CR086.2 to CR049.6 2008 660 97.0 (1.0) 97.4 

CR113.0 to CR086.2 2008 924 110.4 (0.7) 108.7 
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Figure 3.6. Weekly median travel rates of yearling Chinook salmon between acoustic receiving arrays in 
the Columbia River downstream of Bonneville Dam, 2005 through 2008. 
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Figure 3.7. Weekly median travel rates of subyearling Chinook salmon between acoustic receiving 
arrays in the Columbia River downstream of Bonneville Dam, 2005 through 2008. 
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Figure 3.8. Weekly median travel rates of steelhead between acoustic receiving arrays in the Columbia 
River downstream of Bonneville Dam, 2005 and 2008. 

The time of day when acoustic tagged fish were present in the river downstream of Bonneville Dam 
was related to the time of day when the fish were released, especially for those fish released at Bonneville 
Dam.  Figure 3.9 shows that fish released well upstream of Bonneville Dam, at Lower Granite Dam in 
this case, which had to travel through several reservoirs and dams prior to being detected, were present 
nearly equally during all hours of the day, while the effect of the release times of fish released at 
Bonneville Dam was detected in their hourly distributions all the way down to RKM 8.  Therefore, for the 
remainder of the time-of-day analyses, only the data from fish released well upstream of Bonneville Dam 
were used; no data are presented for 2004 and 2005 because all fish in those years were released at or 
downstream of Bonneville Dam. 
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Figure 3.9. Yearling Chinook salmon released at Bonneville Dam in the tailrace and in the spillway and 
yearling Chinook salmon released downstream of Lower Granite Dam (LGR) in 2007 and 
the effect of release time on presence during each hour of the day.  Each panel shows the 
hourly distribution at one of four detection arrays in the lower Columbia River.  Grey areas 
denote approximate hours of darkness. 

Throughout the season, fish were present at arrays during all hours of the day (Figure 3.10).  In 
general, yearling Chinook salmon, subyearling Chinook salmon and steelhead were present at all arrays 
during all hours of the day (Figures 3.11 through 3.13).  The spike in percentage of steelhead present at 
arrays CR204 and CR193 is unrelated to release time; these fish were released at three different times 
throughout the day in two locations (Arlington and the John Day Dam tailrace). 

Yearling Chinook salmon were most often first detected at the array at East Sand Island (CR008.3) on 
an outgoing (ebb) tide (Figure 3.14).  From 2004 to 2008, 76% to 91% of yearling Chinook salmon 
detections occurred during an ebb tide at East Sand Island.  During each of these years, ebb tides occurred 
about 55% of the time between the first and last yearling Chinook salmon detection at the East Sand 
Island array.  A similar but weaker pattern was observed for yearling Chinook salmon detected at array 
CR002.8 (Figure 3.15).  From 2005 to 2008, the percentage of yearling Chinook detected on an outgoing 
tide ranged from 56% to 82% and was greater than the percentage of time during which the tide was 
outgoing, which was about 47% for all 4 years.  The pattern was particularly evident in 2005, 2007, and 
2008 when 82, 77, and 75% of yearling Chinook salmon detections occurred, respectively, during an 
ebb tide.   
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Figure 3.10. Hourly distribution of yearling Chinook salmon released at Lower Granite Dam in 2007 at 
array CR224.0, downstream of Bonneville Dam, by release week.  Grey areas denote 
approximate hours of darkness. 

Subyearling Chinook salmon were even more likely to be detected at array CR008.3 on an outgoing 
tide (Figure 3.16).  From 2005 to 2008, 84% to 94% of subyearling Chinook salmon first detections at 
array CR008.3 occurred during an ebb tide.  Ebb tides occurred about 55% of the time during the period 
when subyearling Chinook were being detected at array CR008.3.  A similar, but weaker pattern was 
observed for subyearling Chinook salmon detected at array CR002.8 (Figure 3.17).  About 56% to 77% of 
first subyearling Chinook salmon detections happened during an ebb tide, which occurred 47% to 49% of 
the time. 

Steelhead behaved similarly to both yearling and subyearling Chinook salmon, with a greater 
percentage of first time detections occurring during outgoing tides at array CR008.3 (Figure 3.18) than at 
array CR002.8 (Figure 3.19).  About 89% to 91% of steelhead detections occurred at array CR008.3 
during an ebb tide, which occurred 55% of the time, whereas about 60% to 76% of steelhead detections at 
array CR002.8 occurred during an ebb tide, which accounted for about 47% of all tides at CR002.8 during 
the time steelhead were being detected.   

All yearling and subyearling Chinook salmon and steelhead used side-channel routes to some extent 
on their migration to the Pacific Ocean.  This was true for all areas in which receivers were deployed in 
side-channel areas.  Side-channel use in the section between Bonneville Dam and CR086.2 ranged from 
less than 1% to 3% of fish detected at an upstream array (Table 3.9 and 3.10).  Side-channel use in the 
section of the lower CR from CR058 through CR029 was greater, ranging from 7% to 20%, depending on 
the year and species (Table 3.11).  In 2007, there was a temporal trend for yearling Chinook salmon use 
of the side-channel route at Tenasillahe Island (Clifton Channel).  More than 2% of the fish detected at 
CR086.2 were detected in Clifton Channel at the beginning of the season and increased to 13% at the end 
of the migration season (Table 3.12).  Use of Clifton Channel ranged from 5% to 9% for yearling 
Chinook salmon in 2008, with no consistent temporal trend within their migration period.  For 
subyearling Chinook salmon, there was a trend of increasing use of Clifton Channel as the season 
progressed in 2008, increasing from 7% at the beginning to 19% at the end, but there was not a consistent 
trend in 2007 (Table 3.13).  Steelhead use of Clifton Channel was consistent over the season; 
approximately 7% of the fish detected at array CR086.2 were detected in this channel (Table 3.14). 
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Figure 3.11. Hourly distribution of yearling Chinook salmon released upstream of Bonneville Dam at 
arrays in the lower Columbia River, 2006–2008.  Grey areas denote approximate hours of 
darkness. 
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Figure 3.12. Hourly distribution of subyearling Chinook salmon released upstream of Bonneville Dam 
at arrays in the lower Columbia River, 2006–2008.  Grey areas denote approximate hours 
of darkness. 
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Figure 3.13. Hourly distribution of steelhead released upstream of Bonneville Dam at arrays in the lower 
Columbia River, 2008.  Grey areas denote approximate hours of darkness.  No data are 
presented for array CR210.0 because it was not used in 2008. 
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Figure 3.14. Detections of yearling Chinook salmon versus change in tide at CR008.3.  Negative values 
indicate outgoing (ebb) tides; positive values indicate incoming (flood) tides. 

At array CR008.3, the distribution of yearling Chinook salmon was skewed toward the northern 
portion (Washington side) of the array.  In 2005, the autonomous receivers ended at the pile dike on the 
western end of East Sand Island, and the largest proportion of yearling Chinook salmon passed that array 
near the pile dike (Figure 3.20).  At array CR002.8, the cross-channel distribution of yearling Chinook 
salmon was somewhat more variable, with the largest proportion of first detections near the North Jetty in 
2005, near the navigation channel in 2006, and on the south side of the navigation channel in 2007 and 
2008 (Figure 3.21).  For reference, the receiver closest to the North Jetty was approximately 0.1 km away 
in 2005 and 0.2 km away in 2006 through 2008.  In 2005 and 2006, the receiver closest to the South Jetty 
was more than 1 kilometer away, although in 2007 and 2008 the receiver closest to the South Jetty was 
approximately 0.2 km away.  For periods during which receivers were in the navigation channel, 4% to 
6% of the first detections of yearling Chinook salmon occurred on those receivers (Figure 3.22). 

The distribution of subyearling Chinook salmon was skewed even farther to the north at array 
CR008.3 than was the distribution of yearling Chinook salmon (Figure 3.23).  Subyearling Chinook 
salmon were more often first detected on the northern portion of array CR002.8 (Figure 3.24), and this  
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trend was consistent across the years.  For periods during which acoustic receivers were in the navigation 
channel, 3% to 6% of first detections of subyearling Chinook salmon occurred on those receivers  
(Figure 3.25). 
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Figure 3.15. Detections of yearling Chinook salmon versus change in tide at CR002.8.  Negative values 
indicate outgoing (ebb) tides; positive values indicate incoming (flood) tides. 

The distribution of steelhead at CR008.3 was skewed to the south side of the channel in 2005, 
although steelhead were more evenly distributed across the array in 2008 (Figure 3.26).  At array 
CR002.8, a larger proportion of first detections of steelhead occurred on the northern portion of the array 
near the North Jetty and near the navigation channel in 2005.  In 2008, steelhead were also more evenly 
distributed across array CR002.8, with more first detections near the navigation channel (Figure 3.27).  
For periods when there were acoustic receivers in the navigation channel, 3% to 5% of first detections of 
steelhead occurred on those receivers (Figure 3.28).  The difference in distributions of steelhead between 
the two years may be due, in part, to release location.  About half of the steelhead detected at the arrays in 
2005 were released at the Astoria–Megler Bridge, while the remainder were released at Skamania 
Landing.  Releasing the fish at the Astoria–Megler Bridge precluded those fish from opting to take the 
northern route through Grays Bay down to the array at East Sand Island. 
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Figure 3.16. Detections of subyearling Chinook salmon versus change in tide at CR008.3.  Negative 
values indicate outgoing (ebb) tides; positive values indicate incoming (flood) tides. 
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Figure 3.17. Detections of subyearling Chinook salmon versus change in tide at CR002.8.  Negative 
values indicate outgoing (ebb) tides; positive values indicate incoming (flood) tides. 
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Figure 3.18. Detections of steelhead versus change in tide at CR008.3.  Negative values indicate 
outgoing (ebb) tides; positive values indicate incoming (flood) tides. 
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Figure 3.19. Detections of steelhead versus change in tide at CR002.8.  Negative values indicate 
outgoing (ebb) tides; positive values indicate incoming (flood) tides. 
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Table 3.9. Numbers of fish detected at CR237.0, CR224.0, CR210.0 and, of those, numbers and 
percentages of fish detected at CR204.0 in the main channel or side channel (north of Reed 
Island), and at CR193.0 in the main channel or side channel (north of Lady Island).  The 
remaining fish were not detected in the main channel or side channel. 

Species/Run Year 
Bonneville 
arrays (N) 

CR204.0 CR193.0 

Main channel Side channel Main channel Side channel 

CH1 

2006 2007 1180 (59%) 68 (3%) NA NA 

2007 6203 4690 (76%) 193 (3%) 4032 (65%) 26 (<0%) 

2008 5648 4289 (76%) 144 (3%) 2480 (44%) 56 (1%) 

CH0 

2006 3292 2079 (63%) 18 (1%) NA NA 

2007 6214 5560 (89%) 35 (1%) 4959 (80%) 118 (2%) 

2008 5110 4066 (80%) 143 (3%) 3527 (69%) 20 (<1%) 

STL 2008 3018 2461 (82%) 36 (1%) 1662 (55%) 12 (<1%) 

 

Table 3.10. Numbers of yearling Chinook salmon and steelhead detected at CR113.0 and, of those, the 
number and percentage detected at CR097.2 or CR095.0 (in the Fisher/Hump Island Slough) 
in 2008. 

Species/Run CR113.0 (N) CR097.2 or CR095.0 

CH1 4734 95 (2%) 

STL 1739 7 (<1%) 

 

Table 3.11. Numbers of fish detected at CR086.2 and, of those, numbers and percentages of fish 
detected in the main channel (at and CR058.0 in 2007 and CR049.6 in 2008), anywhere in 
the estuary islands to the south of the main channel (CR038–CR058) and Harrington Point 
or Grays Bay to the north of the main channel (CR029–CR037). 

Species/Run Year CR086.2 (N) Main channel Estuary islands 
Harrington Point or 

Grays Bay 

CH1 
2007 5006 3298 (66%) 438 (9%) NA 

2008 4898 2239 (46%) 395 (8%) 442 (9%) 

CH0 
2007 5001 2682 (54%) 1008 (20%) NA 

2008 4714 2740 (58%) 614 (13%) 708 (15%) 

STL 2008 1501 660 (44%) 112 (7%) 84 (6%) 
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Table 3.12. Yearling Chinook salmon detected in the main channel or side channel (Clifton Channel) at 
Tenasillahe Island, by week of detection at CR086.2 in 2007 and 2008.  The remaining fish 
were not detected in the main channel or side channel. 

Year 
Week detected at 

CR086.2 CR086.2 (N) Main channel Clifton Channel 

2007 

5/3 821 683 (83%) 19 (2%) 

5/10 1543 1013 (66%) 86 (6%) 

5/17 1361 707 (52%) 94 (7%) 

5/24 1041 749 (72%) 140 (13%) 

5/31 240 146 (61%) 31 (13%) 

2008 

4/27 149 90 (60%) 8 (9%) 

5/4 708 392 (55%) 38 (5%) 

5/11 1356 765 (56%) 82 (6%) 

5/18 1457 533 (37%) 108 (7%) 

5/25 1039 407 (39%) 61 (6%) 

>5/31 189 52 (28%) 9 (5%) 

 

Table 3.13. Subyearling Chinook salmon detected in the main channel or side channel (Clifton Channel) 
at Tenasillahe Island, by week of detection at CR086.2 in 2007 and 2008.  The remaining 
fish were not detected in the main channel or side channel. 

Year 
Week detected at 

CR086.2 CR086.2 (N) Main channel Clifton Channel 

2007 

6/12 151 90 (60%) 26 (17%) 

6/19 776 585 (75%) 108 (14%) 

6/26 1065 312 (29%) 227 (21%) 

7/3 1346 808 (60%) 213 (16%) 

7/10 1151 584 (51%) 229 (20%) 

7/17 398 285 (72%) 49 (12%) 

>7/23 114 18 (16%) 11 (10%) 

2008 

6/16 537 299 (56%) 37 (7%) 

6/23 1058 635 (60%) 85 (8%) 

6/30 914 475 (52%) 56 (6%) 

7/6 1203 775 (64%) 178 (15%) 

7/13 921 514 (56%) 178 (19%) 

>7/19 81 42 (52%) 15 (19%) 
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Table 3.14. Subyearling Chinook salmon detected in the main channel or side channel (Clifton Channel) 
at Tenasillahe Island, by week of detection at CR086.2 in 2008.  The remaining fish were 
not detected in the main channel or side channel. 

Year 
Week detected at 

CR086.2 CR086.2 (N) Main channel Clifton Channel 

2008 

5/6 514 241 (47%) 34 (7%) 

5/13 491 243 (49%) 36 (7%) 

5/20 269 105 (39%) 19 (7%) 

>5/26 227 71 (31%) 9 (4%) 
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Figure 3.20.  Cross-channel distribution of yearling Chinook salmon at array CR008.3. 
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Figure 3.21.  Cross-channel distribution of yearling Chinook salmon at array CR002.8. 
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Figure 3.22. Cross-channel distribution of yearling Chinook salmon at array CR002.8 for periods during 
which receivers were in the navigation channel. 
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Figure 3.23.  Cross-channel distribution of subyearling Chinook salmon at array CR008.3. 
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Figure 3.24.  Cross-channel distribution of subyearling Chinook salmon at array CR002.8. 
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Figure 3.25. Cross-channel distribution of subyearling Chinook salmon at array CR002.8 for periods 
during which receivers were in the navigation channel. 
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Figure 3.26.  Cross-channel distribution of steelhead at array CR008.3. 
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Figure 3.27.  Cross-channel distribution of steelhead at array CR002.8. 
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Figure 3.28. Cross-channel distribution of steelhead at array CR002.8 for periods during which receivers 
were in the navigation channel. 

Based on detections of JSATS-tagged fish tracked in 2007, yearling Chinook salmon migrated 
through the lower Columbia River at shallower depths than subyearling Chinook salmon.  Estimates of 
mean depth for yearling Chinook salmon migrating through the Lower CR ranged from 4.1 m to 10.5 m.  
Mean depth estimates for subyearling Chinook salmon in the same section of river ranged from 4.6 to 
27.7 m.  In the section of river between Vancouver and Bonneville Dam, mean depth estimates for 
subyearling Chinook salmon ranged from 5.7 to 14.3 m (Table 3.15).  Depth estimates for both yearling 
and subyearling Chinook salmon in both sections of the river were highly variable, possibly indicating 
that these fish utilize a greater proportion of the available habitat than previously thought.   
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Table 3.15. Estimated fish depth (m) for yearling (CH1) and subyearling (CH0) Chinook salmon tagged 
with JSATS acoustic transmitters in two sections of the Columbia River downstream of 
Bonneville Dam (data courtesy of R. L. McComas, NOAA Fisheries). 

Species/Run Location N  

Pings/Fish Mean depth (m) 

Mean Min Max 
Global 
mean 

Min of 
mean 

Max of 
mean 

CH1 Lower CR 6 97.0 2 279 6.3 4.1 10.5 

CH0 Lower CR 114 34.7 1 453 11.0 4.6 27.7 

CH0 Vancouver to BON 11 33.8 2 163 8.5 5.7 14.3 
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4.0 Discussion 

Many species of juvenile anadromous Pacific salmon rear in or pass through the Columbia River 
estuary and plume, including pink salmon, chum salmon, coho salmon, coastal cutthroat trout, Chinook 
salmon, steelhead, sockeye salmon, and bull trout/dolly varden.  Historically there was a wider diversity 
of life histories employed by salmonids present in the estuary and greater use of the nearshore and 
wetland habitats for rearing.  Hatchery programs, flow regulation, and salmon population declines 
throughout the Columbia River basin, as well as wetland habitat losses and increasing water temperatures 
in the estuary, have contributed to decreased use of the estuary by juvenile salmonids in summer and fall 
compared to historic levels.  Information on use of the Columbia River estuary by pre-smolt Chinook 
salmon, steelhead trout, and sockeye salmon is scarce in the literature.  Chinook salmon pre-smolts used 
backwater habitats for rearing in the lower Columbia River estuary and near the Columbia River mouth.  
Pre-smolt steelhead are likely very rare in the Columbia River estuary because spawning typically occurs 
in high-elevation, cold-water tributaries.  Additionally, sockeye salmon pre-smolts are most likely 
confined to high-elevation lakes closer to where breeding and rearing occurs, and juveniles use the 
estuary only during outmigration.  Currently, the majority of juvenile salmon rearing in or passing 
through the Columbia River estuary are hatchery fish from upstream sources that simply migrate through 
the estuary as they pass from freshwater to the ocean. 

The majority of juvenile salmon migration through the estuary occurs between March and October, 
with peaks at various times depending on species and run type.  Capture studies using beach and purse 
seines and trawls have been conducted throughout the year at various sites in the mid to lower portion of 
the estuary to determine the seasonal migration patterns of juvenile salmonid species (Dawley et al. 1986; 
McCabe et al. 1986; Roegner et al. 2004;, Bottom et al. 2008).  Subyearling Chinook salmon are the most 
abundant salmon in the estuary, and rearing or migratory juveniles are present throughout the year.  Chum 
salmon abundance in the estuary peaks in early to mid-May, followed by coho salmon in mid to late May, 
then steelhead and sockeye in late May, yearling Chinook salmon in late May and early June, and then 
subyearling Chinook salmon in late June and July.   

Many Columbia River salmonids, such as yearling coho salmon, yearling Chinook salmon, chum 
salmon, and steelhead, enter the ocean during late spring and early summer when river flows are high and 
the low-salinity plume is well developed (De Robertis et al. 2005).  Samples from trawls, seines, and net 
tows have found that most Columbia River yearling Chinook salmon migrate north, out of the plume area, 
by June (Fisher and Pearcy 1995; Van Doornik et al. 2007; Casillas et al. 2008).   

Migration rates of juvenile anadromous salmonid smolts through the Columbia River estuary were 
highly variable, ranging from 1 to 170 km/day.  Factors influencing migration rate include fish origin, fish 
size (Dawley et al. 1986), run-type (Schiewe et al. 1989), Columbia River discharge (Schreck et al. 2005, 
Ledgerwood et al. 2004), tidal cycle (Schreck and Stahl 1998), and diel period (Ledgerwood et al. 1991, 
Dawley et al. 1986; Carlson et al. 2001).  In addition, JSATS data show that migration rates vary between 
different sections of the estuary, likely in response to channel morphology and river velocity (as 
influenced by tidal cycles).  
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The published literature generally indicates that the majority of salmonid movement occurs during 
daylight hours.  Studies at Jones Beach found juvenile salmonids most prevalent in catches during the 
morning (Dawley et al. 1986; Ledgerwood et al. 1991; Carlson et al. 2001), although Ledgerwood et al. 
(1991) reported no significant difference in detection rates of steelhead between day and night.  JSATS 
fish that were tagged and released upstream of Bonneville Dam were detected nearly equally during all 
hours of the day.  The differences in diel movements found between the seining studies and studies using 
JSATS may be attributable to sampling methods and/or a difference in the populations sampled.  While 
some beach seine sampling was done at night (Dawley et al. 1986; Ledgerwood et al. 1991), the timing 
and amount of sampling as well as sampling gear avoidance may introduce bias in the results of these 
types of studies.  Telemetry studies, including JSATS, are not constrained by sampling schedules, but 
they are typically biased toward larger fish that can accommodate an internally implanted tag.  JSATS 
protocols based on rigorous tagging effects studies limit the size of salmonids that can be tagged to 
individuals 95 mm or longer (Hockersmith et al. 2008).  The diel movement patterns of the smaller, 
rearing populations of salmonids in the Columbia River estuary may be more like those found in the 
seining and trapping studies. 

Habitat use by juvenile salmonids varies depending on time of year and the size and species of fish.  
Capture studies have documented use of deeper offshore main channel habitats by larger yearling 
Chinook salmon and steelhead, whereas smaller juvenile fish, such as subyearling Chinook salmon, use 
the shallower water closer to shore (Dawley et al. 1986; McCabe et al. 1986; Ledgerwood et al. 1991, 
2004; Johnsen and Sims 1973; Roegner et al. 2007, 2008).  Smolts were also detected in side channels 
and bay habitats (i.e., Grays Bay) in the Columbia River estuary, albeit less commonly (Roegner et al. 
2007).  Telemetry studies have shown that anywhere from 5% to 44% of yearling Chinook salmon and up 
to 24% of steelhead used side-channel routes during their migration through the estuary (Schreck et al. 
2005).  Side-channel use by JSATS-tagged fish in the lower Columbia River downstream of RKM 58 
ranged from 7% to 20%, depending on the year and species.  In the Columbia River plume, subyearling 
Chinook salmon appeared to be more strongly associated with shallow, nearshore areas compared to 
yearling Chinook salmon (Fisher and Pearcy 1995).  

Juvenile salmonids are generally thought to travel through the estuary in the upper portion of the 
water column, although there is little specific information in the literature to confirm this.  The vast 
majority of juvenile fall Chinook salmon in trawl samples from the channel off Tongue Point, Clatsop 
Spit, and Jones Beach were within 3 m of the surface (Dawley et al. 1986).  Both laboratory and field 
studies have shown that juvenile salmonids prefer to occupy surface waters but will move up or down in 
the water column in response to adverse condition changes such as temperature and oxygen levels 
(Birtwell and Kruzynski 1989).  The fact that steelhead and yearling Chinook salmon are more 
susceptible to predation by Caspian terns (Sterna caspia) than subyearling Chinook salmon may indicate 
they have a greater tendency to migrate near the surface of the water (Collis et al. 2001; Roby et al. 2003).  
Fish detected by hydroacoustics in the navigation channel and channel margins were significantly higher 
in the water column during the day than during the evening and night (Carlson et al. 2001).  Three-
dimensional positioning from mobile tracking JSATS fish in the estuary indicated that yearling Chinook 
salmon migrate through the lower Columbia River at shallower depths than subyearling Chinook 
salmon—mean migration depths are 4.1–10.5 m and 4.6–27.7 m, respectively. 
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Published literature on migration behavior in the Columbia River estuary is based primarily on 
sampling of salmonids in different types of nets.  Beach and purse seines are the most common, although 
some researchers have used trawls and trap nets as well (Dawley et al. 1986, McCabe et al. 1986, Bottom 
et al. 2008, Roegner et al. 2004, 2007, 2008).  Despite potential bias from capture techniques, studies that 
were conducted year round have provided a general seasonal framework of the abundance and timing of 
outmigration of juvenile salmonids through different sections of the lower Columbia River and estuary.   

Use of telemetry, including PIT, radio, and acoustic tags, to monitor juvenile salmonid movements 
through the lower Columbia River and estuary has been more common in the recent past (Ledgerwood et 
al. 1991, 2004; Schreck et al. 2005; McMichael et al. 2006).  Telemetry studies have provided more 
detailed information on migration behavior and habitat use, although they tend to be biased toward larger 
fish that can accommodate an internally implanted tag.   

Use of the JSATS has been limited to yearling and subyearling Chinook salmon and steelhead, all 
collected at Bonneville Dam or locations farther upstream.  Fish size and accessibility are limiting factors, 
but water depth in rearing habitats is another.  The JSATS autonomous receivers used between 2004 and 
2008 require approximately 3 m of water depth in order to be deployed.  Another area in which JSATS 
data are not currently being collected is the Columbia River plume.  Development of the JSATS is 
ongoing, and testing of a receiver specifically designed for the challenging environment of the plume 
began in 2008.  Development of a shallow-water receiver system also is being investigated.  As 
technology has progressed and smaller transmitter components have become available, the size of the 
JSATS tag has decreased each year since the inception of the program.  Development of application-
specific tags (i.e., smaller, single-battery tags for use in smaller fish, and slightly larger, longer-life tags to 
be used for studying over-wintering behavior in larger fish) is now being investigated.  These 
advancements in technology should help increase the understanding of juvenile salmonid behavior, 
habitat use, and survival in the Columbia River estuary and plume in the near future.   
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Table A.1.  Receiver CR002.8 

Receiver Location 

Latitude Longitude 
Distance from 

South Jetty (km) 

South Jetty Reference Point 46.2333 –124.0616 – – 

CR002.8_01 46.2711 –124.0706 4.25 

CR002.8_02 46.2701 –124.0698 4.13 

CR002.8_03 46.2690 –124.0690 4.01 

CR002.8_04 46.2681 –124.0682 3.89 

CR002.8_05 46.2670 –124.0674 3.77 

CR002.8_06 46.2660 –124.0667 3.65 

CR002.8_07 46.2649 –124.0658 3.52 

CR002.8_08 46.2639 –124.0650 3.41 

CR002.8_09 46.2629 –124.0642 3.29 

CR002.8_10 46.2620 –124.0634 3.18 

CR002.8_11 46.2609 –124.0627 3.07 

CR002.8_12 46.2595 –124.0622 2.90 

CR002.8_13 46.2579 –124.0618 2.73 

CR002.8_14 46.2564 –124.0614 2.56 

CR002.8_15 46.2549 –124.0610 2.40 

CR002.8_16 46.2534 –124.0605 2.23 

CR002.8_17 46.2524 –124.0603 2.12 

CR002.8_18 46.2513 –124.0601 2.00 

CR002.8_19 46.2504 –124.0600 1.90 

CR002.8_20 46.2494 –124.0598 1.79 

CR002.8_21 46.2484 –124.0598 1.68 

CR002.8_22 46.2474 –124.0597 1.57 

CR002.8_23 46.2464 –124.0597 1.46 

CR002.8_24 46.2454 –124.0597 1.35 

CR002.8_25 46.2444 –124.0596 1.24 

CR002.8_26 46.2429 –124.0602 1.07 

CR002.8_27 46.2415 –124.0609 0.90 

CR002.8_28 46.2400 –124.0615 0.74 

CR002.8_29 46.2385 –124.0623 0.58 

CR002.8_30 46.2371 –124.0629 0.42 

CR002.8_31 46.2356 –124.0636 0.29 
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Table A.2.  Receiver CR008.3 

Receiver 

Receiver Location Corresponding 2005 Receiver Locations 

Latitude Longitude 
Distance from 

Clatsop Spit (km) Receiver Latitude Longitude 

Clatsop Spit 
Reference Point 

46.2354 –123.9993 – – – – – – – – 

CR008.3_24 46.2352 –123.9972 0.16 – – – – – –

CR008.3_23 46.2364 –123.9962 0.27 – – – – – –

CR008.3_22 46.2376 –123.9951 0.41 – – – – – –

CR008.3_19 46.2404 –123.9920 0.79 WA1-15 46.2403 -123.9930 

CR008.3_18 46.2412 –123.9937 0.79 WA1-14 46.2414 -123.9924 

CR008.3_17 46.2426 –123.9941 0.90 WA1-13 46.2424 -123.9916 

CR008.3_16 46.2439 –123.9946 1.01 WA1-12 46.2436 -123.9909 

CR008.3_15 46.2452 –123.9949 1.15 WA1-11 46.2446 -123.9900 

CR008.3_14 46.2466 –123.9953 1.28 WA1-10 46.2457 -123.9892 

CR008.3_13 46.2479 –123.9957 1.43 WA1-09 46.2470 -123.9885 

CR008.3_12 46.2492 –123.9962 1.56 WA1-08 46.2480 -123.9877 

CR008.3_11 46.2505 –123.9966 1.70 WA1-07 46.2491 -123.9868 

CR008.3_10 46.2520 –123.9971 1.86 WA1-06 46.2502 -123.9862 

CR008.3_09 46.2532 –123.9975 1.99 WA1-05 46.2512 -123.9857 

CR008.3_08 46.2546 –123.9978 2.14 WA1-04 46.2524 -123.9848 

CR008.3_07 46.2560 –123.9983 2.29 WA1-03 46.2533 -123.9840 

CR008.3_06 46.2572 –123.9986 2.43 WA1-02 46.2545 -123.9833 

CR008.3_05 46.2586 –123.9991 2.59 WA1-01 46.2555 -123.9827 

CR008.3_04 46.2600 –123.9995 2.74 – – – – – –

CR008.3_03 46.2614 –123.9999 2.89 – – – – – –

CR008.3_02 46.2626 –124.0005 3.03 – – – – – –

CR008.3_01 46.2643 –124.0009 3.22 – – – – – –

 

 



 
 

 

 
 
 
 


	Title Page
	Summary
	Acknowledgments
	Acronyms and Abbreviations
	Contents
	1.0 Introduction
	2.0 Literature Review
	2.1 Seasonal Presence of Juvenile Anadromous Salmonid Species in the Columbia River Estuary
	2.2 Habitat Use and Movements of Juvenile Anadromous Salmonids in and through the Columbia River Estuary
	2.3 Use of the Columbia River Plume by Juvenile Anadromous Salmonids

	3.0 Juvenile Salmon Acoustic Telemetry System Data Synthesis
	3.1 Migratory Behavior Characterization Methodology
	3.2 Migratory Behavior Data Summary

	4.0 Discussion
	5.0 References
	Appendix - Latitudes and Longitudes for Receiver Locations and Reference Points



