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Preface

This is number six of six volumes of a Technical Foundation for Recovery and Subbasin
Planning prepared under direction of the Washington Lower Columbia River Fish Recovery
Board. This information provides a basis for an integrated Salmon Recovery and Subbasin Plan
prepared by the Fish Recovery Board. The Technical Foundation is an encyclopedia of
information relating to focal and other species addressed by the plan, environmental conditions,
ecological relationships, limiting factors, existing programs, and economic considerations. The
Technical Foundation summarizes existing information and new assessments completed as part
of the planning process. A separate Executive Summary document provides an overview of the
entire Technical Foundation.

Technical Foundation volumes include:

Vol. | Focal Fish Species Species overviews, limiting factors, recovery
standards, and status assessments for lower
Columbia River chinook salmon, coho salmon, chum
salmon, steelhead, bull trout, and cutthroat trout

Vol. Il Subbasins Fish populations and habitat conditions in each of
11 Washington lower Columbia River subbasins

Vol. Ill  Other Species Descriptions, status, and limiting factors of other
fish and wildlife species of interest to recovery and
subbasin planning

Vol. IV Existing Programs Descriptions of Federal, State, Local, Tribal, and
non governmental programs and projects that affect
or are affected by recovery and subbasin planning

Vol. V Economic Assessment  Potential costs and economic considerations for
recovery and subbasin planning

Vol. VI  Appendices Methods and detailed discussions of assessments
completed as part of this planning process

This work was funded by the State of Washington and the Northwest Power and Conservation
Council. The Technical Foundation was completed primarily by the Washington Lower
Columbia Fish Recovery Board, Washington Department of Fish and Wildlife, S.P. Cramer and
Associates, and The White Company. This second draft of the Technical Foundation
incorporates suggestions and revisions provided by a wide array of agency and public reviewers
of an initial draft distributed in 2003. Additional opportunities for review and revision of the
current draft will occur as part of ongoing recovery and subbasin planning processes
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1.0 Population Ranking

1.1 Population Persistence

Table 1-1. Population Persistence Score Definitions

Category Description Application
0 Either extinct or very high risk of 0-40% probability of persistence for 100 years
extinction
1 Relatively high risk of extinction 40-75% probability of persistence for 100 years
2 Moderate risk of extinction 75-95% probability of persistence for 100 years
3 Low (negligible) risk of extinction 95-99% probability of persistence for 100 years
4 Very low risk of extinction >99% probability of persistence for 100 years
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Table 1-2. Chum Salmon Population Persistence

Population Persistence

Strata State Population score data criteria comments
Coast WA Grays/Chinook 2.2 75-95% probability of Grays River peak spawner counts from 1945-2000 averaged
persistence for 100 years 1,149 fish; peak counts represent 80% of total return under
optimal conditions. Survey results indicate a small, but
stable population. NMFS status assessment indicates 0.38
risk of 90% decline in 50 years.
WA Elochoman/Skamokawa 1.2 40-75% probability of A small remnant run has persisted in the basin; population is
persistence for 100 years small and expected to be relatively unstable.
WA Mill/Abernathy/Germany 1.0 40-75% probability of A small remnant run has persisted in the basin; population is
persistence for 100 years small and expected to be relatively unstable.
OR Youngs
OR Big Creek
OR Clatskanie
OR Scappoose
1.4 40-75% probability of
persistence for 100 years
Cascade WA Cowlitz Chum 1.0 40-75% probability of A small remnant run has persisted in the basin; population is
persistence for 100 years small and expected to be relatively unstable. Typically, less
than 20 adults are collected annually at the Cowlitz Salmon
Hatchery.
WA Kalama Chum 1.0 40-75% probability of A small remnant run has persisted in the basin; population is
persistence for 100 years small and expected to be relatively unstable.
WA Lewis Chum 1.0 40-75% probability of A small remnant run has persisted in the basin; population is
persistence for 100 years small and expected to be relatively unstable. Chum are
occasionally observed during fall chinook surveys; 3-4 adult
chum are collected annually at the Merwin fish trap.
WA Salmon Chum 0.4 0-40% probability of Chum salmon not known to utilize Salmon Creek; historic
persistence for 100 years chum run likely extirpated.
WA Washougal Chum 1.7 40-75% probability of A small remnant run has persisted in the basin; population is
persistence for 100 years small and expected to be somewhat unstable.
OR Clackamas
OR Sandy
1.0 40-75% probability of

persistence for 100 years
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Gorge WA Lower Gorge

WA Upper Gorge

2.9

0.9

1.9

75-95% probability of
persistence for 100 years

0-40% probability of
persistence for 100 years
40-75% probability of
persistence for 100 years

After Grays River, these tributaries support the most
productive wild chum salmon population in the lower
Columbia. NMFS status assessment indicated 0.01 risk of
90% decline in 50 years for Hardy Creek and 0.86 risk of
90% decline in 50 years for Hamilton Creek.

Chum salmon not known to utilize the Wind or Little White
Salmon Rivers; historic chum run likely extirpated.
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Table 1-3. Chinook Population Persistence

Population Persistence
Strata State Population

score data

criteria

comments

Coast Fall
WA Grays
WA Elochoman
WA Mill/Abernathy/Germany
OR Youngs Bay
OR Big Creek
OR Clatskanie
OR Scappoose
Cascade Fall

WA Lower Cowlitz

WA Coweeman

1.5

1.5

1.8

1.6

1.7

2.2

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

75-95% probability of
persistence for 100 years

Wild fish contribution to the annual escapement is expected
to be small; first generation hatchery fish comprise most of
the annual escapement. NMFS status assessment indicated
the risk of extinction in 50 years was 0.58.

Wild fish contribution to the annual escapement is expected
to be small; first generation hatchery fish comprise most of
the annual escapement. NMFS status assessment indicated
the risk of extinction in 50 years was 0.03.

Fall chinook may not be native to Mill, Germany, or
Abernathy Creek; first generation hatchery fish comprise
most of the annual escapement. However, the fall chinook
hatchery program was discontinued in 1995 and the 2001
escapement for Germany and Abernathy Creeks was each
over 1,500 fish. NMFS status assessment indicated the risk
of extinction in 50 years for Mill Creek was 0.4; the risk of
90% decline in 50 years was 0.17 and 0.15 for Abernathy
Creek and Germany Creek, respectively.

Historic abundance of natural fall chinook escapement was
estimated to be over 100,000 fish; recent escapements have
been less that 2,000. Currently, hatchery production accounts
for most fish returning to the basin. NMFS status assessment
indicated a 0.33 risk of 90% decline in 50 years.

Run is considered wild production with minimal hatchery
influence. Historic escapement was about 5,000 fall chinook;
recent escapements have fluctuated near 500 fish. NMFS
status assessment indicated zero risk of 90% decline in 25
years, 90% decline in 50 years, or extinction in 50 years.
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WA

WA

WA

WA

WA

OR
OR

Toutle

Upper Cowlitz

Kalama

Lewis/Salmon

Washougal

Sandy
Clackamas

1.6

1.2

1.8

2.2

1.7

1.7

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

75-95% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

Historic abundance of natural fall chinook escapement was
estimated to be over 6,000 fish. Currently, hatchery
production accounts for most fish returning to the basin. Fall
chinook populations in the basin are recovering from the
1980 Mt. St. Helens eruption.

Historically, the Cispus River was the major area of
production for fall chinook salmon, with an annual
escapement over 8,000 fish.

Fall chinook were historically abundant in the Kalama (at
least 20,000 fish), however, estimates of wild run size are
difficult as hatchery operations began in the basin in 1895. In
recent decades, spawning escapement has fluctuated around
5,000 fish; first generation hatchery fish account for most
natural spawners. NMFS status assessment indicated a 0.03
risk of extinction in 50 years.

Lewis River fall chinook are a native stock of wild
production. Escapement to the NF Lewis represent about
85% of the lower Columbia wild fall chinook natural
production; the remaining 15% comes from the EF Lewis and
Sandy Rivers. NMFS status assessment of NF Lewis fall
chinook indicated a 0.19 risk of 90% decline in 50 years and
zero risk of extinction in 50 years. NMFS status assessment
of EF Lewis fall chinook indicated a 0.06 risk of 90% decline
in 50 years and zero risk of extinction in 50 years.

In the early 1950s, fall chinook spawner escapement was
estimated at 3,000 fish. By the late 1960s, escapement had
declined to hundreds of fish. Since 1970, spawner
escapement has steadily increased to current levels that
fluctuate near 3,000 fish. NMFS status assessment indicated
a 0.0 risk of 90% decline or extinction in 50 years. A
significant portion of natural spawners are first generation
hatchery fish.
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Gorge Fall
WA

WA

WA

OR
Cascade late fall

WA

OR

Cascade spring
WA

WA

Lower Gorge

Upper Gorge

Big White Salmon

Hood

Lewis NF

Sandy

Upper Cowlitz

Cispus

1.8

1.8

1.7

1.8

3.1

3.1

1.7

1.7

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

95-99% probability of
persistence for 100 years

95-99% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

Bonneville upriver bright fall chinook stock was discovered
in 1994; stock origin is unknown, but is likely from hatchery
strays. The current population remains low but stable.

Average return of fall chinook to the Wind River in the 1950s
was estimated at 1,500 fish; annual spawner escapement has
been less than 250 fall chinook since 1989. NMFS status
assessment for the Wind River indicated a 0.74 risk of
extinction in 50 years. The current fall chinook run in the
Wind is a derivative of Spring Creek NFH stock. Fall
chinook were thought to be historically abundant in the Little
White Salmon River, based on egg take records at the Little
White Salmon NFH starting in 1897. Recent natural
escapement estimates are not available but are expected to be
low.

Escapement estimates in the mid 1900s indicate
approximately 10,000 spring chinook spawned above the
Mayfield Dam site. The highest recorded spring chinook
return to the upper Cowlitz was 20,761 fish in 1965. Current
production is maintained from hatchery plants and a trap and
haul program. NMFS status assessment for the Cowlitz River
indicated a 0.25 risk of 90% decline in 50 years.
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WA

WA

WA

WA

OR

Gorge spring
WA

OR

Tilton

Toutle

Kalama

Lewis NF

Sandy

Big White Salmon

Hood

0.0

0.7

1.2

0.2

0.9

0.0

0.0

0-40% probability of
persistence for 100 years

0-40% probability of

persistence for 100 years

40-75% probability of
persistence for 100 years

0-40% probability of
persistence for 100 years

0-40% probability of
persistence for 100 years

0-40% probability of
persistence for 100 years

0-40% probability of
persistence for 100 years

In the early 1950s, spawning escapement to the Tilton was
about 200 spring chinook. Spring chinook have not been
observed in the Tilton since that time.

Toutle River spring chinook are not considered a separate
stock by WDFW. Annual escapement in the early 1950s was
estimated at 400 fish and 1990s annual escapement was about
150 fish.

Spring chinook were not believed to be historically abundant
in the Kalama River; by the 1950s, only a remnant (<100)
wild population remained. NMFS status assessment indicated
a 0.82 risk of 90% decline in 50 years. Current spawning
escapement is primarily first generation hatchery fish.

Pre-Merwin Dam (1931) escapement of spring chinook was
at least 3,000 fish; by the 1950s, only a remnant (<100)
population remained. The native component of the run may
have been extirpated and replaced with a hybridized hatchery
stock, although more research is necessary to confirm this.
NMEFS status assessment indicated the risk of extinction in 50
years was 0.2. Current spawning escapement is primarily
first generation hatchery fish.
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Table 1-4. Steelhead Population Persistence

Population Persistence

Strata State Population Score Data Criteria Comments
Coast winter
WA Grays 1.9 40-75% probability of Historical abundance of Grays winter steelhead was about
persistence for 100 years 2,000 fish (1920s to 1930s). Today, a small bu persistent run
exists (estimated 400-600 fish escapement). The annual return
is composed primarily of hatchery fish.
WA Elochoman/Skamokawa 1.7 40-75% probability of Historic abundance data for Elochoman steelhead are limited;
persistence for 100 years 1960s annual spawning escapement was estimated near 5,200
fish. Recent escapements have been below 400 fish. The
annual return is composed primarily of hatchery fish.
WA Mill/Abernathy/Gemany 2.2 75-95% probability of Historic steelhead abundance data for these basins are limited,
persistence for 100 years although steelhead runs were expected to be relatively small.
Recent escapements have been below 300 fish. The annual
return is composed primarily of hatchery fish.
1.9 40-75% probability of
persistence for 100 years
Cascade winter
WA Lower Cowlitz 1.3 40-75% probability of Winter steelhead were historically abundant throughout the
persistence for 100 years Cowlitz River. Average annual escapement from 1983 to
1995 was 16,240 winter steelhead; the run is composed
primarily of first generation hatchery fish.
WA Upper Cowlitz 1.6 40-75% probability of Winter steelhead were historically abundant throughout the
persistence for 100 years Cowlitz River. During the 1960s, an average of 11,081 adult
steelhead were collected annually at the Mayfield Dam
facility. Escapement to the upper basin is composed primarily
of first generation hatchery fish transported around the hydro
projects.
WA Cispus 1.6 40-75% probability of
persistence for 100 years
WA Tilton 1.4 40-75% probability of

persistence for 100 years
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WA

WA

WA

WA

WA

WA

Coweeman

N.F. Toutle

S.F. Toutle

Kalama

E.F. Lewis

N.F. Lewis

19

2.0

2.2

3.0

2.1

1.8

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

75-95% probability of
persistence for 100 years

95-99% probability of
persistence for 100 years

75-95% probability of

persistence for 100 years

40-75% probability of
persistence for 100 years

Historic production levels are not known for this stock. Wild
winter steelhead escapement in recent years has fluctuated
near 200. Most adult winter steelhead returning to the
Coweeman are hatchery fish.

Historic production levels are not known for this stock. Wild
winter steelhead escapement in recent years has fluctuated
near 300. Most adult winter steelhead returning to the North
Toutle are from natural production. NMFS status assessment
indicated that the risk of extinction in 50 years for Green River
winter steelhead was 0.73.

Historic abundance estimates for this stock are not available.
Wild fish escapement in the 1980s was around 2,000; current
day escapements have fluctuated near 400 fish. NMFS status
assessment indicated a 1.0 risk of 90% decline in 25 and 50
years.

Historically, winter steelhead were moderately abundant in the
Kalama River. Wild winter steelhead escapement has
fluctuated around 1,000 fish since the mid 1980s. NMFS
status assessment indicated a 0.0 risk of extinction in 50 years.

Historic annual wild winter steelhead escapement estimates for
the Lewis River ranged from 1,000 to 11,000 fish. East Fork
wild winter steelhead redd index escapements from 1991-1996
averaged 76. An estimated 51% of annual spawners are of
hatchery origin. NMFS status assessment for the East Fork
winter steelhead indicated a 1.0 risk of 90% decline in both 25
and 50 years.

Historic annual wild winter steelhead escapement estimates for
the Lewis River ranged from 1,000 to 11,000 fish. North Fork
wild winter steelhead redd index escapements from 1991-1996
averaged 70. An estimated 93% of annual spawners are of
hatchery origin.
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WA

WA

OR
OR

Gorge winter
WA

WA

OR

Cascade summer
WA

Salmon

Washougal

Clackamas
Sandy

Lower Gorge Tribs

Upper Gorge Tribs

Hood

Kalama

1.5

1.9

1.8

1.9

1.9

1.9

2.3

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years
40-75% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

75-95% probability of
persistence for 100 years

Historic abundance estimates for this stock are not available.
Wild fish escapement in 1989 was around 80; current day
escapement data are not available. The annual return is likely
composed of mostly hatchery fish.

Historic abundance estimates are scarce; 539 steelhead were
documented during 1936 escapement surveys. Wild winter
steelhead redd index escapement counts since 1991 have
averaged 237. Hatchery winter steelhead are thought to
account for most of the annual escapement.

Historic and current abundance estimates for Hamilton Creek
wild winter steelhead are not available.

Historic run size has been estimated at 2,500 fish (contribution
of summer and winter steelhead to this run size is not clear).
Wild winter steelhead escapement estimates in recent years are
not available. The winter steelhead run is expected to be small
and sustained primarily by wild fish.

Historically, summer steelhead were moderately abundant in
the Kalama River. Run size estimate in the 1950s was about
1,500 fish. Wild summer steelhead escapement has fluctuated
around 1,000 fish from the mid 1970s to the mid 1990s; recent
year escapements have been below 500 fish. NMFS status
assessment indicated a 0.01 risk of extinction in 50 years.
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WA

WA

WA

Gorge summer
WA

OR

N.F. Lewis

E.F. Lewis

Washougal

Wind

Hood

0.3

2.1

2.0

1.7

2.8

2.8

0-40% probability of
persistence for 100 years

75-95% probability of
persistence for 100 years

75-95% probability of
persistence for 100 years

40-75% probability of
persistence for 100 years

75-95% probability of
persistence for 100 years

From 1925 to 1933, annual escapement of wild summer
steelhead to the Lewis River was estimated at 4,000 fish. In
1984, North Fork Lewis wild summer steelhead escapement
was estimated to be less than 50 fish. Recent year escapement
estimates of wild summer steelhead are not available; the
current return is thought to be primarily hatchery fish.

From 1925 to 1933, annual escapement of wild summer
steelhead to the Lewis River was estimated at 4,000 fish. In
1984, East Fork Lewis wild summer steelhead escapement was
estimated to be 600 fish. 1990s escapement estimates of wild
summer steelhead averaged 851. Wild summer steelhead
comprise about 30% of the annual return.

From 1925 to 1933, annual escapement of wild summer
steelhead to the Washougal River was estimated at 2,500 fish.
539 steelhead were documented during 1936 escapement
surveys; most of these were expected to be summer steelhead.
Recent wild winter steelhead redd index escapement counts
have fluctuated near 100. Hatchery winter steelhead are
thought to account for most of the annual escapement. NMFS
status assessment estimated a 1.0 risk of 90% decline in 50
years.

Historic run size has been estimated at 2,500 fish (contribution
of summer and winter steelhead to this run size is not clear).
Recent snorkel index escapement counts of wild summer
steelhead have been below 100 fish. The summer steelhead
run is expected to be small and sustained primarily by wild
fish. The NMFS status assessment estimated a 0.0 risk of
extinction in 50 years.
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1.2

Adult Abundance and Productivity

Table 1-5. Adult Abundance and Productivity Score Despriptions

Category Description

Application

0

Numbers & productivity consistent with either

functional extinction or very high risk of extinction

Numbers & productivity consistent with relatively high

risk of extinction

Numbers & productivity consistent with moderate risk

of extinction

Numbers and productivity consistent with low
(negligible) risk of extinction

Numbers & productivity consistent with very low risk

of extinction

Risk analysis (PCC) estimates 0-40% persistence
probability.

Risk analysis (PCC) estimates 40-75% persistence
probability.
Risk analysis (PCC) estimates 75-95% persistence
probability.

Risk analysis (PCC) estimates 95-99% persistence
probability.

Risk analysis (PCC) estimates >99% persistence
probability.
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Table 1-6. Chum Adult Abundance and Productivity

Adult Abundance and Productivity
Strata  State Population

Score Data

Criteria

Comments

Coast WA Grays/Chinook

WA Elochoman/Skamokawa

WA Mill/Abernathy/Germany

OR Youngs

OR Big Creek
OR Clatskanie
OR Scappoose

Cascade
WA Cowlitz Chum

WA Kalama Chum

2

0.5

0.5

0.5

2.5

2.5

2.5

2.5

2.5

Risk analysis (PCC)
estimates 75-95% persistence
probability.

Risk analysis (PCC)
estimates 40-75% persistence
probability.

Risk analysis (PCC)
estimates 0-40% persistence
probability.

Risk analysis (PCC)
estimates 0-40% persistence
probability.

Risk analysis (PCC)
estimates 0-40% persistence
probability.

Since 1987, peak counts of live and dead fish have been
performed in the mainstem, West Fork, Crazy Johnson Creek,
and Gorley Creek. The recent average (1987-2000) peak
count for the basin was 1,078 chum. Peak counts represent
80% of total return under optimal conditions. Survey results
indicate a small, but stable population. NMFS status
assessment indicates 0.38 risk of 90% decline in 50 years.

Annual spawning surveys are not conducted in the basin; adult
adundance and production is expected to be low.

Annual spawning surveys are not conducted in the basin; adult
adundance and production is expected to be extremely low.

Annual spawning surveys are not conducted in the basin.
Typically, less than 20 adults are collected annually at the
Cowlitz Salmon Hatchery. Production is expected to be
extremely low.

Annual spawning surveys are not conducted in the basin; adult
adundance and production is expected to be extremely low.
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WA

WA

WA

OR
OR

Gorge
WA

WA

Lewis Chum 0.5

Salmon Chum 0
Washougal Chum 15
Clackamas

Sandy

Lower Gorge 3
Upper Gorge 1

2.5

2.5

Risk analysis (PCC)
estimates 0-40% persistence
probability.

Risk analysis (PCC)
estimates 0-40% persistence
probability.

Risk analysis (PCC)
estimates 40-75% persistence
probability.

Risk analysis (PCC)
estimates 95-99% persistence
probability.

Risk analysis (PCC)
estimates 40-75% persistence
probability.

Annual spawning surveys are not conducted in the basin;
chum are occasionally observed during fall chinook surveys.
3-4 adult chum are collected annually at the Merwin fish trap.
Historically, the most dense spawning aggregation was
observed in the lower East Fork (up to rm 6). 4 adult
carcasses found in Cedar Creek in 1998. Production is
expected to be extremely low.

Chum salmon not known to utilize Salmon Creek; historic
chum run likely extirpated.

Annual spawning surveys are not conducted in the basin; adult
adundance and production is expected to be low. In 1998, one
chum was found in the mainstem Washougal during spawning
surveys. In 2000 non-index surveys, one chum was observed
in Lacamas Creek (lower tributary at rm 0.8).

Peak live and dead fish/mile index escapement counts for
Bonneville chum ranged from 20 to 849 from 1986-2001.
After Grays River, these tributaries support the most
productive wild chum salmon population in the lower
Columbia.

From 1938-1954, Bonneville Dam chum counts ranged from
788-3,636. Since 1971, chum counts at Bonneville Dam have
ranged from 1 to 147; subsequent migration to the Wind or
Little White Salmon has not been documented. Chum runs to
these basins are believed to be extirpated.
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Table 1-7. Chinook Adult Abundance and Productivity
Adult Abundance and Productivity

Strata  State Population Score Data Criteria Comments
Coast Fall
Grays 0.5 Risk analysis (PCC) estimates Spawning escapement from 1964-2001 ranged from 4 to 2,685
0-40% persistence (average 523). Natural escapement was over 1,000 chinook in
probability. the late 1980s, but has been below 400 since 1990. The 1987-
2000 average escapement was 310 adults. Evidence suggests
few natural fall chinook juveniles are produced annually.
Elochoman 1 Risk analysis (PCC) estimates ~ Spawning escapement in the Elochoman River from 1964-

Mill/Abernathy/Germany 1

Youngs Bay
Big Creek
Clatskanie
Scappoose

Cascade Fall
WA Lower Cowlitz 1

40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

2001 ranged from 53 to 2,392 (average 624). The 1987-2000
average escapement was 636 adults. Spawning escapement in
Skamokawa Creek from 1964-2001 ranged from 25 to 5,596
(average 1,056). Skamokawa fall chinook escapement has
been below 1,000 fish since 1990. Natural escapement is
dominated by hatchery strays and fall chinook juvenile
production is presumed to be low.

Mill Creek spawning escapement during 1984-2001 ranged
from 2 to 1,867 (average 316). Abernathy Creek spawning
escapement during 1981-2001 ranged from 200 to 3,807
(average 1,094). Germany Creek spawning escapement during
1981-2001 ranged from 15 to 2,158 (average 340). Natural
escapement was assumed to be dominated by hatchery strays
and fall chinook juvenile production was presumed to be low,
however, the 2001 fall chinook escapement to Germany and
Abernathy Creeks was each over 1,500 fish and the hatchery
program was discontinued in 1995.

Cowlitz River spawning escapement from 1964-2001 ranged
from 1,045 to 23,345 (average 5,522); however, annual
escapement since the early 1990s has been about 2,500 fish.
Natural escapement is dominated by hatchery strays and fall
chinook juvenile production is presumed to be low.
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WA

WA

WA

WA

WA

WA

OR

Coweeman

Toutle

Upper Cowlitz

Kalama

Lewis/Salmon

Washougal

Sandy

15

Risk analysis (PCC) estimates
75-95% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
0-40% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
75-95% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Historic escapement was about 5,000 fall chinook. Spawning
escapement from 1964-2001 ranged from 40 to 2,148 (average
302). The run is sustained completely by natural production.

Historic abundance of natural fall chinook escapement was
estimated to be over 6,000 fish. From 1964-1979, average
annual escapement to the Toutle basin was 10,756 fall
chinook. South Fork Toutle spawning escapement from 1964-
2001 ranged from O to 578 (average 177). Green River
spawning escapement from 1964-2001 ranged from 10 to
6,654 (average 1,900). Currently, hatchery production
accounts for most fish returning to the basin, as chinook
continue to re-establish a population after the 1980 Mt. St.
Helens eruption.

Reliable current natural spawner escapement estimates are not
available for the upper Cowlitz, although the only fall chinook
found in the upper basin are those collected at Mayfield Dam
and passed upstream of Cowlitz Falls Dam. Two different
adult production models have estimated the upper Cowlitz
production potential at 63,818 and 93,015 adults, respectively.

Spawning escapement in the mid 1900s was estimated at
20,000 fall chinook. From 1964-2001, spawning escapement
ranged from 1,055 to 24,297 (average 5,514). Spawning
escapement is sustained primarily by first generation hatchery
fish.

Spawning escapement in the 1950s was estimated at 5,000 and
4,000 fall chinook for the NF and EF Lewis respectively.
From 1964-2001, NF Lewis spawning escapement ranged
from 3,184 to 21,726 (average 11,232). From 1986-2001, EF
Lewis spawning escapement ranged from 52 to 591 (average
279). Natural spawning escapement is sustained primarily by
wild fish, with little hatchery influence.

In the early 1950s, fall chinook spawner escapement was
estimated at 3,000 fish. By the late 1960s, escapement had
declined to hundreds of fish. Spawning escapement from
1964-2001 ranged from 70 to 4,669 (average 2,000). Since
1970, spawner escapement has steadily increased to current
levels that fluctuate near 3,000 fish. Spawning escapement is
sustained primarily by first generation hatchery fish.
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OR

Gorge Fall
WA

WA

WA

OR

Cascade late falls
WA

OR

Cascade spring
WA

WA

Clackamas

Lower Gorge

Upper Gorge

Big White Salmon

Hood

Lewis NF

Sandy

Upper Cowlitz

Cispus

15

15

0.5

0.5

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
95-99% persistence
probability.

Risk analysis (PCC) estimates
0-40% persistence
probability.

Risk analysis (PCC) estimates
0-40% persistence
probability.

Hamilton Creek spawning escapement from 1995-2001 ranged
from 47 to 300 (average 144). Bonneville area spawning
escapement from 1995-2001 ranged from 477 to 5,151
(average 2,143).

Average return of fall chinook to the Wind River in the 1950s
was estimated at 1,500 fish. Spawner escapement from 1964-
2001 ranged from 0 to 1,845 (average 416). Since the late
1970s, fall chinook natural escapement in the Wind River has
been a result of natural production or strays from other basins;
the run is thought to be a derivative of Spring Creek NFH
stock. Natural escapement estimates are not available for
Little White Salmon fall chinook, although natural production
is expected to be low.

The highest recorded spring chinook return to the upper
Cowlitz was 20,761 fish in 1965. From 1962-1966, an
average of 9,928 spring chinook were counted annually at
Mayfield Dam. From 1978-1985 (excluding 1984), an average
of 3,894 spring chinook were counted annually at Mayfield
Dam. Current production in the upper basin is maintained
from juvenile hatchery plants and an adult trap and haul
program.
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WA

WA

WA

WA

OR

Gorge spring
WA

OR

Tilton

Toutle

Kalama

Lewis NF

Sandy

Big White Salmon

Hood

0.5

0.5

Risk analysis (PCC) estimates
0-40% persistence
probability.

Risk analysis (PCC) estimates
0-40% persistence
probability.

Risk analysis (PCC) estimates
0-40% persistence
probability.

Risk analysis (PCC) estimates
0-40% persistence
probability.

Risk analysis (PCC) estimates
0-40% persistence
probability.

Spawning escapement has not been observed in the Tilton
River since the early 1950s; natural production in the basin is
expected to be non-existent.

Annual escapement in the early 1950s was estimated at 400
fish and 1990s annual escapement was about 150 fish. Natural
production is presumed to be low; most fish are harvested in
the sport fishery.

Spring chinook were not believed to be historically abundant
in the Kalama River; by the 1950s, only a remnant (<100) wild
population remained. Spawning escapement from 1980-2001
ranged from 0 to 2,892 (average 444); spawning escapement is
primarily first generation hatchery fish.

Pre-Merwin Dam (1931) escapement of spring chinook was at
least 3,000 fish; by the 1950s, only a remnant (<100)
population remained. Spawning escapement from 1980-2001
ranged from 213 to 6,939, but generally fluctuated near 1,000
fish. Current spawning escapement is primarily first
generation hatchery fish.
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Table 1-8. Steelhead Adult Abundance and Productivity

Adult Abundance and Productivity

Strata  State Population Score Data

Criteria

Comments

Coast winter
WA Grays 15

WA Elochoman/Skamokawa 1

WA Mill/Abernathy/Gemany 1.5

Cascade winter
WA Lower Cowlitz 1

WA Upper Cowlitz 1

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Historical abundance of Grays winter steelhead was about
2,000 fish (1920s to 1930s). Escapement counts from 1991 to
2000 ranged from 158 to 1,224 (average 658). Natural
production is expected to be low.

Annual spawning escapement from 1963 to 1967 was
estimated at 5,200 fish. Recent escapement counts for the
Elochoman from 1991 to 2001 have ranged from 52 to 402
(average 197). Recent escapement counts for the Skamokawa
from 1991 to 2001 have ranged from 92 to 304 (average 202).
Natural production is expected to be low.

Recent escapement counts for Abernathy Creek from 1991 to
2001 have ranged from 16 to 280 (average 130). Recent
escapement counts for Germany Creek from 1993 to 2001
have ranged from 40 to 252 (average 119). Natural
production is expected to be low.

Winter steelhead were historically abundant throughout the
Cowlitz River. Wild winter steelhead average run size during
the late 1970s and 1980s was estimated at 309 fish. Annual
escapement from 1983 to 1995 ranged from 4,067 to 30,200
(average 16,240); this production was primarily hatchery
returns. Wild steelhead production is likely minimal,
however, key production areas still exist in the lower river
tributaries.

Winter steelhead were historically abundant throughout the
Cowlitz River. From 1961 to 1965, adult steelhead collected
annually at the Mayfield Dam facility ranged from 8,821 to
13,155 (average 11,081). Current escapement to the upper
basin is composed primarily of first generation hatchery fish
transported around the hydro projects (274 in 2000-01).
Spawning has been observed in the mainstem Cowlitz and
Cispus Rivers; juvenile steelhead/rainbow trout have been
found in many tributaries.
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WA

WA

WA

WA

WA

WA

WA

WA

Cispus

Tilton

Coweeman

N.F. Toutle

S.F. Toutle

Kalama

E.F. Lewis

N.F. Lewis

0.5

15

15

1.5

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
0-40% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
75-95% persistence
probability.

Risk analysis (PCC) estimates
75-95% persistence
probability.

Risk analysis (PCC) estimates
95-99% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Total escapement counts of wild winter steelhead from 1987-
2001 have ranged from 44 to 1,008 (average 393). Hatchery
returns from 1986-1990 ranged from 1,795 to 2,427. Hatchery
fish contribute little to natural production; wild fish production
is expected to be low.

Total escapement counts of wild winter steelhead in the North
Toutle River from 1989-2001 have ranged from 18 to 322
(average 157). Total escapement counts of wild winter
steelhead in the Green River from 1985-2001 have ranged
from 44 to 775 (average 193). Hatchery releases have not
occurred in recent years; escapement is expected to be
completely from natural production.

Total escapement counts of wild winter steelhead in the South
Toutle River from 1981-2001 have ranged from 51 to 2,222
(average 857). Hatchery releases have been minimal;
escapement is expected to be completely from natural
production.

Total escapement counts of wild winter steelhead in the
Kalama River from 1977-2001 have ranged from 371 to 2,322.
Annual escapement is expected to be a mixture of natural and
hatchery production. From 1991-1996, annual winter
steelhead escapement was estimated to be 31% hatchery
spawners.

Redd index escapement counts from 1986-2001 ranged from
53 to 282 (average 157); a new index was instituted in 1997
and the relationship to the previous index is unknown. Annual
escapement is expected to be a mixture of natural and hatchery
production. From 1991-1996, annual winter steelhead
escapement was estimated to be 51% hatchery spawners.

Redd index escapement counts from 1991-1996 averaged 70.
Annual escapement is expected to be primarily hatchery
production. From 1991-1996, annual winter steelhead
escapement was estimated to be 93% hatchery spawners.
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WA

WA

OR
OR

Gorge
winter

WA

WA

OR

Cascade summer
WA

WA

Salmon

Washougal

Clackamas
Sandy

Lower Gorge Tribs

Upper Gorge Tribs

Hood

Kalama

N.F. Lewis

1.5

15

1.5

1.5

3.5

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
0-40% persistence
probability.

Wild fish escapement in 1989 was around 80; current day
escapement data are not available. Natural production is
expected to be low; the annual return is likely composed of
mostly hatchery fish.

Wild winter steelhead redd index escapement counts from
1991-2001 ranged from 92 to 839 (average 237). Natural
production is expected to be low; hatchery fish comprise most
of the annual escapement.

Historic and current abundance estimates for Hamilton Creek
wild winter steelhead are not available. Natural production is
expected to be low.

Wild steelhead escapement to Trout Creek was estimated at
100 in the 1980s and only 30 in the 1990s. Wild winter
steelhead escapement estimates in recent years are not
available. The winter steelhead run is expected to be small
and sustained primarily by wild fish.

Total escapement counts of wild summer steelhead in the
Kalama River from 1977-2001 have ranged from 140 to 2,926.
Annual escapement is expected to be a mixture of natural and
hatchery production. From 1991-1996, annual winter
steelhead escapement was estimated to be 64% hatchery
spawners.

Recent year escapement estimates of wild summer steelhead
are not available; the current return is thought to be primarily
hatchery fish. Hatchery rack counts of summer steelhead from
1996-2002 at the Lewis River Hatchery have ranged between
500 and 2,000 and at the Merwin Hatchery have ranged
between 500 and 1,000.
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WA E.F. Lewis

WA Washougal

Gorge summer
WA Wind

OR Hood

1.5

1.5

2.5

2.5

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
40-75% persistence
probability.

Risk analysis (PCC) estimates
75-95% persistence
probability.

In 1984, East Fork Lewis wild summer steelhead escapement
was estimated to be 600 fish. Escapement estimates of East
Fork wild summer steelhead from 1991-1996 averaged 851.
Snorkel index escapements counts from 1996-2001 fluctuated
around 80. Wild summer steelhead comprise about 30% of the
annual return. Natural production is expected to be moderate.

Wild summer steelhead snorkel index escapement counts from
1953-2001 ranged from about 30 to 450. The 1991-1996
average annual wild steelhead escapement in the mainstem
Washougal was estimated at 571. Natural production is
expected to be moderate. Hatchery fish comprise the majority
of the spawning escapement.

Wild steelhead escapement to Trout Creek was estimated at
100 in the 1980s and only 30 in the 1990s. Snorkel index
escapement counts in the Wind River from 1989-2000 have
steadily decreased from 274 to 26 adults. The summer
steelhead run is expected to be small and sustained primarily
by wild fish.
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1.3  Juvenile Outmigrants

Table 1-9. Juvenile Outmigrants Score Description

Categor
y Description Application
0 Declining with high confidence in slope or Includes cases where no data available
extrapolated from other data sources
1 Stable, extrapolated from other data sources Includes case where limited sample data indicate
natural production occurs but data are insufficient to
identify a trend
2 Stable or increasing, low confidence in trend or Includes case where extended data time series is
extrapolated from other data sources available but trend fit is poor
3 Stable or increasing, medium confidence in trend Requires extended data time series
4 Stable or increasing, high confidence in trend Requires extended data time series
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Table 1-10. Chum Juvenile Out-migrants

Juvenile Out-migrants

Strata  State Population Score Data Criteria Comments
Coast
WA Grays/Chinook 2 1 Includes case where extended data time  Survey results since 1999 indicate slowly increasing
series is available but trend fit is poor productivity; time series not sufficient to establish trend.
WA Elochoman/Skamokawa 0 1 Includes cases where no data available ~ No basin-specific data is available; natural production of
juveniles expected to be minimal.
WA Mill/Abernathy/Germany 0 1 Includes cases where no data available ~ Natural production of juveniles expected to be minimal. 7
chum juveniles captured during seining operations in
Abernathy Creek in 1995.
OR Youngs
OR Big Creek
OR Clatskanie
OR Scappoose
Cascade
WA Cowlitz Chum 0 1 Includes cases where no data available ~ No basin-specific data is available; natural production of
juveniles expected to be minimal.
WA Kalama Chum 0 1 Includes cases where no data available ~ No basin-specific data is available; natural production of
juveniles expected to be minimal.
WA Lewis Chum 0 1 Includes cases where no data available ~ Natural production of juveniles is expected to be minimal. In
1998, 45 juvenile chum salmon were captured during seining
operations related to a hatchery smolt residualization study.
WA Salmon Chum 0 1 Includes cases where no data available ~ No basin-specific data is available; natural production of
juveniles expected to be non-existent.
WA Washougal Chum 0 1 Includes cases where no data available ~ No basin-specific data is available; natural production of
juveniles expected to be minimal.
OR Clackamas
OR Sandy
Gorge
WA Lower Gorge 2 3 Includes case where extended data time Limited basin-specific data is available, but juvenile
series is available but trend fit is poor porduction is expected to be stable.
WA Upper Gorge 0 1 Includes cases where no data No basin-specific data is available; natural production of

available

juveniles expected to be non-existent.
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Table 1-11 Chinook Juvenile Out-migrants

Juvenile Out-migrants

Strata  State Population Score Data Criteria
Coast Fall
WA Grays 0 Includes cases where no
data available
WA Elochoman 0 Includes cases where no
data available
WA Mill/Abernathy/Germany 1 Includes case where limited

OR Youngs Bay
OR Big Creek
OR Clatskanie
OR Scappoose

Cascade Fall
WA Lower Cowlitz

WA Coweeman

WA Toutle

sample data indicate
natural production occurs
but data are insufficient to
identify a trend

0 Includes cases where no
data available

0 Includes cases where no
data available

0 Includes cases where no
data available

Comments

No basin-specific juvenile data are available; natural
juvenile production is expected to be low.

No basin-specific juvenile data are available; natural
juvenile production is expected to be low.

Natural juvenile production has been assumed to be low.
In 1995, 910 fall chinook juveniles were captured in 10
seining trips to Abernathy Creek. Recent spawner
escapement suggests that substantial natural production is
occurring in Germany and Abernathy Creeks, or hatchery
strays from other basins are utilizing these creeks.

No basin-specific juvenile data are available. A smolt
density model predicted the natural production potential for
the Cowlitz River below Mayfield Dam of 2,183,000
smolts. Natural juvenile production is presumed to be low.

No basin-specific juvenile data are available. A smolt
density model predicted the natural production potential for
the Coweeman River of 602,000 smolts.

No basin-specific juvenile data are available. A smolt
density model predicted the natural production potential for
the Toutle River of 2,799,000 smolts. Current natural
juvenile production is presumed to be low.
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WA

WA

WA

WA

OR
OR

Gorge Fall
WA

WA

Upper Cowlitz

Kalama

Lewis/Salmon

Washougal

Sandy
Clackamas

Lower Gorge

Upper Gorge

Includes case where limited
sample data indicate
natural production occurs
but data are insufficient to
identify a trend

Includes cases where no
data available

Includes cases where no
data available

Includes cases where no
data available

Includes case where limited
sample data indicate
natural production occurs
but data are insufficient to
identify a trend

Includes case where limited
sample data indicate
natural production occurs
but data are insufficient to
identify a trend

No basin-specific juvenile data are available, although
naturally produced smolts, as well as hatchery smolts
released in the upper basin, are collected at the Cowlitz
Falls Dam and released to stress relief ponds at the
Cowlitz Salmon Hatchery. A smolt density model
predicted the natural production potential for the Cowlitz
River above Cowlitz Falls of 4,058,000 smolts and
357,000 smolts for the Tilton River. Natural juvenile
production is presumed to be low.

A natural spawning escapement of 24,549 fall chinook in
1988 produced an estimated 522,312 to 964,439 juveniles
in 1989 (estimated 43 to 79 juveniles produced per
female). A smolt density model predicted natural
production potential of 162,000 fingerlings above Kalama
Falls and 428,670 fingerlings below Kalama Falls.

Estimates of annual natural juvenile fall chinook emigration
from the Lewis River during 1977-1979 and 1982-1987
ranged from 1,540,000 to 4,650,000 (average 2,786,667).
Substantial natural juvenile production occurs today as
the Lewis River fall chinook run is maintained by natural
production.

A moderate amount of natural juvenile production is
expected to occur. In 1980, WDFW estimated that

5,000,000 fall chinook juveniles emigrated from the
Washougal basin.

Productivity data are limited, but seining operations have
shown consistent juvenile production from late spawning
fall chinook in the mainstem Columbia near Bonneville.

Naturally produced fall chinook juveniles are captured
each year in the lower Wind River smolt trap, indicating
some natural production is occurring. A smolt density
model predicted natural smolt production potential of
206,608 fall chinook in the Wind and 73,652 fall chinook
fingerlings in the Little White Salmon.
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WA Big White Salmon

OR Hood
Cascade late falls
Lewis NF
Sandy

Cascade spring
Upper Cowlitz

Cispus
Tilton

Toutle

Kalama

Lewis NF

Sandy

Gorge spring
Big White Salmon

Hood

Includes case where limited
sample data indicate
natural production occurs
but data are insufficient to
identify a trend

Requires extended data
time series

Requires extended data
time series

Requires extended data
time series

Includes cases where no
data available

Includes cases where no
data available

Includes cases where no
data available

Includes cases where no
data available

Includes cases where no
data available

Estimates of annual natural juvenile fall chinook emigration
from the Lewis River during 1977-1979 and 1982-1987
ranged from 1,540,000 to 4,650,000 (average 2,786,667).
Substantial natural juvenile production occurs today as
the Lewis River fall chinook run is maintained by natural
production.

Records of natural production from juvenile trap and haul
at Cowlitz Falls Project? A smolt density model predicted
natural smolt production potential of 1,600,000 spring
chinook in the Cowlitz above Mayfield Dam.

No basin-specific juvenile data are available; natural
juvenile production is expected to be absent.

A smolt density model predicted natural smolt production
potential of 788,400 spring chinook in the Toutle River.

No basin-specific juvenile data are available; natural
juvenile production is expected to be low. A smolt density
model predicted natural smolt production potential of
111,192 spring chinook smolts below Kalama Falls and
465,160 smolts above Kalama Falls.

No basin-specific juvenile data are available; natural
juvenile production is expected to be low.
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Table 1-12. Steelhead Juvenile Out-migrants

Juvenile Out-migrants

Strata  State Population Score Data Criteria Comments
Coast winter

WA Grays 0 Includes cases where no Basin-specific data are not available. A smolt density model
data available predicted that the Grays could produce 45,300 winter

steelhead smolts.

WA Elochoman/Skamokawa 0 Includes cases where no A juvenile trap on Beaver Creek began operation in 1961;
data available juvenile outmigration peaks in April and May. Annual trap

counts have not been located; natural juvenile production in
the basin is expected to be low.

WA Mill/Abernathy/Gemany 2 Includes case where Basin-specific data are not available; natural juvenile
extended data time series is production in the basin is expected to be low.
available but trend fit is poor

Cascade winter

WA Lower Cowlitz 0 Includes cases where no Basin-specific data are not available; natural juvenile

data available production in the basin is expected to be low. A smolt density
model predicted potential production in the Cowlitz of 63,399
winter steelhead smolts.

WA Upper Cowlitz 2 Includes case where Moderate juvenile production has occurred from adult winter
extended data time series is steelhead released in the upper Cowlitz. Juveniles have been
available but trend fit is poor  collected at the Cowlitz Falls Project since 1996 and

transported below the barrier dam.

WA Cispus 2 Includes case where
extended data time series is
available but trend fit is poor

WA Tilton 2 Includes case where
extended data time series is
available but trend fit is poor

WA Coweeman 0 Includes cases where no Basin-specific data are not available; natural juvenile

data available

production in the basin is expected to be low. A smolt density
model predicted potential production in the Coweeman of
38,229 winter steelhead smolts.
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WA

WA

WA

WA

WA

WA
WA

OR
OR

Gorge
winter
WA

WA

OR

Cascade summer

N.F. Toutle

S.F. Toutle

Kalama

E.F. Lewis

N.F. Lewis

Salmon
Washougal

Clackamas
Sandy

Lower Gorge Tribs

Upper Gorge Tribs

Hood

Includes cases where no
data available

Includes cases where no
data available

Includes case where
extended data time series is
available but trend fit is poor

Includes case where limited
sample data indicate natural
production occurs but data
are insufficient to identify a
trend

Includes case where
extended data time series is
available but trend fit is poor
Includes cases where no
data available

Includes cases where no
data available

Includes cases where no
data available

Includes case where
extended data time series is
available but trend fit is poor

Basin-specific data are not available; natural juvenile
production in the basin is expected to be moderate. A smolt
density model predicted potential production in the Toutle of
135,573 winter steelhead smolts.

Basin-specific data are not available; natural juvenile
production in the basin is expected to be moderate. A smolt
density model predicted potential production in the Toutle of
135,573 winter steelhead smolts.

WDFW has estimated potential summer and winter steelhead
smolt production in the Kalama at 34,850. The number of

naturally-produced steelhead smolts migrating annually from
the Kalama during 1978-1984 ranged from 11,175 to 46,659.

Basin-specific data are not available; natural juvenile
production in the basin is expected to be moderate.

Basin-specific data are not available; natural juvenile
production in the basin is expected to be low.

Basin-specific data are not available; natural juvenile
production in the basin is expected to be low.
Basin-specific data are not available; natural juvenile
production in the basin is expected to be low.

Basin-specific data are not available; natural juvenile
production in the basin is expected to be low.

Wild steelhead smolt yield from 1995 to 1999 showed
increasing production with a low of about 8,000 smolts in
1995 to a high of about 24,000 smolts in 1998 (contribution of
winter and summer steelhead in these estimates is not known).
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WA

WA

WA

WA

Gorge summer
WA

OR

Kalama

N.F. Lewis

E.F. Lewis

Washougal

Wind

Hood

2.5

3.5

Includes case where
extended data time series is
available but trend fit is poor

Includes cases where no
data available

Includes case where limited
sample data indicate natural
production occurs but data
are insufficient to identify a
trend

Includes cases where no
data available

Includes case where
extended data time series is
available but trend fit is poor

WDFW has estimated potential summer and winter steelhead
smolt production in the Kalama at 34,850. The number of

naturally-produced steelhead smolts migrating annually from
the Kalama during 1978-1984 ranged from 11,175 to 46,659.

Basin-specific data are not available; natural juvenile
production in the basin is expected to be low.

Basin-specific data are not available; natural juvenile
production in the basin is expected to be moderate.

Basin-specific data are not available; natural juvenile
production in the basin is expected to be moderate.

Wild steelhead smolt yield from 1995 to 1999 showed
increasing production with a low of about 8,000 smolts in
1995 to a high of about 24,000 smolts in 1998 (contribution of
winter and summer steelhead in these estimates is not known).
A smolt density model predicted potential summer steelhead
smolt production in the Wind basin at 62,273.
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1.4  Within-Population Spatial Structure

Table 1-13. Within-Population Spatial Structure Score Description

Categor

y
0

Description

Spatial structure is inadequate in quantity, quality? and
connectivity to support a population at all.

Spatial structure is adequate in quantity, quality?, and
connectivity to support a population far below viable
size

Spatial structure is adequate in quantity, quality?, and
connectivity to support a population of moderate but
less than viable size.

Spatial structure is adequate in quantity, quality?, and
connectivity to support population of viable size, but
subcriteria for dynamics and/or catastrophic risk are not
met

Spatial structure is adequate in quantity, quality,

connectivity, dynamics, and catastrophic risk to support
viable population.

Application®

Quantity was based on whether all areas that were historically used remain
accessible. Connectivity based on whether all accessible areas of historic
use remain in use. Catastrophic risk based on whether key use areas are
dispersed among multiple reaches or tributaries. Spatial scores of 0 were
typically assigned to populations that were functionally extirpated by
passage blockages.

The majority of the historic range is no longer accessible and fish are
currently concentrated in a small portion of the accessible area.

The majority of the historic range is accessible but fish are currently
concentrated in a small portion of the accessible area.

Areas may have been blocked or are no long used but fish continue to be
broadly distributed among multiple reaches and tributaries. Also includes
populations where all historical areas remain accessible and are used but
key use areas are not broadly distributed.

All areas that were historically used remain accessible, all accessible areas
remain in use, and key use areas are broadly distributed among multiple
reaches or tributaries.
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Table 1-14. Chum Within-Population Spatial Structure

Within-Population Spatial Structure

Strata  State Population Score Dat Criteria Comments
a
Coast

WA Grays/Chinook 2 3 The majority of the historic Spawning is concentrated in mainstem Grays River from rm
range is accessible but fish are 9.5-13.0, the lower 1.4 miles of the West Fork, the lower 0.5
currently concentrated in a miles of Crazy Johnson Creek, and Gorley Creek.
small portion of the accessible Substantial tributary spawning occurs in years of higher flow.
area. Lack of stable spawning habitat is considered the primary

physical limitation on chum production.

WA Elochoman/Skamokawa 3 3 Areas may have been blocked Chum have access to all historical habitat; however, current
or are no long used but fish spawning activity is concentrated to the lower reaches of the
continue to be broadly basin above tidal influence.
distributed among multiple
reaches and tributaries. Also
includes populations where all
historical areas remain
accessible and are used but key
use areas are not broadly
distributed.

WA Mill/Abernathy/Germany 3 3 Areas may have been blocked Chum have access to all historical habitat; however, current
or are no long used but fish spawning activity is concentrated in the lower 0.4 miles of
continue to be broadly Abernathy Creek and the lower reaches of other creeks above
distributed among multiple tidal influence.
reaches and tributaries. Also
includes populations where all
historical areas remain
accessible and are used but key
use areas are not broadly
distributed.

OR Youngs

OR Big Creek

OR Clatskanie

OR Scappoose

Cascade
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WA

WA

WA

WA

WA

Cowlitz Chum

Kalama Chum

Lewis Chum

Salmon Chum

Washougal Chum

15

Areas may have been blocked
or are no long used but fish
continue to be broadly
distributed among multiple
reaches and tributaries. Also
includes populations where all
historical areas remain
accessible and are used but key
use areas are not broadly
distributed.

Areas may have been blocked
or are no long used but fish
continue to be broadly
distributed among multiple
reaches and tributaries. Also
includes populations where all
historical areas remain
accessible and are used but key
use areas are not broadly
distributed.

Areas may have been blocked
or are no long used but fish
continue to be broadly
distributed among multiple
reaches and tributaries. Also
includes populations where all
historical areas remain
accessible and are used but key
use areas are not broadly
distributed.

The majority of the historic
range is no longer accessible
and fish are currently
concentrated in a small portion
of the accessible area.

Areas may have been blocked
or are no long used but fish
continue to be broadly
distributed among multiple
reaches and tributaries. Also
includes populations where all

Historically, chum were thought to primarily utilize the lower
Cowlitz and its tributaries below the Mayfield Dam site,
although chum were also observed in the upper basin.

Access to the upper watershed was blocked by the
construction of Mayfield Dam in 1962. Recent observations
identified chum in the headwaters of Lacamas Creek. The
remaining few chum salmon are thought to be distributed
throughout the lower watershed.

Chum have access to all historic habitat. Current chum
habitat is limited to the mainstem Kalama between Modrow
Bridge (rm 2.4) and lower Kalama Falls (rm 10).

Construction of Merwin Dam in 1932 blocked access to most
of the productive habitat in the basin, however, the degree to
which chum salmon historically utilized the upper basin is not
clear. Chum salmon have been observed spawning in the
mainstem downstream of Merwin Dam. Today, chum
spawning in the East Fork occurs up to rm 10 and available
habitat likely extends up to Lucia Falls (rm 21.3).

Minimal work on chum salmon has been performed leading
to a high degree of uncertainty in the population spatial
structure. Most of the historic habitat accessible to salmonids
is expected to be accessible today, although quality has been
degraded.

Chum have access to all historic habitat. Spawning is
believed to occur in the Little Washougal and the lower
reaches of the mainstem Washougal.
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OR Clackamas
OR Sandy

Gorge
WA Lower Gorge

WA Upper Gorge

15

historical areas remain
accessible and are used but key
use areas are not broadly
distributed.

Areas may have been blocked
or are no long used but fish
continue to be broadly
distributed among multiple
reaches and tributaries. Also
includes populations where all
historical areas remain
accessible and are used but key
use areas are not broadly
distributed.

The majority of the historic
range is no longer accessible
and fish are currently
concentrated in a small portion
of the accessible area.

Chum have access to all historic habitat. Spawning occurs in
the lower 1.0 mile of Hardy, Hamilton, Duncan, Greenleaf,
and Indian Mary Creeks, as well as side channel habitat in the
Columbia River near the 1-205 Bridge and Ives and Pierce
Islands. However, spawning habitat water flow is affected by
Bonneville Dam operations; thus, habitat productivity varies
annually.

Historic chum production occurred in the lower reaches of
these basins, below impassable falls. These areas were
inundated with the Bonneville Pool (1938) and are not
expected to be suitable habitat. Shipherd Falls on the Wind
River was laddered in 1956, providing access to the upper
watershed.
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Table 1-15. Chinook Within-Population Spatial Structure

Within-Population Spatial Structure

Strata State Population Score Dat Criteria Comments
a
Coast Fall
w Grays 4 All areas that were historically Spawning occurs in the mainstem Grays River from
A used remain accessible, all tidewater (rm 8) to above the confluence with the West Fork
accessible areas remain in use, (rm 14) and also in the lower 1.5 miles of the West Fork
and key use areas are broadly from the mouth to the hatchery. Historical habitat in the
distributed among multiple basin remains accessible today, however, low seasonal water
reaches or tributaries. flows have been a chronic problem for natural and hatchery
chinook production.
w Elochoman 3 Areas may have been blocked Spawning occurs in the mainstem Elochoman River from
A or are no long used but fish tidewater (rm 4) to the Elokomin Salmon Hatchery (rm 9.2);
continue to be broadly the upper portions of this reach are only accessible during
distributed among multiple favorable water flows. Spawning occurs in Skamokawa
reaches and tributaries. Also Creek from Wilson Creek upstream to Standard and
includes populations where all McDonald Creeks (~4.5 miles). Historical habitat in the
historical areas remain basin remains accessible today.
accessible and are used but key
use areas are not broadly
distributed.
w Mill/Abernathy/Germany 4 All areas that were historically In Mill Creek, spawning occurs from the Mill Creek Bridge
A used remain accessible, all downstream to the mouth (2 miles). In Abernathy Creek,
accessible areas remain in use, spawning occurs from the Abernathy NFH downstream to
and key use areas are broadly the mouth (3 miles). In Germany Creek, spawning occurs in
distributed among multiple the lower 3.5 miles of the basin. Historical habitat in the
reaches or tributaries. basin remains accessible today.
OR Youngs Bay
OR Big Creek
OR Clatskanie
OR Scappoose
Cascade Fall
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w
A

w
A

>z

w
A

Lower Cowlitz

Coweeman

Toutle

Upper Cowlitz

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

Areas may have been blocked
or are no long used but fish
continue to be broadly
distributed among multiple
reaches and tributaries. Also
includes populations where all
historical areas remain
accessible and are used but key
use areas are not broadly
distributed.

The majority of the historic
range is accessible but fish are
currently concentrated in a
small portion of the accessible
area.

Spawning occurs throughout the mainstem Cowlitz from the
Cowlitz Salmon Hatchery downstream to the Kelso Bridge
(~45 miles), but is concentrated in the 8-mile stretch between
the Cowlitz Salmon and Trout Hatcheries. Historical habitat
in the basin remains accessible today.

Spawning occurs primarily in the mainstem from Mulholland
Creek (rm 18.4) downstream to the Jeep Club Bridge (~6
miles). Historical habitat in the basin remains accessible
today.

Most historic spawning occurred in the lower 5 miles of the
mainstem Toutle, although spawning was observed far into
the headwaters (Coldwater Creek on the North Fork ~46
miles from the mouth). Most historic spawning areas in the
basin were destroyed in the 1980 Mt. St. Helens eruption. In
the South Fork Toutle, spawning occurs primarily from the
4700 Bridge to the confluence with the mainstem (~2.6
miles). In the Green River, spawning occurs primarily from
the North Toutle Hatchery to the river mouth (~0.5 miles).

An estimated 46% of the total Cowlitz fall chinook run
historically came from areas above Mayfield Dam; 28% of
the spawning grounds were inundated by the Mayfield and
Mossyrock Reservoirs. The completion of Mayfield Dam in
1962 blocked access to the upper watershed; all fish were
passed over the dam from 1962-1966 and small humbers of
fall chinook were hauled to the Tilton and upper Cowlitz
from 1967-1980. An adult trap and haul program began in
1994; fall chinook collected at Mayfield Dam have been
released in the Tilton, upper Cowlitz, and Cispus Rivers.
Collection efficiency and the ability to pass juvenile
production through the system varies annually and is affected
by flow and operations at the Cowlitz Falls Project.
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Gorge Fall

w Kalama

A

w Lewis/Salmon
A

w Washougal

A

OR Sandy

OR Clackamas

W Lower Gorge
A

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

Areas may have been blocked
or are no long used but fish
continue to be broadly
distributed among multiple
reaches and tributaries. Also
includes populations where all
historical areas remain

accessible and are used but key

use areas are not broadly
distributed.

Historic fall chinook spawning occurred primarily in the
mainstem Kalama between lower Kalama Falls (rm 10) and
the Modrow Bridge (rm 2.4); this reach remains accessible
today. Also, fall chinook surplus to hatchery broodstock
needs are passed above the falls and allowed to spawn
naturally in the upper river.

NF Lewis fall chinook historically spawned in the mainstem
Lewis up to the Yale Dam site. Construction of Merwin
Dam in 1931 blocked access to approximately half of the fall
chinook spawning habitat in the NF Lewis. In the EF Lewis,
fall chinook historically spawned from Lucia Falls (rm 21.3)
downstream to below Daybreak Park near rm 6.2; this reach
remains accessible today.

A ladder was constructed at Salmon Falls (rm 14.5) in the
late 1950s, providing access to Dougan Falls (rm 21.6). Fall
chinook have generally spawned from Salmon Falls
downstream about 4 miles; this area remains accessible
today.

Available habitat today is expected to be similar to habitat
that existed in 1994 when the population was discovered.
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>z

>z

OR Hood

Cascade late falls

WA Lewis NF

OR Sandy

Cascade spring

Upper Gorge

Big White Salmon

The majority of the historic
range is accessible but fish are
currently concentrated in a
small portion of the accessible
area.

The majority of the historic
range is accessible but fish are
currently concentrated in a
small portion of the accessible
area.

Areas may have been blocked
or are no long used but fish
continue to be broadly
distributed among multiple
reaches and tributaries. Also
includes populations where all
historical areas remain

accessible and are used but key

use areas are not broadly
distributed.

Historically, fall chinook spawned in the lower 2 miles of the
Wind River below Shipherd Falls. The Bonneville Pool
inundated the primary fall chinook spawning area in 1938.
The falls were laddered in 1956, providing access to the
upper basin. Fall chinook have been observed up to the
Carson NFH (rm 18), but spawning in the mainstem above
Shipherd Falls is limited. Limited fall chinook spawning
occurs in the lower river below Shipherd Falls. Historic fall
chinook spawning in the Little White Salmon was also
concentrated to the lower 2 miles of river below a barrier;
this lower reach was also inundated by the Bonneville Pool
(1938). Natural spawning in the Little White Salmon River
is primarily from hatchery strays.

Construction of Merwin Dam in 1931 blocked access to
approximately half of the fall chinook spawning habitat in
the NF Lewis.
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WA Upper Cowlitz

WA Cispus

WA Tilton

WA Toutle

The majority of the historic
range is accessible but fish are
currently concentrated in a
small portion of the accessible
area.

The majority of the historic
range is accessible but fish are
currently concentrated in a
small portion of the accessible
area.

Quantity was based on
whether all areas that were
historically used remain
accessible. Connectivity
based on whether all
accessible areas of historic use
remain in use. Catastrophic
risk based on whether key use
areas are dispersed among
multiple reaches or tributaries.
Spatial scores of 0 were
typically assigned to
populations that were
functionally extirpated by
passage blockages.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

In the 1950s, 96% of the spring chinook production in the
Cowlitz River was estimated to have occurred above
Mayfield Dam; completion if the dam in 1962 blocked access
to the upper Cowlitz. All fish were passed over the dam
from 1962-1966; from 1974-1980, an annual average of
2,838 spring chinook were hauled to the Tilton and upper
Cowlitz. A trap and haul program began at Mayfield in
1994; spring chinook are released in the upper Cowlitz and
Cispus.

Historically, spring chinook spawning occurred in the Cispus
between Iron and East Canyon Creeks. Access to the Cispus
was blocked by the construction of Mayfield Dam in
1962.Returning spring chinook captured at Mayfield Dam
have been released in the Cispus since 1994.

Access to the Tilton was blocked by the construction of
Mayfield Dam in 1962. Adults captured at Mayfield were
released in the basin in the late 1970s, primarily for the sport
fishery. The Tilton is not included in the current Mayfield
trap and haul program that began in 1994,

Natural spawning in the Toutle is expected to be minimal;
little is known about specific spring chinook spawning areas
in the Toutle. Most of the quality spawning habitat was
destroyed by the 1980 Mt. St. Helens eruption; the system
continues to recover through natural processes. Fish access
has not been blocked by hydro projects.
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WA Kalama
WA Lewis NF
OR Sandy

Gorge spring
WA Big White Salmon

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

Quantity was based on
whether all areas that were
historically used remain
accessible. Connectivity
based on whether all
accessible areas of historic use
remain in use. Catastrophic
risk based on whether key use
areas are dispersed among
multiple reaches or tributaries.
Spatial scores of 0 were
typically assigned to
populations that were
functionally extirpated by
passage blockages.

Quantity was based on
whether all areas that were
historically used remain
accessible. Connectivity
based on whether all
accessible areas of historic use
remain in use. Catastrophic
risk based on whether key use
areas are dispersed among
multiple reaches or tributaries.
Spatial scores of 0 were
typically assigned to
populations that were
functionally extirpated by
passage blockages.

Historic spring chinook spawning occurred primarily in the
mainstem Kalama between lower Kalama Falls (rm 10) and
the Lower Kalama Hatchery (Fallert Creek; rm 4.8); this
reach remains accessible today. Also, spring chinook surplus
to hatchery broodstock needs are passed above the falls and
allowed to spawn naturally in the upper river; spring chinook
have been observed up to upper Kalama Falls (rm 36).

NF Lewis fall chinook historically spawned in the mainstem
Lewis upstream of the Merwin Dam site. Construction of
Merwin Dam in 1931 blocked access to approximately 80%
of the spring chinook spawning habitat in the NF Lewis.
Currently, spawning occurs in the mainstem Lewis and
tributaries between Merwin Dam and the Lewis River
Hatchery (~4 miles); however, spawning is concentrated
below Merwin Dam and in Cedar Creek.
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Table 1-16. Steelhead Within-Population Spatial Structure

Hood

Within-Population Spatial Structure

Strata  State Population Score Dat Criteria Comments
a
Coast winter

WA Grays 4 All areas that were historically Steelhead were historically distributed throughout the Grays
used remain accessible, all basin. Grays River Falls (rm 13) was lowered with
accessible areas remain in use, explosives in 1957; numerous other natural and man-made
and key use areas are broadly barriers above Grays Falls were cleared to improve steelhead
distributed among multiple access in the 1950s. Currently, steelhead are thought to be
reaches or tributaries. distributed throughout the entire basin.

WA Elochoman/Skamokawa 4 All areas that were historically Steelhead are distributed throughout the mainstem
used remain accessible, all Elochoman and Skamokawa, as well as the lower reaches of
accessible areas remain in use, most tributaries. Areas thought to be historically used by
and key use areas are broadly steelhead remain accessible today.
distributed among multiple
reaches or tributaries.

WA Mill/Abernathy/Gemany 4 All areas that were historically Steelhead are distributed throughout the mainstem Mill,
used remain accessible, all Germany, and Abernathy Creeks, as well as many tributaries.
accessible areas remain in use, Areas thought to be historically used by steelhead remain
and key use areas are broadly accessible today.
distributed among multiple
reaches or tributaries.

Cascade winter
WA Lower Cowlitz 2 The majority of the historic Historically, the lower Cowlitz provided about 20% of the

range is accessible but fish are
currently concentrated in a
small portion of the accessible
area.

steelhead production area in the Cowlitz basin. These areas
remain accessible today, although minimal steelhead
production occurs in just a few key production areas.
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WA

WA

WA

WA

WA

WA

Upper Cowlitz

Cispus

Tilton

Coweeman

N.F. Toutle

S.F. Toutle

The majority of the historic
range is accessible but fish are
currently concentrated in a
small portion of the accessible
area.

The majority of the historic
range is accessible but fish are
currently concentrated in a
small portion of the accessible
area.

The majority of the historic
range is accessible but fish are
currently concentrated in a
small portion of the accessible
area.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

Areas may have been blocked
or are no long used but fish
continue to be broadly
distributed among multiple
reaches and tributaries. Also
includes populations where all
historical areas remain
accessible and are used but key
use areas are not broadly
distributed.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

Historically, the upper Cowlitz provided about 80% of the
steelhead production area in the Cowlitz basin. Completion
of Mayfield Dam in 1962 blocked access to this production
area. A trap and haul program to reintroduce salmonids to
the upper basin began in 1994; winter steelhead are released
in the upper Cowlitz, Cispus, and Tilton basins. Juveniles
have been collected at the Cowlitz Falls Project since 1996
and transported below the barrier dam.

Winter steelhead were historically distributed throughout the
Coweeman basin. Historic habitat remains accessible today.

Winter steelhead were historically distributed throughout the
North Fork Toutle and Green River basins. Historic habitat
remains accessible today. In the North Fork, spawning
occurs in the mainstem and Alder and Deer Creeks. In the
Green, spawning occurs in the mainstem and Devil, Elk, and
Shultz Creek.

Winter steelhead were historically distributed throughout the
South Fork Toutle. Historic habitat remains accessible
today. Spawning occurs in the mainstem and Studebaker,
Johnson, and Bear Creeks.
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WA

WA

WA

WA

WA

OR
OR

Gorg
e

Kalama

E.F. Lewis

N.F. Lewis

Salmon

Washougal

Clackamas
Sandy

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

The majority of the historic
range is accessible but fish are
currently concentrated in a
small portion of the accessible
area.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

Historically, steelhead were confined to below lower Kalama
Falls; steelhead could only navigate the falls under certain
water conditions. A fishway was constructed at the falls in
1936, providing easier access to the upper watershed.
Historic habitat remains accessible today. Spawning occurs
in the mainstem and many tributaries, including Gobar, EIK,
and Fossil Creeks. Upper Kalama Falls at rm 36.8 blocks all
upstream migration.

Winter steelhead were historically distributed throughout the
basin below Sunset Falls; the falls were lowered in 1982,
providing access in the basin up to Lucia Falls (rm 21.3).
Thus, more habitat is accessible today than was available
historically. About 12% of the annual return currently
spawns above Sunset Falls; spawning occurs throughout the
mainstem and in many tributaries, including Rock Creek.

Construction of Merwin Dam in 1932 blocked access to
about 80% of the North Fork's historical production area. A
mill dam on Cedar Creek blocked passage until 1946 when
the dam was removed. Current natural production is limited;
spawning is concentrated in Cedar Creek.

Historically, winter steelhead were believed to be distributed
throughout Salmon Creek. Historic habitat remains
accessible today. Spawning currently occurs throughout
Salmon Creek, portions of Lake River, and the lower reaches
of Gee, Whipple, and Burntbridge Creek.

Steelhead were historically distributed throughout the
Washougal basin. Historic habitat remains accessible today.
Several small dams that impeded/blocked steelhead
migration have been removed or bypassed, providing access
in the basin up to Dougan Falls (rm 21.6). Spawning is
thought to occur throughout the mainstem and in many
tributaries, including the West Fork, the Little Washougal,
and Stebbins and Cougar Creeks.
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winte

WA Lower Gorge Tribs
WA Upper Gorge Tribs
OR Hood

Cascade summer
WA Kalama

WA N.F. Lewis

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

The majority of the historic
range is accessible but fish are
currently concentrated in a
small portion of the accessible
area.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

Quantity was based on whether
all areas that were historically
used remain accessible.
Connectivity based on whether
all accessible areas of historic
use remain in use.

Catastrophic risk based on
whether key use areas are
dispersed among multiple

Winter steelhead were historically distributed throughout the
lower reaches (~2 miles) of Hamilton Creek. Historic habitat
remains accessible today, although spawning usage is not
well documented.

Winter steelhead were historically distributed throughout the
Wind basin; Shipherd Falls (rm 2.1) was expected to be a
natural barrier to most salmonids, except for steelhead. The
Bonneville Pool inundated spawning and rearing habitat in
the lower river below Shipherd Falls. Shipherd Falls was
laddered in 1956, providing easier access to the upper
watershed. Historic habitat remains accessible today.
Numerous drop-offs and waterfalls exist throughout the
basin; some have been modified to promote fish passage
while others remain and impede migration. Winter steelhead
are thought to be distributed through the lower 11 miles of
the mainstem and Trout Creek.

Historically, steelhead were confined to below lower Kalama
Falls; steelhead could only navigate the falls under certain
water conditions. A fishway was constructed at the falls in
1936, providing easier access to the upper watershed.
Historic habitat remains accessible today. Spawning occurs
in the mainstem and many tributaries, including the North
Fork, Gobar, Elk, Fossil, and Wild Horse Creeks. Upper
Kalama Falls at rm 36.8 blocks all upstream migration.

Construction of Merwin Dam in 1932 blocked access to
about 80% of the North Fork's historical production area. A
mill dam on Cedar Creek blocked passage until 1946 when
the dam was removed. Current natural production is limited,;
spawning is concentrated in Cedar Creek and in the
mainstem between rm 7 and rm 20.
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Gorge summer

reaches or tributaries. Spatial
scores of 0 were typically
assigned to populations that
were functionally extirpated by
passage blockages.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

All areas that were historically
used remain accessible, all
accessible areas remain in use,
and key use areas are broadly
distributed among multiple
reaches or tributaries.

Summer steelhead were historically distributed throughout
the basin below Sunset Falls; the falls were lowered in 1982,
providing access in the basin up to Lucia Falls (rm 21.3).
Thus, more habitat is accessible today than was available
historically. About 12% of the annual return currently
spawns above Sunset Falls; spawning occurs throughout the
mainstem and in many tributaries, including Rock Creek.

Steelhead were historically distributed throughout the
Washougal basin. Historic habitat remains accessible today.
Several small dams that impeded/blocked steelhead
migration have been removed or bypassed, providing access
in the basin up to Dougan Falls (rm 21.6). Spawning is
thought to occur throughout the mainstem and in many
tributaries, including the West Fork, the Little Washougal,
and Stebbins and Cougar Creeks.

Summer steelhead were historically distributed throughout
the Wind basin; Shipherd Falls (rm 2.1) was expected to be a
natural barrier to most salmonids, except for steelhead. The
Bonneville Pool inundated spawning and rearing habitat in
the lower river below Shipherd Falls. Shipherd Falls was
laddered in 1956, providing easier access to the upper
watershed. Historic habitat remains accessible today.
Numerous drop-offs and waterfalls exist throughout the
basin; some have been modified to promote fish passage
while others remain and impede migration. Summer
steelhead are thought to be distributed through the mainstem
and numerous tributaries, including the Little Wind River,
Panther Creek, Bear Creek, Trout Creek, Trapper Creek, Dry
Creek, and Paradise Creek.
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1.5 Within Population Diversity
Table 1-17. Within-Population Diversity Score Description
Category Description Application®

0 All four diversity elements (life history diversity, gene flow and genetic Life history diversity was based on comparison of adult and juvenile
diversity, utilization of diverse habitats®, and resilience and adaptation to migration timing and age composition. Genetic diversity was based on
environmental fluctuations) are well below predicted historical levels, the occurrence of small population bottlenecks in historic spawning
extirpated populations, or remnant populations of unknown lineage escapement and degree of hatchery influence especially by non local

stocks. Resiliency was based on observed rebounds from periodic small
escapement. Diversity scores of 0 were typically assigned to
populations that were functionally extirpated or consisted primarily of
stray hatchery fish.

1 At least two diversity elements are well below historical levels. Natural spawning populations have been affected by large fractions of
Population may not have adequate diversity to buffer the population non-local hatchery stocks, substantial shifts in life history have been
against relatively minor environmental changes or utilize diverse documented, and wild populations have experienced very low
habitats. Loss of major presumed life history phenotypes is evident; escapements over multiple years.
genetic estimates indicate major loss in genetic variation and/or small
effective population size. Factors that severely limit the potential for
local adaptation are present.

2 At least one diversity element is well below predicted historical levels; Hatchery influence has been significant and potentially detrimental or
population diversity may not be adequate to buffer strong environmental populations have experienced periods of critical low escapement.
variation and/or utilize available diverse habitats. Loss of life history
phenotypes, especially among important life history traits, and/or
reduction in genetic variation is evident. Factors that limit the potential
for local adaptation are present.

3 Diversity elements are not at predicted historical levels, but are at levels Wild stock is subject to limited hatchery influence but life history
able to maintain a population. Minor shifts in proportions of historical patterns are stable. Extended intervals of critical low escapements have
life-history variants, and/or genetic estimates, indicate some loss in not occurred and population rapidly rebounded from periodic declines in
variation (e.g. number of alleles and heterozygosity), and conditions for numbers.
local adaptation processes are present.

4 All four diversity elements are similar to predicted historical levels. A Stable life history patterns, minimal hatchery influence, no extended
suite of life-history variants, appropriate levels of genetic variation, and interval of critical low escapements, and rapid rebounds from periodic
conditions for local adaptation processes are present. declines in numbers.

POPULATION RANKING I, 1-47 May 2004




Table 1-18. Chum Within-Population Diversity

Within-Population Diversity

Strata  State Population Score Dat Criteria Comments
a
Coast

WA Grays/Chinook 3 3 Wild stock is subject to limited hatchery Historic hatchery releases were intermittent
influence but life history patterns are stable. and unsuccessful at establishing a hatchery
Extended intervals of critical low escapements run. Population has remained relatively
have not occurred and population rapidly stable over time.
rebounded from periodic declines in numbers.

WA Elochoman/Skamokawa 1 3 Natural spawning populations have been Regular hatchery releases of outside stocks
affected by large fractions of non-local hatchery occurred through 1983. Although
stocks, substantial shifts in life history have been spawning surveys are not conducted, wild
documented, and wild populations have runs are believed to have consistently
experienced very low escapements over multiple experienced very low escapements.
years.

WA Mill/Abernathy/Germany 1 3 Natural spawning populations have been Regular hatchery releases of outside stocks
affected by large fractions of non-local hatchery occurred through 1991. Although
stocks, substantial shifts in life history have been spawning surveys are not conducted, wild
documented, and wild populations have runs are believed to have consistently
experienced very low escapements over multiple experienced very low escapements.
years.

OR Youngs

OR Big Creek

OR Clatskanie

OR Scappoose

Cascade

WA Cowlitz Chum 1 3 Natural spawning populations have been Hatchery releases of chum salmon have not
affected by large fractions of non-local hatchery occurred in the Cowlitz basin; however, the
stocks, substantial shifts in life history have been wild run is believed to have consistently
documented, and wild populations have experienced very low escapements.
experienced very low escapements over multiple
years.

WA Kalama Chum 1 3 Natural spawning populations have been Hatchery releases of chum salmon have not

affected by large fractions of non-local hatchery
stocks, substantial shifts in life history have been
documented, and wild populations have

experienced very low escapements over multiple

occurred in the Kalama basin; however, the
wild run is believed to have consistently
experienced very low escapements.

POPULATION RANKING

I, 1-48

May 2004



WA

WA

WA

OR
OR

Gorge
WA

WA

Lewis Chum

Salmon Chum

Washougal Chum

Clackamas
Sandy

Lower Gorge

Upper Gorge

years.

Natural spawning populations have been
affected by large fractions of non-local hatchery
stocks, substantial shifts in life history have been
documented, and wild populations have
experienced very low escapements over multiple
years.

Natural spawning populations have been
affected by large fractions of non-local hatchery
stocks, substantial shifts in life history have been
documented, and wild populations have
experienced very low escapements over multiple
years.

Hatchery influence has been significant and
potentially detrimental or populations have
experienced periods of critical low escapement.

Stable life history patterns, minimal hatchery
influence, no extended interval of critical low
escapements, and rapid rebounds from periodic
declines in numbers.

Natural spawning populations have been
affected by large fractions of non-local hatchery
stocks, substantial shifts in life history have been
documented, and wild populations have
experienced very low escapements over multiple
years.

Hatchery releases of chum salmon have not
occurred in the Lewis basin; however, the
wild run is believed to have consistently
experienced very low escapements.

Hatchery releases of chum salmon have not
been documented in the Salmon Creek
basin; however, the wild run is believed to
have consistently experienced very low
escapements.

Hatchery releases of chum salmon have not
occurred in the Washougal basin; however,
the wild run is believed to have consistently
experienced low escapements.

Historic hatchery releases in chum salmon
did not occur in these tributaries. The
Washougal Hatchery is currently rearing
wild Hardy Creek chum stock for
enhancement efforts in Duncan Creek.

Hatchery releases of chum salmon have not
occurred in the Wind or Little White
Salmon basins; however, the wild run is
believed to have consistently experienced
very low escapements.
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Table 1-19. Chinook Within-Population Diversity
Within-Population Diversity

Criteria

Comments

Strata  State Population Score Data
Coast Fall
WA Grays 25
WA Elochoman 2

WA Mill/Abernathy/Germany 2

OR Youngs Bay
OR Big Creek
OR Clatskanie
OR Scappoose

Cascade Fall

Hatchery influence has been significant and
potentially detrimental or populations have

experienced periods of critical low escapement.

Hatchery influence has been significant and
potentially detrimental or populations have

experienced periods of critical low escapement.

Hatchery influence has been significant and
potentially detrimental or populations have

experienced periods of critical low escapement.

Hatchery releases of fall chinook began in
the basin in 1947; annual releases generally
ranged between 2 to 4 million, although
about 17 million smolts were released in
1980. Straying and transfer of fall chinook
stock has resulted in a blended hatchery
stock. The last release of fall chinook in
the Grays occurred in 1997; the program
was discontinued because of funding cuts.
Hatchery releases of fall chinook began in
the basin in 1950; annual releases generally
ranged between 2 to 4 million, although
about 7 million smolts were released in
1980. Straying and transfer of fall chinook
stock has resulted in a blended hatchery
stock. Current annual fall chinook release
goal is 2 million smolts in the Elochoman
River; hatchery fall chinook are not
released in Skamokawa Creek.

Hatchery releases of fall chinook began in
Abernathy Creek in 1960. Annual releases
from the Abernathy Creek NFH averaged 1
million fish from 1974-1994; the program
was discontinued in 1995 because of
funding cuts. Approximately 1 million fall
chinook from other hatchery programs
were released annually in Abernathy Creek
from 1960-1977. Straying and transfer of
fall chinook stock has resulted in a blended
hatchery stock.
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WA Lower Cowlitz

WA Coweeman

WA Toutle

WA Upper Cowlitz

2.5

Hatchery influence has been significant and
potentially detrimental or populations have

experienced periods of critical low escapement.

Wild stock is subject to limited hatchery
influence but life history patterns are stable.
Extended intervals of critical low escapements
have not occurred and population rapidly
rebounded from periodic declines in numbers.

Hatchery influence has been significant and
potentially detrimental or populations have

experienced periods of critical low escapement.

Hatchery influence has been significant and
potentially detrimental or populations have

experienced periods of critical low escapement.

Hatchery releases of fall chinook in the
Cowlitz began in 1952; since the late
1960s, hatchery annual releases have
generally ranged from 4 to 8 million, but
have been as high as 14 million. The
current Cowlitz Salmon Hatchery fall
chinook annual production goal is 5
million juveniles; some juveniles are
released in the upper Cowlitz to rear and
others are reared to smolts in the hatchery
and released in the lower Cowlitz.

Hatchery influence on this stock has been
fairly limited; the stock is representative of
indigenous fall chinook populations in the
Cowlitz River basin. Hatchery releases of
fall chinook in the Coweeman from out of
basin stocks occurred from 1951-1979;
releases were discontinued in 1980. Only
one CWT hatchery stray has ever been
recovered in spawning surveys.

Hatchery releases of fall chinook in the
Toutle began in 1951; since the mid 1960s,
hatchery annual releases have generally
ranged from 2 to 6 million. The current
North Toutle Hatchery fall chinook annual
production goal is 2.5 million sub-
yearlings. The hatchery was destroyed in
the 1980 eruption of Mt. St. Helens;
rearing ponds in the basin began operation
in 1985 and the hatchery resumed
broodstock collection in 1990.

The current Cowlitz Salmon Hatchery fall
chinook annual production goal is 5
million juveniles; some juveniles are
released in the upper Cowlitz to rear and
others are reared to smolts in the hatchery
and released in the lower Cowlitz.
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WA

WA

WA

OR
OR

Gorge Fall
WA

Kalama

Lewis/Salmon

Washougal

Sandy
Clackamas

Lower Gorge

2.5

2.5

Hatchery influence has been significant and
potentially detrimental or populations have

experienced periods of critical low escapement.

Wild stock is subject to limited hatchery
influence but life history patterns are stable.
Extended intervals of critical low escapements
have not occurred and population rapidly
rebounded from periodic declines in numbers.

Hatchery influence has been significant and
potentially detrimental or populations have

experienced periods of critical low escapement.

Hatchery influence has been significant and
potentially detrimental or populations have

experienced periods of critical low escapement.

Hatchery releases of fall chinook in the
Kalama began in 1895; releases since the
1960s have generally ranged from 2 to 6
million, but have been as high as 15
million annually. Current annual hatchery
fall chinook production goal is 5 million
smolts. Natural spawning in the basin is
sustained by first generation hatchery fish.

Hatchery releases of fall chinook began in
the NF Lewis in the early 1900s. Hatchery
releases were generally under 1 million
fish, however, were as high as 2.5 million
annually. Hatchery releases were
discontinued in 1986 to eliminate
interaction with the healthy wild
population. The run today is maintained by
natural production with little hatchery
influence. Hatchery fall chinook were not
released in the EF Lewis.

Hatchery releases of fall chinook in the
Washougal began in the 1950s; releases
since the 1960s have generally ranged from
1 to 6 million, but have been as high as 12
million annually. Current annual hatchery
fall chinook production goal is 3.5 million.
Natural spawning in the basin is sustained
by first generation hatchery fish.

The Spring Creek NFH released 50,160 fall
chinook in Hamilton Creek in 1977.

Origin of the existing population is not
known, however, likely is from hatchery
strays. Hatcheries in the area that produce
the bright fall chinook stock include the
Bonneville Hatchery, the Little White
Salmon NFH, and the Spring Creek NFH?
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WA Upper Gorge

WA Big White Salmon

OR Hood

Cascade late falls
WA Lewis NF

OR Sandy

Cascade spring
WA Upper Cowlitz

2.5

2.5

3.5

Hatchery influence has been significant and
potentially detrimental or populations have
experienced periods of critical low
escapement.

Hatchery influence has been significant and
potentially detrimental or populations have
experienced periods of critical low
escapement.

Wild stock is subject to limited hatchery
influence but life history patterns are stable.
Extended intervals of critical low escapements
have not occurred and population rapidly
rebounded from periodic declines in numbers.

Hatchery influence has been significant and
potentially detrimental or populations have
experienced periods of critical low escapement.

Hatchery fall chinook production began
in the Wind River in 1899. Fall chinook
releases average 2 million fish annually
from 1952-1976. Fall chinook hatchery
releases in the Wind River were
discontinued in 1976. The current fall
chinook run in the Wind River is
thought to be a derivative of Spring
Creek NFH stock. Hatchery fall
chinook production began in the Wind
River in 1899. Hatchery production
shifted from tules to upriver brights in
1988 as part of mitigation agreements;
current annual release goals in the
Little White Salmon are 2 million.

Hatchery juvenile spring chinook are
released above Cowlitz Falls Dam to rear
in the upper Cowlitz; outmigrating
juveniles are captured at the Cowlitz Falls
Project and released in the lower Cowlitz.
Adults collected at Mayfield since 1994
and released in the upper Cowlitz are
primarily first generation hatchery fish.
Production is sustained through hatchery
adults and juveniles.
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WA Cispus
WA Tilton
WA Toutle
WA Kalama

Hatchery influence has been significant and
potentially detrimental or populations have
experienced periods of critical low escapement.

Life history diversity was based on comparison
of adult and juvenile migration timing and age
composition. Genetic diversity was based on the
occurrence of small population bottlenecks in
historic spawning escapement and degree of
hatchery influence especially by non local
stocks. Resiliency was based on observed
rebounds from periodic small escapement.
Diversity scores of 0 were typically assigned to
populations that were functionally extirpated or
consisted primarily of stray hatchery fish.

Life history diversity was based on comparison
of adult and juvenile migration timing and age
composition. Genetic diversity was based on the
occurrence of small population bottlenecks in
historic spawning escapement and degree of
hatchery influence especially by non local
stocks. Resiliency was based on observed
rebounds from periodic small escapement.
Diversity scores of 0 were typically assigned to
populations that were functionally extirpated or
consisted primarily of stray hatchery fish.

Natural spawning populations have been
affected by large fractions of non-local hatchery
stocks, substantial shifts in life history have been
documented, and wild populations have
experienced very low escapements over multiple
years.

Hatchery juvenile spring chinook are
released in the Cispus to rear; outmigrating
juveniles are captured at the Cowlitz Falls
Project and released in the lower Cowlitz.
Adults collected at Mayfield since 1994
and released in the Cispus are primarily
first generation hatchery fish. Production
is sustained through hatchery adults and
juveniles.

Natural spawning escapements have not
been observed in the Tilton since the
1950s; hatchery fish have not been planted
in the basin since 1980. The Tilton spring
chinook run has likely been extirpated.

Natural spring chinook production in the
Toutle has historically been low. Hatchery
releases in the basin from the late 1960s
through the present have been to provide
for the sport fishery. Any production in the
basin is likely from hatchery strays.

A spring chinook hatchery program in the
Kalama began in 1959; releases since the
1960s have generally ranged from 200,000
to 500,000 smolts annually. Spring
chinook releases from 1967-2001 averaged
378,280; the 2002 hatchery spring chinook
release total was 332,200 smolts. Natural
spawning in the basin is sustained by first
generation hatchery fish.
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WA Lewis NF

OR Sandy

Gorge spring
OR Big White Salmon

OR Hood

Life history diversity was based on
comparison of adult and juvenile migration
timing and age composition. Genetic diversity
was based on the occurrence of small
population bottlenecks in historic spawning
escapement and degree of hatchery influence
especially by non local stocks. Resiliency
was based on observed rebounds from
periodic small escapement. Diversity scores
of 0 were typically assigned to populations
that were functionally extirpated or consisted
primarily of stray hatchery fish.

Life history diversity was based on
comparison of adult and juvenile migration
timing and age composition. Genetic diversity
was based on the occurrence of small
population bottlenecks in historic spawning
escapement and degree of hatchery influence
especially by non local stocks. Resiliency
was based on observed rebounds from
periodic small escapement. Diversity scores
of 0 were typically assigned to populations
that were functionally extirpated or consisted
primarily of stray hatchery fish.

Hatchery releases of spring chinook
began in the NF Lewis in the early
1900s. Annual hatchery releases from
1972-1990 averaged 601,184; recent
year releases have fluctuated near 1.2
million spring chinook. Natural spawning
in the basin is sustained by first
generation hatchery fish.
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Table 1-20. Steelhead Within-Population Diversity

Within-Population Diversity

Strata  State Population Scor  Data Criteria Comments
e
Coast winter
w Grays 25 Hatchery influence has been Winter steelhead hatchery fish have been planted in the
A significant and potentially basin since 1957. Releases since the early 1980s has
detrimental or populations have generally fluctuated between 30,000 and 50,000; from
experienced periods of critical low 1990-2000, annual releases have average about 45,000.
escapement.
W Elochoman/Skamokawa 2 Hatchery influence has been Winter steelhead hatchery fish have been planted in the
A significant and potentially basin since 1955. Annual releases have fluctuated near
detrimental or populations have 100,000 smolts since the early 1980s. The Beaver
experienced periods of critical low  Creek Hatchery, which produced steelhead for release
escapement. in the basin, closed in 1999.
W Mill/Abernathy/Gemany 2 Hatchery influence has been Hatchery steelhead have rarely been planted in Mill
A significant and potentially Creek; winter steelhead have been released in
detrimental or populations have Abernathy and Germany Creeks since 1961. Releases
experienced periods of critical low  since the early 1980s have fluctuated between 5,000
escapement. and 15,000 for both Abernathy and Germany Creeks;
the largest winter steelhead release was about 32,000
smolts to Germany Creek in the late 1980s.
Cascade winter
W Lower Cowlitz 2 Hatchery influence has been Hatchery winter steelhead have been planted in the
A significant and potentially basin since 1957. Hatchery releases since 1980 have
detrimental or populations have generally fluctuated between 400,000 and 800,000
experienced periods of critical low  smolts. WDFW is currently managing for an annual
escapement. smolt production of 750,000. Wild steelhead
escapement has been extremely low since the 1970s.
w Upper Cowlitz 2 Hatchery influence has been Wild steelhead have not had access to the upper
A significant and potentially watershed since the completion of Mayfield Dam in

detrimental or populations have
experienced periods of critical low
escapement.

1962. Hatchery adults have been released in the upper
Cowlitz, Cispus, and Tilton River basins since 1994;
naturally-produced juveniles are collected at the
Cowlitz Falls Project and transported to the lower
Cowlitz.
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W Cispus

A

W Tilton

A

W Coweeman
A

W N.F. Toutle
A

W S.F. Toutle
A

25

Hatchery influence has been
significant and potentially
detrimental or populations have
experienced periods of critical low
escapement.

Hatchery influence has been
significant and potentially
detrimental or populations have
experienced periods of critical low
escapement.

Hatchery influence has been
significant and potentially
detrimental or populations have
experienced periods of critical low
escapement.

Wild stock is subject to limited
hatchery influence but life history
patterns are stable. Extended
intervals of critical low
escapements have not occurred
and population rapidly rebounded
from periodic declines in
numbers.

Wild stock is subject to limited
hatchery influence but life history
patterns are stable. Extended
intervals of critical low
escapements have not occurred
and population rapidly rebounded
from periodic declines in
numbers.

Hatchery winter steelhead have been planted in the
Coweeman since 1957; most plants came from an out
of basin brood source. Hatchery releases generally
ranged from 30,000 to 50,000, but recent releases have
been under 20,000. Hatchery adults comprise most of
the annual return.

Hatchery winter steelhead have been planted in the
North Fork Toutle since 1953; hatchery releases
generally ranged from 20,000 to 25,000. Winter
steelhead hatchery plants have not occurred in recent
years. Aside from small releases of winter steelhead
fry in the the Green River after the 1980 Mt. St. Helens
eruption, hatchery fish have not been released in the
Green River. Current day returns are expected to be
completely from natural production.

Hatchery winter steelhead influence in the South Fork
Toutle has been minimal. Total winter steelhead
hatchery releases in the basin from 1968-1985 have
been estimated at 58,079. Current returns are expected
to be completely from natural production.
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W Kalama

A

W E.F. Lewis
A

W N.F. Lewis
A

W Salmon

A

W Washougal
A

OR Clackamas
OR Sandy

Gorge winter

3.5

25

2.5

35

Wild stock is subject to limited
hatchery influence but life history
patterns are stable. Extended
intervals of critical low
escapements have not occurred
and population rapidly rebounded
from periodic declines in
numbers.

Hatchery influence has been
significant and potentially
detrimental or populations have
experienced periods of critical low
escapement.

Hatchery influence has been
significant and potentially
detrimental or populations have
experienced periods of critical low
escapement.

Hatchery influence has been
significant and potentially
detrimental or populations have
experienced periods of critical low
escapement.

Hatchery influence has been
significant and potentially
detrimental or populations have
experienced periods of critical low
escapement.

Intermittent hatchery winter steelhead releases began in
the Kalama in 1938; annual releases began in 1955.
Hatchery releases since the early 1980s have fluctuated
near 100,000, except for 1999 when about 300,000
hatchery winter steelhead were released. From 1991-
1996, approximately 31% of the annual return was
hatchery spawners.

Hatchery releases in the East Fork from 1982-2002
have fluctuated near 100,000 fish. Current East Fork
winter steelhead hatchery program goal is the annual
release of 90,000 smolts. From 1991-1996,
approximately 51% of the annual return was hatchery
spawners.

Hatchery releases in the North Fork from 1982-2002
have fluctuated near 150,000 fish. Current North Fork
winter steelhead hatchery program goal is the annual
release of 100,000 smolts, however, recent year
releases have been around 300,000. From 1991-1996,
approximately 93% of the annual return was hatchery
Sspawners.

Hatchery winter steelhead have been released in the
Salmon Creek basin since 1957. Releases from 1982 to
2002 ranged between 10,000 and about 42,500.
Current release goals to Salmon Creek are 25,000
Skamania winter steelhead smolts. Hatchery fish are
expected to compose most of the annual return.

Hatchery winter steelhead have been planted in the
Washougal since 1957. Hatchery releases in the 1980s
generally fluctuated near 150,000 smolts. Current
release goals to the Washougal are 60,000 Skamania
winter steelhead smolts. Hatchery fish are expected to
compose most of the annual return, although
interbreeding with wild fish is expected to be low
because of a separation in run timing.
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> =

> =

OR

Cascade summer

W
A

> =

Lower Gorge Tribs 2.5
Upper Gorge Tribs 2.5
Hood

Kalama 2.5
N.F. Lewis 0

3.5

Hatchery influence has been
significant and potentially
detrimental or populations have
experienced periods of critical low
escapement.

Hatchery influence has been
significant and potentially
detrimental or populations have
experienced periods of critical low
escapement.

Hatchery influence has been
significant and potentially
detrimental or populations have
experienced periods of critical low
escapement.

Life history diversity was based
on comparison of adult and
juvenile migration timing and age
composition. Genetic diversity
was based on the occurrence of
small population bottlenecks in
historic spawning escapement and
degree of hatchery influence
especially by non local stocks.
Resiliency was based on observed
rebounds from periodic small
escapement. Diversity scores of
0 were typically assigned to
populations that were functionally
extirpated or consisted primarily
of stray hatchery fish.

Intermittent releases of hatchery winter steelhead have
occurred in Hamilton Creek since 1958. Hatchery
releases from 1988 to 1996 ranged from about 5,000 to
10,000 smolts. Estimates of hatchery adult winter
steelhead are not available.

Hatchery winter steelhead have been released in the
Wind River intermittently since the early 1950s;
releases have generally been small (<10,000 smolts).
Releases of hatchery steelhead were discontinued in
1997 because of potential concerns with the remaining
wild stock. Only unmarked steelhead are allowed to
pass the adult trap on Trout Creek.

Summer steelhead hatchery releases since the early
1980s have fluctuated near 100,000. From 1991-1996,
approximately 64% of the annual return was hatchery
spawners.

Hatchery releases of summer steelhead in the North
Fork since 1982 have ranged from 25,000 to 225,000
annually. The Merwin net pen operation has an annual
production goal of 235,000 summer steelhead smolts.
Also, about 50,000 Skamania summer steelhead are
released in the North Fork annually. The current
annual return is expected to be primarily hatchery fish.
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W E.F. Lewis 2.5
A

W Washougal 3
A

Gorge summer

W Wind 3
A
OR Hood

Hatchery influence has been
significant and potentially
detrimental or populations have
experienced periods of critical low
escapement.

Wild stock is subject to limited
hatchery influence but life history
patterns are stable. Extended
intervals of critical low
escapements have not occurred
and population rapidly rebounded
from periodic declines in
numbers.

Wild stock is subject to limited
hatchery influence but life history
patterns are stable. Extended
intervals of critical low
escapements have not occurred
and population rapidly rebounded
from periodic declines in
numbers.

Hatchery releases of summer steelhead in the East Fork
from 1982-1991 have fluctuated near 80,000 fish.
Recent year releases have fluctuated near 30,000 fish.
Current East Fork summer steelhead hatchery program
goal is the annual release of 25,000 Skamania smolts.
From 1991-1996, approximately 71% of the annual
return was hatchery spawners; snorkel escapement
counts from 1996-2001 confirmed that hatchery fish
comprise about 70% of the annual spawning
escapement.

Hatchery summer steelhead have been planted in the
Washougal since the 1950s. Hatchery releases in the
1980s generally fluctuated near 200,000 smolts,
although about 550,000 were released one year.
Current release goals to the Washougal are 60,000
Skamania summer steelhead smolts. Escapement
estimates from 1991-1996 indicate that hatchery
summer steelhead comprise 87% and 1% of the
spawning escapement in the North Fork Washougal
and mainstem Washougal, respectively. Hatchery fish
are expected to compose most of the current annual
return.

Hatchery summer steelhead have been released in the
Wind River most years since 1960. Releases since
1983 have generally ranged between 20,000 and 50,000
smolts. Releases of hatchery steelhead were
discontinued in 1997 because of potential concerns
with the remaining wild stock. Snorkel surveys in the
Wind from 1989-1998 indicated that hatchery summer
steelhead comprised 41-60% of the annual spawning
escapement. Only unmarked steelhead are allowed to
pass the adult trap on Trout Creek.
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1.6 Habitat
Table 1-21. Habitat Description

Categor

y
0

Description

Habitat is incapable of supporting fish or is likely to
be incapable of supporting fish in the foreseeable
future

Habitat exhibits a combination of impairment and
likely future conditions such that population is at high
risk of extinction

Habitat exhibits a combination of current impairment
and likely future condition such that the population is
at moderate risk of extinction

Habitat in unimpaired and likely future conditions
will support a viable salmon population

Habitat conditions and likely future conditions
support a population with an extinction risk lower
than that defined by a viable salmon population.
Habitat conditions consistent with this category are
likely comparable to those that historically existed.

Application

Unsuitable habitat. Quality is not suitable for salmon
production. Includes only areas that are currently
accessible. Inaccessible portions of the historic
range are addressed by spatial structure criteria’.

Highly impaired habitat. Quality is substantially less
than needed to sustain a viable population size (e.g.
low bound in target planning range). Significant
natural production may occur only in favorable years.

Moderately impaired habitat. Significant degradation
in habitat quality associated with reduced population
productivity.

Intact habitat. Some degradation in habitat quality
has occurred but habitat is sufficient to produce
significant numbers of fish. (Equivalent to low
bound in abundance target planning range.)

Favorable habitat. Quality is near or at optimums for
salmon. Includes properly functioning through
pristine historical conditions.
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Table 1-22. Chum Habitat

Criteria

Comments

Habitat
Strata State Population Score Data
Coast
WA  Grays/Chinook 2 2
WA  Elochoman/Skamokawa 1 3
WA  Mill/Abernathy/Germany 1 3
OR  Youngs
OR  Big Creek
OR  Clatskanie
OR  Scappoose
Cascade

WA  Cowlitz Chum 1 3

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Logging and agriculture in the watershed and the
resulting landslides, erosion, and channel changes
have damaged salmon spawning habitat. Recent
habitat improvement projects have been undertaken
in the basin.

Logging, road construction, and agriculture in the
basin has decreased habitat diversity, bank stability,
and fish access while increasing sediment load.

Logging, road construction, and agriculture in the
basin has decreased habitat diversity, bank stability,
and fish access while increasing sediment load.

Construction of Mayfield Dam in 1962 blocked
access to approximately 80% of the basin's
historical production area. Grazing, agriculture,
forestry, and development have substantially
reduced riparian function and bank stability while
adding fine sediment to the system. Habitat
diversity, side channel habitat, and floodplain
connectivity has been lost because of
channelization and diking.
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WA  Kalama Chum

WA  Lewis Chum

WA  Salmon Chum

WA Washougal Chum

OR  Clackamas
OR  Sandy

Gorge
WA  Lower Gorge

2.5

2.5

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Unsuitable habitat. Quality is not suitable
for salmon production. Includes only areas
that are currently accessible. Inaccessible
portions of the historic range are addressed
by spatial structure criteria2.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Forestry and other human activities in the basin has
substantially reduced riparian function and bank
stability while adding fine sediment to the system.
Habitat diversity, side channel habitat, and
floodplain connectivity has been lost because of
channelization and diking.

Construction of Merwin Dam in 1932 blocked
access to over half of the North Fork's historical
production area. Human activity in the North Fork
basin has substantially reduced riparian function
and bank stability while adding fine sediment to the
system. Habitat diversity, side channel habitat, and
floodplain connectivity in the lower river has been
lost because of channelization and diking. The
upper East Fork basin burned repeatedly during the
early part of the century; the watershed is slowly
recovering from habitat degradation as a result of
these fires.

Basin-specific habitat data is not available.

The Yacolt Burn, forestry, dam construction
(removed in 1947), and human development has
negatively affected habitat diversity, floodplain
connectivity, and side channel habitat while
increasing fine sediment in the system.

Basin-specific data is limited but habitat has likely
been degraded from human activities within the
basins. Current habitat availability and quality
assumes consistent future Bonneville Dam
operations, with minimal flow impacts.
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WA  Upper Gorge 1 1 Highly impaired habitat. Quality is Historic chum habitat in the lower basins below

substantially less than needed to sustain a impassable falls was inundated by the Bonneville
viable population size (e.g. low bound in Pool (1938). Shipherd Falls on the Wind River was
target planning range). Significant natural laddered in 1956, providing access to the upper
production may occur only in favorable watershed. Suitable chum habitat does not exist in
years. the Wind or Little White Salmon Rivers. Timber

harvest and road construction in both basins has
negatively affected riparian diversity, water flow,
and water temperature while increasing sediment
load to the system.
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Table 1-23. Chinook Habitat

Criteria

Comments

Habitat
Strata State Population Score Data
Coast Fall
WA  Grays 15
WA  Elochoman 2

WA  Mill/Abernathy/Germany 2

Youngs Bay
Big Creek
Clatskanie
Scappoose
Cascade Fall
WA  Lower Cowlitz 15

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Low seasonal water flows have been a chronic
problem for natural and hatchery chinook
production; return timing is driven by timing of fall
rains. Logging and agriculture in the watershed
and the resulting landslides, erosion, and channel
changes have damaged salmon spawning habitat.
Recent habitat improvement projects for chum
salmon production have been undertaken in the
basin.

Logging, road construction, and agriculture in the
basin has decreased habitat diversity, bank
stability, and fish access while increasing sediment
load.

Logging, road construction, and agriculture in the
basin has decreased habitat diversity, bank
stability, and fish access while increasing sediment
load.

Grazing, agriculture, forestry, and development
have substantially reduced riparian function and
bank stability while adding fine sediment to the
system. Habitat diversity, side channel habitat, and
floodplain connectivity has been lost because of
channelization and diking.
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WA Coweeman

WA Toutle

WA  Upper Cowlitz

WA Kalama

1.75

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Extensive logging and high road densities have
decreased habitat diversity and riparian function
while increasing peak flows, sediment input, and
water temperature. Diking and deposits from the
1980 Mt. St. Helens eruption in the lower river
have decreased floodplain connectivity. Rearing
and over-wintering habitat is limited in this lower
reach.

The 1980 Mt. St. Helens eruption severely
impacted habitat in the basin; most streams are
naturally recovering from the disturbance. One
exception is the North Fork Toutle where natural
recovery has lagged, potentially as a result of a
sediment retention structure. High road densities
and other human activities have limited off-
channel habitat, substrate stability, and riparian
function while increasing sediment, water
temperature, and peak flows.

Construction of Mayfield Dam in 1962 blocked
access to about half of the basin's historical
production area, however, various trap and haul
programs have provided some access to the upper
basin. Channel alterations and increased sediment
inputs have created low-flow passage problems
and reduced habitat quality; habitat diversity is also
lacking. Any downstream migrants that enter Riffe
Lake are unable to navigate the 23-mile long lake
successfully. Timber harvest and road construction
in the Tilton River basin has decreased riparian
function, channel stability, and water quality while
increasing peak flows and sediment inputs.

Forestry and other human activities in the basin has
substantially reduced riparian function and bank
stability while adding fine sediment to the system.
Habitat diversity, side channel habitat, and
floodplain connectivity has been lost because of
channelization and diking.
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WA  Lewis/Salmon

WA  Washougal

OR  Sandy
OR Clackamas

Gorge Fall
WA  Lower Gorge

WA  Upper Gorge

2.5

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Construction of Merwin Dam in 1932 blocked
access to over half of the North Fork's historical
production area. Human activity in the North Fork
basin has substantially reduced riparian function
and bank stability while adding fine sediment to
the system. Habitat diversity, side channel habitat,
and floodplain connectivity in the lower river has
been lost because of channelization and diking.
The upper East Fork basin burned repeatedly
during the early part of the century; the watershed
is slowly recovering from habitat degradation as a
result of these fires.

The Yacolt Burn, forestry, dam construction
(removed in 1947), and human development has
negatively affected habitat diversity, floodplain
connectivity, and side channel habitat while
increasing fine sediment in the system.

Basin-specific data is limited but habitat has likely
been degraded from human activities within the
basins. Current habitat availability and quality
assumes consistent future Bonneville Dam
operations, with minimal flow impacts.

Historic chinook habitat in the lower Wind and
Little White Salmon Rivers below impassable falls
was inundated by the Bonneville Pool (1938).
Shipherd Falls on the Wind River was laddered in
1956, providing access to the upper watershed.
Timber harvest and road construction in both
basins has negatively affected riparian diversity,
water flow, and water temperature while increasing
sediment load to the system.
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WA  Big White Salmon

OR Hood

Cascade late falls
WA  Lewis NF

OR  Sandy

Cascade spring
WA  Upper Cowlitz

WA  Cispus

WA Tilton

15

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Intact habitat. Some degradation in habitat
quality has occurred but habitat is
sufficient to produce significant numbers
of fish. (Equivalent to low bound in
abundance target planning range.)

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Unsuitable habitat. Quality is not suitable
for salmon production. Includes only areas
that are currently accessible. Inaccessible
portions of the historic range are addressed
by spatial structure criteria2.

Construction of Merwin Dam in 1932 blocked
access to over half of the North Fork's historical
production area. Human activity in the North Fork
basin has substantially reduced riparian function
and bank stability while adding fine sediment to
the system. Habitat diversity, side channel habitat,
and floodplain connectivity in the lower river has
been lost because of channelization and diking.

Construction of Mayfield Dam in 1962 blocked
access to about half of the basin's historical
production area, however, various trap and haul
programs have provided some access to the upper
basin. Channel alterations and increased sediment
inputs have created low-flow passage problems
and reduced habitat quality; habitat diversity is also
lacking. Any downstream migrants that enter Riffe
Lake are unable to navigate the 23-mile long lake
successfully.

See upper Cowlitz.

Timber harvest and road construction in the Tilton
River basin has decreased riparian function,
channel stability, and water quality while
increasing peak flows and sediment inputs.
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WA

WA

WA

OR

Gorge spring
WA

OR

Toutle

Kalama

Lewis NF

Sandy

Big White Salmon

Hood

Unsuitable habitat. Quality is not suitable
for salmon production. Includes only areas
that are currently accessible. Inaccessible
portions of the historic range are addressed
by spatial structure criteria2.

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Unsuitable habitat. Quality is not suitable
for salmon production. Includes only areas
that are currently accessible. Inaccessible
portions of the historic range are addressed
by spatial structure criteria2.

Unsuitable habitat. Quality is not suitable
for salmon production. Includes only areas
that are currently accessible. Inaccessible
portions of the historic range are addressed
by spatial structure criteria2.

The 1980 Mt. St. Helens eruption severely
impacted habitat in the basin; most streams are
naturally recovering from the disturbance. One
exception is the North Fork Toutle where natural
recovery has lagged, potentially as a result of a
sediment retention structure. High road densities
and other human activities have limited off-
channel habitat, substrate stability, and riparian
function while increasing sediment, water
temperature, and peak flows.

Forestry and other human activities in the basin has
substantially reduced riparian function and bank
stability while adding fine sediment to the system.
Habitat diversity, side channel habitat, and
floodplain connectivity has been lost because of
channelization and diking.

Construction of Merwin Dam in 1932 blocked
access to over half of the North Fork's historical
production area. Human activity in the North Fork
basin has substantially reduced riparian function
and bank stability while adding fine sediment to
the system. Habitat diversity, side channel habitat,
and floodplain connectivity in the lower river has
been lost because of channelization and diking.
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Table 1-24. Steelhead Habitat

Habitat
Strata State Population Score Data Criteria Comments
Coast winter
WA Grays 2 Moderately impaired habitat. Significant Logging and agriculture in the watershed and the
degradation in habitat quality associated resulting landslides, erosion, and channel changes
with reduced population productivity. have damaged salmon spawning habitat. Recent
habitat improvement projects for chum salmon
production have been undertaken in the basin.
WA Elochoman/Skamokawa 2 Moderately impaired habitat. Significant Logging, road construction, and agriculture in the
degradation in habitat quality associated basin has decreased habitat diversity, bank
with reduced population productivity. stability, and fish access while increasing sediment
load.
WA Mill/Abernathy/Gemany 2 Moderately impaired habitat. Significant Logging, road construction, and agriculture in the
degradation in habitat quality associated basin has decreased habitat diversity, bank
with reduced population productivity. stability, and fish access while increasing sediment
load.
Cascade winter
WA Lower Cowlitz 15 Highly impaired habitat. Quality is Grazing, agriculture, forestry, and development
substantially less than needed to sustain a have substantially reduced riparian function and
viable population size (e.g. low bound in bank stability while adding fine sediment to the
target planning range). Significant natural system. Habitat diversity, side channel habitat, and
production may occur only in favorable floodplain connectivity has been lost because of
years. channelization and diking.
WA Upper Cowlitz 15 Highly impaired habitat. Quality is Construction of Mayfield Dam in 1962 blocked

substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

access to about 80% of the basin's historical
production area, however, a recent trap and haul
program has provided some access to the upper
basin. Channel alterations and increased sediment
inputs have created low-flow passage problems
and reduced habitat quality; habitat diversity is also
lacking. Any downstream migrants that enter Riffe
Lake are unable to navigate the 23-mile long lake
successfully.
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WA

WA

WA

WA

WA

Cispus

Tilton

Coweeman

N.F. Toutle

S.F. Toutle

1.5

15

1.75

1.75

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Construction of Mayfield Dam in 1962 blocked
access to the basin, however, a recent trap and haul
program has provided some access. Channel
alterations and increased sediment inputs have
created low-flow passage problems and reduced
habitat quality; habitat diversity is also lacking.

Construction of Mayfield Dam in 1962 blocked
access to the basin, however, a recent trap and haul
program has provided some access. Timber
harvest and road construction in the Tilton River
basin has decreased riparian function, channel
stability, and water quality while increasing peak
flows and sediment inputs.

Extensive logging and high road densities have
decreased habitat diversity and riparian function
while increasing peak flows, sediment input, and
water temperature. Diking and deposits from the
1980 M. St. Helens eruption in the lower river
have decreased floodplain connectivity. Rearing
and over-wintering habitat is limited in this lower
reach.

The 1980 Mt. St. Helens eruption severely
impacted habitat in the basin; most streams are
naturally recovering from the disturbance. One
exception is the North Fork Toutle where natural
recovery has lagged, potentially as a result of a
sediment retention structure. High road densities
and other human activities have limited off-
channel habitat, substrate stability, and riparian
function while increasing sediment, water
temperature, and peak flows.

The 1980 Mt. St. Helens eruption severely
impacted habitat in the basin; most streams are
naturally recovering from the disturbance. High
road densities and other human activities have
limited off-channel habitat, substrate stability, and
riparian function while increasing sediment, water
temperature, and peak flows.
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WA

WA

WA

WA

WA

OR
OR

Gorge winter

Kalama

E.F. Lewis

N.F. Lewis

Salmon

Washougal

Clackamas
Sandy

2.5

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Highly impaired habitat. Quality is
substantially less than needed to sustain a
viable population size (e.g. low bound in
target planning range). Significant natural
production may occur only in favorable
years.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Forestry and other human activities in the basin has
substantially reduced riparian function and bank
stability while adding fine sediment to the system.
Habitat diversity, side channel habitat, and
floodplain connectivity has been lost because of
channelization and diking.

The upper East Fork basin burned repeatedly
during the early part of the century; the watershed
is slowly recovering from habitat degradation as a
result of these fires. Limiting habitat conditions
include low habitat diversity and structure,
elevated water temperatures (especially in lower
tributaries), erosion and channel stability, and low
floodplain connectivity as a result of diking and
development in the lower basin.

Construction of Merwin Dam in 1932 blocked
access to about 80% of the North Fork's historical
production area. Human activity in the North Fork
basin has substantially reduced riparian function
and bank stability while adding fine sediment to
the system. Habitat diversity, side channel habitat,
and floodplain connectivity in the lower river has
been lost because of channelization and diking.

Human activity in the upper basin has substantially
reduced riparian function and bank stability while
adding fine sediment to the system. Habitat
diversity, side channel habitat, and floodplain
connectivity in the lower river has been lost
because of channelization and diking related to
development

The Yacolt Burn, forestry, dam construction
(removed in 1947), and human development has
negatively affected habitat diversity, floodplain
connectivity, and side channel habitat while
increasing fine sediment in the system.
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WA Lower Gorge Tribs

WA Upper Gorge Tribs

OR Hood

Cascade summer
WA Kalama

WA N.F. Lewis

WA E.F. Lewis

2.5

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Basin-specific data is limited but habitat has likely
been degraded from human activities within the
basins. Current habitat availability and quality
assumes consistent future Bonneville Dam
operations, with minimal flow impacts.

Historic spawning and rearing habitat in the lower
Wind River was inundated by the Bonneville Pool
(1938). Shipherd Falls on the Wind River was
laddered in 1956, providing easier access to the
upper watershed. Timber harvest and road
construction in the upper basin has negatively
affected riparian diversity, water flow, and water
temperature while increasing sediment load to the
system.

Forestry and other human activities in the basin has
substantially reduced riparian function and bank
stability while adding fine sediment to the system.
Habitat diversity, side channel habitat, and
floodplain connectivity has been lost because of
channelization and diking.

Construction of Merwin Dam in 1932 blocked
access to about 80% of the North Fork's historical
production area. Human activity in the North Fork
basin has substantially reduced riparian function
and bank stability while adding fine sediment to
the system. Habitat diversity, side channel habitat,
and floodplain connectivity in the lower river has
been lost because of channelization and diking.

The upper East Fork basin burned repeatedly
during the early part of the century; the watershed
is slowly recovering from habitat degradation as a
result of these fires. Limiting habitat conditions
include low habitat diversity and structure,
elevated water temperatures (especially in lower
tributaries), erosion and channel stability, and low
floodplain connectivity as a result of diking and
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WA Washougal

Gorge summer
WA Wind

OR Hood

Moderately impaired habitat. Significant
degradation in habitat quality associated
with reduced population productivity.

Intact habitat. Some degradation in habitat
quality has occurred but habitat is
sufficient to produce significant numbers
of fish. (Equivalent to low bound in
abundance target planning range.)

development in the lower basin.

The Yacolt Burn, forestry, dam construction
(removed in 1947), and human development has
negatively affected habitat diversity, floodplain
connectivity, and side channel habitat while
increasing fine sediment in the system.

Historic spawning and rearing habitat in the lower
Wind River was inundated by the Bonneville Pool
(1938). Shipherd Falls on the Wind River was
laddered in 1956, providing easier access to the
upper watershed. Timber harvest and road
construction in the upper basin has negatively
affected riparian diversity, water flow, and water
temperature while increasing sediment load to the
system.
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Abstract

Run reconstructions were completed for select salmon and steelhead populations in
Washington tributaries of the lower Columbia River: Coweeman tule fall chinook, East
Fork Lewis tule fall chinook, North Fork Lewis bright fall chinook, Wind spring chinook,
Little White Salmon spring chinook, Kalama winter steelhead, Kalama summer
steelhead, Wind summer steelhead, and Grays chum. These populations were selected
because they represent a mixture of species, origin (i.e. hatchery or wild), and basin-
specific factors affecting each population. Accuracy of the run reconstructions reflect
currently available data; improvements to the run reconstructions are welcome by other
researchers if better quality data is known and available. Results of the run
reconstructions confirm the general knowledge of low productivity years during the late
1980s and mid 1990s. For all populations investigated, productivity decreased as
spawner abundance increased. The inverse relationship between spawner abundance and
productivity suggests that, at the habitat capacity present over the duration of the run
reconstructions, habitat limitations exist that affect spawning or rearing success and
prevent productivity from increasing as spawner abundance increases. Spawner
abundance was not an accurate predictor of ocean recruits.

Introduction

Time series of adult abundance data are a key component of many analyses of the status,
limiting factors, management practices, and future prospects for salmon in the Columbia
River. For example, salmon stock productivity can be estimated from run reconstructions
which estimate numbers of spawners and recruits from each brood year (Ricker 1954 and
1975, Beverton and Holt 1957). Productivity of a salmon population for a specified time
period is defined as the natural log of the ratio of recruits to spawners, in the absence of
density dependent mortality (Neave 1953). Run reconstruction methods vary depending
on the type of data available, but are considered similar to virtual population analysis
(VPA) or cohort analysis models (see Megrey 1989, Hilborn and Walters 1992, and
Haddon 2001 for discussion on these models). Analyses of spawner-recruit data provide
one method for assessing the cumulative effects of harvest, hatchery production, habitat
changes, and hydroelectric development on anadromous fish (Martin et al. 1987).
Spawner-recruit data is especially useful for measuring density independent productivity
in assessments of the effects of development. Time series of spawner and recruit data
from stocks throughout the Columbia River Basin may provide an important inferential
basis for investigations regarding the distribution of mortality throughout the life cycle
(Barnthouse et al. 1994). Also, cohort replacement rates based on recruitment-stock
ratios can identify ‘harvestable surpluses’ of salmon and steelhead stocks (Lindsay et al.
1986).

In this paper, we present run reconstructions for select salmon and steelhead populations
in Washington tributaries of the lower Columbia River: Coweeman tule fall chinook, East
Fork Lewis tule fall chinook, North Fork Lewis bright fall chinook, Wind spring chinook,
Little White Salmon spring chinook, Kalama winter steelhead, Kalama summer
steelhead, Wind summer steelhead, and Grays chum. These populations were selected
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because they represent a mixture of species, origin (i.e. hatchery or wild), and factors
affecting population trends and abundance. Furthermore, continuous, long-term
escapement, age composition, and harvest data are available for these populations, which
is required for run reconstructions. The only species not represented in this analysis is
coho salmon; at present, adequate tributary escapement, age composition, and harvest
data are lacking for coho.

Methods

A wealth of escapement, age composition, and harvest data are available for populations
in Washington tributaries of the lower Columbia; the challenge is determining which data
most accurately estimates the true parameters for each population. When deciding on
which data to use, we considered the length of the dataset, data availability, and peer
evaluation of data quality. When possible, we utilized data that covered the entire time
period of the run reconstructions to minimize any potential errors that could result from
using data that were collected using different methods. Based on the availability of
continuous data, each run reconstruction covers a different time period.

The general approach for these run reconstructions was to begin with tributary
escapement data and back calculate to the number of ocean recruits. The primary
milestones in the run reconstructions are the number of spawners, the run size at the
mouth of the tributary, the run size at the mouth of the Columbia River, and the run size
entering the ocean. At each step, known harvest rates were used to add individuals back
into the population; baseline natural mortality was not included because it is expected to
be minimal compared to harvest-related mortality. If age-specific harvest rates were
available, then spawners were separated by age class and individuals were returned to the
population in age-class specific groups, facilitating the assignment to brood year. If age-
specific harvest rates were not available, then individuals were returned to the population
based on known harvest rates for each fishery and age composition data was applied to
the total run to complete the link to brood year.

After the number of ocean recruits by age and brood year was determined, the various
population statistics were calculated. Of primary interest was the recruit to spawner ratio
and the estimate of productivity obtained from the natural log of the ratio of recruits to
spawners. If adequate data were available to apportion the total population into wild and
hatchery components, population statistics for each component was calculated separately.
If wild juvenile outmigration numbers were available (for wild populations) or hatchery
juvenile release number were available (for hatchery populations), smolt to adult survival
was calculated for those years of available data.

Coweeman Tule Fall Chinook

The Coweeman tule fall chinook population is considered to be sustained from natural
production with very little hatchery influence. Tributary spawning data are available
since 1964 so the run reconstruction covers this time period. Spawning escapement data
for 1964-2001 were obtained from the Washington Department of Fish and Wildlife
(WDFW) Salmon and Steelhead Stock Inventory (SASSI) 2002. An assumed 5%
prespawn mortality was applied to the escapement to determine the number of spawners
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(Petrosky 1995). Age composition for 1964-2001 was calculated from escapement by
age data in the StreamNet database. The spawning population was first separated by age
class because age-specific harvest rates are available for mainstem and tributary fisheries;
individuals were then added back to the population within each respective age class. Fall
chinook ‘Big Sheets’ are likely the best source of age-specific harvest data for the
mainstem Columbia and tributaries. Although Coweeman tule fall chinook are
considered a wild run, the lower river hatchery (LRH) stock was used as a surrogate for
determining tributary and mainstem harvest because the LRH stock closely resembles
Coweeman tule fall chinook migration timing and patterns. Therefore, the tributary
harvest rate for 1980-1990 was calculated as the tributary harvest divided by the sum of
the total run minus the mainstem harvest from the ‘Big Sheets’ using LRH stock data.
Tributary harvest rate for 1964-1979 was the 5-yr average harvest calculated from 1980-
1984 “Big Sheet’ data. Since 1991, tributary harvest was set at zero because the
Coweeman has been closed to fishing since 1991. The Columbia River mainstem harvest
rate for 1980-2001 was calculated as the sum of mainstem harvest by area divided by the
total run from the ‘Big Sheets” using LRH stock data. The mainstem harvest rate for
1964-1979 was the 5-yr average harvest calculated from 1980-1984 “Big sheet’ data.
Ocean harvest rates for the time periods from 1964-1989 and 1990-2000 were based on
analyses of tule fall chinook coded-wire tagging data from the available brood years
within each period, respectively (Byrne et al. 2002). The ocean harvest rate for 2001 was
estimated based on preliminary fishery information. Applying the age composition and
respective harvest rate data to the annual spawners results in the ocean recruitment by age
and year. The annual ocean recruits were assigned to a brood year based on age; for
example, the 1964 brood year was assembled with 2-year old recruits from 1966, 3-year
old recruits from 1967, etc.

East Fork Lewis Tule Fall Chinook

The East Fork Lewis tule fall chinook population is considered to be sustained from
natural production with very little hatchery influence. Tributary spawning data are
available from 1964-2001 so the run reconstruction covers this time period. Spawning
escapement data for 1964-2001 were obtained from the WDFW SASSI report (2002).
An assumed 5% prespawn mortality was applied to the escapement to determine the
number of spawners (Petrosky 1995). Age composition for 1964-2001 was calculated
from escapement by age data in the StreamNet database. The spawning population was
first separated by age class because age-specific harvest rates are available for mainstem
and tributary fisheries; individuals were then added back to the population within each
respective age class. Fall chinook ‘Big Sheets’ are likely the best source of age-specific
harvest data for the mainstem Columbia and tributaries. Although East Fork Lewis tule
fall chinook are considered a wild run, the LRH stock was used as a surrogate for
determining tributary and mainstem harvest because the LRH stock closely resembles
East Fork Lewis tule fall chinook migration timing and patterns. ‘Big Sheet’ data is
available from 1980-present; however, tributary harvest was closed beginning in 1977
and therefore was set to zero. Tributary harvest rate for years prior to 1977 (i.e. 1964-
1976) was the 5-yr average of data from the 1980-1984 ‘Big Sheet’; annual harvest was
calculated as the tributary harvest divided by the sum of the total run minus the mainstem
harvest. The Columbia River mainstem harvest rate for 1980-2001 was calculated as the
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sum of mainstem harvest by area divided by the total run from the ‘Big Sheets” using
LRH stock data. The mainstem harvest rate for 1964-1979 was the 5-yr average harvest
calculated from 1980-1984 *Big sheet’ data. Ocean harvest rates for the time periods
from 1964-1989 and 1990-2000 were based on analyses of tule fall chinook coded-wire
tagging data from the available brood years within each period, respectively (Byrne et al.
2002). The ocean harvest rate for 2001 was estimated based on preliminary fishery
information. Applying the age composition and respective harvest rate data to the annual
spawners results in the ocean recruitment by age and year. The annual ocean recruits
were assigned to a brood year based on age; for example, the 1964 brood year was
assembled with 2-year old recruits from 1966, 3-year old recruits from 1967, etc.

North Fork Lewis Bright Fall Chinook

The North Fork Lewis bright fall chinook population is currently considered to be
sustained primarily from natural production; historically, there was substantial influence
on the population from hatchery production, which ceased in the mid 1980s. The North
Fork Lewis bright fall chinook run reconstruction begins with the run year 1964.
Spawning escapement data for 1964-2001 were obtained from the WDFW SASSI report
(2002). Because of the hatchery influence in the North Fork Lewis, the proportion of
hatchery natural spawners was applied to the total escapement to separate the escapement
into wild and hatchery spawners. The run reconstruction was completed with the wild
spawners only; all age composition and harvest data was applicable to wild bright fall
chinook as opposed to hatchery fish. An assumed 5% prespawn mortality was applied to
the escapement to determine the number of spawners (Petrosky 1995). Age composition
for 1964-2001 (excluding 1979) was calculated from escapement by age data in the
StreamNet database; data for 1979 was incomplete. Age composition for 1979 was
derived from data presented in Myers et al. (2002) for naturally spawning bright fall
chinook in the Lewis River; Myers et al. (2002) referenced Hymer et al. (1992) as the
data source. The wild spawning population was first separated by age class because age-
specific harvest rates are available for mainstem and tributary fisheries; individuals were
then added back to the population within each respective age class. Fall chinook ‘Big
Sheets’ are likely the best source of age-specific harvest data for the mainstem Columbia
and tributaries. The lower river wild (LRW) stock was used as a surrogate for
determining tributary and mainstem harvest because the LRW stock closely resembles
North Fork Lewis bright fall chinook migration timing and patterns. Therefore, the
tributary harvest rate for 1980-2001 was calculated as the tributary harvest divided by the
sum of the total run minus the mainstem harvest from the ‘Big Sheets’ using LRW stock
data. Tributary harvest rate for 1964-1979 was the 5-yr average harvest calculated from
1980-1984 “Big Sheet’ data. The Columbia River mainstem harvest rate for 1980-2001
was calculated as the sum of mainstem harvest by area divided by the total run from the
‘Big Sheets” using LRW stock data. The mainstem harvest rate for 1964-1979 was the 5-
yr average harvest calculated from 1980-1984 ‘Big sheet’ data. Ocean harvest rates for
the time periods from 1964-1989 and 1990-2000 were based on analyses of bright fall
chinook coded-wire tagging data from the available brood years within each period,
respectively (Byrne et al. 2002). The ocean harvest rate for 2001 was estimated based on
preliminary fishery information. Applying the age composition and respective harvest
rate data to the annual spawners results in the ocean recruitment by age and year.
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Juvenile outmigration data was available for most years from 1977-1987 (Hymer et al.
1992); smolt to adult survival (SAR) was calculated for those years with outmigration
data. The annual ocean recruits were assigned to a brood year based on age; for example,
the 1964 brood year was assembled with 2-year old recruits from 1966, 3-year old
recruits from 1967, etc.

wind Spring Chinook

Spring chinook are not native to the Wind River. The current spring chinook population
is sustained through hatchery production that began in 1955; broodstock for the hatchery
program was derived from a mixture of upper Columbia and Snake River spring chinook
passing Bonneville Dam. The Wind River run reconstruction began with the 1963 run
year. Although total annual escapement data is available through Carson National Fish
Hatchery (NFH) rack counts, rack counts are not an accurate measure of the number of
fish actually spawned in the hatchery that produced subsequent juvenile releases in the
basin. However, data describing the number of fish spawned annually in the hatchery are
not readily available. Thus, we calculated the annual effective spawning population as
the starting point for the run reconstruction and for developing accurate recruit per
spawner relationships. We utilized the ratio of juvenile release goals to adult broodstock
collection goals based on production goals reported in the most recent (2002) Hatchery
and Genetic Management Plan (HGMP) to establish a relationship between spawning
adults and resultant juvenile production. The juvenile to adult ratio was applied to known
annual juvenile release numbers in year x to determine the effective spawning population
for year x-2; juvenile release data was obtained from the USFWS. Age composition for
1970-2001 was calculated from WDFW data on Carson NFH spring chinook escapement
by age and return year; the age composition for 1963-69 is the average based on all years
of available data (i.e. 1970-2001). The effective spawning population was first separated
by age class because age-specific harvest rates are available for tributary fisheries;
individuals were then added back to the population within each respective age class.
Tributary harvest rates for 1970-2001 were calculated from WDFW data that detailed
harvest and tribal distributions by age and year; sport harvest, tribal harvest, and tribal
distributions were all included as part of the tributary harvest. Tributary harvest for
1963-69 was calculated as the 5-yr average based on harvest data for 1970-74. Mainstem
harvest rates were calculate from the Biological Assessment Tables for spring chinook
(BA Table 1); included in the mainstem harvest was commercial, sport, and
miscellaneous harvest in Zones 1-5, as well as Zone 6 commercial and ceremonial and
subsistence (C&S) harvest with an assumed 35% reduction factor applied because Wind
River fish are not subjected to the total fishing pressure within Zone 6. The ocean
harvest rate was assumed to be 1% because spring chinook harvest in ocean fisheries is
minimal. Applying the age composition and respective harvest rate data to the annual
spawners results in the ocean recruitment by age and year. Hatchery releases in the basin
are available since 1965; annual SAR was calculated for 1965-present based on hatchery
releases and ocean recruits. The annual ocean recruits were assigned to a brood year
based on age; for example, the 1963 brood year was assembled with 3-year old recruits
from 1966, 4-year old recruits from 1967, etc.
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Little White Salmon Spring Chinook

Spring chinook are not native to the Little White Salmon River. The current spring
chinook population is sustained through hatchery production; although numerous stocks
have been planted in the Little White Salmon River, the current population is considered
a derivative of the Carson NFH stock. The Little White Salmon River run reconstruction
began with the 1965 run year. Although total annual escapement data is available
through the Little White Salmon and Willard NFH rack counts, rack counts are not an
accurate measure of the number of fish actually spawned in the hatchery that produced
subsequent juvenile releases in the basin. However, data describing the number of fish
spawned annually in the hatchery are not readily available. Thus, we calculated the
annual effective spawning population as the starting point for the run reconstruction and
for developing accurate recruit per spawner relationships. We utilized the ratio of
juvenile release goals to adult broodstock collection goals based on production goals
reported in the most recent HGMP (2002) to establish a relationship between spawning
adults and resultant juvenile production. Juvenile transfers from the Little White Salmon
and Willard NFH complex to the Umatilla River were included in the ratio because the
current adult broodstock goal is based on the total production goal and not just releases to
the Little White Salmon basin. The juvenile to adult ratio was applied to known annual
juvenile release numbers in year x to determine the effective spawning population for
year x-2; juvenile release data was obtained from the USFWS. Age composition for
1970-2001 was calculated from WDFW data on Little White Salmon NFH spring
chinook escapement by age and return year; the age composition for 1965-69 is the
average based on all years of available data (i.e. 1970-2001). The effective spawning
population was first separated by age class because age-specific harvest rates are
available for tributary fisheries; individuals were then added back to the population
within each respective age class. Tributary harvest rates for 1970-2001 were calculated
from WDFW data that detailed harvest and tribal distributions by age and year; sport
harvest, tribal harvest, and tribal distributions were all included as part of the tributary
harvest. Tributary harvest for 1965-69 was calculated as the 5-yr average based on
harvest data for 1970-74. Mainstem harvest rates were calculate from the Biological
Assessment Tables for spring chinook (BA Table 1); included in the mainstem harvest
was commercial, sport, and miscellaneous harvest in Zones 1-5, as well as Zone 6
commercial and ceremonial and subsistence (C&S) harvest with an assumed 25%
reduction factor applied because Little White Salmon River fish are not subjected to the
total fishing pressure within Zone 6. The ocean harvest rate was assumed to be 1%
because spring chinook harvest in ocean fisheries is minimal. Applying the age
composition and respective harvest rate data to the annual spawners results in the ocean
recruitment by age and year. Hatchery releases in the basin are available since 1967;
annual SAR was calculated for 1967-present based on hatchery releases and ocean
recruits. The annual ocean recruits were assigned to a brood year based on age; for
example, the 1965 brood year was assembled with 3-year old recruits from 1968, 4-year
old recruits from 1969, etc.

Kalama Winter Steelhead
Historically, the Kalama winter steelhead population was a mixture of hatchery and wild
production; the maximum proportion of hatchery fish in the total escapement was 64% in
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1986. Since 1998, the annual escapement has been composed completely of wild winter
steelhead. WDFW maintains a research station solely for research of Kalama River
steelhead and trout; because WDFW has generated a substantial time series of data for
both wild and hatchery fish, the run reconstruction was completed for both components
of the run. WDFW has recorded wild and hatchery winter steelhead escapement to the
Kalama since 1977; each component of the escapement was the starting point for the run
reconstruction. An assumed 5% prespawn mortality was applied to the escapement to
determine the number of spawners (Petrosky 1995). Tributary harvest of wild winter
steelhead (in numbers of fish) for 1977-1996 and 1998-2002 was obtained directly from
WDFW. WDFW wild tributary harvest data for 1997 were incomplete; the harvest
number used for 1997 was the 5-yr average harvest from 1998-2002. Tributary harvest
of hatchery winter steelhead (in numbers of fish) for 1977-1996 was obtained directly
from WDFW. WDFW hatchery tributary harvest data for 1997 were incomplete; the
harvest number used for 1997 was the 5-yr average harvest from 1992-1996. Hatchery
harvest since 1998 was zero because no hatchery fish are present in the escapement.
Historically, there were not separate wild and hatchery winter steelhead harvest
regulations in the mainstem Columbia River; since 1985, retention of wild winter
steelhead in the Columbia River has been prohibited. Thus, wild winter steelhead harvest
rates in the Columbia River are assumed to be the same as hatchery fish up to 1984;
beginning in 1985, wild fish incidental harvest mortality is assumed to be 10% of the
annual hatchery harvest rate. The only exception to this rule was the 2001-02 run year;
harvest rate for 2001-02 was based on the 2002 Spring Chinook Tangle Net Fishery data.
WDFW estimated there was a 2% immediate mortality and a 0.5% long term mortality
(i.e. after releases) for steelhead encountered in the fishery. For 1976-77 to 2000-2001
run years, hatchery winter steelhead harvest rate in the Columbia River was calculated as
the lower river sport catch divided by the Columbia river index total run (WDFW and
ODFW 2002). Only sport harvest was considered in the mainstem harvest rate because
there has been no commercial steelhead harvest in the Columbia River since 1974. The
method for deriving harvest rates for hatchery winter steelhead has some limitations: 1)
the lower river sport harvest data are reported as incomplete and 2) the index total run
includes fish destined for areas above Bonneville Dam. Despite these limitations, these
are the best available data for estimating winter steelhead harvest in the mainstem
Columbia River. Ocean harvest rate of wild and hatchery steelhead is assumed to be
0.5% based on incidental mortality. Winter steelhead harvest data in each of the
respective areas was not available by age class; therefore, harvest by area was added back
into the population to obtain the number of ocean recruits before the age composition
data was applied. Also, because winter steelhead adult return migration and spawning
period spans two calendar years, researchers generally agree that an age is assigned at the
time of return and not the time of spawning. Wild winter steelhead age composition data
for the run years 1976-77 to 2001-02 were obtained from WDFW. Hatchery winter
steelhead age composition data was obtained from a variety of sources: 1980-1983 run
year age data were from Hymer et al. (1992), 1984-1993 run year age data were from
Hulett et al. (1995), 1977-1979 and 1994-2001 run year age data were from the National
Marine Fisheries Service (NMFS) SimSalmon database, and 2001-02 run year age
composition was the average from all years of available data. The annual ocean recruits
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were assigned to a brood year based on age; for example, the 1977 brood year was
assembled with 2-year old recruits from 1979-80, 3-year old recruits from 1980-81, etc.

Kalama Summer Steelhead

The Kalama summer steelhead population is a mixture of hatchery and wild production;
the proportion of hatchery fish in the total escapement has ranged from 14% (2001) to
90% (1982). From 1977-2003, the proportion of hatchery fish in the annual escapement
has average 66%. WDFW maintains a research station solely for research of Kalama
River steelhead and trout; because WDFW has generated a substantial time series of data
for both wild and hatchery fish, the run reconstruction was completed for both
components of the run. WDFW has recorded wild and hatchery summer steelhead
escapement to the Kalama since 1977; each component of the escapement was the
starting point for the run reconstruction. An assumed 5% prespawn mortality was applied
to the escapement to determine the number of spawners (Petrosky 1995). Tributary
harvest of wild summer steelhead (in numbers of fish) for 1977-1996 and 1999-2003 was
obtained directly from WDFW. WDFW wild tributary harvest data for 1997 and 1998
were incomplete; the harvest number used for 1997 and 1998 was obtained from
Weinheimer et al. (2002). Tributary harvest of hatchery summer steelhead (in numbers
of fish) for 1977-1996 was obtained directly from WDFW. Tributary harvest of hatchery
summer steelhead for 1997-1999 was obtained from Weinheimer et al. (2002); 2000-
2003 annual harvest was calculated as the most recent 5-year average harvest (1995-
1999). Historically, there were not separate wild and hatchery summer steelhead harvest
regulations in the mainstem Columbia River; since 1985, retention of wild summer
steelhead in the Columbia River has been prohibited. Thus, wild summer steelhead
harvest rates in the Columbia River are assumed to be the same as hatchery fish up to
1984; beginning in 1985, wild fish incidental harvest mortality is assumed to be 10% of
the annual hatchery harvest rate. From 1977-2000, hatchery summer steelhead harvest
rate in the Columbia River was calculated as the lower river sport catch divided by the
lower river minimum run size (WDFW and ODFW 2002). Only sport harvest was
considered in the mainstem harvest rate because there has been no commercial steelhead
harvest in the Columbia River since 1974. The method for deriving harvest rates for
hatchery summer steelhead has some limitations, but represents the best available data for
estimating summer steelhead harvest in the mainstem Columbia River. For 2001-2003,
hatchery summer steelhead harvest in the mainstem Columbia was calculated as the most
recent 5-year average (1996-2000). Ocean harvest rate of wild and hatchery steelhead is
assumed to be 0.5% based on incidental mortality. Summer steelhead harvest data in
each of the respective areas was not available by age class; therefore, harvest by area was
added back into the population to obtain the number of ocean recruits before the age
composition data was applied. Wild summer steelhead age composition data for the run
years 1977 to 2003 were obtained from WDFW. Hatchery summer steelhead age
composition data was obtained from a variety of sources: 1984-1993 run year age data
were from Hulett et al. (1995), 1977-1983 and 1994-2001 run year age data were from
the NMFS SimSalmon database, and 2002-2003 run year age composition was the
average from all years of available data. The annual ocean recruits were assigned to a
brood year based on age; for example, the 1978 brood year was assembled with 2-year
old recruits from 1980, 3-year old recruits from 1981, etc. Finally, the summer steelhead
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adult return migration is completed in a given year and spawning does not occur until the
following year. Therefore, a one year lag was applied between the run year and brood
year so accurate spawner/recruit relationships could be established.

wind Summer Steelhead

The Wind River summer steelhead population is sustained primarily through wild
production; the maximum proportion of hatchery fish in the annual escapement was 35%
in 1991, however, recent escapements are almost completely wild summer steelhead.
Thus, focus for the run reconstruction was wild production, but the hatchery portion of
the population was reconstructed also. Spawning escapement data for run years 1985-
1987 was obtained from WDF et al. (1993). For run years 1988-2002, spawning
escapement numbers were obtained directly from WDFW. The total escapement was
separated into wild and hatchery components based on WDFW data identifying the
proportion of wild spawners annually from 1988-2002. The proportion of wild spawners
from run year 1985-1987 was the 5-year average from 1988-1992. An assumed 5%
prespawn mortality was applied to the escapement to determine the number of spawners
(Petrosky 1995). Harvest of wild summer steelhead has been prohibited in the Wind
River since 1981. The tributary harvest rate of wild summer steelhead for 1985-1987
was assumed to be 1% based on incidental mortality. The tributary harvest of wild
summer steelhead (in numbers of fish) for 1988-2002 was obtained from WDFW. The
tributary harvest rate of hatchery summer steelhead for 1985-1991 was based on data
presented in Hymer et al. (1992); the harvest rate for 1992-2000 was the average harvest
of the years of available data. Retention of wild steelhead in the mainstem Columbia
River sport fisheries has been prohibited since 1985. The mainstem harvest rate of Wind
wild summer steelhead from 1985-2000 was assumed to be 10% of the lower Columbia
sport catch of Group A index steelhead plus the number of wild Group A index summer
steelhead in the Zone 6 commercial catch (with a 35% reduction factor) divided by the
total minimum Group A index summer steelhead run in the Columbia River (WDFW and
ODFW 2002). Similarly, the mainstem harvest rate of hatchery summer steelhead from
1985-2000 was calculated as the lower Columbia sport catch of Group A index summer
steelhead plus the number of hatchery group A index summer steelhead in the Zone 6
commercial catch (with a 35% reduction factor) divided by the total minimum run group
A index summer steelhead in the Columbia River (WDFW and ODFW 2002). The
mainstem harvest rate of hatchery and wild summer steelhead for 2001 and 2002 was the
most recent 5-year average (1996-2000). The ocean harvest rate of wild and hatchery
summer steelhead is assumed to be 0.5% based on incidental mortality. Summer
steelhead harvest data in each of the respective areas was not available by age class;
therefore, harvest by area was added back into the population to obtain the number of
ocean recruits before the age composition data was applied. Age composition data for
1989-2001 was obtained from the NMFS SimSalmon database; the age composition for
1985-1988 and 2002 was the average based on all years of available data. The annual
ocean recruits were assigned to a brood year based on age; for example, the 1986 brood
year was assembled with 2-year old recruits from 1988, 3-year old recruits from 1989,
etc. As previously described for summer steelhead, a one year lag was applied between
the run year and brood year so accurate spawner/recruit relationships could be
established.
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Grays Chum

Although intermittent releases of hatchery chum salmon have occurred in the Grays
River, the population is thought to be sustained through wild production. A long,
continuous time series of escapement data was available for Grays River chum; the run
reconstruction began with the 1959 run year. Grays River chum escapement data
determined by different methods were available by major tributary from multiple sources.
Escapement data for the mainstem and West Fork from 1959-2001 were based on total
live fish counts; data for 1959-1985 were obtained directly from WDFW and data for
1986-2001 were presented in WDFW (2003). Tributary escapement data for Crazy
Johnson, Gorley, and Fossil Creeks from 1959-1991 were expanded population estimates
presented in Hymer (1993). Escapement data for Crazy Johnson, Gorley, and Fossil
Creeks from 1992-2000 were peak counts of live and dead chum salmon presented in
Roler et al. (2002). The proportion of hatchery and wild spawners in the annual
escapement was not known, but is expected to be primarily wild spawners. Retention of
chum salmon in the Grays River sport fishery has been prohibited since 1994; chum
salmon retention in mainstem sport fisheries has been prohibited in Washington since
1995 and in Oregon since 1992. When retention was allowed, chum salmon were not a
targeted species. Thus, tributary harvest of Grays River chum was assumed to be 1%.
Mainstem harvest rate for 1959-2000 was calculated from the commercial catch in Zones
1-5 divided by the minimum Columbia River run size (WDFW and ODFW 2002). The
mainstem harvest rate for 2001 was the most recent 5-year average harvest (1996-2000).
Chum salmon ocean harvest was expected to be minimal and was assumed to be 1%.
Chum salmon harvest data in each of the respective areas was not available by age class;
therefore, harvest by area was added back into the population to obtain the number of
ocean recruits before the age composition data was applied. Age composition data for
1959-1978 and 1985-2001 was obtained from the NMFS SimSalmon database. Age
composition data for 1979-1984 was obtained from Hymer et al (1992). The annual
ocean recruits were assigned to a brood year based on age; for example, the 1959 brood
year was assembled with 3-year old recruits from 1962, 4-year old recruits from 1963,
etc.

Critical Uncertainties

Accuracy of each run reconstruction is extremely sensitive to the quality of the available
data. For example, inaccuracies in age composition data significantly affects the
apportionment of fish throughout the run reconstruction. We attempted to utilize those
data that are considered to be the best available information; there may be other
unpublished or otherwise unavailable data of which we are not aware. In the absence of
available data, we made professional assumptions that are expected to closely estimate
the true parameters.

Results

Coweeman Tule Fall Chinook
Appendix A-1 includes the Coweeman River tule fall chinook run reconstruction table.
The results cover brood years 1964-1995. Recruits per spawner were generally less than
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10; average recruits per spawner was 5.748 (Figure 1). Productivity (defined as the
natural log of the ratio of recruits to spawners) averaged 1.142 (consequently, this is the
highest average productivity of all populations analyzed); the lowest productivity was
observed in the late 1980’s and mid 1990s (Figure 1). Recruits per spawner and
productivity spiked in 1984. No pattern was observed in an analysis of productivity
within specific decades (Figure 2). This productivity plot revealed that productivity was
negative at spawner abundance greater than 500; however, the negative productivity may
be an artifact of environmental conditions rather than spawner abundance. These years of
negative productivity correspond with years of low ocean productivity (1988, 1989, 1994,
and 1995). There is no linear relationship between spawners and recruits (r=0.0003,
p=0.9297); therefore, the number of spawners is not an accurate predictor of recruits
(Figure 3).
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Figure 1. Coweeman tulefall chinook recruits per spawner ratio and productivity by brood year,
1964-1995.
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Figure 2. Scatter plot of Coweeman tule fall chinook spawnersand productivity by brood year,

grouped by decade.
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Figure 3. Scatter plot of Coweeman tulefall chinook spawnersand recruits.
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East Fork Lewis Tule Fall Chinook
Appendix A-2 includes the East Fork Lewis River tule fall chinook run reconstruction
table. The results cover brood years 1964-1995. Recruits per spawner were generally
less than 5; average recruits per spawner was 3.597 (Figure 4). A period of low recruit
per spawner values was observed from 1985 to 1996; as expected, productivity was also
low during this time period. Productivity averaged 0.736, with the lowest value observed
in 1994 (Figure 4). Recruits per spawner and productivity spiked in the late 1960s and
again in 1984. Few patterns were observed in a comparison of productivity within
specific decades (Figure 5). In general, productivity in the 1990s was lower than other
decades. Although the relationship appears weak, productivity may decline as spawner
abundance increases. Years of negative productivity were 1988, 1989, 1991, and 1994;

these years correspond with years of low ocean productivity. There is no linear

relationship between spawners and recruits (r°=0.012, p=0.5507); therefore, the number
of spawners is not an accurate predictor of recruits (Figure 6).
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Figure4. East Fork Lewistulefall chinook recruits per spawner ratio and productivity by brood
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Figureb. Scatter plot of East Fork Lewistulefall chinook spawnersand productivity by brood year,

grouped by decade.
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North Fork Lewis Bright Fall Chinook

Appendix A-3 includes the North Fork Lewis River bright fall chinook run reconstruction
table. The results cover brood years 1964-1995. Recruits per spawner were generally
less than 4; average recruits per spawner was 2.287 (Figure 7). Productivity averaged
0.488; the lowest productivity was observed in 1994 and 1995 (Figure 7). The highest
recruit per spawner and productivity values were observed in 1968, 1976, and 1984. Few
patterns were observed in a comparison of productivity within specific decades (Figure
8). Productivity appears to decline as spawner abundance increases. There were nine
years of negative productivity; the lowest productivity was observed in 1989, 1994, and
1995. Negative productivity was observed in at least 2 years of all decades included in
the analysis. There is no linear relationship between spawners and recruits (r>=0.0181,
p=0.4631); therefore, the number of spawners is not an accurate predictor of recruits
(Figure 9). Juvenile outmigration data was available from 1977-87; smolt to adult
survival ranged from 0.004 in 1978 to 0.014 in 1986 (Figure 10).
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Figure 8. Scatter plot of North Fork Lewisbright fall chinook spawners and productivity by brood

year, grouped by decade.
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Figure 10. North Fork Lewisbright fall chinook smolt to adult survival by brood year, 1977-1987.

wind Spring Chinook

Appendix A-4 includes the Wind River spring chinook run reconstruction table. The
results cover brood years 1963-1995. Recruits per spawner were generally less than 3;
average recruits per spawner was 2.275, while productivity averaged 0.432 (Figure 11).
The highest recruit per spawner and productivity values were observed in 1986 and 1993.
Few patterns were observed in a comparison of productivity within specific decades
(Figure 12). Productivity appears to decline as spawner abundance increases. There
were nine years of negative productivity; none were recorded in the 1960s. The lowest
productivity was observed in 1972. Negative productivity was observed in at least 2
years of the 1970s, 1980s, and 1990s. There is weak negative linear relationship between
spawners and recruits (r>=0.048, p=0.2206); therefore, the number of spawners is not an
accurate predictor of recruits (Figure 13). Hatchery release data are available from 1965
to the present; smolt to adult survival was calculated for 1965-95. Smolt to adult survival
ranged from 0.0001 in 1972 to 0.007 in 1968 (Figure 14).
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Figure 12. Scatter plot of Wind River spring chinook spawnersand productivity by brood year,

grouped by decade.
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Little White Salmon Spring Chinook

Appendix A-5 includes the Little White Salmon River spring chinook run reconstruction
table. The results cover brood years 1965-1995. Recruits per spawner were generally
less than 5; average recruits per spawner was 3.660, while productivity averaged 0.688
(Figure 15). The highest recruit per spawner and productivity values were observed in
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1965, 1981, 1982, and 1986. Few patterns were observed in a comparison of productivity
within specific decades (Figure 16). There were nine years of negative productivity; six
of which were recorded in the 1970s. Negative productivity occurred in all decades
expect the 1960s. The lowest productivity was observed in 1976. There is weak linear
relationship between spawners and recruits (r°=0.101, p=0.0815; Figure 17); however,
the y-intercept of —638.01 is not realistic. Therefore, the number of spawners is not an
accurate predictor of recruits. Hatchery release data are available from 1967 to the
present; smolt to adult survival was calculated for 1967-95. Smolt to adult survival
ranged from 0.0002 in 1972 and 1976 to 0.025 in 1982 (Figure 18).
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Figure 15. Little White Salmon spring chinook recruits per spawner ratio and productivity by brood
year, 1963-1995.
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Figure 16. Scatter plot of Little White Salmon spring chinook spawners and productivity by brood

year, grouped by decade.
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Figure 18. Little White Salmon spring chinook smolt to adult survival by brood year, 1965-1995.

Kalama Winter Steelhead

Appendix A-6 includes the Kalama River winter steelhead run reconstruction table. The
results cover brood years 1977-1995. Wild and hatchery fish were analyzed separately
because sufficient catch and escapement data exists that allows for the separation of these
two components of the population. The total population data is also presented and
generally represents an intermediary value between the wild and hatchery fish. Wild
recruits per spawner were generally less than 4; average wild recruits per spawner was
1.685 (Figure 19). Generally, hatchery recruits per spawner were similar to or greater
than the wild recruits per spawner for the same brood year. Average wild productivity
was 0.279 (Figure 20). Generally, hatchery productivity was similar to or greater than
the wild productivity for the same brood year. Maximum wild recruits per spawner and
productivity occurred in 1979. Hatchery recruits per spawner and productivity spiked in
1982, 1983, and 1989; values were also high in 1979 and 1985 (Figure 20). Few patterns
were observed in a comparison of productivity within specific decades (Figure 21 and
Figure 22). Productivity appears to decline as spawner abundance increases (for both
wild and hatchery fish). For the wild component of the population, there were seven
brood years of negative productivity (two in the 1980s and five years in the 1990s; Figure
21). For the hatchery component of the population, there were two brood years of
negative productivity (1977 and 1986; Figure 22); as a result of reduced hatchery
operations, the hatchery component of the population began declining in the early 1990s.
There is no linear relationship between wild spawners and recruits (r=0.0105,
p=0.6763); therefore, the number of spawners is not an accurate predictor of recruits
(Figure 23). There is no linear relationship between hatchery spawners and recruits
(r*=0.0016, p=0.8905); therefore, the number of spawners is not an accurate predictor of
recruits (Figure 24).
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Kalama Summer Steelhead

Appendix A-7 includes the Kalama River summer steelhead run reconstruction table.
The results cover brood years 1978-1995. Wild and hatchery fish were analyzed
separately because sufficient catch and escapement data exists that allows for the
separation of these two components of the population. The total population data is also
presented and generally represents an intermediary value between the wild and hatchery
fish. Wild recruits per spawner were generally less than 3; average wild recruits per
spawner was 1.863 (Figure 25). A steady decline in recruits per spawner began in 1989.
Generally, hatchery recruits per spawner were similar to or greater than the wild recruits
per spawner for the same brood year. Average wild productivity was 0.214 (Figure 26).
Generally, hatchery productivity was similar to or greater than the wild productivity for
the same brood year. The highest recruit per spawner and productivity values for both
wild and hatchery fish were observed in 1978 and 1985 (Figure 25 and Figure 26). Few
patterns were observed in a comparison of productivity within specific decades (Figure
27 and Figure 28). Productivity appears to decline as wild and hatchery spawner
abundance increases, although the relationship for hatchery fish appears weaker than that
for wild fish. For the wild component of the population, productivity in the 1990s was
lower than the other decades. Of six brood years of negative productivity, four were in
the 1990s and two were in the 1980s (Figure 27). For the hatchery component of the
population, there were five brood years of negative productivity (three in the 1980s and
two in the 1990s; Figure 28). As a result of reduced hatchery operations, the hatchery
component of the population began declining in the early 1990s. There is no linear
relationship between wild spawners and recruits (r>=0.0448, p=0.3989); therefore, the
number of spawners is not an accurate predictor of recruits (Figure 29). There is no
linear relationship between hatchery spawners and recruits (r?=0.0158, p=0.6081);
therefore, the number of spawners is not an accurate predictor of recruits (Figure 30).
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brood year, grouped by decade.
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Wind Summer Steelhead

Appendix A-8 includes the Wind River summer steelhead run reconstruction table. The
results cover brood years 1986-1996; this is the shortest time period of all run
reconstructions performed in this analysis. Wild and hatchery fish were analyzed
separately because sufficient catch and escapement data exists that allows for the
separation of these two components of the population. The total population data is also
presented and generally represents an intermediary value between the wild and hatchery
fish. Wild recruits per spawner were generally less than 2; average wild recruits per
spawner was 1.088 (Figure 31). Generally, hatchery recruits per spawner were similar to
or greater than the wild recruits per spawner for the same brood year. Average wild
productivity was 0.002 (Figure 32). Generally, hatchery productivity was similar to or
greater than the wild productivity for the same brood year; the only notable exception
was 1995 where hatchery productivity was extremely low. The highest recruit per
spawner and productivity values for hatchery fish were observed in 1986 and 1987;
maximum recruit per spawner and productivity values for wild fish occurred in 1987
(Figure 31 and Figure 32). Few patterns were observed in a comparison of productivity
within specific decades (Figure 33 and Figure 34). Productivity appears to decline as
wild and hatchery spawner abundance increases, although the relationship for hatchery
fish does not appear to be very strong. For the wild component of the population,
productivity in the 1990s was lower than the other decades. Of six brood years of
negative productivity, five were in the 1990s and one was in the 1980s (Figure 33). For
the hatchery component of the population, there were also six brood years of negative
productivity (one in the 1980s and five in the 1990s; Figure 34). As a result of reduced
hatchery operations, the hatchery component of the population began declining in the late
1990s. There is no linear relationship between wild spawners and recruits (r>=0.0151,
p=0.7186); therefore, the number of spawners is not an accurate predictor of recruits
(Figure 35). There is no linear relationship between hatchery spawners and recruits
(r*=0.0001, p=0.9755); therefore, the number of spawners is not an accurate predictor of
recruits (Figure 36).
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Figure 31. Wind River summer steelhead recruits per spawner ratio by brood year for thewild and
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Figure 32. Wind River summer steelhead productivity by brood year for the wild and hatchery
components aswell asthetotal run, 1977-1995.
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Figure 33. Scatter plot of Wind River wild summer steelhead spawnersand productivity by brood
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Grays Chum

Appendix A-9 includes the Grays River chum salmon run reconstruction table. The
results cover brood years 1959-1996. Recruits per spawner were generally less than 10;
average recruits per spawner was 6.39 (Figure 37). Productivity averaged 0.829 (Figure
37). Productivity and recruits per spawner spiked in 1981, but was also high in many
other years (Figure 37). Few patterns were observed in a comparison of productivity
within specific decades (Figure 38). Productivity appears to decline as spawner
abundance increases. Negative productivity was observed in all decades included in the
analysis; negative productivity was more prevalent in the 1960s and 1990s. There is no
linear relationship between hatchery spawners and recruits (r*=0.00004, p=0.9701);
therefore, the number of spawners is not an accurate predictor of recruits (Figure 39).
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Figure 37. Grays River chum salmon recruits per spawner ratio and productivity by brood year,
1959-1996.
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Figure 38. Scatter plot of Grays River chum salmon spawnersand productivity by brood year,

grouped by decade.
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Discussion

The populations chosen for these run reconstructions represent a mixture of species,
origin (i.e. hatchery or wild), and basin-specific factors affecting each population, such as
habitat quality and passage barriers. The results of these run reconstructions reflect the
quality of data used to create them; the run reconstructions are intended to serve as a
starting point for additional investigation. Improvements in methods and data quality are
welcome. As unpublished data become available, new and improved data can easily be
incorporated into the run reconstructions. Also, as information becomes available
annually, each run reconstruction can be updated so that more recent brood year
evaluations can be completed. A summary of the primary population statistics from the
run reconstructions is presented in Table 1 for comparison purposes.

Table 1. Comparison of recruit to spawner ratio and productivity for each population.

Average
Recruits per Average

Population Spawner Productivity
Coweeman Tule Fall Chinook 5.748 1.142
East Fork Lewis Tule Fall Chinook 3.597 0.736
North Fork Lewis Bright Fall Chinook 2.287 0.488
Wind Spring Chinook 2.275 0.432
Little White Salmon Spring Chinook 3.660 0.688
Kalama Winter Steelhead

Wild 1.685 0.279

Hatchery 3.816 1.001

Total 2.676 0.809
Kalama Summer Steelhead

Wild 1.863 0.214

Hatchery 3.471 0.685

Total 3.013 0.585
Wind Summer Steelhead

Wild 1.088 0.002

Hatchery 3.071 0.349

Total 1.337 0.103
Grays Chum 6.390 0.829

A few general patterns have developed from the run reconstruction results. Most run
reconstructions indicate that productivity and the recruit to spawner ratio was low for the
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late 1980s and the mid 1990s (particularly, brood years 1988, 1989, 1994, and 1995).
This pattern is consistent with existing knowledge of the extremely poor environmental
conditions during those years; this consistency lends credibility to the results. Notable
exceptions to this pattern include the Wind spring chinook 1988 and 1995 broods (Figure
11), the Kalama hatchery winter steelhead 1989 brood (Figure 19 and Figure 20), and the
Grays chum 1989 and 1994 broods (Figure 37), which had better than average
productivity and recruit to spawner ratio.

For all populations investigated, productivity decreased as spawner abundance increased.
Although the relationship was weak for some populations, the general pattern was still
evident. This observation needs to be interpreted cautiously; the observed inverse
relationship between spawner abundance and productivity is not justification for
maintaining low spawner numbers. The relationship simply indicates that, as spawner
abundance increases, the population as a whole performs poorly; thus, each individual
contributes less to the population’s production. Poor population performance at high
spawner abundance seems logical if some part of the life cycle is limited, but poor
population performance does not make sense in a population that has unrestricted access
to quality spawning and rearing habitat. Therefore, the inverse relationship between
spawner abundance and productivity suggests that, at the habitat capacity present over the
duration of the run reconstructions, habitat limitations exist that affect spawning or
rearing success and prevent productivity from increasing as spawner abundance
increases.

The number of spawners is a poor predictor of recruits. In most populations analyzed,
there was no linear relationship between spawners and recruits. In one population, spring
chinook in the Little White Salmon River, a weak linear relationship existed between
spawners and recruits (Figure 17). However, the regression equation defining this
relationship does not make sense. In particular, the y-intercept of this equation was
-638.01; in reality, it is not possible to have a negative number of recruits. If the y-
intercept of the regression equation is set at zero, the resulting r? is negative, which
violates the underlying assumptions of the regression relationship; this result is true of all
populations analyzed.

Each fall chinook population realized a spike in productivity and recruit to spawner ratio
in the 1984 brood year (Figure 1, Figure 4, and Figure 7). The spike was more
pronounced for the Coweeman and East Fork Lewis tule fall chinook populations, but
was still prominent for the North Fork Lewis bright fall chinook. This increased
productivity did not occur with other species; in actuality, the 1984 brood was a poor
performer for many of the other populations investigated. Thus, conditions specific to
these fall chinook populations are responsible for this success of the 1984 brood,
although causation would be difficult to determine. Multiple factors may have had an
effect, such as migration timing or pattern that exposed this brood to excellent ocean
productivity, possible harvest changes that allowed for better survival, or productive
rearing conditions in the Cowlitz and Lewis River basins.
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APPENDIX A. Run Reconstruction Tables
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APPENDIX A-1. Coweeman River Tule Fall Chinook Run Reconstruction Table
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Escapement Age Composition Spawners by Age Tributary Harvest Rate by Age
Total Total
Escapement | Pre-spawn | Spawners

Run Year (wild) Mortality (wild) 2 3 4 5 6 2 3 4 5 6 2 3 4 5 6

1964 371 0.05 352 0.019 | 0.561 | 0.334 | 0.086 | 0.000 7 198 118 30 0 0.133 0.017 0.047 0.080 | 0.014
1965 86 0.05 82 0.128 | 0.163 | 0.674 | 0.035 | 0.000 10 13 55 3 0 0.133 0.017 0.047 0.080 | 0.014
1966 110 0.05 105 0.018 | 0.527 | 0.373 | 0.082 | 0.000 2 55 39 9 0 0.133 0.017 0.047 0.080 | 0.014
1967 108 0.05 103 0.074 0.250 | 0.630 | 0.046 | 0.000 8 26 65 5 0 0.133 0.017 0.047 0.080 0.014
1968 140 0.05 133 0.057 0.371 | 0.436 | 0.136 | 0.000 8 49 58 18 0 0.133 0.017 0.047 0.080 0.014
1969 118 0.05 112 0.271 0.220 | 0.449 | 0.059 | 0.000 30 25 50 7 0 0.133 0.017 0.047 0.080 0.014
1970 111 0.05 105 0.351 | 0.369 | 0.243 | 0.036 | 0.000 37 39 26 4 0 0.133 0.017 0.047 0.080 | 0.014
1971 296 0.05 281 0.020 | 0.348 | 0.598 | 0.034 | 0.000 6 98 168 10 0 0.133 0.017 0.047 0.080 | 0.014
1972 212 0.05 201 0.179 | 0.179 | 0.580 | 0.061 | 0.000 36 36 117 12 0 0.133 0.017 0.047 0.080 | 0.014
1973 54 0.05 51 0.222 | 0.278 | 0.389 | 0.111 | 0.000 11 14 20 6 0 0.133 0.017 0.047 0.080 | 0.014
1974 42 0.05 40 0.024 | 0.286 | 0.595 | 0.095 | 0.000 1 11 24 4 0 0.133 0.017 0.047 0.080 | 0.014
1975 94 0.05 89 0.032 | 0.330 | 0.511 | 0.128 | 0.000 3 29 46 11 0 0.133 0.017 0.047 0.080 | 0.014
1976 74 0.05 70 0.081 | 0.365 | 0.446 | 0.108 | 0.000 6 26 31 8 0 0.133 0.017 0.047 0.080 | 0.014
1977 91 0.05 86 0.058 | 0.372 | 0.477 | 0.093 | 0.000 5 32 41 8 0 0.133 0.017 0.047 0.080 | 0.014
1978 58 0.05 55 0.065 | 0.258 | 0.581 | 0.097 | 0.000 4 14 32 5 0 0.133 0.017 0.047 0.080 | 0.014
1979 80 0.05 76 0.091 0.307 | 0.466 | 0.136 | 0.000 7 23 35 10 0 0.133 0.017 0.047 0.080 0.014
1980 50 0.05 48 0.107 0.321 | 0.500 | 0.071 | 0.000 5 15 24 3 0 0.005 0.017 0.070 0.073 0.000
1981 75 0.05 71 0.079 0.211 | 0.605 | 0.105 | 0.000 6 15 43 8 0 0.239 0.011 0.060 0.097 0.071
1982 63 0.05 60 0.171 | 0.197 | 0.553 | 0.079 | 0.000 10 12 33 5 0 0.166 0.031 0.048 0.116 | 0.000
1983 40 0.05 38 0.000 | 0.500 | 0.500 | 0.000 | 0.000 0 19 19 0 0 0.052 0.007 0.012 0.022 | 0.000
1984 136 0.05 129 0.171 | 0.104 | 0.659 | 0.067 | 0.000 22 13 85 9 0 0.097 0.013 0.050 0.057 | 0.000
1985 158 0.05 150 0.060 | 0.179 | 0.673 | 0.089 | 0.000 9 27 101 13 0 0.235 0.030 0.044 0.057 | 0.000
1986 97 0.05 92 0.218 | 0.145 | 0.355 | 0.210 | 0.073 20 13 33 19 7 0.087 0.070 0.024 0.051 | 0.000
1987 62 0.05 59 0.279 | 0.186 | 0.360 | 0.174 | 0.000 16 11 21 10 0 0.173 0.020 0.100 0.115 | 0.000
1988 1,027 0.05 976 0.073 | 0.153 | 0.734 | 0.040 | 0.000 71 150 716 39 0 0.113 0.041 0.036 0.048 | 0.080
1989 770 0.05 732 0.030 | 0.084 | 0.330 | 0.555 | 0.000 22 62 241 | 406 0 0.129 0.049 0.077 0.107 | 0.029
1990 241 0.05 229 0.101 | 0.257 | 0.373 | 0.228 | 0.041 23 59 85 52 9 0.097 0.060 0.068 0.098 | 0.083
1991 174 0.05 165 0.000 0.316 | 0.379 | 0.305 | 0.000 0 52 63 50 0 0.000 0.000 0.000 0.000 0.000
1992 424 0.05 403 0.023 0.074 | 0.735 | 0.157 | 0.012 9 30 296 63 5 0.000 0.000 0.000 0.000 0.000
1993 327 0.05 311 0.066 0.309 | 0.354 | 0.271 | 0.000 20 96 110 84 0 0.000 0.000 0.000 0.000 0.000
1994 535 0.05 508 0.056 | 0.315 | 0.556 | 0.074 | 0.000 28 160 282 37 0 0.000 0.000 0.000 0.000 | 0.000
1995 774 0.05 735 0.025 | 0.300 | 0.519 | 0.156 | 0.000 19 220 382 | 115 0 0.000 0.000 0.000 0.000 | 0.000
1996 2,148 0.05 2041 0.002 | 0.154 | 0.663 | 0.181 | 0.000 4 315 |[1,353 | 369 0 0.000 0.000 0.000 0.000 | 0.000
1997 1,328 0.05 1262 0.000 | 0.007 | 0.619 | 0.374 | 0.000 0 9 781 | 472 0 0.000 0.000 0.000 0.000 | 0.000
1998 144 0.05 137 0.014 | 0.082 | 0.493 | 0.411 | 0.000 2 11 67 56 0 0.000 0.000 0.000 0.000 | 0.000
1999 93 0.05 88 0.031 | 0.354 | 0.458 | 0.156 | 0.000 3 31 40 14 0 0.000 0.000 0.000 0.000 | 0.000
2000 126 0.05 120 0.016 | 0.172 | 0.742 | 0.070 | 0.000 2 21 89 8 0 0.000 0.000 0.000 0.000 | 0.000
2001 646 0.05 614 0.022 | 0.203 | 0.681 | 0.094 | 0.000 13 124 418 58 0 0.000 0.000 0.000 0.000 | 0.000
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Coweeman River Run Size by

Run Age Mainstem Harvest Rate by Age Columbia River Run Size by Age Ocean Harvest Rate by Age Ocean Escapement by Age

Y5 T3 14 ] 5 | 6 2 3 4 5 6 2 | 3 4 5 | 6 2 3 4 5 6 2 | 3 4 | 5 |6
1964 8 1201|124 | 33 0 0.117| 0.304 | 0.358 | 0.409 | 0.749 9 289 192 56 0 0.530 0.530 | 0.530 | 0.530 | 0.530 18 615 409 | 119 0
1965 12 | 14 | 58 3 0 0.117| 0.304 | 0.358 | 0.409 | 0.749 14 19 90 5 0 0.530 0.530 | 0.530 | 0.530 | 0.530 29 41 191 11 0
1966 2 [56] 41 9 0 0.117] 0.304 | 0.358 | 0.409 | 0.749 2 81 64 16 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 5 171 | 135 | 33 0
1967 9 |26| 68 5 0 0.117| 0.304 | 0.358 |[0.409 | 0.749 || 10 | 37 105 9 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 || 21 80 224 | 19 0
1968 9 |50] 61| 20 0 0.117| 0.304 | 0.358 [0.409 | 0.749 || 10 | 72 95 33 0 0.530 | 0.530 | 0.530 {0.530 | 0.530 || 21 | 154 | 201 | 71 0
1969 | 35 | 25| 53 7 0 0.117| 0.304 | 0.358 |[0.409 | 0.749 || 40 | 36 82 12 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 || 84 77 175 | 26 0
1970 43 | 40 | 27 4 0 0.117| 0.304 | 0.358 | 0.409 | 0.749 48 57 42 7 0 0.530 0.530 | 0.530 | 0.530 | 0.530 || 103 | 121 89 15 0
1971 7 1100|176 10 0 0.117| 0.304 | 0.358 | 0.409 | 0.749 7 143 275 17 0 0.530 0.530 | 0.530 | 0.530 | 0.530 16 304 584 37 0
1972 | 42 [ 37 |123| 13 0 0.117] 0.304 | 0.358 | 0.409 | 0.749 || 47 | 53 191 23 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 || 100 | 112 | 406 | 48 0
1973 | 13 [14| 21 6 0 0.117| 0.304 | 0.358 [0.409 | 0.749 || 15 | 21 33 10 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 || 32 44 69 22 0
1974 1 [12]| 25 4 0 0.117| 0.304 | 0.358 | 0.409 | 0.749 1 17 39 7 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 3 35 83 15 0
1975 3 |30] 48 12 0 0.117| 0.304 | 0.358 | 0.409 | 0.749 4 43 74 21 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 8 92 158 | 45 0
1976 7 26 | 33 8 0 0.117| 0.304 | 0.358 | 0.409 | 0.749 7 37 51 14 0 0.530 0.530 | 0.530 | 0.530 | 0.530 16 80 109 30 0
1977 6 33| 43 9 0 0.117| 0.304 | 0.358 | 0.409 | 0.749 7 47 67 15 0 0.530 0.530 | 0.530 | 0.530 | 0.530 14 100 143 31 0
1978 4 14| 34 6 0 0.117] 0.304 | 0.358 | 0.409 | 0.749 5 21 52 10 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 || 10 44 111 | 21 0
1979 8 |24] 37 11 0 0.117| 0.304 | 0.358 | 0.409 | 0.749 9 34 58 19 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 || 19 73 123 | 41 0
1980 5 |16 | 26 4 0 0.102| 0.496 | 0.557 | 0.688 | 1.000 6 31 58 12 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 || 12 66 123 | 25 0
1981 7 |15 46 8 0 0.118| 0.139 | 0.319 |0.365 | 0.000 8 18 67 13 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 || 18 37 143 | 28 0
1982 12 |12 | 35 5 0 0.161| 0.359 | 0.314 | 0.309 | 0.000 15 19 51 8 0 0.530 0.530 | 0.530 | 0.530 | 0.530 31 40 108 16 0
1983 0 19 | 19 0 0 0.045| 0.196 | 0.166 | 0.121 | 0.000 0 24 23 0 0 0.530 0.530 | 0.530 | 0.530 | 0.530 0 51 49 0 0
1984 | 24 | 14| 90 9 0 0.095| 0.321 | 0.336 | 0.180 | 1.000 || 27 | 20 135 11 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 || 57 43 287 | 24 0
1985 | 12 [ 28 |106| 14 0 0.046| 0.171 | 0.177 |0.266 | 0.000 || 12 | 33 128 19 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 || 26 71 273 | 41 0
1986 | 22 [ 14| 33 | 20 7 0.189| 0.571 | 0.470 [0.448 | 0.440 || 27 | 34 63 37 12 0.530 | 0.530 | 0.530 | 0.530 | 0.530 || 58 71 135 | 79 | 25
1987 | 20 [11]| 24 | 12 0 0.314| 0.566 | 0.675 [ 0.771| 0.940 || 29 | 26 73 51 0 0.530 | 0.530 | 0.530 | 0.530 | 0.530 || 62 55 154 1108 | O
1988 80 |156| 742 | 41 0 0.216| 0.598 | 0.634 | 0.709 | 0.627 || 103 | 388 | 2,031 | 140 0 0.530 0.530 | 0.530 | 0.530 | 0.530 || 218 | 826 |4,320| 298 0
1989 25 | 651|262 | 455 0 0.005| 0.262 | 0.274 | 0.344 | 0.600 26 88 360 693 0 0.530 0.530 | 0.530 | 0.530 | 0.530 54 187 767 |1,475] O
1990 | 26 | 63| 92 | 58 10 [|0.248| 0.129 | 0.110 [0.111| 0243 |[ 34 | 72 103 65 14 0.250 | 0.250 | 0.250 | 0.250 | 0.250 || 45 96 137 | 87 | 18
1991 0 |52] 63| 50 0 0.157| 0.212 | 0.219 [0.122 | 0.164 0 66 80 57 0 0.250 | 0.250 | 0.250 | 0.250 | 0.250 0 88 107 | 76 0
1992 9 |30[296 | 63 5 0.174| 0.143 | 0.141 |[0.064 | 0.450 || 11 | 35 344 67 8 0.250 | 0.250 | 0.250 | 0.250 | 0.250 || 15 46 459 | 90 | 11
1993 | 20 [ 96| 110 | 84 0 0.112| 0.177 | 0.127 |0.183 | 0.000 || 23 | 116 | 126 | 103 0 0.250 | 0.250 | 0.250 | 0.250 | 0.250 || 31 | 155 | 168 | 138 | O
1994 28 160|282 | 37 0 0.000| 0.000 [ 0.000 | 0.000 | 0.000 28 | 160 282 37 0 0.250 0.250 | 0.250 | 0.250 | 0.250 38 213 377 50 0
1995 19 220|382 | 115 0 0.088| 0.040 | 0.012 | 0.059 | 0.000 20 | 230 386 122 0 0.250 0.250 | 0.250 | 0.250 | 0.250 27 306 515 | 163 0
1996 4 |315[1,353] 369 0 0.050| 0.140 | 0.052 | 0.009 | 0.020 4 | 366 |[1,428| 372 0 0.250 | 0.250 | 0.250 | 0.250 | 0.250 5 488 11,904 | 496 | 0O
1997 0 9 | 781 | 472 0 0.004| 0.201 | 0.119 |0.087 | 1.000 0 11 886 | 517 0 0.250 | 0.250 | 0.250 | 0.250 | 0.250 0 14 [1,182|690 | O
1998 2 |11| 67 | 56 0 0.100| 0.109 | 0.074 |0.108 | 0.000 2 13 73 63 0 0.250 | 0.250 | 0.250 | 0.250 | 0.250 3 17 97 84 0
1999 3 |31] 40 14 0 0.000| 0.094 | 0.201 | 0.065 | 0.000 3 35 51 15 0 0.250 | 0.250 | 0.250 | 0.250 | 0.250 4 46 68 20 0
2000 2 21| 89 8 0 0.120| 0.176 | 0.121 | 0.166 | 0.000 2 25 101 10 0 0.250 0.250 | 0.250 | 0.250 | 0.250 3 33 135 13 0
2001 13 (124|418 | 58 0 0.067| 0.114 | 0.061 | 0.195 | 0.000 14 | 141 445 72 0 0.325 0.325 | 0.325 | 0.325 | 0.325 21 208 659 | 107 0
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Results

Brood Year 2 3 4 5 6 Total Recruits Recruits per Spawner Natural log (R/S)
1964 5 80 201 26 0 312 0.886 -0.120
1965 21 154 175 15 0 365 4.462 1.496
1966 21 77 89 37 0 224 2.146 0.764
1967 84 121 584 48 0 838 8.170 2.100
1968 103 304 406 22 0 836 6.283 1.838
1969 16 112 69 15 0 212 1.894 0.639
1970 100 44 83 45 0 272 2.577 0.947
1971 32 35 158 30 0 255 0.908 -0.096
1972 3 92 109 31 0 235 1.165 0.153
1973 8 80 143 21 0 252 4.908 1.591
1974 16 100 111 41 0 268 6.708 1.903
1975 14 44 123 25 0 206 2.309 0.837
1976 10 73 123 28 0 233 3.313 1.198
1977 19 66 143 16 0 245 2.829 1.040
1978 12 37 108 0 0 157 2.855 1.049
1979 18 40 49 24 0 131 1.727 0.546
1980 31 51 287 41 25 435 9.164 2.215
1981 0 43 273 79 0 394 5.532 1.711
1982 57 71 135 108 0 371 6.196 1.824
1983 26 71 154 298 0 550 14.471 2.672
1984 58 55 4,320 | 1,475 18 5,926 45.867 3.826
1985 62 826 767 87 0 1,741 11.600 2451
1986 218 187 137 76 11 630 6.841 1.923
1987 54 96 107 90 0 347 5.895 1.774
1988 45 88 459 138 0 731 0.749 -0.289
1989 0 46 168 50 0 264 0.361 -1.018
1990 15 155 377 163 0 710 3.099 1.131
1991 31 213 515 496 0 1,255 7.592 2.027
1992 38 306 1,904 690 0 2,938 7.293 1.987
1993 27 488 1,182 84 0 1,781 5.734 1.746
1994 5 14 97 20 0 136 0.268 -1.315
1995 0 17 68 13 0 98 0.133 -2.017
1996 3 46 135 107
1997 4 33 659
1998 3 208
1999 21
2000
2001
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Notes:

Spawning escapement data for 1964-2001 were obtained from the Washington State salmon and steelhead stock inventory (WDF et al. 1993
and WDFW 2003).

Prespawn mortality is assumed to be 5%.

Age composition data for 1964-2001 were calculated from escapement data available in the StreamNet database.

Tributary harvest rate for 1964-1979 was the 5-yr average harvest calculated from the 1980-1984 “big sheets” using the lower river hatchery
(LRH) stock: tributary harvest divided by the total run minus the mainstem harvest.

Tributary harvest rate for 1980-1990 was calculated from the “big sheets” using LRH stock: tributary harvest divided by the total run minus the
mainstem harvest.

Tributary harvest has been closed since 1991.

Mainstem harvest rate for 1980-2001 was calculated from the “big sheets” using the LRH stock: sum of mainstem harvest divided by the total
run.

Mainstem harvest rate for 1964-1979 was the 5-yr average calculated from the 1980-1984 “big sheets” using the LRH stock: sum of mainstem
harvest divided by the total run.

Ocean harvest rate for 1964-1989 obtained from the Lewis River Subbasin Plan that summarized CWT recoveries for all available brood years.
Ocean harvest rate for 1990-2000 obtained from the Lewis River Subbasin Plan that summarized CWT recoveries for all available brood years.
Ocean harvest rate for 2001 was estimated (Guy Norman, personal communication).
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APPENDIX A-2. East Fork Lewis River Tule Fall Chinook Run Reconstruction Table
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Escapement Age Composition Spawners by Age Tributary Harvest Rate by Age Lewis River Run Size by Age
RuUn Total Pre- Spawning
Year Escap_ement spawn Escapement 2 3 4 5 6 2 3 4 5 6 2 3 4 5 6 2 3 4 51|16

(wild) Mortality (wild)

1964 680 0.05 646 0.071 | 0.531 | 0.318 | 0.081 | 0.000 || 46 | 343 | 205 | 52 0 0.133|0.017 | 0.047 |0.080| 0.014 || 53 | 349 | 215 |57 | O
1965 1,048 0.05 996 0.150 | 0.157 | 0.654 | 0.039 | 0.000 ||149| 157 | 651 | 39 0 0.133/0.017 | 0.047 |0.080| 0.014 | | 172 | 159 | 683 |42 | O
1966 595 0.05 565 0.020 | 0.521 | 0.378 | 0.081 | 0.000 || 11 | 295 | 214 | 46 0 0.133/0.017 | 0.047 |0.080| 0.014 || 13 | 300 | 224 |50 | O
1967 442 0.05 420 0.070 | 0.251 | 0.631 | 0.048 | 0.000 || 29 | 105 | 265 | 20 0 0.133/0.017 | 0.047 |0.080|0.014 || 34 | 107 | 278 |22 | O
1968 265 0.05 252 0.060 | 0.370 | 0.438 | 0.132 | 0.000 || 15 | 93 | 110 | 33 0 0.133/0.017|0.047 | 0.080 | 0.014 | | 18 95 116 |36 | O
1969 599 0.05 569 0.451 | 0.169 | 0.337 | 0.043 | 0.000 | |257| 96 | 192 | 25 0 0.133/0.017 | 0.047 |0.080 | 0.014 || 296 | 98 201 |27 | O
1970 1,217 0.05 1,156 0.460 | 0.311 | 0.200 | 0.028 | 0.000 ||532| 360 | 232 | 32 0 0.133/0.017 | 0.047 |0.080| 0.014 | | 613 | 366 | 243 |35 | O
1971 2,354 0.05 2,236 0.090 | 0.324 | 0.556 | 0.030 | 0.000 ||201| 725 |1,244| 67 0 0.133/0.017 | 0.047 |0.080| 0.014 | | 232 | 738 |1,304| 72| O
1972 668 0.05 635 0.201 | 0.177 | 0.564 | 0.058 | 0.000 ||127| 112 | 358 | 37 0 0.133/0.017 | 0.047 |0.080| 0.014 | | 147 | 114 | 376 |40 | O
1973 538 0.05 511 0.610 | 0.136 | 0.188 | 0.067 | 0.000 ||312| 69 96 34 0 0.133/0.017{0.047 |0.080 | 0.014 || 359 | 71 101 |37 | 0O
1974 576 0.05 547 0.271 | 0.203 | 0.451 | 0.075 | 0.000 ||148| 111 | 247 | 41 0 0.133|0.017 | 0.047 |0.080 | 0.014 || 171 | 113 | 259 |44 | O
1975 618 0.05 587 0.060 | 0.320 | 0.494 | 0.126 | 0.000 || 35 | 188 | 290 | 74 0 0.133/0.017 | 0.047 |0.080| 0.014 || 41 | 191 | 304 |81 | O
1976 353 0.05 335 0.079 | 0.360 | 0.453 | 0.108 | 0.000 || 27 | 121 | 152 | 36 0 0.133/0.017 | 0.047 |0.080|0.014 || 31 | 123 | 159 |39 | O
1977 604 0.05 574 0.060 | 0.376 | 0.474 | 0.091 | 0.000 || 34 | 216 | 272 | 52 0 0.000 | 0.000 | 0.000 | 0.000| 0.000 | | 34 | 216 | 272 |52 | O
1978 968 0.05 920 0.290 | 0.191 | 0.447 | 0.071 | 0.000 | |267| 176 | 411 | 66 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | | 267 | 176 | 411 |66 | O
1979 814 0.05 773 0.120 | 0.297 | 0.450 | 0.133 | 0.000 || 93 | 230 | 348 | 103 | O 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | | 93 | 230 | 348 |103| O
1980 526 0.05 500 0.409 | 0.129 | 0.394 | 0.068 | 0.000 ||204| 65 | 197 | 34 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 || 204 | 65 197 |34 0
1981 438 0.05 416 0.094 | 0.089 | 0.687 | 0.130 | 0.000 || 39 | 37 | 286 | 54 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 || 39 37 286 |54 | 0
1982 346 0.05 329 0.306 | 0.324 | 0.355 | 0.014 | 0.000 ||101| 106 | 117 5 0 0.000 | 0.000 | 0.000 | 0.000| 0.000 || 101 | 106 | 117 | 5 | O
1983 334 0.05 317 0.087 | 0.105 | 0.704 | 0.105 | 0.000 || 28 | 33 | 223 | 33 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 || 28 33 223 [33| 0
1984 200 0.05 190 0.040 | 0.025 | 0.790 | 0.145 | 0.000 8 5 150 | 28 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 8 5 150 |28 | O
1985 653 0.05 620 0.173 | 0.211 | 0.462 | 0.153 | 0.000 ||107| 131 | 287 | 95 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | | 107 | 131 | 287 |95 | O
1986 445 0.05 423 0.126 | 0.393 | 0.411 | 0.070 | 0.000 || 53 | 166 | 174 | 29 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 || 53 | 166 | 174 |29 | O
1987 157 0.05 149 0.140 | 0.242 | 0.446 | 0.172 | 0.000 || 21 | 36 67 26 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 || 21 36 67 |26 | 0
1988 476 0.05 452 0.103 | 0.145 | 0.582 | 0.170 | 0.000 || 47 | 66 | 263 | 77 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | | 47 66 263 | 77| 0
1989 591 0.05 561 0.050 | 0.079 | 0.386 | 0.486 | 0.000 || 28 | 44 | 217 | 273 | O 0.000 | 0.000 | 0.000 | 0.000 | 0.000 || 28 44 217 |273| O
1990 342 0.05 325 0.042 | 0.160 | 0.266 | 0.213 | 0.319 || 14 | 52 86 69 | 104 ||0.000 | 0.000 | 0.000 | 0.000| 0.000 | | 14 52 86 | 69 (104
1991 230 0.05 219 0.080 | 0.320 | 0.320 | 0.240 | 0.040 || 17 | 70 70 52 9 0.000 | 0.000 | 0.000 | 0.000 | 0.000 || 17 70 70 |52 |9
1992 202 0.05 192 0.060 | 0.153 | 0.698 | 0.088 | 0.000 || 12 | 29 | 134 | 17 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 || 12 29 134 |17 | 0
1993 156 0.05 148 0.077 | 0.243 | 0.479 | 0.201 | 0.000 || 11 | 36 71 30 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | | 11 36 71 |30 | 0
1994 395 0.05 375 0.249 | 0.063 | 0.521 | 0.167 | 0.000 || 93 | 24 | 195 | 63 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 || 93 24 195 |63 | 0
1995 100 0.05 95 0.103 | 0.161 | 0.265 | 0.471 | 0.000 || 10 | 15 25 45 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 || 10 15 25 | 45| 0
1996 167 0.05 159 0.012 | 0.189 | 0.692 | 0.107 | 0.000 2 | 30 | 110 | 17 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 2 30 110 |17 | O
1997 184 0.05 175 0.000 | 0.013 | 0.397 | 0.590 | 0.000 0 2 69 | 103 | O 0.000 | 0.000 | 0.000 | 0.000 | 0.000 0 2 69 [103| O
1998 52 0.05 49 0.063 | 0.486 | 0.225 | 0.225 | 0.000 3| 24 11 11 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 3 24 11 |11 | O
1999 109 0.05 104 0.027 | 0.448 | 0.426 | 0.099 | 0.000 3 | 46 44 10 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 3 46 44 10| 0O
2000 323 0.05 307 0.059 | 0.149 | 0.644 | 0.149 | 0.000 || 18 | 46 | 198 | 46 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 || 18 46 198 |46 | O
2001 530 0.05 504 0.008 | 0.468 | 0.491 | 0.034 | 0.000 4 | 236 | 247 | 17 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 4 236 | 247 |17 | O
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Mainstem Harvest Rate by Age

Columbia River Run Size by Age

Ocean Harvest Rate by Age

Ocean Escapement by Age

Run Year 2 3 4 5 6 2 3 4 5 6 2 3 4 5 6 2 3 4 5 6
1964 0.117 [0.304|0.358 | 0.409 | 0.749 60 501 335 96 0 0.530 | 0.530 0.530 0.530 0.530 127 1,067 713 205 0
1965 0.117 [0.304|0.358 | 0.409 | 0.749 || 195 229 1,063 72 0 0.530 | 0.530 0.530 0.530 0.530 414 487 2,261 | 153 0
1966 0.117 |0.304 | 0.358 | 0.409 | 0.749 15 430 349 84 0 0.530| 0.530 0.530 0.530 0.530 32 916 743 179 0
1967 0.117 [0.304|0.358 | 0.409 | 0.749 38 154 433 37 0 0.530 | 0.530 0.530 0.530 0.530 82 328 921 78 0
1968 0.117 [0.304|0.358 | 0.409 | 0.749 20 136 180 61 0 0.530 | 0.530 0.530 0.530 0.530 42 290 383 130 0
1969 0.117 |0.304 | 0.358 | 0.409 | 0.749 | | 335 140 313 45 0 0.530| 0.530 0.530 0.530 0.530 713 298 667 97 0
1970 0.117 [0.304|0.358 | 0.409 | 0.749 || 695 526 379 59 0 0.530 | 0.530 0.530 0.530 0.530 1,478 | 1,120 805 127 0
1971 0.117 [0.304|0.358 | 0.409 | 0.749 || 263 | 1,060 | 2,031 122 0 0.530 | 0.530 0.530 0.530 0.530 560 2,254 | 4,321 | 260 0
1972 0.117 |0.304 | 0.358 | 0.409 | 0.749 | | 166 164 585 68 0 0.530| 0.530 0.530 0.530 0.530 354 349 1,244 | 145 0
1973 0.117 [0.304|0.358 | 0.409 | 0.749 || 407 101 157 63 0 0.530 | 0.530 0.530 0.530 0.530 866 216 333 134 0
1974 0.117 [0.304|0.358 | 0.409 | 0.749 || 194 162 403 75 0 0.530 | 0.530 0.530 0.530 0.530 412 346 858 160 0
1975 0.117 [0.304 | 0.358 | 0.409 | 0.749 46 275 473 136 0 0.530 | 0.530 0.530 0.530 0.530 98 585 1,007 | 290 0
1976 0.117 [0.304|0.358 | 0.409 | 0.749 35 176 248 66 0 0.530 | 0.530 0.530 0.530 0.530 74 375 528 141 0
1977 0.117 [0.304|0.358 | 0.409 | 0.749 39 310 423 88 0 0.530 | 0.530 0.530 0.530 0.530 82 659 900 188 0
1978 0.117 [0.304|0.358 | 0.409 | 0.749 || 302 252 640 111 0 0.530 | 0.530 0.530 0.530 0.530 643 537 1,363 | 236 0
1979 0.117 [0.304|0.358 | 0.409 | 0.749 || 105 330 541 174 0 0.530 | 0.530 0.530 0.530 0.530 224 703 1,152 | 370 0
1980 0.102 |0.496 | 0.557 | 0.688 | 1.000 || 228 128 444 110 0 0.530 | 0.530 0.530 0.530 0.530 484 273 945 234 0
1981 0.118 [0.139|0.319 | 0.365 | 0.000 44 43 420 85 0 0.530 | 0.530 0.530 0.530 0.530 94 92 894 181 0
1982 0.161 [0.359|0.314 | 0.309 | 0.000 || 120 166 170 7 0 0.530 | 0.530 0.530 0.530 0.530 255 353 362 15 0
1983 0.045 [0.196 | 0.166 | 0.121 | 0.000 29 41 268 38 0 0.530 | 0.530 0.530 0.530 0.530 61 88 570 81 0
1984 0.095 |0.321|0.336 | 0.180 | 1.000 8 7 226 34 0 0.530 | 0.530 0.530 0.530 0.530 18 15 481 72 0
1985 0.046 [0.171]0.177 | 0.266 | 0.000 || 113 158 349 129 0 0.530 | 0.530 0.530 0.530 0.530 240 337 742 275 0
1986 0.189 [0.571|0.470 | 0.448 | 0.440 66 388 328 53 0 0.530 | 0.530 0.530 0.530 0.530 140 825 698 114 0
1987 0.314 [0.566 | 0.675 | 0.771 | 0.940 30 83 205 112 0 0.530 | 0.530 0.530 0.530 0.530 65 177 435 239 0
1988 0.216 [0.598 | 0.634 | 0.709 | 0.627 59 163 720 265 0 0.530 | 0.530 0.530 0.530 0.530 126 347 1,531 | 563 0
1989 0.005 [0.262|0.274 | 0.344 | 0.600 28 60 298 415 0 0.530 | 0.530 0.530 0.530 0.530 60 128 635 884 0
1990 0.248 [0.129|0.110|0.111 | 0.243 18 60 97 78 137 0.250 | 0.250 0.250 0.250 0.250 24 79 129 104 | 183
1991 0.157 ]0.212]0.219 | 0.122 | 0.164 21 89 90 60 10 0.250 | 0.250 0.250 0.250 0.250 28 118 119 80 14
1992 0.174 ]0.143]0.141 | 0.064 | 0.450 14 34 156 18 0 0.250 | 0.250 0.250 0.250 0.250 19 46 208 24 0
1993 0.112 [0.177]0.127 | 0.183 | 0.000 13 44 81 36 0 0.250 | 0.250 0.250 0.250 0.250 17 58 108 49 0
1994 0.000 |0.000 | 0.000 | 0.000 | 0.000 93 24 195 63 0 0.250 | 0.250 0.250 0.250 0.250 125 31 261 84 0
1995 0.088 |0.040|0.012 | 0.059 | 0.000 11 16 25 48 0 0.250 | 0.250 0.250 0.250 0.250 14 21 34 63 0
1996 0.050 |0.140|0.052 | 0.009 | 0.020 2 35 116 17 0 0.250 | 0.250 0.250 0.250 0.250 3 47 155 23 0
1997 0.004 [0.201|0.119 | 0.087 | 1.000 0 3 79 113 0 0.250 | 0.250 0.250 0.250 0.250 0 4 105 151 0
1998 0.100 [0.109|0.074 | 0.108 | 0.000 3 27 12 12 0 0.250 | 0.250 0.250 0.250 0.250 5 36 16 17 0
1999 0.000 |0.094|0.201 | 0.065 | 0.000 3 51 55 11 0 0.250 | 0.250 0.250 0.250 0.250 4 68 74 15 0
2000 0.120 [0.176]0.121 | 0.166 | 0.000 21 55 225 55 0 0.250 | 0.250 0.250 0.250 0.250 27 74 300 73 0
2001 0.067 ]0.114 | 0.061 ] 0.195 | 0.000 4 266 263 21 0 0.325]| 0.325 0.325 0.325 0.325 6 394 390 31 0
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Results

Brood Year 2 3 4 5 6 Total Recruits Recruits per Spawner Natural log (R/S)
1964 32 328 383 97 0 839 1.299 0.262
1965 82 290 667 127 0 1,165 1.170 0.157
1966 42 298 805 260 0 1,406 2.488 0.912
1967 713 1,120 4,321 145 0 6,298 15.000 2.708
1968 1,478 2,254 1,244 134 0 5,111 20.301 3.011
1969 560 349 333 160 0 1,402 2.463 0.901
1970 354 216 858 290 0 1,718 1.486 0.396
1971 866 346 1,007 141 0 2,360 1.055 0.054
1972 412 585 528 188 0 1,713 2.700 0.993
1973 98 375 900 236 0 1,609 3.148 1.147
1974 74 659 1,363 370 0 2,465 4.505 1.505
1975 82 537 1,152 234 0 2,005 3.415 1.228
1976 643 703 945 181 0 2,472 7.371 1.998
1977 224 273 894 15 0 1,405 2.449 0.896
1978 484 92 362 81 0 1,019 1.108 0.102
1979 94 353 570 72 0 1,088 1.407 0.342
1980 255 88 481 275 0 1,100 2.201 0.789
1981 61 15 742 114 0 932 2.239 0.806
1982 18 337 698 239 0 1,291 3.929 1.368
1983 240 825 435 563 0 2,063 6.503 1.872
1984 140 177 1,531 884 183 2,914 15.337 2.730
1985 65 347 635 104 14 1,164 1.877 0.630
1986 126 128 129 80 0 463 1.095 0.091
1987 60 79 119 24 0 283 1.896 0.640
1988 24 118 208 49 0 399 0.882 -0.126
1989 28 46 108 84 0 266 0.473 -0.748
1990 19 58 261 63 0 401 1.234 0.210
1991 17 31 34 23 0 105 0.481 -0.731
1992 125 21 155 151 0 451 2.350 0.854
1993 14 47 105 17 0 183 1.233 0.209
1994 3 4 16 15 0 37 0.099 -2.316
1995 0 36 74 73 0 182 1.920 0.653
1996 5 68 300 31
1997 4 74 390
1998 27 394
1999 6
2000
2001
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Notes:

Spawning escapement data for 1964-2001 were obtained from the Washington State salmon and steelhead stock inventory (WDF et al. 1993
and WDFW 2003).

Prespawn mortality is assumed to be 5%.

Age composition data for 1964-2001 were calculated from escapement data available in the StreamNet database.

Tributary harvest rate for 1964-1976 was the 5-yr average harvest calculated from the 1980-1984 “big sheets” using the lower river hatchery
(LRH) stock: tributary harvest divided by the total run minus the mainstem harvest.

Tributary harvest has been closed since 1977.

Mainstem harvest rate for 1980-2001 was calculated from the “big sheets” using the LRH stock: sum of mainstem harvest divided by the total
run.

Mainstem harvest rate for 1964-1979 was the 5-yr average calculated from the 1980-1984 “big sheets” using the LRH stock: sum of mainstem
harvest divided by the total run.

Ocean harvest rate for 1964-1989 obtained from the Lewis River Subbasin Plan that summarized CWT recoveries for all available brood years.
Ocean harvest rate for 1990-2000 obtained from the Lewis River Subbasin Plan that summarized CWT recoveries for all available brood years.
Ocean harvest rate for 2001 was estimated (Guy Norman, personal communication).
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APPENDIX A-3. North Fork Lewis River Bright Fall Chinook Run Reconstruction Table

RUN RECONSTRUCTION 2-51 May 2004



Escapement Age Composition Spawners by Age Tributary Harvest Rate by Age
Hatchery Spawning

Run Total Proportion of wild Prespawn | Escapement

Year |Escapement |Escapement|Escapement| Mortality (wild) 2 3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 6 7
1964 20,557 0.06 19,324 0.05 18,357 0.180 | 0.160 | 0.480 | 0.180 | 0.000 | 0.000 || 3,304 | 2,937 | 8,812 | 3,304 | O 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 |0.000
1965 9,667 0.06 9,087 0.05 8,633 0.180 | 0.160 | 0.480 | 0.180 | 0.000 | 0.000 || 1,554 | 1,381 | 4,144 | 1,554 | O 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 |0.000
1966 13,176 0.06 12,385 0.05 11,766 0.118 | 0.245 | 0.431 | 0.206 | 0.000 | 0.000 || 1,383 | 2,883 | 5,077 | 2,423 | O 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 |0.000
1967 10,084 0.06 9,479 0.05 9,005 0.037 | 0.179 | 0.630 | 0.154 | 0.000 | 0.000 333 | 1,614 | 5672 | 1,386 | O 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 |0.000
1968 7,344 0.06 6,903 0.05 6,558 0.025 | 0.080 | 0.670 | 0.224 | 0.000 | 0.000 164 527 | 4395 | 1472 | O 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 |0.000
1969 5,774 0.06 5,428 0.05 5,156 0.136 | 0.150 | 0.364 | 0.350 | 0.000 | 0.000 704 775 | 1,874 | 1,803 | 0O 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 |0.000
1970 21,726 0.06 20,422 0.05 19,401 0.810 | 0.068 | 0.101 | 0.021 | 0.000 | 0.000 ||15,713| 1,312 | 1,967 | 409 0 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 |0.000
1971 20,409 0.06 19,184 0.05 18,225 0.024 | 0.208 | 0.638 | 0.131 | 0.000 | 0.000 431 | 3,787 |11,626| 2,381 | O 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 |0.000
1972 19,198 0.06 18,046 0.05 17,144 0.037 | 0.100 | 0.748 | 0.115 | 0.000 | 0.000 634 1,715 [ 12,827 | 1,968 0 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 [0.000
1973 13,029 0.06 12,247 0.05 11,635 0.300 | 0.126 | 0.374 | 0.199 | 0.000 | 0.000 3,491 | 1,467 | 4,357 | 2,320 0 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 [0.000
1974 9,320 0.06 8,761 0.05 8,323 0.190 | 0.213 | 0.401 | 0.196 | 0.000 | 0.000 1,582 | 1,770 | 3,337 | 1,634 0 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 [0.000
1975 14,904 0.06 14,010 0.05 13,309 0.070 | 0.173 | 0.542 | 0.215 | 0.000 | 0.000 933 | 2,301 | 7,215 | 2,860 | O 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 | 0.000
1976 4,199 0.06 3,947 0.05 3,750 0.197 | 0.176 | 0.428 | 0.198 | 0.000 | 0.000 739 662 | 1,607 | 742 0 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 |0.000
1977 7,779 0.06 7,312 0.05 6,947 0.109 | 0.248 | 0.473 | 0.170 | 0.000 | 0.000 758 | 1,726 | 3,284 | 1,179 | O 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 |0.000
1978 6,129 0.06 5,761 0.05 5,473 0.125 | 0.242 | 0.475 | 0.158 | 0.000 | 0.000 684 | 1,324 | 2,600 | 864 0 0 0.287 | 0.098 | 0.070 | 0.059 | 0.000 |0.000
1979 8,954 0.06 8,417 0.05 7,996 0.132 | 0.199 | 0.437 | 0.221 | 0.009 | 0.000 || 1,055 | 1,591 | 3,494 | 1,767 [ 72 | O 0.287 | 0.098 | 0.070 | 0.059 | 0.000 |0.000
1980 13,239 0.085 12,114 0.05 11,508 0.072 | 0.204 | 0.617 | 0.107 | 0.000 | 0.000 833 | 2,352 | 7,097 | 1,226 | O 0 0.015 | 0.052 | 0.065 | 0.056 | 0.000 |0.000
1981 19,297 0.085 17,657 0.05 16,774 0.093 | 0.090 | 0.687 | 0.130 | 0.000 | 0.000 || 1,560 | 1,510 |[11,523| 2,181 | O 0 0.253 | 0.035 | 0.050 | 0.049 | 0.000 |0.000
1982 8,370 0.085 7,659 0.05 7,276 0.091 | 0.297 | 0.333 | 0.277 | 0.002 | 0.000 661 | 2,158 | 2,426 | 2,017 | 13 | O 0.262 | 0.142 | 0.050 | 0.052 | 0.000 |0.000
1983 13,540 0.085 12,389 0.05 11,770 0.082 | 0.090 | 0.632 | 0.196 | 0.000 | 0.000 970 | 1,054 | 7,442 | 2304 | O 0 0.339 | 0.151 | 0.078 | 0.050 | 0.000 |0.000
1984 7,132 0.085 6,526 0.05 6,199 0.117 | 0.148 | 0.443 | 0.280 | 0.012 | 0.000 727 915 2,749 | 1,737 | 73 0 0.483 | 0.181 | 0.143 | 0.094 | 0.000 [0.000
1985 7,491 0.085 6,854 0.05 6,512 0.209 | 0.200 | 0.427 | 0.162 | 0.002 | 0.000 1,363 | 1,302 | 2,781 | 1,057 | 11 0 0.384 | 0.131 | 0.104 | 0.090 | 0.000 [0.000
1986 11,983 0.085 10,964 0.05 10,416 0.177 | 0.281 | 0.392 | 0.145 | 0.005 | 0.000 1,844 | 2,927 | 4,088 | 1511 | 47 0 0.292 | 0.186 | 0.071 | 0.062 | 0.005 [0.005
1987 12,935 0.085 11,836 0.05 11,244 0.243 | 0.203 | 0.405 | 0.148 | 0.001 | 0.000 || 2,729 | 2,284 | 4,557 | 1,664 | 11 | 0 0.136 | 0.059 | 0.043 | 0.040 | 0.000 |0.000
1988 12,052 0.085 11,028 0.05 10,476 0.178 | 0.122 | 0.453 | 0.247 | 0.000 | 0.000 || 1,860 | 1,280 | 4,745 | 2,591 | O 0 0.152 | 0.124 | 0.085 | 0.046 | 0.074 |0.074
1989 12,199 0.085 11,162 0.05 10,604 0.077 | 0.112 | 0.272 | 0.531 | 0.007 | 0.000 821 | 1,185 | 2,889 | 5635 | 74 | 0 0.209 | 0.086 | 0.139 | 0.082 | 0.000 | 0.000
1990 17,506 0.085 16,018 0.05 15,217 0.076 | 0.050 | 0.384 | 0.406 | 0.084 | 0.000 || 1,157 | 761 | 5,843 | 6,178 [1,279] O 0.207 | 0.081 | 0.086 | 0.053 | 0.024 |0.024
1991 9,066 0.029 8,803 0.05 8,363 0.059 | 0.130 | 0.312 | 0.459 | 0.040 | 0.001 493 | 1,087 | 2,608 | 3,836 |334| 5 0.238 | 0.208 | 0.132 | 0.095 | 0.022 | 0.022
1992 6,307 0.101 5,670 0.05 5,386 0.207 | 0.055 | 0.429 | 0.267 | 0.040 | 0.000 || 1,118 | 298 | 2,312 | 1,440 [218| O 0.488 | 0.246 | 0.201 | 0.081 | 0.160 |0.160
1993 7,025 0.078 6,477 0.05 6,153 0.083 | 0.280 | 0.159 | 0.438 | 0.040 | 0.000 508 | 1,725 | 977 | 2,694 [249| O 0.485 | 0.266 | 0.230 | 0.141 | 0.000 |0.000
1994 9,936 0.13 8,644 0.05 8,212 0.134 | 0.118 | 0.604 | 0.113 | 0.031 | 0.000 || 1,100 | 973 | 4,957 | 927 [255| O 0.227 | 0.092 | 0.078 | 0.108 | 0.000 |0.000
1995 9,715 0 9,715 0.05 9,229 0.031 | 0.084 | 0.247 | 0.636 | 0.002 | 0.000 282 775 | 2,281 | 5871 |20 | O 0.467 | 0.344 | 0.268 | 0.162 | 0.000 |0.000
1996 14,166 0.089 12,905 0.05 12,260 0.018 | 0.090 | 0.555 | 0.294 | 0.042 | 0.000 227 1,102 | 6,805 | 3,607 |519| O 0.247 1 0.033 [ 0.003 | 0.001 | 0.000 [0.000
1997 8,670 0.058 8,167 0.05 7,759 0.007 | 0.025 | 0.490 | 0.473 | 0.005 | 0.000 55 193 3,803 | 3,666 | 42 0 0.000 | 0.017 | 0.028 | 0.010 | 0.000 [0.000
1998 5,935 0.124 5,199 0.05 4,939 0.039 | 0.125 | 0.215 | 0.620 | 0.001 | 0.000 190 618 1,063 | 3,064 4 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 [0.000
1999 3,184 0.233 2,442 0.05 2,320 0.053 | 0.268 | 0.495 | 0.168 | 0.016 | 0.000 122 622 | 1,149 | 390 [ 37 | O 0.000 | 0.000 | 0.000 | 0.000 | 0.000 |0.000
2000 9,820 0.105 8,789 0.05 8,349 0.099 | 0.171 | 0.593 | 0.136 | 0.001 | 0.000 830 | 1,424 | 4,955 | 1,133 | 7 0 0.000 | 0.000 | 0.000 | 0.000 | 0.000 |0.000
2001 15,000 0.06 14,100 0.05 13,395 0.074 | 0.191 | 0.540 | 0.193 | 0.001 | 0.000 995 | 2,565 | 7,235 | 2,583 | 17 | 0 0.136 | 0.086 | 0.017 | 0.014 | 0.000 |0.000
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Lewis River Run Size by Age Mainstem Harvest Rate by Age Columbia River Run Size by Age Ocean Harvest Rate by Age Ocean Escapement by Age
sggr 2 3 4 5 6 7 2 3 4 5 6 7 2 3 4 5 6 |7 2 3 4 5 6 7 2 3 4 5 6 |7
1964 | 4,631 [3,255| 9,471 |3,512| O | O [|0.272|0.220|0.217|0.323|0.185|0.185| | 6,366 [4,175/12,099|5,186| O | O []|0.260/0.260|0.260|0.260 | 0.260 | 0.260 || 8,602 | 5,642 |16,349| 7,008 | 0 | O
1965 2,178 |1,531| 4,453 |1,652| O 0 |]0.272|0.220/0.217|0.323|0.185]|0.185|| 2,994 |1,964| 5,689 |2,439| O 0 |]0.260{0.260{0.260{0.260| 0.260 | 0.260 4,045 | 2,654 | 7,688 | 3,296 0 0
1966 | 1,939 [3,195| 5,456 |2,575| O | O [|0.272|0.220|0.217|0.323|0.185|0.185| | 2,665 [4,099| 6,970 |3,803| O | 0 []|0.260/0.260]|0.260|0.260 | 0.260 | 0.260 || 3,601 | 5,539 | 9,419 [ 5139 | 0 | O
1967 | 467 [1,788| 6,096 |1,473| O | O [|0.272|0.220|0.217|0.323(0.185|0.185|| 642 [2,294| 7,788 |2,175| O | O [[0.260/0.260|0.260|0.260 | 0.260 | 0.260 867 | 3,100 |10,524| 2,940 | 0 | O
1968 | 230 584 | 4,724 [1,564| O 0 |]0.272|0.220/0.217|0.323|0.185|0.185 317 | 749 | 6,035 |2,310] O 0 1]0.260{0.260{0.260{0.260 | 0.260 | 0.260 428 1,012 | 8,155 | 3,121 0 0
1969 | 986 | 859 | 2,014 {1,917 O | O [|0.272|0.220|0.217|0.323|0.185|0.185] | 1,356 [1,102| 2,573 {2,830 O | 0 []|0.260/0.260]|0.260|0.260 | 0.260 | 0.260 || 1,832 | 1,489 | 3,478 [ 3824 | 0 | O
1970(22,024(1,454| 2,114 | 435 | O | O [|0.272|0.220|0.217|0.323|0.185|0.185] [30,273|1,865| 2,701 | 642 | O [ O [|0.260[0.260|0.260|0.260 | 0.260 | 0.260 || 40,910 | 2,520 | 3,650 | 867 0 |0
1971| 605 [4,197|12,495|2,531| O | O [|0.272|0.220|0.217|0.323|0.185|0.185|| 831 [5,383|15,962|3,737| O | O []|0.260(0.260|0.260|0.260 | 0.260 | 0.260 || 1,123 | 7,275 |21,570| 5,050 | O | O
1972| 889 [1,900/13,786|2,092| O | O [|0.272|0.220|0.217|0.323|0.185|0.185| | 1,222 |2,437|17,611|3,089| O | 0 []|0.260(0.260]|0.260|0.260 | 0.260 | 0.260 || 1,651 | 3,293 |23,798| 4,174 | 0 | O
1973 | 4,893 [1,626| 4,683 |2,466] O | O [|0.272|0.220|0.217|0.323|0.185|0.185| | 6,725 [2,086| 5,982 |3,641| O | 0 []|0.260/0.260]|0.260|0.260 | 0.260 | 0.260 || 9,088 | 2,818 | 8,084 | 4921 | 0 | O
1974 2,217 [1,961| 3,587 |1,737| O | O [|0.272|0.220|0.217|0.323|0.185|0.185| | 3,047 [2,516| 4,582 |2,565| O | 0 []|0.260/0.260|0.260|0.260 | 0.260 | 0.260 || 4,117 | 3,400 | 6,191 [ 3,466 | O | O
1975 1,308 |2,550| 7,754 |3,041| O 0 |]0.272|0.220/0.217|0.323|0.185)|0.185|| 1,798 |3,271| 9,905 [4,489| O 0 1]0.260{0.260{0.260{0.260 | 0.260 | 0.260 2,430 | 4,420 [13,385]| 6,067 0 0
1976 1,036 | 733 | 1,727 | 789 0 0 [[0.272]0.220]0.217]0.323|0.185|0.185| | 1,425 | 941 | 2,206 |1,165| O 0 [[0.260/0.260/0.260| 0.260 | 0.260 | 0.260 1,925 | 1,271 12981 [ 1574 | O 0
1977 1,063 [1,913| 3,529 |1,253| 0 | O [|0.272|0.220|0.217|0.323|0.185|0.185| | 1,461 |[2,454| 4,508 {1,850 O | 0 []|0.260/0.260|0.260|0.260 | 0.260 | 0.260 || 1,974 | 3,316 | 6,092 [ 2500 | 0 | O
1978 | 959 |1,468| 2,795 | 919 0 0 |]0.272|0.220/0.217|0.323|0.185)|0.185|| 1,318 |1,882| 3,570 |1,357| O 0 1]0.260{0.260{0.260{0.260| 0.260 | 0.260 1,781 | 2,544 | 4,825 | 1,833 0 0
1979 1,479 [1,763| 3,755 |1,878| 72 | 0 [|0.272|0.220|0.217|0.323|0.185|0.185| | 2,033 [2,262| 4,797 |2,774| 88 | 0 []|0.260/0.260|0.260|0.260 | 0.260 | 0.260 || 2,748 | 3,057 | 6,483 | 3,748 | 119 | O
1980 | 846 [2,481| 7,593 |1,298| O | O [|0.414|0.357]|0.439|0.711|0.000|0.000] | 1,443 |3,856|13,539|4,498| O | 0 []|0.260/0.260|0.260|0.260 | 0.260 | 0.260 || 1,950 | 5,211 |18,297| 6,079 | 0 | O
1981 | 2,088 [1,564|12,125|2,293| O | O [|0.184/0.086|0.064|0.012(0.000|0.000| | 2,560 [1,711|12,951|2,320| O | 0 [|0.260/0.260|0.260|0.260 | 0.260 | 0.260 || 3,460 | 2,312 |17,501| 3,136 | O | O
1982 | 896 [2,514| 2,555 |2,127| 13 | O [[0.448|0.142|0.101|0.045|0.620|0.620|| 1,623 |2,930| 2,843 |2,227| 35 | O [[0.260|0.260|0.260)|0.260 | 0.260 | 0.260 2,194 | 3,959 | 3,842 | 3,009 | 48 | O
1983 | 1,468 [1,243| 8,072 |2,424| 0 | O [|0.186/0.099]|0.043|0.047[0.000|0.000] | 1,802 |1,378| 8,439 |2,543| 0 | 0 []|0.260/0.260]|0.260|0.260 | 0.260 | 0.260 || 2,435 | 1,863 |11,403| 3,436 | 0 | O
1984 | 1,405 [1,116] 3,208 |1,916] 73 | O [|0.202|0.256|0.229|0.293|0.000|0.000| | 1,760 [1,500| 4,163 |2,712| 73 | 0 []|0.260/0.260|0.260|0.260 | 0.260 | 0.260 || 2,379 | 2,027 | 5,626 | 3,664 | 99 | O
1985| 2,215 |1,498| 3,102 |1,161| 11 | O [[0.161]|0.320|0.174|0.437|0.158|0.158|| 2,639 |2,202| 3,756 |2,064| 13 | 0 [[0.260|0.260|0.260)|0.260 | 0.260 | 0.260 3,566 | 2,976 | 5076 | 2,790 | 18 | O
1986 | 2,605 [3,593| 4,399 |1,611| 47 | O [|0.207|0.409]|0.442|0.515|0.020|0.020| | 3,287 |6,082| 7,888 |3,319| 48 | 0 [|0.260(0.260]|0.260|0.260 | 0.260 | 0.260 || 4,442 | 8,219 |10,659| 4,485 | 65 | O
1987 | 3,159 [2,427| 4,760 |1,732| 11 | O [|0.097|0.125]|0.051|0.005|0.186|0.186] | 3,500 |[2,774| 5,016 |1,740| 14 | 0 []|0.260/0.260|0.260|0.260 | 0.260 | 0.260 || 4,730 | 3,748 | 6,778 | 2,352 | 19 | O
1988 | 2,193 [1,462| 5,184 |2,715| O | O [|0.143|0.306|0.476|0.628(0.557|0.557| | 2,559 [2,107| 9,899 |7,290| O | 0 []|0.260/0.260|0.260|0.260 | 0.260 | 0.260 || 3,459 | 2,848 |13,377( 9851 | O | O
1989 | 1,037 [1,297| 3,355 |6,136] 74 | O [|0.197|0.282]|0.198|0.211|0.683]|0.683|| 1,291 [1,805| 4,183 |7,781| 233 | 0 [|0.260(0.260|0.260|0.260 | 0.260 | 0.260 || 1,745 | 2,439 | 5,652 [10,515| 314 | O
1990 | 1,458 | 828 | 6,396 |6,522|1,310] O [|0.002|0.265|0.161|0.050(0.000|0.000| | 1,460 |1,127| 7,619 |6,866(1,310] 0 [|0.170/0.170|0.170|{0.170| 0.170 | 0.170 || 1,759 | 1,358 | 9,180 | 8,272 |1,578| O
1991 | 647 [1,373| 3,004 |4,237| 342 | 5 [|0.046/0.647]|0.318|0.174(0.165|0.165|| 678 [3,891| 4,402 |5,132| 409 | 6 [[0.170/0.170]/0.170{0.170| 0.170 | 0.170 817 | 4,689 | 5,304 | 6,183 | 493 | 8
1992 | 2,181 | 396 | 2,895 |1,568| 259 | O [[0.081|0.022|0.281|0.164|0.346|0.346|| 2,374 | 405 | 4,028 |1,876| 397 | O [[0.170|0.170|0.170|0.170| 0.170 | 0.170 2,860 488 | 4,853 | 2,260 | 478 | O
1993 | 986 [2,350| 1,269 |3,135| 249 | 0 [|0.100/0.186|0.223|0.092(0.127]0.127|| 1,096 [2,889| 1,632 |3,453| 285 | 0 [|0.170(0.170]|0.170|{0.170| 0.170 | 0.170 || 1,320 | 3,480 | 1,967 | 4,161 | 344 | O
1994 | 1,424 [1,071| 5,374 |1,039| 255 | 0 [|0.005/0.000|0.036|0.063(0.678|0.678]| 1,432 [1,071| 5,573 |1,109| 791 | 0 [|0.170(0.170]|0.170|{0.170| 0.170 | 0.170 || 1,725 | 1,291 | 6,714 | 1,337 | 953 | O
1995| 528 (1,181 3,116 |7,005| 20 | O [[0.253]|0.005|0.141|0.027|0.404|0.404 707 1,187 3,629 (7,198 34 | 0 ||0.170{0.170(0.170{0.170| 0.170 | 0.170 852 1,430 | 4372 | 8673 | 41 | O
1996 | 301 [1,139| 6,827 |3,611| 519 | O [|0.000/0.000|0.026|0.053/0.050|0.050|| 301 [1,139| 7,008 |3,813| 547 | 0 [[0.170/0.170]|0.170|0.170| 0.170 | 0.170 362 | 1,373 | 8,443 | 4,594 | 659 | O
1997 | 55 196 | 3,915 |3,705| 42 | 0 ||0.000{0.310|0.019|0.081|0.000|0.000 55 | 284 | 3,991 [4,031] 42 | 0 [|0.170(0.170|0.170]{0.170| 0.170 | 0.170 66 343 14,809 | 4856 | 50 | O
1998 | 190 | 618 | 1,063 |3,064| 4 | O [|0.000/0.000]|0.000|0.086(0.000|0.000|{| 190 | 618 | 1,063 |3,351| 4 | 0 [[0.170/0.170]/0.170{0.170| 0.170 | 0.170 229 744 11,280 [4038| 5 |0
1999 | 122 622 | 1,149 | 390 | 37 0 [[0.000|0.000|0.000|0.000{0.237|0.000 122 | 622 | 1,149 | 390 | 49 | 0 ||0.170{0.170(0.170{0.170| 0.170 | 0.170 147 749 1,384 | 470 59 | 0
2000| 830 |1,424|4,955|1,133| 7 | 0 |[0.182]0.166|0.023|0.000|{0.000/0.000|| 1,015 |1,707| 5,074 |1,133| 7 | 0 ||0.170{0.170|0.170|0.170| 0.170 | 0.170 || 1,223 | 2,057 | 6,113 | 1,365 | 8 | O
2001] 1,152 |2,807| 7,361 |2,621| 17 | 0 |[0.000{0.355|0.064]|0.000|0.000|0.000] | 1,152 |4,352| 7,867 |2,621| 17 | 0 ||0.170|0.170|0.170|0.170| 0.170 | 0.170 || 1,388 | 5,244 | 9,479 | 3,157 | 20 | O
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Results

Brood Year 2 3 4 5 6 7 Total Recruits | Wild Outmigrants Smolt to Adult Survival Recruits per Spawner | Natural log (R/S)
1964 3,601 3,100 8,155 3,824 0 0 18,680 1.018 0.017
1965 867 1,012 3,478 867 0 0 6,224 0.721 -0.327
1966 428 1,489 3,650 5,050 0 0 10,616 0.902 -0.103
1967 1,832 2,520 21,570 4,174 0 0 30,096 3.342 1.207
1968 40,910 7,275 23,798 4,921 0 0 76,904 11.726 2.462
1969 1,123 3,293 8,084 3,466 0 0 15,966 3.097 1.130
1970 1,651 2,818 6,191 6,067 0 0 16,727 0.862 -0.148
1971 9,088 3,400 13,385 1,574 0 0 27,447 1.506 0.409
1972 4,117 4,420 2,981 2,500 0 0 14,019 0.818 -0.201
1973 2,430 1,271 6,092 1,833 119 0 11,745 1.010 0.009
1974 1,925 3,316 4,825 3,748 0 0 13,814 1.660 0.507
1975 1,974 2,544 6,483 6,079 0 0 17,079 1.283 0.249
1976 1,781 3,057 18,297 3,136 48 0 26,317 7.019 1.949
1977 2,748 5,211 17,501 3,009 0 0 28,470 2,620,000 0.011 4.098 1.411
1978 1,950 2,312 3,842 3,436 99 0 11,639 2,800,000 0.004 2.127 0.755
1979 3,460 3,959 11,403 3,664 18 0 22,504 2,410,000 0.009 2.814 1.035
1980 2,194 1,863 5,626 2,790 65 0 12,537 1.089 0.086
1981 2,435 2,027 5,076 4,485 19 0 14,041 0.837 -0.178
1982 2,379 2,976 10,659 2,352 0 0 18,365 2,880,000 0.006 2.524 0.926
1983 3,566 8,219 6,778 9,851 314 0 28,729 4,650,000 0.006 2441 0.892
1984 4,442 3,748 13,377 10,515 1,578 8 33,668 3,430,000 0.010 5.431 1.692
1985 4,730 2,848 5,652 8,272 493 0 21,995 3,010,000 0.007 3.378 1.217
1986 3,459 2,439 9,180 6,183 478 0 21,738 1,540,000 0.014 2.087 0.736
1987 1,745 1,358 5,304 2,260 344 0 11,009 1,740,000 0.006 0.979 -0.021
1988 1,759 4,689 4,853 4,161 953 0 16,414 1.567 0.449
1989 817 488 1,967 1,337 41 0 4,649 0.438 -0.825
1990 2,860 3,480 6,714 8,673 659 0 22,386 1.471 0.386
1991 1,320 1,291 4,372 4,594 50 0 11,628 1.390 0.330
1992 1,725 1,430 8,443 4,856 5 0 16,459 3.056 1.117
1993 852 1,373 4,809 4,038 59 0 11,130 1.809 0.593
1994 362 343 1,280 470 8 0 2,463 0.300 -1.204
1995 66 744 1,384 1,365 20 3,580 0.388 -0.947
1996 229 749 6,113 3,157
1997 147 2,057 9,479
1998 1,223 5,244
1999 1,388
2000
2001
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Notes:

Spawning escapement data for 1964-2001 were obtained from the Washington State salmon and steelhead stock inventory (WDF et al. 1993
and WDFW 2003).

Proportion of hatchery spawners for 1964-1979 and 2001 was estimated from the LCTRT escapement analysis (Myers et al. 2002).

Proportion of hatchery spawners for 1980-2000 was obtained from the NMFS SimSalmon database.

Prespawn mortality is assumed to be 5%.

Age composition data for years 1964 to 2001 (excluding 1979) were obtained from the StreamNet database.

Age composition data for 1979 is the average composition based on data in Myers et al. 2002 with reference to Hymer et al. 1992. StreamNet
data for 1979 were not complete.

Tributary, mainstem, and ocean annual harvest rates for 7 year olds are assumed to equal the annual harvest rate in each area for 6 year olds.
Tributary harvest rate for 1980-2001 was calculated from the “big sheets” using lower river wild (LRW) stock: tributary harvest divided by the
total run minus the mainstem harvest.

Tributary harvest rate for 1964-1979 was the 5-yr average calculated from the 1980-1984 “big sheets” using LRW stock: tributary harvest
divided by the total run minus the mainstem harvest.

Mainstem harvest rate for 1980-2001 was calculated from the “big sheets” using LRW stock: sum of mainstem harvest divided by the total run.
Mainstem harvest rate for 1964-1979 was the 5-yr average calculated from the 1980-1984 “big sheets” using LRW stock: sum of mainstem
harvest divided by the total run.

Ocean harvest rate for 1964-1989 was obtained from the Lewis River Subbasin Plan that summarized CWT recoveries for all available brood
years.

Ocean harvest rate for 1990-2001 was obtained from the Lewis River Subbasin Plan that summarized CWT recoveries for all available brood
years.

Wild outmigrant numbers were obtained from Table 17 in the Stock summary reports for Columbia River anadromous salmonids, VVolume I1I:
Washington. (Hymer et al. 1992).
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APPENDIX A-4. Wind River Spring Chinook Run Reconstruction Table
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Escapement Age Composition Spawners by Age Tributary Harvest Rate by Age
Ratio of Hatcher .
Run Year Hatchery Release/esc || Effective 3 4 5 6 3 4 5 6 3 4 5 6
Releases Goals Spawners
1963 1,698 0.030 0.610 0.359 0.001 51 1,035 610 2 0.089 0.122 0.140 0.133
1964 1,136 0.030 0.610 0.359 0.001 34 693 408 1 0.089 0.122 0.140 0.133
1965 2,411,600 1,420 1,081 0.030 0.610 0.359 0.001 32 659 388 1 0.089 0.122 0.140 0.133
1966 1,613,400 1,420 533 0.030 0.610 0.359 0.001 16 325 192 1 0.089 0.122 0.140 0.133
1967 1,534,500 1,420 829 0.030 0.610 0.359 0.001 25 506 298 1 0.089 0.122 0.140 0.133
1968 757,000 1,420 993 0.030 0.610 0.359 0.001 30 605 357 1 0.089 0.122 0.140 0.133
1969 1,177,700 1,420 1,085 0.030 0.610 0.359 0.001 32 661 390 1 0.089 0.122 0.140 0.133
1970 1,409,400 1,420 1,409 0.045 0.845 0.110 0 63 1,190 156 0 0.063 0.062 0.060 0.000
1971 1,540,600 1,420 1,408 0.224 0.607 0.169 0 315 855 238 0 0.089 0.105 0.114 0.000
1972 2,001,100 1,420 1,752 0.007 0.621 0.372 0 13 1,088 651 0 0.269 0.159 0.155 0.000
1973 1,999,500 1,420 2,159 0.046 0.467 0.487 0.000 100 1,008 1,051 0 0.129 0.165 0.163 0.000
1974 2,488,000 1,420 2,011 0.246 0.579 0.167 0.008 494 1,165 336 17 0.051 0.152 0.110 0.133
1975 3,066,000 1,420 1,262 0.002 0.944 0.054 0.000 3 1,191 68 0 0.333 0.331 0.332 0.000
1976 2,856,100 1,420 2,145 0.052 0.029 0.914 0.004 112 63 1,961 9 0.030 0.030 0.030 0.040
1977 1,791,800 1,420 1,830 0.007 0.977 0.015 0.000 14 1,788 28 0 0.185 0.339 0.342 0.000
1978 3,046,400 1,420 1,816 0.004 0.201 0.793 0.002 7 365 1,441 3 0.333 0.336 0.337 0.375
1979 2,598,912 1,420 1,213 0.002 0.916 0.082 0.000 2 1,111 100 0 0.200 0.224 0.224 0.000
1980 2,578,650 1,420 2,033 0.010 0.180 0.811 0.000 19 366 1,648 0 0.000 0.000 0.000 0.000
1981 1,722,080 1,420 1,684 0.001 0.354 0.631 0.014 2 595 1,063 23 0.000 0.000 0.000 0.000
1982 2,886,560 1,420 1,685 0.013 0.655 0.332 0.000 21 1,104 560 0 0.000 0.000 0.000 0.000
1983 2,390,971 1,420 1,778 0.004 0.430 0.567 0.000 6 764 1,007 0 0.000 0.000 0.000 0.000
1984 2,392,468 1,420 1,378 0.037 0.592 0.366 0.005 51 815 505 7 0.000 0.000 0.000 0.000
1985 2,524,164 1,420 1,397 0.011 0.759 0.230 0.000 16 1,060 322 0 0.000 0.000 0.000 0.000
1986 1,956,220 1,420 1,483 0.011 0.627 0.362 0.000 17 930 536 0 0.111 0.443 0.394 0.000
1987 1,983,639 1,420 1,646 0.002 0.563 0.436 0.000 3 926 717 0 0.100 0.296 0.227 0.000
1988 2,105,281 1,420 1,631 0.034 0.119 0.846 0.000 56 195 1,380 0 0.191 0.315 0.155 0.000
1989 2,336,788 1,420 1,635 0.051 0.820 0.125 0.003 84 1,341 204 6 0.298 0.331 0.179 0.200
1990 2,315,382 1,420 1,437 0.002 0.875 0.123 0.000 3 1,258 176 0 0.805 0.790 0.770 1.000
1991 2,321,285 1,420 1,546 0.009 0.272 0.717 0.003 13 420 1,108 5 0.707 0.693 0.634 0.633
1992 2,040,568 1,420 1,213 0.002 0.738 0.258 0.002 3 895 313 2 0.800 0.656 0.546 0.444
1993 2,195,192 1,420 639 0.003 0.328 0.669 0.000 2 210 428 0 0.843 0.756 0.679 0.000
1994 1,722,621 1,420 1,221 0.008 0.588 0.402 0.002 9 718 491 3 0.000 0.352 0.430 0.333
1995 907,708 1,420 997 0.184 0.639 0.177 0.000 184 637 176 0 0.000 0.000 0.000 0.000
1996 1,734,188 1,420 1,007 0.003 0.980 0.017 0.000 3 987 17 0 0.811 0.644 0.551 0.000
1997 1,415,744 1,420 1,133 0.002 0.855 0.144 0.000 2 968 163 0 0.889 0.814 0.769 0.000
1998 1,430,022 1,420 1,021 0.015 0.433 0.552 0.000 15 442 564 0 0.000 0.474 0.421 0.000
1999 1,608,684 1,420 1,133 0.025 0.946 0.030 0.000 28 1,071 34 0 0.742 0.705 0.647 0.000
2000 1,449,400 1,420 1,021 0.009 0.957 0.035 0.000 9 977 35 0 0.938 0.866 0.831 0.000
2001 1,608,684 1,420 1,178 0.043 0.879 0.079 0.000 50 1,036 93 0 0.882 0.929 0.890 0.000
2002 1,449,361 1,420
2003 1,673,255 1,420
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Wind River Run Size by Age Mainstem Harvest Rate by Age Columbia River Run Size by Age Ocean Harvest Rate Ocean Escapement by Age

Run Year| 3 4 5 6 3 4 5 6 3 4 5 6 3 4 5 6 3 4 5 6
1963 56 1,178 | 710 2 0.576 | 0.576 | 0.576 | 0.576 131 2,780 1,674 6 0.01 | 0.01 ] 0.01 0.01 132 2,808 1,691 6
1964 37 788 475 2 0.503 | 0.503 | 0.503 | 0.503 75 1,587 956 3 0.01 | 0.01 | 0.01 0.01 76 1,603 965 3
1965 35 750 451 2 0.614 | 0.614 | 0.614 | 0.614 92 1,942 1,169 4 0.01 0.01 | 0.01 0.01 93 1,962 1,181 4
1966 17 370 223 1 0.374 | 0.374 | 0.374 | 0.374 28 591 356 1 0.01 | 0.01] 0.01 0.01 28 596 359 1
1967 27 576 347 1 0.509 | 0.509 | 0.509 | 0.509 55 1,172 706 2 0.01 | 0.01 | 0.01 0.01 56 1,184 713 2
1968 32 689 415 1 0.355 | 0.355 | 0.355|0.355 50 1,068 643 2 0.01 | 0.01 ) 0.01 0.01 51 1,079 650 2
1969 36 753 453 2 0.307 | 0.307 | 0.307 | 0.307 51 1,086 654 2 0.01 | 0.01 ] 0.01 0.01 52 1,097 660 2
1970 67 1,269 166 0 0.412 | 0.412 | 0.412]0.412 115 2,160 282 0 0.01 | 0.01 ] 0.01 0.01 116 2,181 285 0
1971 346 955 269 0 0.309 | 0.309 | 0.309 | 0.309 501 1,383 389 0 0.01 | 0.01 ] 0.01 0.01 506 1,397 393 0
1972 18 1,294 | 771 0 0.439 | 0.439 | 0.439|0.439 32 2,308 1,375 0 0.01 | 0.01 ] 0.01 0.01 32 2,331 1,389 0
1973 114 | 1,208 |1,256| O 0.494 | 0.494 | 0.494 | 0.494 226 2,388 2,483 0 0.01 | 0.01 ] 0.01 0.01 228 2,412 2,508 0
1974 521 1,373 378 19 0.318 | 0.318 | 0.318 | 0.318 764 2,014 554 28 0.01 0.01 | 0.01 0.01 772 2,034 559 29
1975 4 1,782 102 0 0.002 | 0.002 | 0.002 | 0.002 4 1,785 102 0 0.01 | 0.01 ] 0.01 0.01 4 1,803 103 0
1976 116 65 2,022 | 10 0.004 | 0.004 | 0.004 | 0.004 116 65 2,030 10 0.01 | 0.01 ] 0.01 0.01 117 66 2,050 10
1977 17 2,705 43 0 0.253 | 0.253 | 0.253 | 0.253 22 3,622 58 0 0.01 0.01 | 0.01 0.01 22 3,658 58 0
1978 11 550 |2,172 5 0.038 | 0.038 | 0.038 | 0.038 11 572 2,258 5 0.01 | 0.01] 0.01 0.01 12 577 2,281 5
1979 2 1,431 129 0 0.030 | 0.030 | 0.030 | 0.030 2 1,476 132 0 0.01 | 0.01 ] 0.01 0.01 2 1,491 134 0
1980 19 366 1,648 0 0.025 | 0.025 | 0.025 | 0.025 20 375 1,689 0 0.01 0.01 | 0.01 0.01 20 379 1,706 0
1981 2 595 1,063 | 23 0.049 | 0.049 | 0.049 | 0.049 2 626 1,118 24 0.01 | 0.01] 0.01 0.01 2 633 1,130 25
1982 21 1,104 | 560 0 0.066 | 0.066 | 0.066 | 0.066 23 1,182 599 0 0.01 | 0.01 ] 0.01 0.01 23 1,194 605 0
1983 6 764 1,007 0 0.079 | 0.079 | 0.079 | 0.079 7 830 1,094 0 0.01 0.01 | 0.01 0.01 7 838 1,105 0
1984 51 815 505 7 0.083 | 0.083 | 0.083 | 0.083 55 889 551 8 0.01 | 0.01] 0.01 0.01 56 898 556 8
1985 16 1,060 | 322 0 0.062 | 0.062 | 0.062 | 0.062 17 1,129 343 0 0.01 | 0.01 ] 0.01 0.01 17 1,141 346 0
1986 19 1,669 885 0 0.061 | 0.061 | 0.061 | 0.061 20 1,778 943 0 0.01 0.01 | 0.01 0.01 20 1,796 953 0
1987 3 1,315 | 927 0 0.059 | 0.059 | 0.059 | 0.059 4 1,398 985 0 0.01 | 0.01 ] 0.01 0.01 4 1,412 995 0
1988 69 284 1633 O 0.116 | 0.116 | 0.116|0.116 78 322 1,846 0 0.01 | 0.01 ] 0.01 0.01 79 325 1,865 0
1989 120 2,003 249 7 0.078 | 0.078 | 0.078 | 0.078 130 2,172 270 8 0.01 0.01 | 0.01 0.01 131 2,194 273 8
1990 17 5,994 | 765 0 0.099 | 0.099 | 0.099 | 0.099 19 6,651 848 0 0.01 | 0.01] 0.01 0.01 20 6,718 857 0
1991 45 1,367 [3,028| 13 0.084 | 0.084 | 0.084 | 0.084 49 1,493 3,307 14 0.01 | 0.01 ] 0.01 0.01 50 1,508 3,340 14
1992 15 2,603 689 4 0.059 | 0.059 | 0.059 | 0.059 16 2,766 732 4 0.01 0.01 | 0.01 0.01 16 2,794 740 4
1993 11 860 1,335 O 0.051 | 0.051 | 0.051]0.051 11 905 1,406 0 0.01 | 0.01 ] 0.01 0.01 11 915 1,420 0
1994 9 1,108 | 862 4 0.078 | 0.078 | 0.078 | 0.078 10 1,201 935 4 0.01 | 0.01 ] 0.01 0.01 10 1,213 945 4
1995 184 637 176 0 0.040 | 0.040 | 0.040 | 0.040 191 663 184 0 0.01 0.01 | 0.01 0.01 193 670 186 0
1996 17 2,773 38 0 0.036 | 0.036 | 0.036 | 0.036 18 2,876 39 0 0.01 | 0.01] 0.01 0.01 18 2,905 40 0
1997 18 5,209 706 0 0.048 | 0.048 | 0.048 | 0.048 18 5,469 742 0 0.01 | 0.01 ] 0.01 0.01 19 5,524 749 0
1998 15 839 974 0 0.038 | 0.038 | 0.038 | 0.038 16 872 1,012 0 0.01 0.01 | 0.01 0.01 16 881 1,022 0
1999 109 | 3,627 95 0 0.034 | 0.034 | 0.034 | 0.034 113 3,754 98 0 0.01 | 0.01 ] 0.01 0.01 114 3,792 99 0
2000 139 | 7,303 | 210 0 0.043 | 0.043 | 0.043 | 0.043 145 7,630 220 0 0.01 | 0.01 | 0.01 0.01 147 7,707 222 0
2001 426 | 14,687 | 843 0 0.145 | 0.145 | 0.145 | 0.145 498 17,186 986 0 0.01 0.01 | 0.01 0.01 503 17,360 996 0
2002

2003
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Results
Brood Year 3 4 5 6 Total Recruits Smolt to Adult Survival Recruits per Spawner Natural log (R/S)
1963 28 1,184 650 2 1,864 1.097 0.093
1964 56 1,079 660 0 1,795 1.580 0.457
1965 51 1,097 285 0 1,433 0.001 1.326 0.282
1966 52 2,181 393 0 2,626 0.002 4.925 1.594
1967 116 1,397 1,389 0 2,902 0.002 3.499 1.252
1968 506 2,331 2,508 29 5,374 0.007 5.415 1.689
1969 32 2,412 559 0 3,003 0.003 2.768 1.018
1970 228 2,034 103 10 2,376 0.002 1.686 0.522
1971 772 1,803 2,050 0 4,625 0.003 3.284 1.189
1972 4 66 58 5 133 0.000 0.076 -2.579
1973 117 3,658 2,281 0 6,057 0.003 2.805 1.032
1974 22 577 134 0 734 0.000 0.365 -1.009
1975 12 1,491 1,706 25 3,233 0.001 2.562 0.941
1976 2 379 1,130 0 1,511 0.001 0.704 -0.350
1977 20 633 605 0 1,258 0.001 0.687 -0.375
1978 2 1,194 1,105 8 2,308 0.001 1.271 0.240
1979 23 838 556 0 1,417 0.001 1.169 0.156
1980 7 898 346 0 1,251 0.000 0.616 -0.485
1981 56 1,141 953 0 2,149 0.001 1.276 0.244
1982 17 1,796 995 0 2,808 0.001 1.667 0.511
1983 20 1,412 1,865 8 3,305 0.001 1.859 0.620
1984 4 325 273 0 601 0.000 0.436 -0.829
1985 79 2,194 857 14 3,144 0.001 2.251 0.811
1986 131 6,718 3,340 4 10,194 0.005 6.876 1.928
1987 20 1,508 740 0 2,268 0.001 1.378 0.321
1988 50 2,794 1,420 4 4,267 0.002 2.617 0.962
1989 16 915 945 0 1,875 0.001 1.147 0.137
1990 11 1,213 186 0 1,410 0.001 0.981 -0.019
1991 10 670 40 0 720 0.000 0.466 -0.764
1992 193 2,905 749 0 3,847 0.002 3.171 1.154
1993 18 5,524 1,022 0 6,565 0.003 10.270 2.329
1994 19 881 99 0 999 0.001 0.818 -0.201
1995 16 3,792 222 0 4,029 0.004 4.042 1.397
1996 114 7,707 996
1997 147 17,360
1998 503
1999
2000
2001
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Notes:

Hatchery releases obtained from USFWS NFH database (Steve Pastor, personal communication).

Ratio of release goals to escapement goals was based on 2002 production levels reported in the most recent HGMP.

Annual effective spawners calculated by dividing annual hatchery releases by the ratio of release goals/escapement goals.

Age composition for 1970-2001 was calculated from WDFW data on Carson NFH spring chinook escapement by age and return year; age
composition for 1965-69 is the average based on all years of available data (i.e. 1970-2001).

Tributary harvest rates for 1970-2001 are derived from WDFW data and were calculated as the Wind river sport harvest plus the Wind River
tribal harvest plus Carson NFH tribal distributions divided by total run by age and return year; tributary harvest for 1965-69 is the 5-yr average
based on harvest data for 1970-74.

Mainstem harvest rates are from the Biological Assessment Tables, Table 1; calculated as the Zone 1-5 commercial, sport, and miscellaneous
harvest plus Zone 6 commercial and ceremonial and subsistence harvest with a 35% reduction (i.e. 65% of zone 6 harvest) divided by the total
upriver run; these harvest rates are not age-specific.

Ocean harvest rate was assumed to be 1%.
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APPENDIX A-5. Little White Salmon Spring Chinook Run Reconstruction Table
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Escapement Age Composition Spawners by Age Tributary Harvest Rate by Age

Hatchery Ratio of Hatchery Effective
Run Year Releases Release/Esc Goals Spawners 3 4 5 6 3 4 5 6 3 4 5 6
1965 177 0.050 0.704 0.244  0.002 9 124 43 0 0.037 0.000 0.000 0.000
1966 304 0.050 0.704 0.244 0.002 15 214 74 1 0.037 0.000 0.000 0.000
1967 265,100 1,500 465 0.050 0.704 0.244 0.002 23 327 113 1 0.037 0.000 0.000 0.000
1968 456,700 1,500 384 0.050 0.704 0.244 0.002 19 270 94 1 0.037 0.000 0.000 0.000
1969 696,900 1,500 384 0.050 0.704 0.244 0.002 19 270 94 1 0.037 0.000 0.000 0.000
1970 576,300 1,500 709 0.159 0.201 0.582 0.059 113 142 413 42 0.000 0.000 0.000 0.000
1971 575,900 1,500 672 0.119 0.851 0.030 0.000 80 572 20 0 0.020 0.000 0.000 0.000
1972 1,063,900 1,500 381 0.060 0501 0.439 0.000 23 191 167 0 0.000 0.000 0.000 0.000
1973 1,007,400 1,500 463 0.050 0.480 0.453 0.017 23 222 209 8 0.250 0.000 0.000 0.000
1974 571,700 1,500 414 0.194 0.222 0.500 0.083 81 92 207 35 0.125 0.000 0.000 0.000
1975 694,000 1,500 527 0.019 0.820 0.152 0.009 10 432 80 4 0.000 0.000 0.000 0.000
1976 621,100 1,500 490 0.218 0.350 0.433 0.000 107 171 212 0 0.000 0.000 0.000 0.000
1977 790,400 1,500 430 0.020 0.889 0.088 0.003 9 383 38 1 0.000 0.000 0.000 0.000
1978 734,800 1,500 456 0.111 0.190 0.687 0.012 51 87 313 5 0.059 0.000 0.000 0.000
1979 645,680 1,500 500 0.023 0.842 0.125 0.010 12 421 63 5 0.000 0.125 0.088 0.000
1980 683,682 1,500 142 0.106 0.551 0.343 0.000 15 78 49 0 0.000 0.000 0.000 0.000
1981 750,262 1,500 903 0.000 0.950 0.049 0.000 0 858 45 0 0.000 0.002 0.023 0.000
1982 212,994 1,500 275 0.045 0.131 0.823 0.001 12 36 226 0 0.000 0.735 0.743 0.875
1983 1,354,959 1,500 344 0.005 0.360 0.635 0.000 2 124 218 0 0.000 0.047 0.038 0.000
1984 412,212 1,500 345 0.092 0432 0.477 0.000 32 149 164 0 0.000 0.000 0.000 0.000
1985 516,252 1,500 333 0.045 0.873 0.081 0.000 15 291 27 0 0.044 0.385 0.403 0.000
1986 517,446 1,500 308 0.192 0.611 0.197 0.000 59 188 61 0 0.060 0.961 0.996 0.000
1987 499,796 1,500 678 0.124  0.807 0.069 0.000 84 547 47 0 0.105 0.574 0.577 0.000
1988 461,446 1,500 1,118 0.048 0355 0.594 0.003 54 397 664 3 0.199 0.581 0.641 0.462
1989 1,016,706 1,500 539 0.040 0.900 0.060 0.000 21 485 33 0 0.265 0.546 0.452 1.000
1990 1,677,694 1,500 663 0.013 0.849 0.138 0.000 8 563 92 0 0.342 0.509 0.481 0.000
1991 809,079 1,500 705 0.037 0.377 0.586 0.000 26 266 413 0 0.120 0.260 0.350 0.000
1992 994,588 1,500 641 0.012 0.883 0.105 0.000 8 566 67 0 0.514 0.650 0.713 0.000
1993 1,057,864 1,500 455 0.005 0.343 0.648 0.004 2 156 295 2 0.500 0.737 0.687 0.467
1994 961,515 1,500 711 0.007 0576 0.413 0.005 5 409 294 3 0.000 0.194 0.312 0.667
1995 682,623 1,500 716 0.285 0546 0.166  0.003 204 391 119 2 0.000 0.000 0.000 0.000
1996 1,066,702 1,500 744 0.015 0965 0.019 0.000 11 718 14 0 0.763 0.650 0.603 0.000
1997 1,074,173 1,500 678 0.011 0553 0.436 0.000 7 375 295 0 0.231 0.814 0.719 0.000
1998 1,115,384 1,500 692 0.020 0.528 0.452 0.000 14 365 313 0 0.000 0.000 0.000 0.000
1999 1,016,574 1,500 678 0.033 0.933 0.034 0.000 22 632 23 0 0.442 0.371 0.353 0.000
2000 1,037,400 1,500 692 0.009 0.904 0.088 0.000 6 625 61 0 0.830 0.677 0.691 0.000
2001 1,016,574 1,500 675 0.013 0935 0.052 0.000 9 631 35 0 0.858 0.697 0.753 0.000
2002 1,037,382 1,500 0.006 0.909 0.085 0.000 0 0 0 0 0.798 0.853 0.803 0.000
2003 1,012,339 1,500
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LWS River Run Size by Age

Mainstem Harvest Rate by Age

Columbia River Run Size by Age

Ocean Harvest Rate

Ocean Escapement by Age

Run Year 3 4 5 6 3 4 5 6 3 4 5 3 4 5 6 3 4 5 6
1965 9 124 43 0 0.626 | 0.626 0.626 0.626 25 332 115 1 0.01 0.01 0.01 0.01 25 336 | 117 1
1966 16 214 74 1 0.375 | 0.375 0.375 0.375 26 343 119 1 0.01 0.01 0.01 0.01 26 346 | 120 1
1967 24 327 | 113 1 0.517 | 0.517 0.517 0.517 50 677 235 2 0.01 0.01 0.01 0.01 51 684 | 237 2
1968 20 270 94 1 0.368 | 0.368 0.368 0.368 32 428 149 1 0.01 0.01 0.01 0.01 32 432 | 150 1
1969 20 270 94 1 0.323 | 0.323 0.323 0.323 30 399 139 1 0.01 0.01 0.01 0.01 30 403 | 140 1
1970 113 | 142 | 413 42 0.421 | 0.421 0.421 0.421 195 246 712 72 0.01 0.01 0.01 0.01 197 | 248 | 720 | 72
1971 81 572 20 0 0.318 | 0.318 0.318 0.318 119 838 29 0 0.01 0.01 0.01 0.01 121 | 846 30 0
1972 23 191 | 167 0 0.455 | 0.455 0.455 0.455 42 351 307 0 0.01 0.01 0.01 0.01 42 354 | 310 0
1973 31 222 | 209 8 0.510 | 0.510 0.510 0.510 63 453 427 16 0.01 0.01 0.01 0.01 64 458 | 431 | 16
1974 92 92 207 35 0.336 | 0.336 0.336 0.336 139 139 312 52 0.01 0.01 0.01 0.01 140 | 140 | 315 | 52
1975 10 432 80 4 0.002 | 0.002 0.002 0.002 10 433 80 5 0.01 0.01 0.01 0.01 10 437 81 5
1976 107 | 171 | 212 0 0.005 | 0.005 0.005 0.005 107 172 213 0 0.01 0.01 0.01 0.01 108 | 174 | 215 0
1977 9 383 38 1 0.267 | 0.267 0.267 0.267 12 522 52 2 0.01 0.01 0.01 0.01 12 527 52 2
1978 54 87 313 5 0.044 | 0.044 0.044 0.044 56 91 328 6 0.01 0.01 0.01 0.01 57 92 331 6
1979 12 481 69 5 0.034 | 0.034 0.034 0.034 12 498 71 5 0.01 0.01 0.01 0.01 12 503 72 5
1980 15 78 49 0 0.028 | 0.028 0.028 0.028 15 81 50 0 0.01 0.01 0.01 0.01 16 81 51 0
1981 0 860 46 0 0.055 | 0.055 0.055 0.055 0 910 48 0 0.01 0.01 0.01 0.01 0 919 49 0
1982 12 136 | 879 3 0.073 | 0.073 0.073 0.073 13 147 948 3 0.01 0.01 0.01 0.01 13 149 | 958 3
1983 2 130 | 227 0 0.083 | 0.083 0.083 0.083 2 142 248 0 0.01 0.01 0.01 0.01 2 143 | 250 0
1984 32 149 | 164 0 0.090 | 0.090 0.090 0.090 35 164 181 0 0.01 0.01 0.01 0.01 35 165 | 183 0
1985 16 473 45 0 0.065 | 0.065 0.065 0.065 17 506 49 0 0.01 0.01 0.01 0.01 17 511 49 0
1986 63 |4,766 (15,852 O 0.067 | 0.067 0.067 0.067 67 5,110 | 16,996 0 0.01 0.01 0.01 0.01 68 |5,161(17,168| O
1987 94 11,284 111 0 0.066 | 0.066 0.066 0.066 101 | 1,375 118 0 0.01 0.01 0.01 0.01 102 1,389 | 120 0
1988 67 947 11,849 6 0.123 | 0.123 0.123 0.123 76 1,080 | 2,109 7 0.01 0.01 0.01 0.01 77 11,091[2130| 7
1989 29 11,069| 59 0 0.086 | 0.086 0.086 0.086 32 1,169 65 0 0.01 0.01 0.01 0.01 32 |1,181| 66 0
1990 13 1,146 177 0 0.106 | 0.106 0.106 0.106 14 1,281 197 0 0.01 0.01 0.01 0.01 14 1,294 | 199 0
1991 30 359 | 636 0 0.091 | 0.091 0.091 0.091 32 395 700 0 0.01 0.01 0.01 0.01 33 399 | 707 0
1992 16 [1,618| 234 0 0.065 | 0.065 0.065 0.065 17 1,731 250 0 0.01 0.01 0.01 0.01 17 |1,749| 253 0
1993 5 593 | 943 3 0.057 | 0.057 0.057 0.057 5 629 1,000 3 0.01 0.01 0.01 0.01 5 635 1011 3
1994 5 508 | 427 10 0.083 | 0.083 0.083 0.083 5 554 465 11 0.01 0.01 0.01 0.01 5 559 | 470 | 11
1995 204 | 391 | 119 2 0.046 | 0.046 0.046 0.046 214 410 124 2 0.01 0.01 0.01 0.01 216 | 414 | 126 2
1996 47 12,050| 37 0 0.041 | 0.041 0.041 0.041 49 2,138 38 0 0.01 0.01 0.01 0.01 50 ]2,160| 38 0
1997 10 [2,021]1,051 0 0.055 | 0.055 0.055 0.055 10 2,138 | 1,112 0 0.01 0.01 0.01 0.01 10 [2,160[1,124| O
1998 14 365 | 313 0 0.044 | 0.044 0.044 0.044 15 382 327 0 0.01 0.01 0.01 0.01 15 386 | 330 0
1999 40 |1,005| 36 0 0.039 | 0.039 0.039 0.039 41 1,045 38 0 0.01 0.01 0.01 0.01 42 1,056 38 0
2000 36 1,934 196 0 0.049 | 0.049 0.049 0.049 38 2,034 206 0 0.01 0.01 0.01 0.01 38 |2,054| 208 0
2001 61 [2,084| 141 0 0.159 | 0.159 0.159 0.159 73 2,477 168 0 0.01 0.01 0.01 0.01 73 12,502 | 169 0
2002 0 0 0 0 0.107 | 0.107 0.107 0.107 0 0 0 0 0.01 0.01 0.01 0.01 0 0 0 0
2003

RUN RECONSTRUCTION 2-63 May 2004




Results

Brood Year 3 4 5 6 Total Recruits Smolt to Adult Survival Recruits/Spawner Natural Log (R/S)
1965 32 403 720 0 1,155 6.534 1.877
1966 30 248 30 0 308 1.012 0.012
1967 197 846 310 16 1,369 0.005 2.947 1.081
1968 121 354 431 52 958 0.002 2.494 0.914
1969 42 458 315 5 820 0.001 2.135 0.759
1970 64 140 81 0 285 0.000 0.402 -0.912
1971 140 437 215 2 794 0.001 1.183 0.168
1972 10 174 52 6 242 0.000 0.635 -0.454
1973 108 527 331 5 971 0.001 2.099 0.742
1974 12 92 72 0 175 0.000 0.423 -0.860
1975 57 503 51 0 611 0.001 1.159 0.147
1976 12 81 49 3 145 0.000 0.296 -1.217
1977 16 919 958 0 1,892 0.002 4.396 1.481
1978 0 149 250 0 399 0.001 0.875 -0.133
1979 13 143 183 0 339 0.001 0.678 -0.388
1980 2 165 49 0 216 0.000 1.524 0.422
1981 35 511 17,168 0 17,714 0.024 19.610 2.976
1982 17 5,161 120 7 5,305 0.025 19.306 2.960
1983 68 1,389 2,130 0 3,587 0.003 10.422 2.344
1984 102 1,091 66 0 1,258 0.003 3.648 1.294
1985 77 1,181 199 0 1,458 0.003 4.375 1.476
1986 32 1,294 707 0 2,033 0.004 6.609 1.889
1987 14 399 253 3 670 0.001 0.988 -0.012
1988 33 1,749 1,011 11 2,803 0.006 2.506 0.919
1989 17 635 470 2 1,125 0.001 2.085 0.735
1990 5 559 126 0 690 0.000 1.040 0.040
1991 5 414 38 0 458 0.001 0.649 -0.433
1992 216 2,160 1,124 0 3,500 0.004 5.460 1.697
1993 50 2,160 330 0 2,539 0.002 5.580 1.719
1994 10 386 38 0 434 0.000 0.610 -0.495
1995 15 1,056 208 0 1,279 0.002 1.786 0.580
1996 42 2,054 169 0
1997 38 2,502 0
1998 73 0
1999 0
2000
2001
2002
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Notes:

Hatchery releases were obtained from USFWS NFH database (Steve Pastor, personal communication).

Ratio of release goals to escapement goals were based on 2002 production levels reported in the most recent HGMP.

Annual effective spawners calculated by dividing annual hatchery releases by the ratio of release goals/escapement goals.

Age composition for 1970-2002 was calculated based on WDFW data of Little White Salmon NFH spring chinook escapement by age and
return year; age composition for 1967-69 is the average of all years of available data.

Tributary harvest rates for 1970-2001 were derived from WDFW data and calculated as the Little White Salmon River sport harvest plus tribal
harvest plus tribal distributions divided by the total run by age and return year.

Tributary harvest rates for 1967-69 was the 5-yr average of harvest for 1970-1974; tributary harvest for 2002 was the 5-yr average harvest for
1997-2001.

Mainstem harvest rates were calculated from the Biological Assessment Tables, Table 1; Zone 1-5 commercial, sport, and miscellaneous
harvest plus Zone 6 commercial and ceremonial and subsistence harvest with a 25% reduction (i.e. 75% of zone 6 harvest) divided by the total
upriver run; these harvest rates are not age-specific.

Mainstem harvest rate for 2002 was the most recent 5-yr average harvest for 1997-2001.

Ocean harvest rate was assumed to be 1%.
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APPENDIX A-6. Kalama Winter Steelhead Run Reconstruction Table
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Escapement Spawners Tributary Harvest || Kalama River Run Size || Mainstem Harvest Rate
Total Proportion Wild Proportion| Hatchery [Prespawn Wwild Hatchery | Total
Run Year |Escapement Wild Escapement| Hatchery |Escapement| Mortality ||Spawners|Spawners|Spawners|| Wild | Hatchery Wild Hatchery Wild Hatchery
1976-77 946 0.82 774 0.18 172 0.05 735 163 899 1,229 170 1,964 333 0.007 0.007
1977-78 1,615 0.43 694 0.57 921 0.05 659 875 1,534 1,114 998 1,773 1,873 0.007 0.007
1978-79 521 0.71 371 0.29 150 0.05 352 143 495 647 161 999 304 0.018 0.018
1979-80 1,347 0.76 1,025 0.24 322 0.05 974 306 1,280 1,067 585 2,041 891 0.004 0.004
1980-81 2,770 0.78 2,150 0.22 620 0.05 2,043 589 2,632 2,162 318 4,205 907 0.010 0.010
1981-82 1,108 0.78 869 0.22 239 0.05 826 227 1,053 1,719 453 2,545 680 0.009 0.009
1982-83 874 0.61 532 0.39 342 0.05 505 325 830 1,020 298 1,525 623 0.026 0.026
1983-84 2,007 0.47 943 0.53 1,064 0.05 896 1,011 1,907 959 617 1,855 1,628 0.007 0.007
1984-85 1,067 0.59 632 0.41 435 0.05 600 413 1,014 1,487 | 1,126 2,087 1,539 0.006 0.006
1985-86 2,532 0.36 919 0.64 1,613 0.05 873 1,532 2,405 643 1,179 1,516 2,711 0.001 0.008
1986-87 1,794 0.55 982 0.45 812 0.05 933 771 1,704 218 647 1,151 1,418 0.002 0.021
1987-88 2,135 0.51 1,079 0.49 1,056 0.05 1,025 1,003 2,028 486 943 1,511 1,946 0.001 0.008
1988-89 770 0.66 506 0.34 264 0.05 481 251 732 571 1,447 1,052 1,698 0.002 0.017
1989-90 756 0.47 356 0.53 400 0.05 338 380 718 424 970 762 1,350 0.000 0.003
1990-91 1,288 0.74 959 0.26 329 0.05 911 313 1,224 26 871 937 1,184 0.002 0.018
1991-92 2,847 0.69 1,974 0.31 873 0.05 1,875 829 2,705 15 1,342 1,890 2,171 0.000 0.005
1992-93 1,155 0.73 843 0.27 312 0.05 801 296 1,097 75 790 876 1,086 0.001 0.009
1993-94 916 0.79 725 0.21 191 0.05 689 181 870 13 195 702 376 0.000 0.003
1994-95 1,315 0.78 1,030 0.22 285 0.05 979 271 1,249 53 270 1,032 541 0.000 0.004
1995-96 1,606 0.45 725 0.55 881 0.05 689 837 1,526 48 1,088 737 1,925 0.000 0.000
1996-97 505 0.9 456 0.1 49 0.05 433 47 480 33 74 466 120 0.000 0.004
1997-98 413 1 413 0 0 0.05 392 0 392 28 0 420 0 0.001 0.007
1998-99 478 1 478 0 0 0.05 454 0 454 46 0 500 0 0.000 0.000
1999-2000 817 1 817 0 0 0.05 776 0 776 99 0 875 0 0.001 0.008
2000-01 922 1 922 0 0 0.05 876 0 876 51 0 927 0 0.001 0.005
2001-02 1,355 1 1,355 0 0 0.05 1,287 0 1,287 59 0 1,346 0 0.025 0.025
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Columbia River Run Size| | Ocean Harvest Rate | | Ocean Escapement Wild Age Composition Hatchery Age Composition

Run Year Wild Hatchery Wild Hatchery wild Hatchery 2 3 4 5 6 7 8 1 2 3 4 5 6 7

1976-77 1,979 336 0.005 0.005 1,989 338 0.00 | 0.18 | 0.44 | 0.24 | 0.11 | 0.03 | 0.01 0 0.004| 0.176 |0.441 [0.2360.108 [0.035
1977-78 1,786 1,886 0.005 0.005 1,795 1,896 0.00 | 0.12 | 0.48 | 0.36 | 0.03 | 0.00 | 0.00 0 0.003| 0.118 [0.482 |0.358|0.034 |0.005
1978-79 1,018 309 0.005 0.005 1,023 311 0.00 | 0.06 | 0.52 | 0.37 | 0.05 | 0.00 | 0.00 0 0.003| 0.056 |0.524|0.367| 0.05 0

1979-80 2,050 895 0.005 0.005 2,060 899 0.00 | 0.06 | 0.64 | 0.26 | 0.03 | 0.00 | 0.00 0 0.001 | 0.063 |0.644 [0.264|0.027 {0.001
1980-81 4,247 916 0.005 0.005 4,268 921 0.00 | 0.07 | 0.44 | 0.42 | 0.06 | 0.00 | 0.00 0.002 | 0.835| 0.163 0 0

1981-82 2,568 686 0.005 0.005 2,580 690 0.00 | 0.06 | 0.43 | 0.47 | 0.04 | 0.01 | 0.00 0 0.619| 0.371 |0.011 0

1982-83 1,566 640 0.005 0.005 1,574 643 0.00 | 0.06 | 0.33 | 0.55 | 0.06 | 0.00 | 0.00 0 0.487 | 0.487 |0.024 0

1983-84 1,869 1,640 0.005 0.005 1,878 1,648 0.01 | 0.13 | 0.56 | 0.24 | 0.05 | 0.00 | 0.00 0.039 | 0.904| 0.057 0 0

1984-85 2,101 1,549 0.005 0.005 2,111 1,557 0.01 ] 0.12 | 045 | 041 | 0.01 | 0.00 | 0.00 0.071 |0.753| 0.153 |0.024| O 0 0

1985-86 1,517 2,733 0.005 0.005 1,525 2,746 0.00 | 0.11 | 0.53 | 0.30 | 0.05 | 0.01 | 0.00 0.012 | 0.79 0.185 | 0.012 0 0 0

1986-87 1,153 1,449 0.005 0.005 1,159 1,456 0.01 | 0.08 | 0.41 | 0.44 | 0.06 | 0.00 | 0.00 0.015 |0.677| 0.293 |0.015 0 0 0

1987-88 1,512 1,961 0.005 0.005 1,520 1,971 0.00 | 0.02 | 0.56 | 0.39 | 0.03 | 0.00 | 0.00 0.07 0.79 | 0.123 | 0.018 0 0 0

1988-89 1,053 1,727 0.005 0.005 1,059 1,736 0.00 | 0.09 | 0.59 | 0.29 | 0.03 | 0.00 | 0.00 0.013 | 0.64 0.346 0 0 0 0

1989-90 762 1,354 0.005 0.005 766 1,361 0.00 | 0.01 | 0.46 | 0.48 | 0.06 | 0.00 | 0.00 0.005 |0.836| 0.158 0 0 0 0

1990-91 939 1,205 0.005 0.005 943 1,211 0.00 | 0.04 | 0.43 | 0.48 | 0.05 | 0.00 | 0.00 0.035 |0.769| 0.197 0 0 0 0

1991-92 1,891 2,182 0.005 0.005 1,901 2,193 0.00 | 0.03 | 0.65 | 0.29 | 0.04 | 0.00 | 0.00 0.014 |0.874| 0.112 0 0 0 0

1992-93 877 1,096 0.005 0.005 881 1,102 0.00 | 0.05 | 0.32 | 0.55 | 0.07 | 0.00 | 0.00 0.005 [0.791| 0.199 |0.003|0.003| O 0

1993-94 702 377 0.005 0.005 705 379 0.00 | 0.04 | 0.72 | 0.20 | 0.04 | 0.00 | 0.00 0.004 |[0.836| 0.141 |0.019 0 0 0

1994-95 1,032 543 0.005 0.005 1,037 546 0.00 | 0.03 | 0.56 | 0.38 | 0.03 | 0.00 | 0.00 0 0 0.037 | 0.722 |0.202 | 0.038 |0.001
1995-96 737 1,925 0.005 0.005 740 1,935 0.00 | 0.03 | 0.62 | 0.33 | 0.02 | 0.00 | 0.00 0 0 0.027 |0.562]0.375|0.035 |0.001
1996-97 466 121 0.005 0.005 469 121 0.00 | 0.05 | 0.60 | 0.33 | 0.02 | 0.00 | 0.00 0 0 0.027 |0.622]0.328| 0.02 |0.004
1997-98 421 0 0.005 0.005 423 0 0.00 | 0.07 | 0.51 | 0.37 | 0.04 | 0.00 | 0.00 0 0 0.047 |0.602]0.333|0.018| O

1998-99 500 0 0.005 0.005 503 0 0.00 | 0.07 | 0.51 | 0.37 | 0.04 | 0.00 | 0.00 0 0 0.029 | 0.529 |0.394|0.045 |0.003
1999-2000 876 0 0.005 0.005 880 0 0.00 | 0.07 | 0.51 | 0.37 | 0.04 | 0.00 | 0.00 0 0 0.03 0.53 | 0.392 | 0.046 [0.002
2000-01 927 0 0.005 0.005 932 0 0.00 | 0.07 | 0.51 | 0.37 | 0.04 | 0.00 | 0.00 0 0 0.029 | 0.529 | 0.393 | 0.046 |0.002
2001-02 1,381 0 0.005 0.005 1,388 0 0.00 | 0.07 | 0.51 | 0.37 | 0.04 | 0.00 | 0.00 0.012 | 0.442| 0.144 ]0.245]0.142]0.018 |0.001
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Hatchery Recruits by Age
Run Year 1 2 3 4 5 6 7
1976-77 0 1 59 149 80 36 12
1977-78 0 6 224 914 679 64 9
1978-79 0 1 17 163 114 16 0
1979-80 0 1 57 579 237 24 1
1980-81 2 769 150 0 0 0 0
1981-82 0 427 256 8 0 0 0
1982-83 0 313 313 15 0 0 0
1983-84 64 1,490 94 0 0 0 0
1984-85 111 1,172 238 37 0 0 0
1985-86 33 2,170 508 33 0 0 0
1986-87 22 986 427 22 0 0 0
1987-88 138 1,557 242 35 0 0 0
1988-89 23 1,111 601 0 0 0 0
1989-90 7 1,138 215 0 0 0 0
1990-91 42 931 239 0 0 0 0
1991-92 31 1,916 246 0 0 0 0
1992-93 6 871 219 3 3 0 0
1993-94 2 317 53 7 0 0 0
1994-95 0 0 20 394 110 21 1
1995-96 0 0 52 1,087 725 68 2
1996-97 0 0 3 75 40 2 0
1997-98 0 0 0 0 0 0 0
1998-99 0 0 0 0 0 0 0
1999-2000 0 0 0 0 0 0 0
2000-01 0 0 0 0 0 0 0
2001-02 0 0 0 0 0 0 0
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Wild Recruits by Age Hatchery Recruits by Age Total Recruits Productivity
Total Natural log

Brood Total Wild Hatchery | Hatchery Total Total Natural log| (Hatchery [Natural log
Year | 2 3 4 5 6 7 | Recruits | Wild R/S 1 2 3 5 6 | 7 | Recruits R/S Recruits | R/S (Wild R/S) R/S) (Total R/S)
1977 2 312 11,102 87119 | 0 2,383 3.241 0 1 150 8 0 0|0 159 0.970 2,541 2.828 1.176 -0.030 1.040
1978 | O 145 | 514 | 458 | 17 | 9 1,144 1.735 0 769 | 256 15 0 0|0 1,040 1.189 2,184 1.423 0.551 0.173 0.353
1979| O 98 [1,060| 865 |74 | 0 2,096 5.948 2 427 | 313 0 0 0|0 742 5.205 2,838 | 5.734 1.783 1.650 1.746
1980| O 252 | 957 | 455|711 0 1,735 1.781 0 313 94 37 0 0|0 444 1.453 2,179 1.703 0.577 0.373 0.532
1081 | 13 | 256 | 814 | 514 |44 | O 1,640 0.803 0 [1,490| 238 | 33 0 0|0 1,761 2.990 3,401 | 1.293 -0.219 1.095 0.257
1982 | 17 | 172 | 480 | 586 | 30 | O 1,286 1.557 64 |1,172| 508 22 0 0|0 1,767 7.780 3,052 2.900 0.443 2.052 1.065
1983| 0 88 853 [ 303 |42 | 0 1,286 2.545 111 | 2,170 427 | 35 0 0|0 2,742 8.440 4,028 | 4.852 0.934 2.133 1.579
1984 | 7 31 622 | 364 |45 | 0 1,069 1.193 33 | 986 | 242 0 0 0|0 1,261 1.248 2,330 | 1.222 0.176 0.221 0.200
1985| 6 99 356 | 457 | 71 | 2 991 1.651 22 | 1,557 | 601 0 0 0|0 2,179 5.274 3,171 | 3.128 0.501 1.663 1.140
1986| 5 4 403 | 542 | 65| 0 1,020 1.168 138 [ 1,111 | 215 0 0 0|0 1,464 0.955 2,483 | 1.032 0.155 -0.046 0.032
1987| O 38 11239485 | 26 | 1 1,790 1.919 23 11,138 | 239 0 3 0 1 1,403 1.818 3,193 1.873 0.652 0.598 0.628
1988 | O 48 286 | 142 | 36 | 2 514 0.501 7 931 | 246 3 0 |21 |2 1,210 1.206 1,724 | 0.850 -0.690 0.187 -0.163
1989| O 43 510 | 389 | 15| 0 957 1.991 42 1,916 219 7 110 68 | O 2,364 9.424 3,321 | 4.539 0.689 2.243 1.513
1990| O 26 583 | 242 | 8 1 861 2.545 31 | 871 | 53 | 394 | 725 | 2 2,077 5.467 2,938 | 4.091 0.934 1.699 1.409
1991 O 28 461 | 156 | 19 | 1 664 0.729 6 317 | 20 [1,087| 40 -0.316
1992| O 20 282 156 | 22 | 2 483 0.258 2 52 75 -1.357
1993| O 22 217 | 186 | 39 | 3 466 0.582 0 0 3 -0.541
1994| 0O 29 258 [ 326 | 41 | 4 657 0.954 0 -0.047
1995| 1 34 452 | 345162 | 0 893 0.912 0 -0.092
1996 | 1 59 478 | 513 | O
1997 | 2 63 712 0
1998 | 2 94 0
1999 | 3 0
2000| O
2001
2002
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Notes:

Wild and hatchery spawning escapement numbers were obtained from WDFW Kalama Research Group data.

Wild and hatchery proportions were obtained from WDFW Kalama Research Group data.

Wild tributary harvest numbers for 1977-1996 and 1998-2002 were obtained from WDFW Kalama Research Group data. Harvest for 1997
was the 5-yr average harvest from 1998-2002.

Hatchery tributary harvest numbers from 1977-1996 were obtained from WDFW Kalama Research Group data. Harvest for 1997 was the 5-yr
average harvest from 1992-1996. Hatchery harvest since 1998 was zero because no hatchery fish are present in the escapement.

Columbia River wild winter steelhead harvest rates were assumed to be the same as hatchery fish up to 1984; beginning in 1985, incidental
harvest mortality was assumed to be 10% of the annual hatchery harvest rate. Harvest rate for 2001-02 was based on the 2002 Spring Chinook
Tangle Net Fishery data: WDFW estimated a total of 2.5% mortality: 2% immediate mortality and an assumed 0.5% long term mortality.
Columbia River hatchery winter steelhead harvest rate was calculated as the lower river sport catch (Table 20, Columbia River Status Report)
divided by the Columbia river index total run (Table 64, Columbia River Status Report; WDFW and ODFW 2002). Non-indian commercial
steelhead harvest has not occurred since 1974. Harvest for 2001 was the most recent 5-yr average harvest (1996-2000). Harvest rate for 2002
was based on the 2002 Spring Chinook Tangle Net Fishery data: WDFW estimated 2.5% total mortality: 2% immediate mortality and an
assumed 0.5% long term mortality.

Ocean harvest rate of wild and hatchery steelhead is assumed to be 0.5%.

Wild age composition data for 1976-77 to 2001-2002 from WDFW age data.

Hatchery age composition data for 1980-1983 were obtained from Hymer et al. 1992 (Table 10).

Hatchery age composition data for 1984-1993 were obtained from Hulett et al. 1995 (Table 1.4).

Hatchery age composition data for 1977-1979 and 1994-2001 were obtained from the NMFS SimSalmon database.

Hatchery age composition data for 2001-2002 was the average from all years of available data (1977-2001).
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APPENDIX A-7. Kalama River Summer Steelhead Run Reconstruction Table
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Escapement Spawners Tributary Harvest Kalama River Run Size ||Mainstem Harvest Rate |[Columbia River Run Size|
Total Proportion| Wild |Proportion| Hatchery |Prespawn Wild Hatchery Total

Run Year | Escapement| Wild |Escape.| Hatchery | Escapement | Mortality || Spawners | Spawners | Spawners wild Hatchery Wwild Hatchery Wild Hatchery wild Hatchery
1977 1,469 0.27 400 0.73 1,069 0.05 380 1,016 1,396 633 2,386 1,013 3,402 0.016 0.016 1,030 3,458
1978 4,554 0.22 1,015 0.78 3,539 0.05 964 3,362 4,326 1,079 3,722 2,043 7,084 0.024 0.024 2,093 7,256
1979 2,604 0.19 484 0.81 2,120 0.05 460 2,014 2,474 832 2,965 1,292 4,979 0.018 0.018 1,316 5,072
1980 2,647 0.27 718 0.73 1,929 0.05 682 1,833 2,515 844 1,896 1,526 3,729 0.006 0.006 1,536 3,752
1981 11,524 0.25 2,926 0.75 8,598 0.05 2,780 8,168 10,948 2,978 8,527 5,758 16,695 0.034 0.034 5,958 17,275
1982 13,686 0.1 1,385 0.9 12,301 0.05 1,316 11,686 13,002 1,075 6,993 2,391 18,679 0.037 0.037 2,482 19,390
1983 5,274 0.16 869 0.84 4,405 0.05 826 4,185 5,010 1,621 7,689 2,447 11,874 0.041 0.041 2,550 12,376
1984 1,155 0.21 247 0.79 908 0.05 235 863 1,097 738 2,096 973 2,959 0.039 0.039 1,013 3,080
1985 1,567 0.29 461 0.71 1,106 0.05 438 1,051 1,489 854 2,044 1,292 3,095 0.003 0.032 1,296 3,196
1986 2,897 0.16 473 0.84 2,424 0.05 449 2,303 2,752 799 3,702 1,248 6,005 0.003 0.033 1,253 6,212
1987 5,435 0.14 748 0.86 4,687 0.05 711 4,453 5,163 148 9,214 859 13,667 0.003 0.027 861 14,052
1988 3,149 0.3 950 0.7 2,199 0.05 903 2,089 2,992 217 5,292 1,120 7,381 0.003 0.035 1,123 7,646
1989 3,376 0.2 684 0.8 2,692 0.05 650 2,557 3,207 90 5,394 740 7,951 0.005 0.049 743 8,357
1990 1,669 0.45 745 0.55 924 0.05 708 878 1,586 74 3,609 782 4,487 0.004 0.036 785 4,652
1991 1,738 0.41 704 0.59 1,034 0.05 669 982 1,651 16 2,586 685 3,568 0.004 0.038 687 3,708
1992 2,663 0.4 1,075 0.6 1,588 0.05 1,021 1,509 2,530 5 2,612 1,026 4,121 0.003 0.025 1,029 4,226
1993 7,188 0.32 2,283 0.68 4,905 0.05 2,169 4,660 6,829 204 4,433 2,373 9,093 0.004 0.038 2,382 9,455
1994 3,838 0.27 1,041 0.73 2,797 0.05 989 2,657 3,646 72 2,775 1,061 5,432 0.003 0.025 1,064 5,574
1995 3,043 0.43 1,302 0.57 1,741 0.05 1,237 1,654 2,891 9 1,573 1,246 3,227 0.004 0.036 1,250 3,348
1996 1,764 0.35 614 0.65 1,150 0.05 583 1,093 1,676 15 501 598 1,594 0.003 0.034 600 1,650
1997 2,993 0.2 598 0.8 2,395 0.05 568 2,275 2,843 38 1,012 606 3,287 0.006 0.063 610 3,506
1998 760 0.27 205 0.73 555 0.05 195 527 722 2 946 197 1,473 0.004 0.043 198 1,539
1999 407 0.54 220 0.46 187 0.05 209 178 387 44 372 253 550 0.004 0.041 254 573
2000 170 0.82 140 0.18 30 0.05 133 29 162 36 881 169 909 0.005 0.047 170 954
2001 381 0.86 329 0.14 52 0.05 313 49 362 43 881 356 930 0.005 0.046 357 975
2002 686 0.73 502 0.27 184 0.05 477 175 652 48 881 525 1,056 0.005 0.046 527 1,106
2003 1,600 0.5 800 0.5 800 0.05 760 760 1,520 66 881 826 1,641 0.005 0.046 830 1,719
RUN RECONSTRUCTION 2-74 May 2004



Ocean Harvest Rate

Ocean Escapement|

Wild Age Composition

Hatchery Age Composition

Wild Recruits by Age

Hatchery Recruits by Age

sggr Wild | Hatchery Wild | Hatchery 2 3 4 5|6 7|8 2 3 4 5 6 7 2 3 4 5 |6[7 8 2 3 4 5 6 7
1977 0.005 0.005 1,035 3,475 0.01 [0.15]| 0.56 [0.14|0.14(0.00/0.01|| 0.011 | 0.149 |0.557(0.137|0.136|0.01 || 11 | 154 | 576 | 142 |141] 0 | 10 38 518 [ 1,936 | 476 {473 | 35
1978 0.005 0.005 2,103 7,292 0.01 |0.27| 0.59 |0.08|0.04]|0.00{0.00]|| 0.009 | 0.272 |0.593| 0.08 |0.044]0.001|| 20 | 572 [1,246|169 |93| O | 3 66 | 1,983 | 4,324 | 583 |321| 7
1979 0.005 0.005 1,322 5,097 0.03 [0.24| 0.54 [0.12|0.05]0.02|0.01|| 0.026 | 0.238 |0.539(0.125|0.045|0.027|| 35 | 315 | 712 | 165 |60| 26 | 10 || 133 | 1,213 | 2,747 | 637 | 229|138
1980 0.005 0.005 1,543 3,771 0.02 [0.26] 0.56 [0.11]0.05(0.00|0.01|| 0.017 | 0.256 [0.561/0.109|0.049|0.008|| 27 | 394 | 866 | 168 |76| O 9 64 965 | 2,116 | 411|185 30
1981 0.005 0.005 5,988 | 17,362 0.00 |0.17| 0.57 |0.22|0.03]0.00{0.00 0 0.169 |0.571|0.222|0.035/0.004|| O | 1,010 | 3,418 |1,331|206| 22 | O 0 |2934 | 9,914 |3,854| 608 | 69
1982 0.005 0.005 2,494 | 19,487 0.00 [0.15]| 0.61 [0.21]0.01|0.01|0.00|| 0.003 | 0.147 [0.61[0.211|0.014/0.015|| 8 366 [1,522[526|35[{37| 0 58 | 2,865 11,887 4,112 273 | 292
1983 0.005 0.005 2,563 | 12,439 0.00 [0.09]| 0.68 [0.20{0.02{0.01|0.00 0 0.09 [0.682|0.196|0.021|0.011|| O 230 [1,748 502 55|28 | O 0 |1,119 | 8,483 |2,438| 261 | 137
1984 0.005 0.005 1,018 3,095 0.01 |0.20| 0.54 |0.19/0.04]|0.02{0.00|| 0.017 | 0.83 [0.091|0.023{0.04| O 9 203 | 554 1194 (38|19 | O 53 | 2569 | 282 | 71 |124| O
1985 0.005 0.005 1,303 3,212 0.01 [0.17] 0.68 [0.09(0.05(0.00|0.00|| 0.054 | 0.641 |0.288/0.011] O ]0.005|| 10 | 223 | 882 | 118 |70( O | O 173 {2,059 | 925 [ 35 | 0 |16
1986 0.005 0.005 1,259 6,243 0.00 [0.19]| 0.56 [0.19(0.04(0.02|0.00|| 0.038 | 0.735 |0.21 0.017| O 0 0 234 | 709 [234]55[28| O 237 14,589 | 1311|106 0 | O
1987 0.005 0.005 865 14,122 0.00 |0.11] 0.62 |0.14|0.10]|0.01{0.02]|| 0.025 | 0.546 [0.405|0.024] O 0 0 96 540 [ 122 |85| 7 | 14 || 353 |7,711 |5720|339| 0 | O
1988 0.005 0.005 1,129 7,684 0.00 [0.11] 0.68 [0.17]0.03|0.00|0.00|| 0.037 | 0.673 |0.272/0.011]|0.007| O 5 125 | 770 [190 34| 6 0 284 | 5172 | 2090 | 8 [54 | 0
1989 0.005 0.005 747 8,399 0.02 [0.15]| 0.58 [0.24|0.01|0.00|0.00|| 0.021 | 0.567 [0.376/0.031|0.005] O 17 | 111 | 436 |17914[ 0 | O 176 | 4,762 | 3,158 [ 260 | 42 | O
1990 0.005 0.005 788 4,676 0.00 |0.16] 0.57 |0.23|0.04]/0.00{0.00|| 0.004 | 0.688 |0.288|0.014| O 0 0 129 | 449 (178 (33| 0 | O 19 (3217|1347 |65 | 0 | O
1991 0.005 0.005 691 3,727 0.00 [0.06] 0.70 [0.15(0.08(0.01|0.01|| 0.009 | 0.634 |0.338(0.009| 0O 0 0 43 480 1101 (58| 4 | 4 34 12363 (1260|340 [0
1992 0.005 0.005 1,034 4,247 0.01 [0.16] 0.59 [0.20(0.03|0.01|0.00|| 0.008 | 0.658 |0.316/0.015|0.004| O 6 168 | 609 [210|31|10| O 34 | 2,795 (1342 | 64 |17 | O
1993 0.005 0.005 2,394 9,502 0.00 |0.05| 0.70 |0.17|0.07]0.01{0.00|| 0.005 | 0.575 [0.392|0.029| O 0 0 109 1671|418 |177{ 19 | O 48 | 5464 (3725|276 0 | O
1994 0.005 0.005 1,069 5,602 0.00 [0.10| 0.51 |0.30(0.07{0.01/0.01 0 0.099 10.511|0.302(0.073/0.016|| O 106 | 546 [323|78| 11| 6 0 555 |[2,862 1,692 409 | 90
1995 0.005 0.005 1,257 3,365 0.00 [0.08]| 0.62 [0.17]0.09(0.03/0.01 0 0.082 10.624(0.175(0.087/0.033|| 0 103 | 784 |220]109| 34 | 7 0 276 | 2,099 | 589 | 293 [111
1996 0.005 0.005 603 1,659 0.00 |0.11] 0.62 |0.20(0.07]0.00{0.00 0 0.11 |0.62|0.197|0.073] O 0 67 374 (119144 0 | O 0 182 | 1,028 | 327 [121| O
1997 0.005 0.005 613 3,524 0.00 [0.09| 0.62 [0.19]0.09(0.00(0.01 0 0.087 10.619|0.193(0.087/0.014|| 0O 53 380 |119|53| 0 | 8 0 307 [ 2,181 | 680 | 307 | 49
1998 0.005 0.005 199 1,547 0.01 [0.15]| 0.61 [0.18|0.06(0.01|0.00|| 0.005 | 0.115 | 0.63 [0.183]|0.053|0.014|| 1 29 120 | 35 [11]| 2 1 8 178 975 | 283 | 82 | 22
1999 0.005 0.005 255 576 0.01 |0.15| 0.61 |0.18|0.06]|0.01{0.00|| 0.004 | 0.114 |0.635|0.183|0.053|0.011|| 1 37 155 | 45 |14| 2 1 2 66 366 |105[31 | 6
2000 0.005 0.005 171 959 0.01 [0.15]| 0.61 [0.18|0.06(0.01|0.00|| 0.004 | 0.115 |0.628(0.184/0.056|0.013|| 1 25 103 |30 (9] 1 1 4 110 602 |177 )| 54 | 12
2001 0.005 0.005 359 980 0.01 [0.15]| 0.61 [0.18|0.06(0.01|0.00|| 0.003 | 0.117 |0.634/0.183]|0.054/0.009| | 2 52 217 | 63 |20 3 1 3 115 621 (179153 | 9
2002 0.005 0.005 530 1,112 0.01 |0.15| 0.61 |0.18|0.06]|0.01{0.00|| 0.012 | 0.348 |0.480]0.115/0.037]|0.008|| 3 77 321 | 94 |29 4 | 2 13 387 533 127 |42 | 8
2003 0.005 0.005 834 1,728 0.01 [0.15]| 0.61 [0.18|0.06]0.01|0.00|| 0.012 | 0.348 |0.480(0.115|0.037]0.008|| 5 121 | 505 [ 147 146| 7 3 21 602 829 |198 | 65 | 13
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Wild Recruits by Age Hatchery Recruits by Age Total Recruits Productivity
500 Total wid Total Hateh ol ol Nal\tural Nal\tural N?tural
roo ) i atcher otal otal o o lo]
Year 2 3 4 5 6 7 8 Rt\elzlrll?its R/S 2 3 4 5 6 ! :itg::ﬁg R/S / Recruits R/S ON%I]d (Hatcgr]mery (Togt]al
R/S) R/S) R/S)
1978 27 (1,010|1,522| 502 | 38 0 0 3,099 | 8.155 64 |2,934/11,887(2,438| 124 | 16 | 17,463 | 17.196 20,562 14.734 2.099 2.845 | 2.690
1979 0 366 [1,748| 194 | 70 28 14 | 2,420 | 2.510 0 |2,865|/8,483| 71 0 0 11,419 3.396 13,839 3.199 0.920 1.223 | 1.163
1980 8 230 | 554 | 118 | 55 7 0 971 2.113 58 |1,119| 282 35 0 0 1,495 0.742 2,466 0.997 0.748 | -0.298 | -0.003
1981 0 203 | 882 | 234 | 85 6 0 1,410 | 2.067 0 |2,569| 925 | 106 0 0 3,600 1.965 5,010 1.992 0.726 0.675 | 0.689
1982 9 223 | 709 | 122 | 34 0 0 1,097 | 0.395 53 12,059|1,311 | 339 | 54 0 3,815 0.467 4,913 0.449 -0.929 | -0.761 |-0.801
1983 10 | 234 | 540 | 190 4 0 4 982 0.746 173 |4,589| 5,720 | 85 42 0 10,608 0.908 11,590 0.891 -0.293 | -0.097 |-0.115
1984 0 96 | 770 | 179 | 33 4 0 1,082 | 1.310 237 |7,711| 2,090 | 260 0 0 10,299 2.461 11,380 2.271 0.270 0.901 | 0.820
1985 0 125 | 436 | 178 | 58 10 0 808 3.442 353 |5,172| 3,158 | 65 0 0 8,748 10.142 9,556 8.709 1.236 2.317 | 2.164
1986 5 111 | 449 | 101 31 19 6 722 1.648 284 |4,762| 1,347 | 34 17 0 6,444 6.133 7,166 4.813 0.500 1.814 1.571
1987 17 129 | 480 | 210 | 177 11 7 1,030 2.292 176 |3,217| 1,260 | 64 0 90 4,806 2.087 5,836 2.120 0.829 0.736 0.752
1988 0 43 | 609 | 418 | 78 34 0 1,183 | 1.664 19 |2,363|1,342 | 276 | 409 | 111 | 4,519 1.015 5,702 1.104 0.509 0.015 | 0.099
1989 0 168 [1,671| 323 | 109 0 8 2,279 2.525 34 |2,795| 3,725 |1,692| 293 0 8,538 4.087 10,817 3.616 0.926 1.408 1.285
1990 6 109 | 546 | 220 | 44 0 1 926 1.425 34 |5,464|2,862 | 589 | 121 | 49 9,119 3.566 10,045 3.132 0.354 1.271 1.142
1991 0 106 | 784 | 119 53 2 1 1,064 1.503 48 | 555 | 2,099 | 327 | 307 22 3,357 3.824 4,420 2.788 0.407 1.341 1.025
1992 0 103 | 374 | 119 11 2 1 609 0.910 0 276 | 1,028 | 680 82 6 2,073 2.110 2,681 1.624 -0.094 0.747 0.485
1993 0 67 | 380 35 14 1 1 498 0.488 0 182 | 2,181 | 283 31 12 2,690 1.783 3,188 1.260 -0.717 0.578 0.231
1994 0 53 | 120 45 9 3 2 233 0.107 0 307 | 975 | 105 54 9 1,449 0.311 1,682 0.246 -2.233 | -1.168 | -1.401
1995 0 29 | 155 | 30 20 4 3 241 0.243 0 178 | 366 | 177 | 53 8 782 0.294 1,022 0.280 -1.414 | -1.224 |-1.272
1996 1 37 | 103 | 63 29 7 8 66 602 | 179 | 42 13 910 0.550
1997 1 25 | 217 94 46 2 110 | 621 | 127 65
1998 1 52 | 321 | 147 4 115 | 533 | 198
1999 2 77 | 505 3 387 | 829
2000 3 121 13 | 602
2001 5 21
2002
2003
2004
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Notes:

Wild and hatchery spawning escapement numbers were obtained from WDFW Kalama Research Group data.

Wild and hatchery proportions were obtained from WDFW Kalama Research Group data.

Wild tributary harvest numbers for 1977-1996 and 1999-2003 were obtained from WDFW Kalama Research Group data. Harvest numbers for
1997-98 were obtained from Kalama Subbasin Summary 2002, Appendix B.

Hatchery tributary harvest numbers from 1977-1996 were obtained from WDFW Kalama Research Group data. Harvest numbers for 1997-
1999 were obtained from Kalama Subbasin Summary 2002, Appendix B. Harvest numbers for 2000-2003 were the most recent 5-year average
harvest from 1995-1999.

Columbia River wild summer steelhead harvest rates were assumed to be the same as hatchery fish up to 1984; beginning in 1985, incidental
harvest mortality was assumed to be 10% of the annual hatchery harvest rate.

Columbia River hatchery summer steelhead harvest rate was calculated as the lower river sport catch (Table 66, Columbia River Status Report)
divided by the lower river minimum run size (Table 65 or 66, Columbia River Status Report; WDFW and ODFW 2002). Harvest rates for
2001-2003 were the most recent 5-yr average (1996-2000). Non-indian commercial harvest has not occurred since 1974.

Ocean harvest rate of wild and hatchery steelhead were assumed to be 0.5%.

Wild age composition data for 1977 to 2003 were obtained from WDFW age data.

Hatchery age composition data for 1984-1993 were from Hulett et al. 1995 (Table 1.2). Hatchery age composition for 1990 RY only sums to
.994; thus 0.6% of the run not apportioned to an age class. Hatchery age composition for 1991 RY only sums to .99; thus 1.0% of the run not
apportioned to an age class.

Hatchery age composition data for 1977-1983 and 1994-2001 were obtained from the NMFS SimSalmon database.

Hatchery age composition data for 2002-2003 was the average from all years of available data (1977-2001).
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APPENDIX A-8. Wind River Summer Steelhead Run Reconstruction Table

RUN RECONSTRUCTION 2-78 May 2004



Escapement Spawners Tributary Harvest/Rate
Run Year EWind River | Panther Creek |Trout Creek S;;geviTng /Adjustment] Basin Total Propqrtion Wild Hatchery Prespawn Wwild Hatchery | Total Wild Hatchery
scapement | Escapement |[Escapement] Escapement Factor | Escapement | Escapement wild Escapement| Escapement | Mortality || Spawners | Spawners |Spawners

1985 238 34 162 434 0.76 369 65 0.05 351 61 412 0.010 0.180
1986 216 26 186 428 0.76 370 58 0.05 352 55 407 0.010 0.195
1987 250 28 330 608 0.76 542 66 0.05 515 63 578 0.010 0.540
1988 464 114 248 1,547 1,547 0.66 1,021 526 0.05 970 500 1,470 212 0.448
1989 250 63 151 684 684 0.82 561 123 0.05 533 117 650 103 0.576
1990 98 31 99 807 807 0.74 597 210 0.05 567 199 767 74 0.689
1991 159 26 109 825 825 0.65 536 289 0.05 509 274 784 96 0.578
1992 192 44 51 718 718 0.94 675 43 0.05 641 41 682 107 0.458
1993 101 1 617 617 0.76 469 148 0.05 445 141 586 58 0.458
1994 104 1 718 718 0.76 546 172 0.05 518 164 682 54 0.458
1995 136 1 518 518 0.9 466 52 0.05 443 49 492 49 0.458
1996 94 1 901 901 0.81 730 171 0.05 693 163 856 74 0.458
1997 106 1 382 382 0.84 321 61 0.05 305 58 363 23 0.458
1998 44 1 385 385 0.84 323 62 0.05 307 59 366 22 0.458
1999 43 1 197 197 0.96 189 8 0.05 180 7 187 16 0.458
2000 26 1 508 508 0.98 498 10 0.05 473 10 483 32 0.458
2001 647 647 0.99 641 6 0.05 609 6 615 41 0.458
2002 939 939 0.99 930 9 0.05 883 9 892 59 0.458
RUN RECONSTRUCTION 2-79 May 2004




\Wind River Run Size

Mainstem Harvest Rate

Columbia River Run Size

Ocean Harvest Rate

Ocean Escapement

Age Composition

Wild Recruits by Age

Hatchery Recruits by Age|

sggr Wild | Hatchery Wild Hatchery Wild Hatchery Wild | Hatchery Wild Hatchery 2 3 4 5 6 2314|565 6 2 3[4]|51]6
1985 354 75 0.028 0.124 364 86 0.005 0.005 366 86 0.004 | 0.119 | 0.610 | 0.197 [0.070|| 1 |43 |223| 72 | 26 0 [10 53|17 |6
1986 355 68 0.018 0.104 362 76 0.005 0.005 364 76 0.004 | 0.119 | 0.610 | 0.197 |0.070|| 1 [43[222| 72 | 26 0] 9 |47 ]15|5
1987 520 137 0.048 0.104 546 153 0.005 0.005 549 153 0.004 | 0.119 | 0.610 | 0.197 [0.070|| 2 |65 |335[ 108 | 39 1 /18 (94|30 ]|11
1988 1,182 905 0.037 0.123 1,227 1,031 0.005 0.005 1,234 1,037 0.004 | 0.119 | 0.610 | 0.197 [0.070|| 4 |146|753| 243 | 87 4 1123|632[205|73
1989 636 276 0.034 0.119 658 313 0.005 0.005 662 315 0.022 | 0.148 | 0.584 | 0.240 |0.006||15]|98 386|159 | 4 7 |47 |184| 75| 2
1990 641 640 0.029 0.129 661 735 0.005 0.005 664 738 0.000 | 0.162 | 0.569 | 0.226 [0.042|| O |108|378| 150 | 28 0 [120[420]167 |31
1991 605 650 0.038 0.127 629 745 0.005 0.005 632 749 0.000 | 0.063 | 0.697 | 0.146 [0.094|[ 0 |40 |441] 92 | 59 0 |47 |522]109|70
1992 748 76 0.026 0.146 768 88 0.005 0.005 772 89 0.005 | 0.163 | 0.588 | 0.203 [0.040]|| 4 |126|454| 157 | 31 0 [14 |52 |18 |4
1993 503 260 0.028 0.138 518 301 0.005 0.005 521 303 0.000 | 0.046 | 0.697 | 0.174 [0.082]|| 0 [24|363] 91 | 43 0 [ 14 |211] 53 |25
1994 572 302 0.017 0.104 582 337 0.005 0.005 585 339 0.000 | 0.099 | 0.511 | 0.301 [0.088|| 0 |58 |299(176| 52 0 [34[173]102|30
1995 492 91 0.014 0.118 499 103 0.005 0.005 501 103 0.000 | 0.082 | 0.623 | 0.175 [0.121]|| 0 [41|312] 88 | 61 0 | 8 |[64]18 |13
1996 767 300 0.011 0.083 776 327 0.005 0.005 780 329 0.000 | 0.110 | 0.619 | 0.198 [0.074|| O |86 |483| 154 | 58 0 [36[204]| 65 |24
1997 328 107 0.012 0.089 332 118 0.005 0.005 333 118 0.000 | 0.086 | 0.620 | 0.194 [0.100|| 0 |29 |207| 65 | 33 0 [10| 73|23 |12
1998 329 108 0.024 0.074 337 117 0.005 0.005 339 117 0.004 | 0.145 | 0.604 | 0.176 |0.070|| 1 {49 [205| 60 | 24 0 |17 |71 |21 |8
1999 196 14 0.020 0.074 200 15 0.005 0.005 201 15 0.004 | 0.146 | 0.605 | 0.178 [0.067 || 1 |29 |121] 36 | 13 0[2]9]3]1
2000 505 18 0.008 0.059 509 19 0.005 0.005 512 19 0.007 | 0.144 | 0.608 | 0.176 [0.065|| 4 |74|311] 90 | 33 0 [ 3 (|12 3|1
2001 650 11 0.015 0.076 659 12 0.005 0.005 663 12 0.005 | 0.147 | 0.606 | 0.178 [0.065|| 3 |97 |402| 118 | 43 ol 2|7 ]2 ]|1
2002 942 16 0.015 0.076 956 18 0.005 0.005 961 18 0.004 | 0.119 | 0.610 | 0.197 [0.070]|| 3 |114|586|190| 68 0|2 [11]4]1
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Wild Recruits by Age

Hatchery Recruits by Age

Total Recruits

Productivity

Total Natural | Natural log | Natural
Brood Total Wild Hatchery Total log (Wild | (Hatchery |log (Total
Year 3 4 5 6 Recruits | Wild R/S 2 3 4 5 Recruits  |Hatchery R/S Recruits |Total R/S R/S) R/S) R/S)
1986 4 98 378 92 31 603 1.720 4 47 420 109 4 583 9.485 1,187 2.878 0.542 2.250 1.057
1987 15 108 441 157 43 762 2.166 7 120 522 18 25 691 12.638 1,454 3.575 0.773 2.537 1.274
1988 0 40 454 91 52 636 1.236 0 47 52 53 30 182 2.894 818 1.416 0.211 1.063 0.348
1989 0 126 363 176 61 726 0.748 0 14 211 | 102 | 13 340 0.680 1,065 0.725 -0.290 -0.385 -0.322
1990 4 24 299 88 58 472 0.886 0 14 173 18 24 230 1.966 702 1.081 -0.120 0.676 0.078
1991 0 58 312 154 33 558 0.984 0 34 64 65 12 175 0.878 733 0.956 -0.016 -0.130 -0.045
1992 0 41 483 65 24 612 1.202 0 8 204 23 8 243 0.887 855 1.092 0.184 -0.120 0.088
1993 0 86 207 60 13 366 0.570 0 36 73 21 1 131 3.204 497 0.728 -0.562 1.164 -0.317
1994 0 29 205 36 33 302 0.679 0 10 71 3 1 85 0.603 387 0.661 -0.387 -0.506 -0.415
1995 0 49 121 90 43 304 0.586 0 17 9 3 1 30 0.185 334 0.489 -0.535 -1.690 -0.714
1996 1 29 311 118 68 527 1.191 0 2 12 2 1 18 0.359 545 1.107 0.174 -1.024 0.102
1997 1 74 402 190 0 3 7 4
1998 4 97 586 0 2 11
1999 3 114 0 2
2000 3 0
2001
2002
2003
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Notes:

Escapement data by tributary or index count (run year 1985-2000) were obtained from Hymer et al. (1992), WDF et al. (1993), and WDFW
(2003). Basin escapement data for 1988-2002 (BY 1989-2003) were expanded escapements from WDFW data. The total escapement values
used in the run reconstruction were the tributary escapements for run year 1985-1987 and the basin escapement for run year 1988-2002.
Proportion of wild spawners for 1988-2002 (BY 1989-2003) was from WDFW steelhead data; proportion for years 1985-87 was 5-year
average from 1988-1992.

Tributary harvest rate of wild steelhead for 1985-1987 was assumed to be 1%.

Tributary harvest rate of wild steelhead for 1988-2002 was actual harvest (in fish) from WDFW data.

Tributary harvest rate of hatchery steelhead for 1985-1991 was calculated based on Hymer et al. (1992; Table 2); harvest rate for 1992-2000
was the average of all years of available data (1985-1991).

Mainstem harvest rate of wild steelhead was assumed to be 10% of the lower Columbia sport catch of Group A steelhead (WDFW and ODFW
2002; Table 67) plus the Zone 6 number of Wild Group A steelhead in the commercial catch (with a 35% reduction factor; WDFW and ODFW
2002; Table 68) divided by the total minimum run Group A steelhead in the Columbia River (WDFW and ODFW 2002; Table 67).

Mainstem harvest rate of hatchery steelhead was the lower Columbia sport catch of Group A steelhead (WDFW and ODFW 2002; Table 67)
plus the Zone 6 number of hatchery Group A steelhead in the commercial catch (with a 35% reduction factor; WDFW and ODFW 2002; Table
68) divided by the total minimum run Group A steelhead in the Columbia River (WDFW and ODFW 2002; Table 67).

Mainstem harvest rate of hatchery and wild steelhead for 2001 and 2002 was the most recent 5-year average (1996-2000).

Ocean harvest rate of wild and hatchery steelhead was assumed to be 0.5%.

Age composition for 1985-1988 and 2002 was average based on the NMFS SimSalmon database covering years 1989-2001.

Age composition for 1989-2001 was actual age composition in NMFS SimSalmon database.
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APPENDIX A-9. Grays River Summer Steelhead Run Reconstruction Table
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Escapement Spawners Harvest
Mainstem West Fork Crazy Tributary | Grays | Mainstem | Columbia | Ocean

Natural Natural Johnson | Gorley | Fossil Total Natural Prespawn Natural Harvest |River Run| Harvest | River Run | Harvest Ocean
Year Escapement | Escapement Creek Creek Creek Escapement Mortality Spawners Rate Size Rate Size Rate Escapement
1959 1,810 666 2 2,478 0.05 2,354 0.01 2,378 0.636 6,539 0.01 6,605
1960 1,180 367 1 1,548 0.05 1,471 0.01 1,485 0.433 2,621 0.01 2,648
1961 1,289 907 2,196 0.05 2,086 0.01 2,107 0.419 3,629 0.01 3,666
1962 468 238 706 0.05 671 0.01 677 0.684 2,145 0.01 2,167
1963 466 420 886 0.05 842 0.01 850 0.400 1,417 0.01 1,431
1964 92 2 94 0.05 89 0.01 90 0.594 222 0.01 224
1965 238 58 89 0 385 0.05 366 0.01 369 0.333 554 0.01 560
1966 1,581 660 102 7 2,350 0.05 2,233 0.01 2,255 0.290 3,178 0.01 3,210
1967 477 371 106 1 955 0.05 907 0.01 916 0.429 1,604 0.01 1,620
1968 90 146 39 275 0.05 261 0.01 264 0.500 528 0.01 533
1969 429 177 71 9 686 0.05 652 0.01 658 0.273 905 0.01 914
1970 84 100 111 295 0.05 280 0.01 283 0.500 566 0.01 572
1971 55 26 311 31 423 0.05 402 0.01 406 0.455 744 0.01 752
1972 1,085 56 81 54 1,276 0.05 1,212 0.01 1,224 0.542 2,672 0.01 2,699
1973 42 48 212 24 326 0.05 310 0.01 313 0.778 1,408 0.01 1,422
1974 12 31 47 31 121 0.05 115 0.01 116 0.750 464 0.01 469
1975 81 45 147 85 358 0.05 340 0.01 344 0.625 916 0.01 925
1976 475 0 16 1 492 0.05 467 0.01 472 0.800 2,361 0.01 2,384
1977 440 63 192 0 695 0.05 660 0.01 667 0.125 762 0.01 770
1978 503 0 76 579 0.05 550 0.01 556 0.789 2,639 0.01 2,666
1979 239 0 21 0 260 0.05 247 0.01 249 0.333 374 0.01 378
1980 192 20 61 1 274 0.05 260 0.01 263 0.400 438 0.01 443
1981 8 13 0 21 0.05 20 0.01 20 0.933 302 0.01 305
1982 1,465 10 102 0 1,577 0.05 1,498 0.01 1,513 0.621 3,990 0.01 4,030
1983 321 8 40 369 0.05 351 0.01 354 0.333 531 0.01 537
1984 1,077 32 41 0 0 1,150 0.05 1,093 0.01 1,104 0.783 5,076 0.01 5,128
1985 1,488 8 0 0 0 1,496 0.05 1,421 0.01 1,436 0.538 3,110 0.01 3,142
1986 904 201 226 480 0 1,811 0.05 1,720 0.01 1,738 0.600 4,345 0.01 4,388
1987 1,571 71 2 4 0 1,648 0.05 1,566 0.01 1,581 0.520 3,295 0.01 3,328
1988 1,073 73 338 847 2,331 0.05 2,214 0.01 2,237 0.521 4,668 0.01 4,715
1989 389 41 140 25 595 0.05 565 0.01 571 0.650 1,631 0.01 1,648
1990 569 0 117 482 2 1,170 0.05 1,112 0.01 1,123 0.276 1,550 0.01 1,566
1991 327 37 239 260 863 0.05 820 0.01 828 0.308 1,196 0.01 1,208
1992 3,881 491 320 611 1 5,304 0.05 5,039 0.01 5,090 0.143 5,938 0.01 5,998
1993 2,334 113 78 256 1 2,782 0.05 2,643 0.01 2,670 0.022 2,730 0.01 2,758
1994 42 0 90 75 0 207 0.05 197 0.01 199 0.083 217 0.01 219
1995 219 0 413 293 925 0.05 879 0.01 888 0.067 951 0.01 961
1996 1,302 408 396 348 0 2,454 0.05 2,331 0.01 2,355 0.030 2,428 0.01 2,453
1997 79 55 485 185 804 0.05 764 0.01 772 0.059 820 0.01 828
1998 154 214 145 430 0 943 0.05 896 0.01 905 0.053 955 0.01 965
1999 222 100 927 496 0 1,745 0.05 1,658 0.01 1,674 0.042 1,747 0.01 1,765
2000 1,124 833 249 2,206 0.05 2,096 0.01 2,117 0.040 2,205 0.01 2,227
2001 759 759 0.05 721 0.01 728 0.042 761 0.01 768
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Age Composition Ocean Escapement by Age Results
Total Recruits per  Natural log

Year 3 4 5 6 3 4 5 6 Brood Year 3 4 5 6 Recruits Spawner (RIS)
1959 0.410 0.570 0.020 2,708 3,765 132 1959 888 816 4 1,709 0.726 -0.320
1960 0.410 0.570 0.020 1,086 1,509 53 1960 587 128 11 726 0.494 -0.706
1961 0.410 0.570 0.020 1,503 2,090 73 1961 92 319 64 475 0.228 -1.479
1962 0.410 0.570 0.020 888 1,235 43 1962 230 1,830 32 2,091 3.118 1.137
1963 0.410 0.570 0.020 587 816 29 1963 1,316 923 11 2,250 2.673 0.983
1964 0.410 0.570 0.020 92 128 4 1964 664 304 18 986 11.045 2.402
1965 0.410 0.570 0.020 230 319 11 1965 219 521 11 751 2.054 0.720
1966 0.410 0.570 0.020 1,316 1,830 64 1966 375 326 15 716 0.321 -1.137
1967 0.410 0.570 0.020 664 923 32 1967 234 428 54 717 0.790 -0.235
1968 0.410 0.570 0.020 219 304 11 1968 308 1,538 28 1,875 7.176 1.971
1969 0.410 0.570 0.020 375 521 18 1969 1,106 811 9 1,926 2.956 1.084
1970 0.410 0.570 0.020 234 326 11 1970 583 267 19 869 3.100 1.132
1971 0.410 0.570 0.020 308 428 15 1971 192 527 48 767 1.910 0.647
1972 0.410 0.570 0.020 1,106 1,538 54 1972 379 1,359 15 1,754 1.447 0.369
1973 0.410 0.570 0.020 583 811 28 1973 978 439 53 1,470 4.746 1.557
1974 0.410 0.570 0.020 192 267 9 1974 316 1,519 0 1,835 15.965 2.770
1975 0.410 0.570 0.020 379 527 19 1975 1,093 63 148 1,304 3.833 1.344
1976 0.410 0.570 0.020 978 1,359 48 1976 315 197 9 521 1.114 0.108
1977 0.410 0.570 0.020 316 439 15 1977 98 218 314 12 642 0.972 -0.028
1978 0.410 0.570 0.020 1,093 1,519 53 1978 78 3,016 83 42 3,220 5.855 1.767
1979 0.833 0.167 0.000 315 63 0 1979 700 441 460 1,602 6.484 1.869
1980 0.222 0.444 0.333 98 197 148 1980 0 4,332 63 4,395 16.885 2.826
1981 0.257 0.714 0.030 78 218 9 1981 293 1,791 88 2,171 108.841 4.690
1982 0.174 0.749 0.078 700 3,016 314 1982 1,288 2,501 67 3,856 2.574 0.945
1983 0.000 0.822 0.156 0.022 0 441 83 12 1983 1,799 1,897 94 3,790 10.813 2.381
1984 0.057 0.845 0.090 0.008 293 4,332 460 42 1984 1,364 2,688 33 4,085 3.739 1.319
1985 0.410 0.570 0.020 1,288 1,791 63 1985 1,933 939 31 2,904 2.043 0.715
1986 0.410 0.570 0.020 1,799 2,501 88 1986 676 893 24 1,592 0.926 -0.077
1987 0.410 0.570 0.020 1,364 1,897 67 1987 642 689 120 1,451 0.927 -0.076
1988 0.410 0.570 0.020 1,933 2,688 94 1988 495 3,419 55 3,969 1.792 0.584
1989 0.410 0.570 0.020 676 939 33 1989 2,459 1,572 4 4,036 7.139 1.966
1990 0.410 0.570 0.020 642 893 31 1990 1,131 125 19 1,275 1.147 0.137
1991 0.410 0.570 0.020 495 689 24 1991 90 548 49 686 0.837 -0.178
1992 0.410 0.570 0.020 2,459 3,419 120 1992 394 1,398 17 1,809 0.359 -1.025
1993 0.410 0.570 0.020 1,131 1,572 55 1993 1,006 472 19 1,497 0.566 -0.568
1994 0.410 0.570 0.020 90 125 4 1994 339 550 35 925 4.702 1.548
1995 0.410 0.570 0.020 394 548 19 1995 396 1,006 45 1,446 1.646 0.498
1996 0.410 0.570 0.020 1,006 1,398 49 1996 724 1,270 15 2,009 0.862 -0.149
1997 0.410 0.570 0.020 339 472 17 1997 913 438
1998 0.410 0.570 0.020 396 550 19 1998 315
1999 0.410 0.570 0.020 724 1,006 35 1999
2000 0.410 0.570 0.020 913 1,270 45 2000
2001 0.410 0.570 0.020 315 438 15 2001
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Notes:

Escapement data for mainstem and West Fork from 1959-2001 was total live fish counts from WDFW escapement data and WDFW (2003).
Escapement data for Crazy Johnson, Gorley, and Fossil Creeks through 1991 was the expanded population estimates from Hymer (1993; Table
24).

Escapement data for Crazy Johnson, Gorley, and Fossil Creeks from 1992 to present was the peak count from Grays subbasin plan.

Total escapement used in the run reconstruction was the summation of escapement data for each tributary.

Tributary harvest was assumed to be 1%.

Mainstem harvest rate for 1959-2000 was calculated from the commercial catch in Zones 1-5 divided by the minimum Columbia River run size
(WDFW and ODFW 2002; Table 62).

Mainstem harvest rate for 2001 was the 5-year average based on 1996-2000 harvest.

Ocean harvest was assumed to be 1%.

Age composition data for 1959-1978 and 1985-present were obtained from the NMFS SimSalmon database.

Age composition data for 1979-1984 were obtained from Hymer et al. (1992).
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Volume VI, Chapter 3
Coho Capacity Estimation




Estimation of Coho Smolt Production Potential in the
Lower Columbia Subbasins

Introduction:

As part of the Lower Columbia River Recovery Planning process, coho smolt production
potential was estimated using the EDT in each of the lower Columbia subbasins. Coho
smolt capacity estimates were generated via an independent model to provide empirical
support for EDT smolt production potential estimates.

This appendix describes methods used to estimate the coho (Oncorhynchus kisutch) smolt
production potential of select lower Columbia Basins. First, we describe the model
chosen to best estimate production potential, and how that model was adapted to be used
with data available in the lower Columbia Basins. This report also presents the estimates
of production potential and frames those estimates in the context of coho smolt
production observed in other basins of the Pacific Northwest. Coho production potential
estimates were made in the following basins: Coweeman, East Fork Lewis, Elochoman,
Grays, Kalama, lower Cowlitz, lower North Fork Lewis, Skamakowa, Toutle, and
Washougal.

Rather than develop a new method for estimating coho smolt production potential, an
existing model was adapted to fit the data available in the lower Columbia Basin. The
Habitat Limiting Factors Model (HLFM) was proposed in its original version in
Nickelson et al. (1992a), and further developed by Solazzi et al. (1998). The HLFM was
developed to determine stream capacity and limiting habitat for coho in Oregon coastal
streams. The model is based on the concept that a “habitat bottleneck,” limits the
potential smolt production of a stream. The model in its full capacity consists of the
simultaneous examination of the seasonal habitat needs of coho and the availability of
this habitat. Data used to develop the model include: seasonal rearing densities specific
to different habitat unit types, estimates of spawning habitat requirements, average
fecundity, and estimates of density-independent survival rates specific to different life
stages. Densities by unit type reflect densities at capacity because they were derived from
fully seeded streams. The estimates of coho smolt capacity generated by this model for
coastal Oregon streams have been shown to be similar to actual production when summer
habitat was fully seeded (Nickelson 1998).

The model estimates capacity for each juvenile life stage of coho (eggs, fry, parr and pre-
smolts), and then applies density independent survival rates to estimate smolt production
based on the capacity at each of those life stages. The stream capacity is determined by
whichever life stage generates the lowest smolt production potential. The habitat
required by that life stage is considered the limiting habitat of the stream. For further
detail on the HLFM refer to Nickelson et al. (1992a; 1992b) and Solazzi et al. (1998).
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METHODS

Modification of the HLEM

Seasonal estimates of surface area by habitat type within a stream are needed to fully
utilize the HLFM and determine the life stage that habitat within a stream limits coho
smolt production. However, stream surveys by which these data are obtained typically
are done during the summer, so data are not usually available to estimate spring and
winter seasonal capacity. Nickelson (1998) acknowledged this challenge and cited
research that showed that in Oregon coastal streams, winter habitat availability was
typically the limiting habitat (Nickelson 1992b). Nickelson (1998) subsequently
developed a multiple regression model by which winter habitat capacity could be
predicted using summer habitat data. That regression was developed using 74 stream
reaches where both summer and winter habitat surveys had been conducted, and
predicted smolt production potential (as estimated by the HLFM) from stream reach
characteristics estimated during summer habitat surveys. The regression incorporated
active channel width, gradient, percentage of pools, and beaver dam frequency to
estimate smolt density. The resultant density was subsequently multiplied by the winter
surface area of the reach defined as the active channel width multiplied by the length of
the reach. Smolt capacities predicted by the multiple regression model were significantly
correlated with smolt capacities estimated using the original version of the HLFM (r =
0.874, p<0.001).

We used an adapted version of the multiple regression of Nickelson (1998) to estimate
coho capacity in the lower Columbia Basins. The lack of reliable data on the frequency
of beaver dams in stream reaches in the lower Columbia Basin precluded the use of the
regression model as presented by Nickelson (1998). We used that regression model to
estimate coho smolt capacity density (smolts/m?) for 1,290 reaches from the Oregon
coastal basins and Umpqua Basin where all parameters needed to run the model were
available. In selecting those 1,290 reaches, any reach greater than 20m wide or with a
gradient greater than 6% was excluded. Reaches greater than 20m wide were not
included because the original HLFM was based on data primarily from streams smaller
than that width (Tom Nickelson, ODFW, personal comm. 11/03). Reaches with gradient
greater than 6% were excluded because coho typically do not use those reaches
(Nickelson 2001). The estimated densities from the 1,290 reaches were subsequently
correlated to active channel width, gradient and percent pools by reach via multiple
regression (r’= 0.56, P = 0.000) as defined by the equation:

In(Density) = -1.57712 — 0.226581*G — 0.700359*In(ACW) + 3.06529*Pools

where:

Density = smolts/m?

G = gradient in percent

ACW = active channel width in meters

Pools = arcsine square root transformation of proportion of reach surface area
comprised of pools.

This equation was subsequently used to estimate coho capacity in the lower Columbia
Basin. Data used to run the model in the lower Columbia Basin were derived from EDT
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input files for reaches where EDT attributes were available and coho are distributed or
suspected to be distributed.

Estimating Capacity in Large Streams

The ability of the HLFM to reliably estimate capacity in streams with active channel
widths greater than 15-20m has not yet been tested (Tom Nickelson, ODFW, personal
comm. 11/03). The habitat specific densities used to develop the HLFM came primarily
from 4™ order and smaller streams. Application of the HLFM (or any regressions derived
from it) generates exceedingly high capacities as active channel width increases above
15m. The model assumes that all stream area is usable area, though field surveys have
shown that in large streams use of mid-channel waters by rearing salmonids is less than
that in small streams (Johnson 1985; Cramer 2001). To model this behavior and its effect
on capacity, we assumed that in all reaches greater than 15m wide, that usable area of the
reach would be calculated as the length of the reach multiplied by 15m. This assumes
that coho are primarily using the edges of large streams for rearing, but not the middle
sections. Also, when calculating rearing density with the multiple regression described
earlier, we designated 15m as the maximum active channel width that would be applied
in the equation. In reaches greater than 15m wide, 15m was used as the width. This was
done because the model was developed and validated by Nickelson (1992a; 1998) with
reaches generally narrower than 15m, and to use greater widths would mean going
outside the bounds of the model’s capabilities.

Habitat Quality Rating

A habitat quality rating was developed for each reach in the lower Columbia Basin
supporting coho based on EDT patient and template attribute ratings for each reach. The
HLFM was developed in Oregon in the late 1980’s and early 1990’s when Oregon coastal
natural (OCN) coho returns were among lowest observed since 1970. However, habitat
specific densities used in the model were derived from streams expected to be at full
seeding. Streams were assumed to be at full seeding when spawning populations the
previous fall were greater than 25 spawners/km (Nickelson 1992b; Biedler et al. 1980).
We inferred that in years of generally low spawner returns, streams that supported these
levels of spawners had high quality habitat.

We assumed that habitat quality in those fully seeded Oregon streams was better than the
habitat quality of the average coho producing stream in the lower Columbia Basin. We
used EDT template and patient attribute ratings to develop a habitat quality index.
Specific EDT attributes rated on a scale of 0-4 were incorporated (Table 1). Patient
ratings are intended to reflect current stream conditions, and template attributes are
intended to reflect stream conditions prior to European settlement of the region. For each
attribute included in the index, the difference in the patient and template attribute ratings
was calculated, and these differences were summed across all attributes included for the
reach. A larger difference in patient and template conditions indicates a greater degree of
degradation with respect to template conditions for that reach. The frequency distribution
of resultant habitat quality index scores from all reaches (n = 440) was calculated, and it
was determined that reaches with scores in the upper 50" percentile of all the reaches
scored would be classified as “degraded”. Higher scores indicated a higher degree of
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degradation relative to template conditions. Capacity density in degraded reaches was
estimated using the lower 95% confidence limit predicted by the capacity prediction
equation described earlier.

Table1l. EDT attributesincorporated into the habitat quality index used in the estimation of coho
capacity.

Attribute
Alkalinity
Bed Scour
Benthos diversity
Confinement-natural
Confinement-hydromodifications
Dissolved oxygen
Embeddedness
Flow - Intra daily (diel) variation
Fine sediment
Fish community richness
Fish pathogens
Fish species introductions
Harassment (harvest)
Hatchery fish outplants
Hydrologic regime — natural
Hydrologic regime — regulated
Icing
Metals/Pollutants - in sediments/soils
Metals - in water column
Miscellaneous toxic pollutants - water column
Nutrient enrichment
Obstructions to fish migration
Predation risk
Riparian function
Salmon Carcasses
Temperature - daily minimum (by month)
Temperature - daily maximum (by month)
Temperature - spatial variation
Turbidity
Wood
Water withdrawals

Accounting for Reaches without Data

Coho capacity was estimated using the equation described earlier for all reaches where
EDT data were available and coho were distributed. Not all reaches used by coho for
rearing had EDT data available. In each basin, we calculated the coho capacity/meter of
habitat where EDT data were available. This density was multiplied by the linear length
of coho habitat where EDT data were not available. The resultant capacity was added to
the capacity of reaches with EDT data to determine total capacity for the basin.

Model Validation

Coho capacity estimates were validated using observations of coho production from
basins around the Pacific Northwest. Results were evaluated in two manners including
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coho/meter, and coho/mi? of watershed area. Coho/meter for the lower Columbia basin
was calculated as the total capacity divided by the summed length of reaches within the
basin that coho capacity was estimated for.

Coho/mi? of watershed was calculated as the total coho capacity for the basin divided by
the watershed area of the basin. We only used data from other basins that were greater
than 50mi® because coho production per watershed area decreases as watershed area
increases and watershed areas in the lower Columbia Basin ranged from 63-512 mi%. We
used data from eight migrant traps in the Clackamas, Coquille, Umpqua and Rogue
basins. Data from those basins were obtained from Shibahara and Taylor (2001), Vogt
(2003), data received from ODFW Salmonid Life Cycle Monitoring Project (Mario
Solazzi, personal comm. 3/02), and ODFW (Dave Harris, personal comm. 3/03).
Watershed areas above those traps ranged from 61-681 mi°. From these traps we
compiled the maximum outmigration estimate from each trap for the years that the trap
was operated. The maximum observations of outmigrants from each trap were chosen
because it was believed that those numbers most closely represented the production
potential of the basin. Then we calculated the median and maximum number of smolts
per watershed area from that data set.

Model performance was also tested by estimating capacity in the Elochoman and
Skamokawa basins, and comparing our capacity estimate the EDT smolt equilibrium
abundance estimates.

RESULTS AND DISCUSSION

Capacity Estimates

Total smolt production potential estimates among the basins ranged from 22,000 in the
East Fork Lewis to 279,000 in the Toutle (Figure 1,Table 2).
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Figure 1. Coho smolt production potential estimatesfor basinswithin the lower Columbia Basin.
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Table 2. Estimated coho smolt production potential, smoltsmeter of available coho habitat,
smolts/mi? of water shed, per centage of reacheswith EDT data that wererated as degraded, and
per centage of reaches wher e coho are suspected to exist where EDT data wer e available.

Smolt  Smoltsper Smoltsper mi*2 % of Reaches Per cent of coho
Basin Capacity meter of Water shed Degraded habitat without EDT data
Coweeman 76,651 0.53 360 11% 27%
EF Lewis 22,189 0.16 94 100% 38%
Grays 60,419 0.32 491 40% 30%
Kalama 41,860 1.10 174 0% 43%
Lower Cowlitz 159,482 0.24 370 72% 48%
L. N.Fk. Lewis 82,502 0.54 821 96% 43%
Toutle 278,985 0.35 545 40% 51%
Washougal 38,848 0.29 181 85% 33%

Measures of estimated production potential compared favorably to observed levels of
smolt production in other basins of the Pacific Northwest. Solazzi et al. (2003) presented
estimates of coho production per meter of habitat in 14 coastal Oregon streams. Migrant
traps were operated at those locations for 3-5 years (period varied depending on the trap),
and coho outmigrant abundance estimates were made for each year by expanding trap
counts by trap efficiency. Of 67 observations (multiple traps in multiple years), coho per
meter estimates varied from 0.00 to 1.19 with a median of 0.20. The estimates of coho
production potential per meter in the lower Columbia Basins compare favorably to these
because no estimate was greater than the maximum reported by Solazzi et al. (2003), and
all but one were greater than the median observation (Figure 2). This means that
production potential estimates in the lower Columbia Basins are sufficiently high to
reflect conditions better than realized in 50% of coastal Oregon observations, but are low
enough that they don’t exceed the maximum observation. Some of the observations of
Solazzi et al. (2002) have taken place following years of extremely high seeding levels as
recent years have produced near record returns from Oregon coastal coho. It should be
noted that the data reported by Solazzi et al. (2002) is for basins ranging in size from 3.5
to 24.4 mi?. Basins of the lower Columbia for which production potential estimates were
made range from 63-512 miZ.
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Figure2. Estimatesof coho production per meter of available habitat in the lower Columbia Basins
in comparison to valuesreported by Solazzi et al. (2002) from outmigrant trapping studieson 14
Oregon coastal streams.

Production potential estimates by watershed area in the lower Columbia basins were
greater than the median observation at migrant traps in the Coquille, Clackamas, Umpqua
and Rogue basins. In 5 of 8 basins, the production potential estimate was greater than the
maximum observed outmigration at the migrant traps (Figure 3).

This comparison is useful because it shows that our estimates of production potential are
not likely too conservative. However, it also suggests that for the Lower North Fork
Lewis, Grays and Toutle the estimates are too high. The Lower North Fork Lewis is
unique in that the upper point of the main watershed terminates at a dam, and the
proportion of rearing area to watershed area is likely much larger than in a typical basin.
This situation likely gives rise to the inflated smolt per watershed area estimate for this
basin. Also, the maximum trap estimate was generated from a limited pool of data, and
likely does not reflect the true maximum outmigration density that could be achieved in
large basins.
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Figure 3. Production potential in termsof coho smolts per watershed area for the lower Columbia
basinsin comparison to observations from migrant traps of similar sized basins.

Coho production potential estimates made by the HLFM derived regression for the
Elochoman and Skamakowa basins were greater than the smolt equilibrium abundances
estimated by EDT for those basins, though the estimates were reasonably similar to one
another (Table 3). The relative proportion of the Elochoman to the Skamokawa estimate
via the HLFM derived regression was similar to the proportion of the EDT estimates.
These observations indicate that while the estimates of the two models are somewhat
different, both models similarly rated relative production potential between the two
basins.

Table 3. Production potential estimatesfor the Elochoman and Skamakowa basins generated by the
EDT and the HLFM derived regression.

Elochoman Skamakowa Ratio
EDT 27,015 19,736 1.37
HLFM 37,364 23,283 1.62

Model Assumptions and Constraints

Several assumptions were made in applying the HLFM derived regression to streams in
the lower Columbia Basin. Primarily, the HLFM was developed for estimating coho
smolt production potential in coastal Oregon streams, and was developed based on data
from those streams. By applying the HLFM to streams within the lower Columbia basin,
the model is being applied to streams in a region that it was not developed or validated
for. This may cause erroneous estimates that might arise by inherent differences in coho
production potential between basins in the lower Columbia and those along the Oregon
coast.
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Secondly, by using the regression developed by Nickelson (1998) to derive a secondary
regression, we are assuming that the habitat bottleneck for coho in the lower Columbia
Basins is winter habitat availability. In the winter, coho seek slow off channel habitat
types such as beaver ponds, alcoves and backwater pools for refuge (Nickelson 19923;
Bustard and Narver 1975; Tshaplinski and Hartman 1983). It is likely that in the lower
Columbia Basin, as in the Oregon coastal basins that anthropogenic influences of the last
150 years have reduced the availability of these habitat types, and caused the lack of
these habitats to be limiting coho production. If the habitat availability of another life
stage is limiting, then we have overestimated production potential in this exercise.
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4.0 Integrated Watershed Assessment (IWA): GIS Based Screening
of Watershed Process Conditions for Salmon Recovery Planning

41  Abstract

The Lower Columbia Region (LCR) includes several major river basins comprising
5,300 square miles (3.4 million acres) in southwest Washington. State, local, tribal and federal
entities in the LCR are working cooperatively to develop recovery plans for Pacific salmon and
steelhead listed under the Endangered Species Act (ESA). A key objective of this effort is to
identify priority areas for preservation and restoration of key habitats. This requires an
understanding of the existing and probable future status of fish populations and associated
habitats, and the watershed and fluvial processes that influence them. We developed a GIS-
based watershed screening and prioritization approach, referred to as Integrated Watershed
Assessment (IWA), that explicitly considers three processes known to affect the quality and
quantity of fish habitat: hydrology, sediment delivery, and LWD recruitment potential (as
inferred from riparian condition). We used the IWA to evaluate existing and probable future
conditions in 545 planning subwatersheds (3,000 to 12,000 acres) covering the entire LCR.
Results of the IWA, in combination with outputs from the Ecosystem Diagnosis and Treatment
(EDT) model, provide a ‘top down’ view of factors affecting instream habitat conditions, and a
‘bottom up’ view of the effects of these limiting factors on the performance of fish populations.
This assessment tool enables identification and prioritization of specific management actions at
appropriate temporal and spatial scales.

4.2 Integrated Watershed Assessment — Rationale, Methodology, and
Application

Over the past decade, several population segments of salmon and steelhead
(Oncorhynchus spp.) and native char (Salvelinus spp.) in the Pacific Northwest region of the
United States have been listed as threatened or endangered under the Endangered Species Act
(ESA). Currently, federal, state, tribal and local agencies and stakeholders are responding to
ESA to develop comprehensive recovery plans for listed species. Recovery planning intersects
with regional subbasin planning efforts also currently underway in the region. Ongoing recovery
planning efforts are organized by planning units based on jurisdictions, previously defined sub-
basin basin boundaries, and the geographic range of newly defined population segments. One
such planning unit is the Lower Columbia Region of Washington State (LCR), comprised of five
planning subbasins and covering several major river drainages, covering a total of 5,300 square
miles (3.4 million acres). The LCR is further divided into 545 3,000 to 12,000 acre planning
subwatersheds.

One element of recovery planning in the LCR is the synthesis of several complex sources
of information to describe habitat conditions and identify factors that contribute to the decline of
the listed species, or that limit their recovery. Consideration of watershed processes is
acknowledged to be a necessary component of recovery planning. Measures of instream habitat
conditions, which can be used to estimate the productivity of salmonid populations, provide an
instantaneous ‘snapshot’ that are not reliable for describing trends in habitat quality when used
alone, or for identifying management actions. Watershed processes (e.g., hydrology, sediment
supply and transport, woody debris) are fundamental determinants of instream habitat
conditions. The functionality or impairment of these processes is in turn suggestive of trends in
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habitat conditions over time, and of the potential as well as limitations of mitigation and
restoration measures (Barinaga 1996, Beamer et al. 2000, Booth and Jackson 1997, Featherston
et al. 1995, Gregory and Bisson 1997, Naiman et al. 1992, Ralph et al. 1994, Roper et al. 1998,
Stanford and Ward 1992, Stanford et al. 1996). It is further recognized that many regional
stream restoration projects have not performed as expected because the influence of degraded
watershed processes was not adequately considered during the design process (Bisson et al.
1992, Doppelt et al. 1993, Roper et al. 1998). Therefore, an understanding of the condition of
watershed processes is critical information both from the standpoint of planning restoration
projects, and for developing a strategic understanding of the likely future contribution of a given
subwatershed to recovery planning efforts.

There are several watershed processes that directly or indirectly affect the quality and
quantity of salmon habitat in Pacific Northwest watersheds. For example, heat flux is a
determinant of the temperature regime of surface waters, which in turn affects the suitability of
habitats for various stages of salmonid life history. Sediment delivery and transport is a critical
watershed process, which fundamentally affects channel morphology, substrate stability, and the
structural diversity of available salmonid habitats. While multiple watershed processes important
to salmonid habitat can be identified, the delivery and routing of sediment, water, and woody
debris into and through the stream channel are viewed to be the fundamental determinants of
watershed health (Beamer et al. 2000, Bisson et al. 1987, Gregory and Bisson 1997, Naiman et
al. 1992). The condition of these watershed processes can be described by measures of sediment
supply, hydrology, and riparian condition.

Watershed processes occur over a range of scales, from local (e.g., riparian zone
condition and large woody debris recruitment) to basin levels (e.g., watershed level hydrologic
condition). The scale and complexity over which these processes operate has resulted in a
variety of modeling or predictive approaches used to estimate present, future and historical
conditions. For example, sophisticated hydrologic models such as the Distributed Hydrology
Soil-Vegetation Model (Wigmosta et al. 1994, Wigmosta and Perkins 2001), or the HEC-
GeoHMS (USACE 2000) can be used to estimate hydrologic conditions in Pacific Northwest
watersheds based on widely available GIS data. In comparison to hydrology, modeling of
sediment delivery to stream channels is in its relative infancy (UCCCWE 2001). Empirical and
stochastic models of sediment delivery have been applied in watershed management practices,
but these models are typically data and calculation intensive. In general, computational
requirements and data limitations do not allow for these and other more sophisticated modeling
approaches to be applied systematically across large areas being considered in regional subbasin
and salmon recovery planning.

For the purpose of recovery planning in the LCR, it was desirable to develop a screening
level, GIS based modeling approach that can be used to evaluate the likely condition of
sediment, hydrologic and riparian processes at subwatershed scales across the region. These
three measures form the core of the modeling approach for the following reasons:

e They are fundamental drivers of watershed health
e Their condition could be inferred from synoptically available GIS data in the LCR

e Additional natural and human-derived factors affecting these processes, readily derived from
available GIS data sets, can be rated against generally accepted effects thresholds
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The value of the process-based approach to subwatershed categorization is that the
processes examined are linked either directly or indirectly to habitat conditions that directly or
indirectly affect the viability of fish populations. The focus on watershed processes allows for
both an understanding of likely current conditions, as well as the ability to project likely future
trends. Because the condition of watershed processes and associated trend factors are identified
at subwatershed and watershed scales, the results of the analysis are suggestive of the general
categories of habitat protection and restoration measures that could be included in salmon
recovery planning.

42.1 General Approach

As discussed above, the IWA analysis examines hydrologic, sediment, and riparian
conditions as fundamental drivers of watershed health. The approach relies on spatial analysis of
landscape level GIS data against generally accepted or newly derived effects thresholds to
determine the condition of these processes. IWA results are developed at local levels for
sediment, hydrology, and riparian conditions, and at watershed levels for sediment and
hydrology in all subwatersheds. The local level results describe the condition of factors affecting
watershed processes within each subwatershed (i.e., not including upstream effects). The
watershed level results describe the condition of watershed processes in the subwatershed
including the influence of upstream areas (e.g., the entire drainage area).

The development of both local and watershed level results for each subwatershed
provides two benefits for recovery planning purposes. The watershed level results provide an
indication of the probable condition of watershed processes within each subwatershed because
they include the influence of upstream effects. The local level results, because they are based
solely on conditions within each subwatershed, can be used to identify which subwatersheds are
probable source areas for degraded watershed processes having adverse downstream effects.

4.3 Applications for Identifying Likely Future Trends & Categories of
Appropriate Management Actions

For recovery planning purposes, it is desirable to identify the likely future trends in
process conditions in Key Subwatersheds over the next 20 years. This helps to further focus the
direction of potential recovery planning Efforts. Given an understanding of current conditions
and likely trends, it is then possible to identify general categories of appropriate watershed level
management actions that can be used to maintain and improve conditions that advance recovery
planning goals.

IWA results, in combination with additional sources of information on current and future
land use and other landscape scale data, can be used to develop qualitative predictions of future
trends and to identify appropriate categories of management measures. This approach is based on
some general assumptions. For example, it is assumed that in subwatersheds where areas zoned
for development exhibit a high proportion of currently undeveloped land, hydrologic and
riparian conditions are likely to deteriorate over the next 10 to 20 years as development
proceeds. In such areas, it would be appropriate to limit development where practical, protect
riparian zones to the greatest extent possible, and invest in storm water management
infrastructure to mitigate these effects. In contrast, it is assumed that hydrologic, sediment and
riparian conditions in timber harvest watersheds under public ownership or subject to Habitat
Conservation Plans would be expected to remain stable or to improve gradually over time.
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Appropriate management measures would include promoting vegetation recovery, retiring forest
roads where practicable, and managing the road drainage network to minimize sediment and
hydrologic impacts.

The approach used to identify future trends and categories of management actions is
described in Section 5.2.2.

4.4 1WA Methodology

The IWA methodology includes three primary elements: 1) analysis of the condition of
watershed processes; 2) the prediction of likely future trends; and 3) the identification of
appropriate categories of management actions to maintain or improve the condition of watershed
processes. These elements are described in the following sections.

4.4.1 Watershed Process Condition Analysis

Evaluation of the condition of watershed processes is based primarily on available GIS
data on describing landscape characteristics such as vegetation, geology and slope class, and
other landscape scale factors such as road density, and zoning and development. These data
sources describe landscape conditions that determine the condition of watershed processes,
which are described in terms of functionality or degrees of impairment. A subwatershed with
landscape conditions lying within natural ranges would be considered to have functional process
conditions. Landscape conditions outside of natural ranges are indicative of varying degrees of
impaired process conditions.

For example, a given subwatershed will have a natural sediment supply rate determined
by its geology, topography, climate, soils, and vegetation. Subwatersheds of a similar type (e.g.,
high gradient mountainous headwaters) will have similar characteristics and would be expected
to have similar sediment supply rates within a natural range. If a subwatershed of this type has
perturbing factors leading to an estimated sediment supply rate outside of this range, then it
would be considered impaired.

This approach requires a three-step analytical process:

1. Stratification of subwatersheds: Partitioning of subwatersheds into strata based on drainage
area, elevation, geology, and hydrograph

2. Assessment of current subwatershed and watershed conditions based on GIS-derived,
indicator-based estimates of sediment supply rates, hydrology, and riparian condition.

3. Classification of subwatersheds by level of process impairment, determined by comparison
with impairment threshold values derived from the scientific literature or from observed
distributions of subwatershed estimates.

Subwatershed stratification involves grouping subwatersheds based on natural
characteristics that cause variation in watershed process conditions. Different combinations of
landscape characteristics were used to create nine distinct subwatershed strata (Table 4-4.). To
facilitate assessment of natural process conditions, subwatersheds that are relatively
homogeneous with respect to these characteristics will be assigned to the same strata. The result
is a more efficient and discriminating evaluation of subwatershed condition.

The action and influence of hydrologic, sediment and riparian processes are, by nature,
broadly distributed within downstream and in some cases upstream gradients. Degraded process
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conditions in headwaters areas can have wide reaching effects in downstream areas. For these
reasons, it is desirable to model the downstream influences of degraded process conditions to
more fully capture the potential effects on instream habitat conditions. Subwatersheds are
spatially linked in the IWA model to capture the influence of upstream drainage area on
conditions within each subwatershed. In this way, the condition of factors affecting watershed
processes in a subwatershed can be evaluated at both local (i.e., within that subwatershed) and
watershed scales (i.e., incorporating conditions in upstream subwatersheds). The result of this
process is two different types of information about each individual subwatershed. The local
level results describe the condition of factors affecting watershed processes within the
subwatershed boundary, while the watershed level effects describe the condition of watershed
processes within the entire drainage area affecting that subwatershed.

Methods for assessment and classification of hydrologic, sediment and riparian
conditions are described in the following sections. Subwatershed strata, and local and watershed
level results for sediment, hydrologic and riparian conditions for all 545 subwatersheds in the
LCR are listed by Subbasin and recovery planning watershed in Volume 1V, Chapter 6.

Table 4-1. Subwatershed stratification matrix

Topography/Hydrology/Geology

High Elevation/Snow

Lowland/Rain Dominated/ Lowland/Rain Dominated/ Dominated/ Low
Drainage Area Low to Moderate Erodability High Erodability Erodability
Small (>15,000 Strata 1 Strata 2 Strata 3
acres) Lowland Tributaries Lowland Tributaries Headwater Streams
Medium (15,000- Strata 4 Strata 5 Strata 6
75,000 acres) Lowland Watersheds Lowland Watersheds High Elevation Mainstems
Large (>75,000 Strata 7 Strata 8 Strata 9
acres) Low Gradient Large River Low Gradient Large River High Elevation Large River
Mainstems Mainstems Mainstems

Sediment Assessment and Classification Methods

Excessive instream sedimentation has been recognized as a substantial cause of degraded
salmonid habitat throughout the Pacific Northwest (Reiser, 1998). This sedimentation resulted
from increased rates of sediment delivery from hill slopes to stream channels, typically linked to
land management activities (e.g., Salo and Cundy, 1987). For this reason, URS determined that
evaluating relative sediment delivery rates could aid in the screening of watersheds within the
study area for purposes of salmon recovery planning.

Our evaluation of sediment delivery rates rests on three important assumptions:

e Over the long term (from a human planning perspective), sediment delivery is controlled by
geology and related physiographic properties of the landscape (i.e., slope). Locally, sediment
delivery occurs from a range of active erosional processes, generally not including surface
erosion.

e Over the short and intermediate term, climate (as measured by precipitation volume and
intensity patterns) is effectively constant, varying within a defined range.
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e Over the short term, removal of substantial vegetation and other drainage alterations result in
a rapid increase in sediment delivery rates from a range of active erosional practices,
including but not limited to surface erosion.

e Measured sediment delivery rates are quite variable in time and space, and locally sensitive
to the specific nature of the landscape perturbations and the timing of these perturbations
with regard to climatic events.

This sediment-screening tool needed to be able to distinguish the effects of landscape
management practices on sediment delivery from natural sediment delivery rates. Several
potential proxies for landscape management practices were considered. The Skagit System
Cooperative (Beamer et al. 2002) developed a approach for calculating sediment delivery rates
from different geology types based on the extent of vegetation coverage and slope. This
approach was found to be impractical in the LCR, because the extent of vegetation coverage
based on geology type could not be clearly correlated to sediment delivery rates.

Whole-landscape models of sediment delivery, such as the Forest Service’s Water
Erosion Prediction Project (WEPP) model, are not sufficiently well developed to account for
erosional processes other than surface erosion. Yet, watershed analyses conducted in
southwestern Washington have noted the relative importance of mass wasting and, less
commonly, gullying or streambank erosion, as major contributors to sediment delivery. These
include watershed analyses in the Kosmos, Upper Skookumchuck, and Panakanic drainages
(Murray-Pacific 1997, Western Watershed Analysts 1997, Weyco n.d.). At the same time, these
analyses do not quantify sediment delivery except for that predicted from the surface erosion of
roads. This is due to the fact that the effort and complexity of such quantification does not serve
the purpose of the watershed analyses, which is to understand watershed processes at a level of
detail sufficient to identify probable sources of habitat limiting factors. However, the density of
unsurfaced forest roads can serve as a useful proxy for the effect of landscape management
practices on sediment delivery. This approach has precident in the surface erosion component of
Washington State’s watershed analyses guidance. The sediment component of Washington
State’s watershed analysis manual is based on detailed studies of road-related sediment delivery
rates and habitat effects by Cederholm and Reid (1987) by the type of road and use patterns in
the Clearwater River basin of the Olympic Peninsula. Road density is arguably a useful proxy
measure of the intensity of land use at the landscape scale.

There are no watershed assessments or other comprehensive investigations within the
LCR with sufficient information to quantify sediment delivery rates for processes other than
surface erosion, and, as mentioned, surface erosion appears to play a less important role in the
delivery of sediment to stream channels. However, the general agreement that forest roads are an
important factor in the delivery of sediment to stream channels, and the fact road density is
readily applied in a modeling context suggests that forest road density can be combined with
other factors to provide a reasonable screening level evaluation of the condition of sediment
processes.

Therefore, rather than explicitly calculating sediment delivery rates, we have developed
an index of erodability that can be used to predict the relative magnitude of sediment delivery
from a watershed over short and intermediate time scales. The index of erodability is calibrated
to account for the observed non-linear relationship between measured erosion and sediment
delivery to stream channels. While this non-linear relationship cannot be fully quantitatively
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established, there are several observations of soil erosion and sediment delivery that are
suggestive of the relative magnitude of sediment delivery resulting from erosion of differing
geology types by slope class. These include compilation of sediment yield rates in experimental
(i.e., instrumented) basins by Swanson et al. (1987) for the western Oregon Cascades (equivalent
to the southern Washington Cascades) and the Coast Range (equivalent to the Willapa Hills
area), and inventoried sediment delivery volumes from older forest roads in four watersheds in
western Washington (Veldhuisen and Russel 1999). Sediment delivery in this study was
partitioned by source (gully vs. landslides) vs. land surface slope, as described by Veldhuisen
and Russell (1999).

The experimental work by Swanson et al. (1987) and Velduisen and Russel (1999) was
conducted in watersheds with generally steeper terrain. While much of the LCR is comparable
to the watersheds examined in these studies, a significant proportion of the LCR has relatively
flat terrain that would be expected to have less natural erodability. To account for this
variability, K-factors for soil associations mapped in Lewis County are used to scale the index
for areas of the LCR with shallower terrain (Evans and Fibich 1987). The “K” factor is the soil
erodability factor used in the Universal Soil Loss Equation and its decedents, including the soil
erosion component of WEPP. Soil associations were matched to the slope and rock types on
which they formed, which allowed for the use of geology data as a proxy for soil type.

The erodability index was calculated for subwatersheds in the LCR using the following
sources of synoptically available GIS data:

e Geology (WDNR 1:100,000 scale coverage)

e Slope class (WDNR 1:100,000 scale coverage)

e Unsurfaced road density (Class 0, 4 and 5 roads, WDNR 1:24,000 scale coverage)
e Subwatershed attributes (total area, upstream subwatersheds)

This GIS data was used to develop the following parameters, which are combined and the
results averaged on an area-weighted basis for each subwatershed:

e The relative erodability of the underlying bedrock, divided into three erodability classes:

0 Low for massive igneous and sedimentary rocks
0 Moderate for thinly bedded sedimentary rocks and pyroclastic deposits (i.e., volcanic
materials not related to lava flows)
o High for unconsolidated sediments of alluvial, glacial, or volcanic origin.
e The land surface slope, defined by three slope classes as provided by the source data:
0 <35% slope
0 35-65% slope
0 >65% slope
e Road density of unsurfaced roads, divided into three classes related to the log-normal mean
density of unsurfaced roads (WDNR class 0, 4 and 5) within each unique polygon
combination of slope and erodability class:

o High road density: > +1 standard deviation from the mean (>8.3 miles/mile?)

0 Moderately high road density: 0 to + 1 standard deviations from the mean (3.3 to 8.3
miles/mile?)
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0 Moderately low road density: 0 to — 1 standard deviations from the mean (2 to 3.3
miles/mile?)
o Low road density: < — 1 standard deviations from the mean (<2 miles/mile?)

These four data themes and parameters described above were intersected to identify the
area in each subwatershed in each unique combination of slope and erodability class, and the
unsurfaced road density in each of these combinations. The road density thresholds cited apply
to the geology and slope class polygons, rather than the subwatershed or watershed level road
density. These data were then used to calculate natural and currently existing subwatershed
erodability ratings using the following three step methodology:

First, a background sediment delivery index value, referred to as the GeoSlope Sediment
Delivery (GSSD) index, was developed for each GIS polygon representing a unique combination
of slope and geology type. The GSSD provides an estimate of the relative sediment delivery
rates to the watershed under natural conditions. The GSSD is calculated by summing the area
weighted erodability ratings for each unique combination of slope and erodability classes found
at local and watershed levels. Erodability ratings by geologic erodability and slope classes are
shown in Table 4-2. These arbitrary index values were developed from data reported by Swanson
et al. (1987) and the Lewis County soil survey (Evans and Fibich 1987).

Next, an estimate of the effect on sediment delivery from managed lands was calculated
for each polygon, using unsurfaced road density as a proxy for land use activities, referred to as
the Road Susceptibility to Sediment Delivery (R) index. The presence of unsurfaced forest roads
is widely recognized as the major cause of accelerated sediment delivery for forestlands, but can
also a major contributor to sediment delivery from agricultural or other cleared lands. The R
index was scaled to account for the estimated acceleration in sediment delivery based on results
of Reid and Cederholm (1987) and Veldhuisen and Russell (1999). Veldhuisen and Russell
(1999) reported their data on a land-slope basis only, and found that inventoried sites with both
low and high slopes had the highest rate of gully erosion, while only sites in the highest slope
class were found to have mass wasting features. While recent modeling suggests that road
density is less important than road location and use in predicting sediment delivery (Kahklen,
2001), road density is used here because it can be reliably calculated at the scale of each slope
and geology type polygon across the LCR.

Finally, the GSSD and R indices were combined to arrive at a Managed Condition
Sediment Delivery (MCSD) index. The average unsurfaced road density in the study area was
calculated as 5.8 mi/mi?, with a standard deviation of 2.5 mi/mi® (log-normal distribution). For
low road density values (2 to 3.3 mi/mi), the MCSD was calculated as the average of the GSSD
and R values. For intermediate road density values, the MCSD was set equal to the R value. For
high road density values, the MCSD was set equal to 3 times the R value. MCSD index values
by erodability, slope and R class are shown in Table 4-3.

It is important to note that relative road density thresholds rather than absolute thresholds
for watershed scale road density from the literature because the individual area of analysis is not
the drainage, but individual spatial polygons representing a combination of a single erodability
class and slope category. The data set used to develop this relative rating represents several
thousand distinct GIS polygons with a broad range of road densities ranging from zero to tens of
miles per square mile of area, suggesting a representative range of effects. It is interesting to
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note that the resulting thresholds are comparable to existing literature values for drainage scale

road densities (Wade 2000, 2001).

Table 4-2. Natural erodability ratings used to calculate GeoSlope Sediment Delivery (GSSD) index

values

Geology Type*

Natural Erodability Rating
Geology Type Based on Slope Class***

Erodability Class** Slope< Slope Slope
30% 30-65% >65%

ice

water

NONE 0 0 0

acidic intrusive rocks

andesite flows

basalt flows

basalt flows (Frenchman Springs Member [CRB, WB])

basalt flows (Grande Ronde Basalt, undivided [CRB])

basalt flows (GrandeRondeBasalt,upper flows of norm.mag.pol.)

basalt flows (GrandeRondeBasalt,upper flows of rev.mag.pol.)

basalt flows (Pomona Member [CRB, SMB])

basalt flows, invasive (CRBG, undivided)

basalt flows, invasive (Grande Ronde Basalt,undiv.[CRB])

basalt flows, invasive (Pomona Member [CRB, SMB])

basic intrusive rocks

dacite flows

diorite

gabbro

granite

granodiorite

intrusive andesite

intrusive andesite and dacite

intrusive basaltic andesite

intrusive dacite

intrusive rhyolite

intrusive rocks, undivided

quartz diorite

rhyolite flows

LOW 1 5 10

argillic alteration

basalt flows and flow breccias, Crescent Formation

continental sedimentary deposits or rocks

continental sedimentary deposits or rocks, conglomerate

marine sedimentary rocks

nearshore sedimentary rocks

pyroclastic flows

quartz monzonite

talus deposits

MODERATE 25 50 75
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Natural Erodability Rating
Geology Type Based on Slope Class***

*
Geology Type Erodability Class** Slope< Slope Slope

30% 30-65% >65%

tuffs and tuff breccias

volcanic and sedimentary rocks

volcanic rocks

volcaniclastic deposits or rocks

alluvial fan deposits

alluvium

alluvium, older

alpine glacial drift, pre-Fraser

alpine glacial outwash, Fraser-age

alpine glacial till, Fraser-age

artificial fill, including modified land

glacial drift, undivided HIGH 50 75 150

lahars

mass-wasting deposits, mostly landslides

outburst flood deposits, gravel, late Wisconsin

outburst flood deposits, sand and silt, late Wisconsin

peat deposits

pebble breccia

terraced deposits

* Washington Department of Natural Resources (WDNR) lithological term (LITH_TERM) used in the State of Washington geology
1:100,000 GIS coverage.

** Relative erodability of geology class based on observed regional relationships
faleid Natural erodability rating for each polygon having the defined geology and slope class combination

INTEGRATED WATERSHED ASSESSMENT VI, 4-10 July 2003



Table 4-3. Road Susceptibility to Sediment Delivery (R) index values used to calculate the
Managed Condition Sediment Delivery (MCSD) index

R Index Value**

gggfbi"ty Slope Class g:’:iunrgi Erodability Road Deénsity Road Denszity Road Densit)Z/ Road Der;sity
<2m/m 2-3.3m/m 3.3-83m/m° >83m/m
w 0 1 1 15 2 5
w - 65% 30- 5 5 5 5 15
% >65 10 10 30 50 150
% <30 25 25 38 50 150
derate Mo 65% 30- 50 50 50 50 150
o >65 75 75 288 500 1500
o <30 50 50 75 100 300
gh i 65% 30- 75 75 75 75 225
>65 150 150 575 1000 3000

%

* From Table 5-3

** Road Susceptibility to Sediment Delivery index values reflect non-linear relationship between road density and the Natural Erodability Rating
The attribute information in GIS derived polygons based on the intersection of slope class, geology type
and forest roads were used to calculate the GSSD and MCSD index values. GSSD and MCSD for each
individual polygon are aggregated to derive local (GSSDgys, MCSDy,s) and watershed level (GSSDy,

MCSD,) index values for each subwatershed. A conceptual diagram of this analytical process is shown
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Slope Class - Total
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'
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Erodability Rating
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v
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Sediment Delivery
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:

Managed Condition
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Road
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Unsurfaced Road
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No
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Figure 4-1.

The natural (or background) watershed level GSSDy for subwatershed j is calculated as:

Eq. (1n)

GSSD,, =

NgE

PG,

J

1
[N

3

&WS

1l
[N

and the natural local level GSSDss for subwatershed j is defined as:

Eqg. (2n)

GSSD,,, =

> PG

i=1

WS

based on subwatershed area A gys:

Eq. (3)

where:
GSSDys
GSSDgys

= Watershed level natural erodability rating

= Subwatershed level erodability rating; j =1, 2, ..., m

Asws = Area of contributing polygons(s) within subwatershed; j=1, 2, ..., m

n = number of polygons
m = number of subwatersheds
Pi = Total area of polygons with unique GSSD erodability and slope class

combinations area (acres); i=1, 2, ..., n

Gi = The natural erodability rating each combination of P;; i =1, 2,..., n (see Table

4-2)

Current erodability index values at the watershed level MCSD,,s are calculated similarly,
substituting Rsws for Gsws. EQ. (1n) and Eq. (2n) are replaced with:

Eq. (1¢)

MCSD, , =

S PR
j=1

z A%ws

j=1

and:
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Eq. (2c) MCSD,,, ==

respectively, where:
MCSDgys = The erodability index value for the subwatershed under current managed
conditions
Ri = The R index value for the polygons slope, geologic erodability and unsurfaced

road density combination; i =1, 2, ..., n (seeTable 4-3)

The condition of sediment processes in each subwatershed is determined at the local and
watershed levels by comparing the current condition (MCSDs,s or MCSD,) to the background
condition (GSSDsys or GSSDys) at the appropriate scale. At the local level, only the areas within
the subwatershed boundary that contribute sediment are examined. At the watershed level, all
upstream areas contributing sediment to the subwatershed are examined. GSSD and MCSD
values vary significantly between subwatersheds, reflecting differences in geology, slope and
intensity of land use.

The following threshold values have been established based on calibration of results to
conditions observed in existing watershed assessments (Veldhuisen and Russel 1999):

Functional: GSSD < 1.5 x MCSD
Moderately Impaired: 1.5 x GSSD < MCSD < 3 x GSSD
Impaired: MCSD > 3 x GSSD

In addition to the impairment rating, the natural erodability index values (GSSDsws,
GSSDws) also provide useful information on the likelihood of sediment problems occurring in a
subwatershed. Those areas with high natural erodability index values are more likely to suffer
from high levels of sediment supply and the subsequent effects on stream channel conditions. In
contrast, those areas with very low erodability index values are more likely to suffer from
sediment starved conditions, particularly in locations below dams where upstream recruitment of
sediment is limited.

It is important to note that these thresholds and the ratings values presented in Tables 5-3
and 5-4 are derived from the described watershed assessment studies and information about the
erodability of various geology types. While these values are quantitative, they should not be
viewed as quantitative rates of erosion resulting from a given combination of slope and geology
type under varying management conditions. Rather, they are an aggregate scale of relative
erodability which has been calibrated against available information.

The semiquantitative nature of these index values, and potential data accuracy issues
contribute to uncertainty in this analysis. This uncertainty should be considered when
interpreting the results of this analysis. The nature and implications of this uncertainty are
described in Section 5.3.
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Figure 4-1. Conceptual diagram of subwatershed process condition analysis methodology for sediment supply, and selected additional
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factors.
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Hydrology Assessment and Classification Methods

Several well developed hydrologic models are in existence. For example, sophisticated
hydrologic models such as the Distributed Hydrology Soil-Vegetation Model (Wigmosta et al.
1994, Wigmosta and Perkins 2001), or the HEC-GeoHMS (USACE 2000) can be used to
estimate hydrologic conditions in Pacific Northwest watersheds based on widely available GIS
data. However, computational requirements and data limitations do not allow for these and other
more sophisticated modeling approaches to be applied systematically across the entire LCR. For
these reasons, it is desirable to develop a screening level tool to evaluate the condition of
hydrologic processes in recovery planning subwatersheds. A simplified approach to evaluating
the condition of hydrologic processes was developed following the example provided by the
Skagit System Cooperative (Beamer et al. 2002).

Like sediment supply, watershed hydrologic conditions can significantly affect channel
conditions, instream habitat parameters, and the overall quality and quantity of available habitat
for focal species. Again like sediment supply, the condition of hydrologic processes in recovery
planning subwatershed can be degraded by either local or watershed levels factors. Following the
guidance provided by Beamer et al. (2002), the condition of subwatershed hydrologic processes
is calculated based on the intersection of the following GIS themes and calculated values:

e Impervious surface (calculated from GIS zoning coverages for Clark County and effective
impervious surface (EIS) values).

e Subwatershed attributes (total area, upstream subwatersheds)

e Land cover (vegetation, 1:100,000 scale 1993 LANDSAT coverage)

e Road density (WDNR road coverage)

These data themes are intersected using a two-stage analysis process to determine
hydrologic functionality or impairment in urbanizing and undeveloped lands based on effective
impervious surface and vegetative cover (Beamer et al. 2000). These data sources are used to
calculate the hydrologic condition in the subject subwatershed, and in upstream subwatersheds.
A conceptual diagram of the analysis method is shown in . Stage 1 involves the calculation of
acres of effective impervious surface (EIS), calculated for each subwatershed zoning class
polygon based on zoning specific EIS values (Beamer et al. 2000). EIS for each subwatershed is
calculated using the following formula:

Effective impervious surface (lys) for a given watershed is calculated as:

m
z I sws Asws

Eq. (4) [P e —

Ws m
z Asws
j=1

where subwatershed area A s is calculated as Eq. (3) above and subwatershed EIS (lsys)
is defined as:

3 PE,
=
SWs ASWS

Eq. (5) |
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And:

lws = Effective watershed impervious surface area (%)

lsws = Subwatershed impervious surface area (%);j=1, 2, ..., m
Asvs = Area of contributing subwatersheds (acres); j=1, 2, ..., m

n = number of polygons

m = number of subwatersheds

Pi = Polygon area (acres); i=1,2, ..., n

Ei = Effective impervious surface area for zoning class x (%);i=1,2, ..., n

Subwatershed and watershed hydrologic impairment is determined by comparing EIS
values to the following provisional threshold values. If EIS exceeds 10 percent at the local or
watershed levels, the subwatershed is considered to be hydrologically impaired. If EIS is
between 3 and 10 percent at the local or watershed levels, the subwatershed is considered to be
moderately impaired. If the subwatershed has less than 3 percent impervious surface, Stage 2 of
the hydrologic analysis is conducted.

Stage 2 of the hydrologic condition involves analysis of land cover and road density at
local and contributing watershed scales. Vegetation class is calculated using existing land cover
data using the following formulas:

Land cover for a given watershed (LC,s) is calculated as:

i LCsws

Eq. (6) LC,, =-~———x100%

P

it

where subwatershed area A s is calculated as Eqg. (3) above, and percent of
subwatershed land cover LC,, in vegetation classes 3, 4 or 15 is defined as:

Z(FS + I:4 + F15)i
Eqg. (7) LC,, =2 A %x100%

and:

LCws = Watershed land cover in vegetation classes 3, 4 and 15 (%); (from Lunetta et al.
1997)

LCsws = Subwatershed land cover in vegetation class 3, 4,or 15 (%)j =1, 2, ..., m
Asws = Area of contributing subwatersheds, j=1, 2, ..., m
N = number of polygons
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M = number of subwatersheds

F3 = Polygon area in vegetation class 3, early-seral (acres)
Fq = Polygon area in vegetation class 4, other forest (acres)
Fis = Polygon area in vegetation class 15, non-forest (acres)

Subwatershed or watershed road densities are calculated by dividing the miles of total
road per square mile of subwatershed or contributing watershed area. The combination of these
two factors is used to categorize unclassified subwatersheds as hydrologically impaired, likely to
be impaired, or functional. A conceptual diagram of the analysis methodology with impairment
thresholds is shown in Figure 4-2.

The effects thresholds used in the hydrologic analysis include:

e Percent hydrologically mature vegetation: >50% vegetation class 3, 4 or 15
e Road density: >3 miles/mile?
e Impervious surface area: 3% and 10%

As shown in Figure 5-4, the interaction of these thresholds within a given subwatershed
and its drainage area are used to determine its impairment rating. The 50 percent threshold for
hydrologically mature vegetation is a conservative (i.e., allowing for less mature vegetation)
threshold derived from several sources, including US Forest Serivce watershed assessments
(USFS 1996, 2001), and the Skagit System Cooperative watershed screening approach for the
Skagit River basin (Beamer et al. 2002). It relies on the percentage of immature to mature forest
present in a watershed, as measured by the watershed area not in vegetation classes 3, 4, or 15 in
the GIS vegetation coverage (Lunetta et al. 1997). These data classes represent immature forest,
clearcut areas, rock and ice, urbanization, or other unvegetated open ground. The remaining
vegetation classes, data values 1 and 2, are representative of late seral forest, and mid-seral forest
classes, respectively.

The road density threshold of 3 miles per square mile is derived from the Skagit System
Cooperative watershed screening approach (Beamer et al. 2002). This includes roads of all
classes. Road densities exceeding this threshold value have been observed to correlate with
changes in subwatershed level hydrologic regime.

Finally, the impervious surface thresholds are similarly based on empirical evidence of
changes in hydrologic conditions with adverse effects on instream habitats. These thresholds
were applied by the Skagit System Cooperative (Beamer et al. 2002), and are derived from
ongoing research on urbanization effects in Western Washington.
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Figure 4-2. Conceptual diagram of subwatershed process condition analysis methodology for hydrology, and selected additional factors
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Riparian Assessment and Classification Methods

Riparian condition and LWD recruitment directly affect channel morphology, substrate
conditions, nutrient cycling, stream temperature, and the structural diversity of available habitats
for focal species. Riparian condition is selected as a proxy measure of these watershed processes.
The IWA approach to riparian condition relies on previous GIS based analyses and data
developed by Lunetta et al. (1997), and further refined by Beamer et al. (2002). Beamer et al.
(2002) conducted ground truthing of the Lunetta et al. (1997) data set, which was developed for
all areas of Western Washington, including the majority of the LCR.

Unlike the sediment and hydrologic analysis, no feasible analytical approach could be
developed for routing of riparian functions between subwatersheds. Analyses of watershed level
sediment and hydrologic conditions incorporate additive effects based on drainage area as a
primary calculation tool. The riparian analysis does not include this type of calculation, and a
detailed analysis of the transport capacity of woody materials between subwatersheds based on
other factors is beyond the scope of this analysis. Therefore, the riparian condition analysis
applies only at the local level, no watershed level (i.e., incorporating riparian conditions in
upstream subwatersheds) analysis is conducted. The implications of this are expected to be
minor however because riparian influence on large woody debris recruitment is expected to be
limited primarily to subwatershed scales. Only the larger mainstem rivers (i.e., subwatershed
strata 7 and 8) are capable of ongoing transport of large woody materials over distances that
would regularly cross subwatershed boundaries. This does however limit the ability to evaluate
transport of smaller woody material and organic debris between subwatersheds.

Riparian zone condition is evaluated using the following data sources:

e Land cover (LANDAT TM 1993 GIS data coverage)
e Streams (SSHIAP 1:24,000 scale GIS hydrology coverage)

These data themes are merged to estimate the proportion of intact versus degraded
riparian zone condition, based on total stream length. These proportions are then compared to
derived threshold values to determine functionality or the degree of impairment, as described
below.

Riparian zone condition is evaluated using a data layer developed following the methods
of Lunetta et al. 1997. The data layer describes the proportion of streamside buffer acreage by
vegetation class, based on the intersection of the LANDSAT TM 1993 data layer with a 30 meter
buffer polygon around 1:24,000 SSHIAP stream segments.

Functionality or impairment of riparian vegetation is based on the proportion of total
buffer area in five vegetation classes: class 1, late seral vegetation, including old growth and
mature second growth riparian forests; class 2, mid seral vegetation, including maturing second
and third growth coniferous forests; class 3, early seral vegetation, including a mix of young
coniferous and/or primarily deciduous vegetation types; class 4, ‘other forested’ lands, clear cuts,
brush, young deciduous forest, and; class 5, ‘non-forested’ lands, including rock, snowfield,
urban areas, agricultural land, etc. Based on field observations, each of these vegetation classes
has been observed to correspond to a proportion of area in functional versus impaired condition.
These observations were used to develop a functionality modifier for each vegetation class
(Beamer et al. 2000). A conceptual diagram of the riparian process analysis methodology is
shown in Error! Reference sour ce not found..
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Figure 4-3. Conceptual diagram of subwatershed process condition analysis methodology for riparian function, and selected additional factors
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Percent of functional riparian area is calculated from vegetation class and functionality modifiers
using the following formula:

CM,+C M,+C.M,+C, M, +C,_M

171 272 "33 44 715715
Ea.® R = x100%
SWS
Where:
Rsws = Percent functional riparian zone vegetation (%)
Bsws = Total buffer area (acres)
C, = Buffer area in vegetation class 1, late-seral (acres)
C, = Buffer area in vegetation class 2, mid-seral (acres)
Cs = Buffer area in vegetation class 3, early-seral (acres)
Cq4 = Buffer area in vegetation class 4, other forest (acres)
Cis = Buffer area in vegetation class 15, non-forest (acres)
M; = Vegetation class 1 functionality modifier (100%)
M, = Vegetation class 2 functionality modifier (92%)
Ms = Vegetation class 3 functionality modifier (88%)
M, = Vegetation class 4 functionality modifier (43%)

Mis = Vegetation class 15 functionality modifier (4%)

Functionality and degree of impairment is determined by comparing Rsys for each subwatershed
to selected threshold values for riparian condition. The threshold values applied were derived from a
relative ranking of riparian functions across the Lower Columbia region. Using untransformed riparian
condition data, the mean and, resulting in the following values:

e Functional (>1 standard deviations above mean): > 81% functional riparian zone
e Moderately impaired (+ 1 standard deviation from mean): 36% < functional riparian zone <81%
e Impaired (>1 standard deviation below mean): < 36% functional riparian conditions

This relative rating is difficult to compare to other existing thresholds for riparian conditions,
because these thresholds are typically based on different units of measurement. For example, the
Environmental Protection Agency’s Rapid Bioassessment Protocol (Barbour et al. 1999), and the
Washington Conservation Commission salmonid habitat condition ratings (Wade 2001) are based on the
average riparian zone width containing appropriate vegetation for the habitat type at the reach level.
However, because these thresholds are believed to be valid because they are based on a large data set
representing riparian conditions ranging from intact and nearly pristine to highly impaired across a
broad range of habitats.

4.4.2 Predicting Future Trends & Developing Management Recommendations

As mentioned in the introduction to this chapter, the IWA analysis includes a quantitative
analysis of watershed process conditions, described previously, and a qualitative assessment of likely
future trends in these conditions and potential management options for protecting or improving these
conditions.  This qualitative assessment is based on the results of the quantitative analysis, and
consideration of additional factors which are likely to influence watershed process conditions in the
future.
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Characteristics such as land cover, road density and impervious surface are related to land use
patterns that have generally predictable patterns. These characteristics, in combination with additional
factors that are measurable at landscape scales are suggestive of likely future trends in watershed
process conditions. In turn, the extent and nature of these characteristics and the predicted future trends
are suggestive of management options appropriate for maintaining or improving the condition of these
watershed processes.

Landscape level characteristics and additional factors used to predict future trends and identify
appropriate management actions are defined below. The approach to the Future Trends and Management
Recommendations analyses are described in the following sections.

Additional Factors

Additional factors include the data sets used in the IWA analyses, and other GIS data sets
describing additional landscape scale characteristics which influence watershed process conditions.
These additional factors include:

e Erodability Index: Subwatershed specific indices of natural (GSSD) and current (MCSD) erodability
ratings from the IWA analysis

e Floodplains: Percentage of total area defined as FEMA floodplains

e Land ownership: Percentage of subwatershed area in federal, state, or other land ownership.

e Rain on snow: Percentage of total subwatershed and drainage area in the rain on snow zone.

e Wetlands: Percentage of total subwatershed area defined as wetlands in the National Wetlands
Inventory

e Land cover: Percentage of subwatershed area in hydrologically mature forest, Class 1, Class 2 and/or
Class 3 from Lunetta et al. (1997)

e Currently zoned but vacant lands: Percent of subwatershed area zoned for development but currently
vacant

e Road density: Subwatershed road density, miles/mile?

e Stream crossing density: Number of road stream crossings per mile of defined streams (1:24,000)

e Streamside road density: Subwatershed density of roads within 100 feet of a defined stream
(1:24,000 scale)

The first three of these characteristics are interpreted qualitatively in the evaluation of future
trends and management recommendations. The remaining additional factors are used in the same
fashion, further informed by threshold values describing a relative range of conditions for these
characteristics. These threshold values are described in Error! Refer ence sour ce not found..

Additional Factors values for all 545 subwatersheds in the LCR are listed by Subbasin and
recovery planning watershed in Chapter 6.

Future Trends

The future trends analysis is a qualitative exercise, using best professional judgement to predict
likely trends based on the quantitative analysis results, qualitative evaluation of additional data on
subwatershed characteristics (additional factors), and the predominant likely future land uses. Whether
the hydrologic condition, sediment supply and transport, or riparian condition of a subwatershed is
likely to change in the foreseeable future depends on its current status and the prevalence of factors that
predispose the process dynamics to change. Predicted changes in impervious surface, land cover and
road density, the primary indicators used in analysis of hydrologic conditions, can be used to directly
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calculate future hydrologic conditions. The prevalence of other extenuating factors, such as percent of
area in urban growth reserve and streamside road density can change in ways that increase or decrease
the likelihood of impaired hydrologic conditions. In the case of sediment, land cover, and road density
and streamside road density can change in ways that increase or decrease the likelihood of impaired
sediment supply conditions. Predicted changes in land cover values can be used to directly calculate
future sediment supply conditions in the same way that current conditions are calculated. Predicted
changes in road density can be measured against existing thresholds to determine the likelihood of
improving or degrading sediment supply conditions. Similarly, for riparian conditions predicted changes
in land cover over time can be used to predict natural recovery. The prevalence of other extenuating
factors, such as percent of area in urban growth reserve and streamside road density can change in ways
that increase or decrease the likelihood of impaired riparian conditions.

A set of basic assumptions was used to guide the future trends analysis. These assumptions are
detailed in Table 4-4.
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Table 4-4. Process trend factor characteristics, metric thresholds, and general metric rating thresholds

Metric Thresholds/Rating Criteria

Characteristic

Metric

Low/Poor

Moderate Low/Fair

Moderate High/Good

High/Excellent

Data Source

Wetlands

Acreage of palustrine or
littoral lacustrine wetlands
directly associated with
habitat channel (within 200
feet of channel less than 4%
gradient

<1 acres total in
SWS

1-20 acres total in
SWS

>20 to 100 acres total in
SWS

>100 acres total in
SWS

Derived from NWI
and SSHIAP data sets
(see Ch. 6 for
description).
Thresholds derived
from relative rating
for subwatersheds in
the LCR

Subwatershed area with

hydrologically mature
vegetation

% of subwatershed area in
vegetation class 1, 2 or 3

<25%class 1, 2, or 3

2510 50% class 1, 2,
or3

>50 - 75% class 1, 2, or 3

>75% class 1, 2, or
3

Derived from Lunetta
et. al (1997) data set
provided by Lewis
County GIS.
Thresholds derived
from Beamer et al.
(2002)

Urbanization potential

% of SWS area with
currently zoned but vacant
lands

>15% zoned but
vacant

>7.5 t0 15% zoned
but vacant

>4.5 to 7.5% zoned but
vacant

0 to 4.5% zoned but
vacant

Derived from Clark
County zoning data
and thresholds from
Beamer et al. (2000).
Thresholds derived
from a relative rating
of zoned LCR
subwatersheds.

Future development
potential

% of SWS area with
potential to be impervious
surface based on currently
vacant lands zoned
industrial, commercial, or
residential

>10% effective
impervious surface

>5 to 10% effective
impervious surface

>3 to 5% effective
impervious surface

0-3% effective
impervious surface

Derived from
available GIS zoning
coverages. Threshold
values from Beamer et
al. (2000).

Road density

Road density in miles/mile?
(m/m?) of SWS area

Road density >6
m/m?

Road density >3-6
m/m?

Road density >2-3 m/m?

Road density 0 to 2
(m/m?)

WSDOT/USFS/DNR
GIS data. Thresholds
derived from Wade
(2001).
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Metric Thresholds/Rating Criteria

Characteristic Metric Low/Poor Moderate Low/Fair Moderate High/Good  High/Excellent Data Source
Streamside road density  Miles of streamside road per >0.71 miles of >0.37t0 0.71 miles  >0.04 to 0.37 miles of 0 to 0.04 miles of WCC GIS coverage
mile of stream road/mile of stream  of road/mile of road/mile of stream road/mile of stream  developed for LFA
stream report. Thresholds

derived from a
relative rating of LCR

subwatersheds.
Stream crossing density  Number of stream crossings  >3.9 stream >2.7 t0 3.9 stream >1.4t0 2.7 stream 0to 1.4 stream Relative rating of
per mile of stream crossings/mile crossings/mile crossings/mile crossings/mile stream crossing

densities across the
LCR. Thresholds
derived from a
relative rating of LCR
subwatersheds.
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Table 4-5. General assumptions used for prediction of future trends

Process Conditions

Predominant Land Use

Urban/Residential

Forestry

Agriculture*

Recreation

Sediment Trend towards increasing Trend stable on private lands Trend stable with some Trend stable or towards
degradation as development  where continuing timber gradual improvement as improvement on public
increases harvest is expected. Trend incentive programs for recreational lands.

towards gradual sediment best management
improvement on public lands practices progress

where timber harvest is

expected to decline

Hydrology Trend towards increasing Trend stable on private Trend stable (assuming that ~ Trend stable or towards
degradation as development timber lands where ongoing lands remain in agriculture)  improvement on public
increases harvest is expected. Trend recreational lands.

towards gradual
improvement on public lands
where harvest is expected to
decline.
Riparian Trend stable with gradual Trend towards gradual Trend towards gradual Trend stable or towards

degradation as development
increases

improvement on both public
and private timber lands.

improvement as incentive
programs for riparian
protection/restoration
progress

improvement on public
recreational lands.

* For the purpose of future trends analysis, agricultural lands are expected to remain in agriculture unless they are inside an urban growth boundary or urban growth reserve.
Future trends assumptions do not include impacts on watershed process conditions from significant natural events, such as wildfire or volcanisms.
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Categories of Management Actions

The IWA methodology is dependent on landscape scale data to determine the condition
of watershed processes, and factors that contribute to impaired conditions. Categories of
appropriate management actions are suggested by the landscape conditions (e.g., extent of
vegetative cover) and the Additional Factors affecting that contribute to current conditions. For
example:

Subwatershed condition: Hydrologic conditions are moderately impaired due to
vegetation cover high road density.

Management options: Promote recovery of vegetation where possible, examine
road drainage network and maintain or make improvements where necessary.

Subwatershed condition: watershed level sediment conditions highly impaired.

Management options: Identify key contributing upstream subwatersheds, promote
vegetation recovery in these subwatersheds and manage Additional factors that can
exacerbate degradation such as the road network and streamside road drainage where
possible and appropriate.

Subwatershed condition: Hydrologic and riparian conditions are highly impaired
due to urban development and high impervious surface levels.

Management options: Design and implement or improve existing stormwater
management infrastructure, promote programs to protect and restore riparian vegetation
where possible and appropriate.

Several possible permutations of management actions exist. The management
recommendations will be tailored to the general sources of impairment and additional
contributing factors that are indicated by available data. In addition, specific recommendations
related to major watershed-specific problems will be developed based on available information.

4.5 Uncertainty Analysis

The IWA is a screening level tool for evaluating the condition of watershed processes
and identifying likely future trends and management options. There are several potential sources
of uncertainty that must be considered when interpreting and applying IWA results, and
developing recovery planning scenarios. These sources of uncertainty fall into the following
categories:

e Input data reliability: Is the scale of the data used appropriate for the application, and do
the data accurately represent current conditions?

e Methodological uncertainty: How accurately do the quantitative methods reflect the
condition of the processes they attempt to describe?

e Subjectivity: How greatly do subjective elements of the analysis affect the results of the
IWA analysis?

These sources of uncertainty apply in varying degrees to the quantitative and qualitative
aspects of the IWA. The extent to which each of these sources of uncertainty impacts the
quantitative and qualitative components of the IWA analysis is discussed below.

INTEGRATED WATERSHED ASSESSMENT VI, 4-30 May 2004



4.6 Quantitative Sediment Analysis

The quantitative sediment analysis relies on the combination of GIS data at different
scales and newly derived and arbitrary ratings describing the relative erodability of different
geology types. The rating thresholds are calibrated against available field assessments of erosion
and sediment delivery to stream channels in the LCR. Sources of uncertainty inherent to this
approach include the combination of input data with different scales, and the arbitrary nature of
the arbitrarily derived erodability rating scales, and the thresholds used to determine impairment
ratings.

The GIS data sets used in the sediment analysis represent a range of scales, from
1:24,000 to 1:250,000 scale. Stream and road data are more detailed 1:24,000 scale data. In
contrast, slope data are 1:100,000 scale, and soils and geology data are at the coarse 1:250,000
scale. Because the scale of the input data used in an analysis limits the scale at which one can
infer the accuracy of results, the sediment analysis results should be considered relatively
accurate at the 1:250,000 scale, with decreasing accuracy at finer scales. For this analysis, the
scale of the input data are appropriate for interpreting results at the subwatershed scale, with
decreasing accuracy as the results are applied at finer scales (e.g., individual 1:24,000 scale
stream reach level).

There is a moderate degree of uncertainty associated with the quantitative methodology
used in the sediment analysis because it is based on arbitrarily derived rating scales for the
erodability of different geology types. As noted, these erodability rating scales were derived
from available literature sources and calibrated using available studies and data, but this
approach is inherently subjective. The level of uncertainty associated with this approach could
be reduced by ground truthing the analysis and using the results to calibrate the methodology.

The sediment analysis results determine the degree of impairment by how many times the
value of MSCD exceeds GSSD. Under this approach, subwatersheds with low erodability are
treated the same as those with high erodability for the purpose of determining degree of
impairment. The logical basis for this approach is that channel conditions and sediment storage
and transport capacity in each subwatershed have formed based on the natural sediment regime.
However, this approach may lead to identification of less degraded conditions in subwatersheds
where absolute sediment input has increased far more than subwatersheds rated more highly
degraded. An alternative approach would be to develop threshold values based on the absolute
difference in the GSSD and MSCD ratings in future analyses.

In the aggregate, the level of uncertainty associated with the sediment condition results
should be considered moderate. The results of this analysis are considered relatively accurate at
the subwatershed level, with progressively decreasing accuracy at the reach level.

4.7 Quantitative Hydrologic Analysis

Like the sediment analysis, the quantitative hydrologic analysis relies on the combination
of GIS data sets at different scales. In contrast however, the analytical approach is simpler and
depends on thresholds that have been broadly applied for determining hydrologic impacts using
GIS based lanscape scale data . Sources of uncertainty inherent to this approach include the
accuracy of the input data, and of the impact thresholds.

The input data include GIS land cover (or vegetation) data at 1:100,000 scale, and roads
and zoning data at 1:24,000 scale, and effective impervious surface area percentages for different
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zoning categories. Several factors affect the accuracy of these input data, leading to uncertainty
regarding the results of the analysis.

First, the land cover data used in the IWA analysis is based on the 1992 LANDSAT
Thematic Mapper imaging data set, which is derived from images taken in 1990. This data is
now 13 years out of date and may not accurately represent the landcover conditions existing in
2003. This will lead to overestimation of degraded conditions in subwatersheds with large areas
of vegetation that have become hydrologically mature over the past decade, and underestimation
of degraded conditions that have been recently harvested. The extent of potential error is
currently unknown. However, a LANDSAT data set from year 2000 has recently come available
for use in future analyses. These two data sets can be compared and the IWA results updated to
more accurately reflect current conditions.

In addition, the land cover data set is cagegorized in such a way that subwatersheds with
large areas of naturally treeless vegetation (e.g., praire or meadow) cannot be readily
differentiated from developed areas. This will lead to overestimation of degraded conditions.
This tendency is mitigated in developed areas by the reliance on zoning data to determine EIS.
The tendency to overestimate degradation is also mitigated by the reliance on road density
information to determine hydrologic condition. Road density and zoning information is believed
to be relatively accurate at the subwatershed scale. However, these data may not reflect recent
road construction and development. In smaller subwatersheds where development is ongoing,
these data may not fully represent current conditions.

In contrast, there is considerable uncertainty associated with the EIS values used. EIS
values were based on zoning data for Skagit and Whatcom Counties used by Beamer et al.
(2000). The zoning categories provided by Beamer et al. (2000) are generally comparable to
those used by Clark County and portions of Lewis County (the only counties for zoning data is
available), but are not necessarily a one to one match. This may lead to over- or underestimation
of EIS associated with a given zoning category. There is additional uncertainty associated with
EIS on zoned but currently vacant lands. Zoned but vacant lands are considered to have zero
EIS for the purpose of this analysis. However, this assumption is believed to lead to
underestimation of EIS on lands that have been cleared or developed in the past but are not
currently built up. This will in turn lead to potential underestimation of hydrologic impacts in
subwatersheds with large areas of zoned but currently vacant lands. In addition the uncertainty in
assignment of EIS values, the IWA analysis does not account for the influence of stormwater
controls that can mitigate the effect of impervious surface area on hydrologic condition. This
will lead to overestimation of degraded conditions in urbanized areas.

The relatively crude methodology used in the hydrologic analysis is also a source of
uncertainty, primarily because it relies on absolute thresholds to describe what is in reality a
gradual and progressive progression in impairment. For example, the analysis relies on
threshold values of 50 percent of subwatershed area in hydrologically mature vegetation and 3
miles/mile? to determine degree of impairment. As a result, a subwatershed with 49.9 percent
impervious surface and road density of 2.9 miles/mile’ would be rated hydrologically functional,
while a neighboring subwatershed with 50.1 percent mature vegetation and 3.1 miles/mile? of
roads would be rated as impaired. In reality, these two subwatersheds are quite similar in
condition but they are rated quite differently by the IWA approach. This effect leads to a
relatively high degree of uncertainty in the hydrology results. However, it is useful to recognize
that the thresholds chosen have been broadly applied by USFS and other entities for screening
level watershed assessments. Further, the use of three distinct data sets (EIS, hydrologically
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mature vegetation, and road density) mitigates the uncertainty that would result from reliance on
any one subwatershed characteristic to determine hydrologic condition.

In the aggregate, the level of uncertainty associated with the hydrologic condition results
should be considered moderate. Uncertainty in the results for subwatersheds in urbanizing areas
or areas zoned for development, there is a lesser degree of uncertainty due to greater confidence
in the influence of EIS on hydrologic conditions.

4.8 Quantitative Riparian Analysis

The riparian condition analysis has several inherent sources of uncertainty which affect
the interpretation of results. The analytical approach is relatively simple, relying on combination
of two GIS data sets and a modifier based on ground truthing of the data set to describe current
conditions. Sources of uncertainty inherent to this approach include input data accuracy, and
methodological limitations.

The riparian condition analysis mixes 1:24,000 scale hydrography with 1:100,000 scale
vegetation coverages to arrive at a interim reach specific 1:24,000 scale rating. The individual
1:24,000 scale ratings are then aggregated at the subwatershed level to rate the riparian
conditions in each subwatershed as a whole. The individual reach level ratings have limited
accuracy because of the mixing of finer scale hydrography with coarser scale land cover data.
This effect is mitigated by aggregation of reach level data to the subwatershed level.

In addition to the scale issue, the vegetation data used is the same 1992 LANDSAT TM
set used in the hydrologic analysis. This suggests a similar uncertainty related to input data
accuracy. This effect is expected to result in greater uncertainty in riparian results for lowland
subwatersheds with increasing residential development. Riparian zones in higher elevation
forested subwatersheds are generally well protected by the broad implementation of riparian
protection zones in forestlands.

Methodological issues also lead to uncertainty in the riparian condition results.
Specifically, the analytical approach assumes that vegetation types outside of the selected
‘functional’ vegetation classes do not provide adequate riparian function. This is an issue
particularly for subwatersheds with extensive floodplain area with different natural vegetation
types from forested drainages. While the application of groundtruthed riparian function
modifiers mitigate this effect, there is a bias towards an impairment rating for these
subwatersheds in the analysis. This leads to a potential overestimation of degraded conditions in
lowland subwatersheds.

The riparian analysis methodology also relies on thresholds derived from a relative rating
of the percent of functional riparian vegetation across all LCR subwatersheds with vegetation
data. This approach was necessary because existing literature derived thresholds for determining
riparian condition are not compatible with the model outputs. The use of relative ratings
introduces an unknown level of uncertainty in the results. However, the thresholds used are
intuitively logical for a screening level approach (for example, a subwatershed must have greater
than 81 percent of stream length with “functional’ riparian vegetation to be rated functional
overall).  Moreover, a relative rating resulting in the logical separation of planning
subwatersheds into best, intermediate and worst condition is useful for the purpose of prioritizing
subwatersheds for recovery actions.

Similar to the sediment and hydrologic analyses, the aggregate the level of uncertainty
associated with the riparian results is considered moderate. Results in lowlying subwatersheds
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with a high percentage of area in floodplain should be viewed as less accurate overall than
results in higher elevation, forested subwatersheds.

4.9 Qualitative Prediction of Future Trends

The future trends analysis is a qualitative exercise, using best professional judgement to
predict likely trends based on the quantitative analysis results, qualitative evaluation of
additional data on subwatershed characteristics (additional factors), and the predominant likely
future land uses. The basic assumptions used to inform this analysis are presented in Table 5-6.
Being an inherently subjective process, there is a relative degree of uncertainty associated with
these projections. The degree of uncertainty associated with these predictions is presumed to be
high.

4.10 Summary

In summary, the IWA analysis is a combined quantitative and qualitative method for
evaluating the condition of key watershed processes that are fundamental drivers of instream
habitat condition, and the likely future trends in these conditions. The IWA should be considered
a screening level evaluation of watershed conditions, useful for preliminary identification of
priority areas, and probable sources of some important habitat limiting factors. Collectively, this
information informs the identification of categories of management options for preserving and
restoring watershed processes. Together with EDT results, the results of the IWA analysis can be
used as lines of evidence for identifying areas important for recovery planning.

There are several sources of uncertainty associated with the IWA analysis. While the
extent of these sources of uncertainty remains to be tested with ground truthing, the collective
uncertainty associated with the sediment, hydrology, and riparian analysis is tentatively
classified as moderate. The prediction of future trends is a more qualitative and subjective
process, with a higher associated degree of uncertainty. While the uncertainty regarding future
trends is relatively high, these predictions can serve as a point of discussion around which
recovery planning scenario development can proceed.
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Table 6-1. Integrated Watershed Assessment Results and Additional Factors Information by Recovery Planning Subwatershed
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17080004020102 8,810 8,810 3 13 | 23 F M M F M 0 0 |274| 2 |50.8| 2 |8810| 100 | 100 | O 0 0O |100]| 1.1 2 (004]| 03| nd nd
17080004020201 5,541 179,125 6 19 34 M M M F M 31 11 | 6.1 |14.4|58.0| 2 |4070| 73 | 100 0 0 0 100 | 4.1 3 01|13 | nd nd
17080004020202 6,586 6,586 3 13 26 F M F F M 11 11 |046| O |722| 2 |6533| 99 | 100 0 0 0 100 | 1.7 2 |005| 02| nd nd
17080004020301 7,387 7,387 3 M M M M M 3 3 |012| O [406| 3 |7387| 100 [ 100| O 0 0 |100]| 1.1 2 (005]| 05| nd nd
17080004020302 4,856 12,242 3 F M M F M 24 11 |0.17| 14 |66.5| 2 |4705| 97 99 1 0 0 100 | 1.1 2 |005| 04 | nd nd
17080004020401 4,686 13,122 3 16 | 20 F F M F F 0.29 63.6| 2 |4686( 100 |100| O 0 0 |100]| 1.5 2 (007 05| nd nd
17080004020402 8,436 8,436 3 19 26 M F F M F 1.2 67.3| 2 |8436| 100 | 100 0 0 0 100 | 3.0 3 |011| 09 | nd nd
17080004020403| 9,283 22,406 6 13 | 21 F M M F F 30 | 14 |091| 19 |657| 2 [8500| 92 |949| 51 0 0 |100]| 2.1 2 01| 15| nd nd
17080004020501 9,853 31,102 6 19 21 F F M F F 20 0.2 ] 0.1 |632| 2 |9798| 99 | 100 0 0 0 100 | 2.2 2 1001|1210 | nd nd
17080004020502| 5,786 5,786 3 12 18 F M F F M 065 0 (741 2 |5786| 100 | 100 | O 0 0O |100]| 1.0 1 1001|021 | nd nd
17080004020503 6,528 6,528 3 24 34 F F M F F 0.03| 0 |615| 2 |6528| 100 | 100 0 0 0 100 | 2.1 2 100415 | nd nd
17080004020504] 8,935 8,935 3 15 | 23 F M F F M 3 |1039| 0 |(67.12| 2 |8935| 100 | 100 | O 0 0 | 100 ]| 1.5 2 (007]| 01| nd nd
17080004020601 8,578 245,341 9 24 39 | M M F F 23 11 | 7.41)1255|40.2| 3 |4466| 52 |91.6| 8.4 0 0 100 | 4.7 3 00736 | nd nd
17080004020602 4,131 4,131 3 11 19 I M M I M 10 | 10 [0.07| 0.3 |485| 3 (4085 99 |100| O 0 0 | 100 | 3.7 3 [003]| 25| nd nd
17080004030101 4,969 10,297 3 11 | 20 F M M F M 14 7 (064|011 (638 2 |4855| 98 |[100| O 0 0 | 100 | 1.7 2 (005| 16 | nd nd
17080004030102 5,327 5,327 3 24 61 F M M F M 0 0.71 55.6| 2 |5327| 100 | 100 0 0 0 100 | 2.6 2 1002| 13| nd nd
17080004030201 3,735 3,735 3 25 | 42 I M M I M 0.13| O |384| 3 |3735]| 100 |100| O 0 0 | 100 | 44 3 [009]| 55| nd nd
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17080004030202 9,686 13,420 3 16 25 F M F M M 36 27 10.27) 0.3 |646| 2 |9669| 100 | 100 0 0 0 100 | 3.0 2 1002 38| nd nd
26 Cowlitz 17080004030301 6,896 275,953 9 11 19 F M M F F 20 12 [3.38|15.1|66.3| 2 |5481| 79 |98.2| 1.8 0 0 100 | 1.6 2 (002]| 06 | nd nd
17080004030302 7,034 282,988 9 13 22 F M M F F 20 12 12.991135|645| 2 |5560| 79 |98.3| 1.7 0 0 100 | 1.8 2 |005| 08| nd nd
17080004030303] 5,136 288,124 9 26 | 49 F M M F M 13 | 12 |0.91|14.7|55.2| 2 |3960| 77 |97.9]| 2.1 0 0 | 100 | 3.0 2 (002]| 33| nd nd
17080004030401 8,328 296,452 9 15 | 29 M M M F M 19 | 12 |243|115|536| 2 |6869| 82 |99.1| 0.9 0 0 |100| 31 3 |0.04| 33 | nd nd
17080004030402 9,232 338,685 9 17 25 F F M F M 21 13 |10.48|28.6|51.8| 2 |5520( 60 |95.9]| 4.1 0 0 100 | 2.8 2 |007| 15| nd nd
17080004030501 5,601 5,601 3 9 14 | M M | M 0 0 |19.7| 4 |3638| 65 | 100 0 0 0 100 | 5.6 3 (019]| 73 | nd nd
Upper Cowlitz 17080004030502 5,888 5,888 3 28 66 M M M M M 0.12| O |49.7| 3 |5888| 100 | 100 0 0 0 100 | 4.3 3 |006| 6.0 | nd nd
River 17080004030503 5,133 10,734 3 12 26 | M M | M 31 19 |0.03| O |19.0| 4 171 3 375|625 0 0 100 | 6.6 3 (019] 9.2 | nd nd
17080004030504, 7,319 23,941 6 7 10 M F M | M 29 19 |10.09| O |51.8| 2 |7302| 100 | 100 0 0 0 100 | 5.4 3 01| 7.7 | nd nd
17080004030505 3,889 3,889 3 22 | 42 I M M I M 21 | 21 | 0.5 0O |335| 3 |959| 25 |100| O 0 0 |100| 5.1 3 0.1 63| nd nd
17080004030506 5,172 33,002 6 10 24 M M M | M 37 22 | 04 | 1.7 |[66.4| 2 |4991| 97 | 100 0 0 0 100 | 3.2 3 1008 35| nd nd
17080004030601 7,881 7,881 3 9 19 I M M I M 24 | 24 |1.72| 3.6 |305| 3 0 0 0 0 0 0 | 100 | 5.0 3 01|55 | nd nd
17080004030602 9,328 348,013 9 21 38 | M M F M 19 14 18.33|26.4|1280| 3 |3139| 34 |89.7| 7.6 | 2.7 0 100 | 5.1 3 1016 50 | nd nd
17080004030701 8,255 8,255 1 15 | 23 M M M M M 13 | 13 [6.94]10.4|599| 2 |5960| 72 |98.9| 1.1 0 0O | 100 | 4.8 3 (015]| 53 | nd nd
Cispus River |17080004040101 9,404 9,404 3 4 M M M M M 0 0 (172 O [409| 3 |9404| 100 | 100 0 0 0 100 | 1.4 2 |006| 04 | nd nd
17080004040102 3,594 3,594 3 2 F M F F M 0 0 (002 O |67.3| 2 |3594| 100 | 100 0 0 0 100 | 0.9 1 ({001 01| nd nd
17080004040201 9,745 9,745 3 4 4 F F F F F 0 0 (548 44 |526| 2 |9745| 100 | 100 0 0 0 99 | 1.2 2 (008| 05 | nd nd
17080004040301 9,874 32,617 6 16 25 F M F F F 0 0 (417 3.6 |[65.2| 2 |9874| 100 | 100 0 0 0 98 | 2.9 2 |011| 06 | nd nd
17080004040302 8,541 41,158 6 10 13 F F M F F 0 0O |786| 1.1 |59.0f 2 |8541| 100 | 100 0 0 0 32 | 2.1 2 (017 09 | nd nd
17080004040401 8,771 17,738 3 4 M M F M F 0 0 (385 0O |[420| 3 |8771| 100 | 100 0 0 0 0 2.1 2 0.2 |13 | nd nd
17080004040402 8,967 8,967 3 6 M F M M F 0 0 1.3 0 |316] 3 |8967| 100 | 100 0 0 0 0 1.0 2 (005]| 03| nd nd
17080004040501 6,358 15,692 3 8 13 F M F F F 0 0O (174 O |79.2| 1 |6358| 100 | 100 0 0 0 0 1.1 2 |1006| 02| nd nd
17080004040502 9,333 9,333 3 3 4 M F M M F 0 0O |193| 0 |[37.2| 3 |9333| 100 | 100 0 0 0 0 1.1 2 (011]| 0.8 | nd nd
17080004040601 8,376 18,315 3 7 14 F M M F M 11 5 (076 O |[565| 2 |8376| 100 | 100 0 0 0 0 2.1 2 1012 0.7 | nd nd
17080004040602 9,939 9,939 3 8 13 F M F F M 0 0O |193| 0O |704| 2 |9939| 100 | 100 0 0 0 0 2.5 2 (012] 0.7 | nd nd
17080004040701 5,306 5,306 3 27 38 F F M F F 0 (017 O |57.1| 2 |5306| 100 | 100 0 0 0 11 | 2.8 2 1021|109 | nd nd
17080004040702 6,609 70,812 6 14 20 F F F F F 10 1 (153 0 |57.7| 2 |6609| 100 | 100 0 0 0 0 29 2 (009]| 05| nd nd
17080004040703 6,868 111,686 6 21 28 F F F F M 35 4 (062 O |[77.2| 1 |6868| 100 | 100 0 0 0 2.0 2 1014|109 | nd nd
17080004040801 9,942 127,330 6 17 23 F F M F F 32 7 132748 |71.6| 2 |9942| 100 | 100 0 0 0 93 | 1.8 2 |011| 08 | nd nd
17080004040802 5,702 117,388 6 13 18 F F M F M 26 5 1094 0 |659| 2 |5702| 100 | 100 0 0 0 0 1.6 2 1005| 05| nd nd
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17080004040901 5,598 27,918 6 17 29 M M F F M 35 13 1029 19 |64.7| 2 |5598| 100 | 100 0 0 0 100 | 3.3 3 10.18| 28 | nd nd
26 Cowlitz 17080004040902 7,680 7,680 3 21 32 M M M M M 0 0O (044 O |[456| 3 |7680| 100 | 100 0 0 0 100 | 2.1 2 |1005| 03| nd nd
17080004040903 5,806 22,320 6 17 28 M M M M M 23 7 04 | 1.7 |643| 2 |[5806( 100 | 100 0 0 0 100 | 35 3 1015|113 | nd nd
17080004040904f 8,834 16,514 3 20 29 M F M M F 2 1 0.2 41.5| 3 |8834| 100 | 100 0 0 0 100 | 2.1 2 101410 | nd nd
17080004050101 7,282 12,844 3 10 30 F M M F M 15 8 |0.01 62.7| 2 |7282| 100 | 100 0 0 0 5 1.4 2 |1005| 04 | nd nd
17080004050102 5,562 5,562 3 18 56 M | M M | 0 0O (001 O |[445| 3 |5562| 100 | 100 0 0 0 0 2.3 2 10.09| 0.7 | nd nd
17080004050201] 7,025 42,777 6 |12 | 2| F | M| M| F | M| 45| 16 [123]| 18 |745| 2 |7025| 100 [100| O | O | O |100|25| 2 |02 |18 | nd | nd
17080004050202 4,892 22,909 6 20 44 F M F F M 29 10 |{0.06| O |72.7| 2 (4892 100 | 100 0 0 0 17 | 2.8 2 1017|114 | nd nd
17080004050203 7,559 7,559 3 6 10 F M M F M 4 033 O [50.8| 2 |7559| 100 | 100 0 0 0 2.1 2 1011 0.7 | nd nd
17080004050204] 4,201 10,458 3 13 26 F M F F M 15 0.02| 0 |67.6| 2 |4201| 100 | 100 0 0 0 1.7 2 |0.07| 05| nd nd
Ci Ri 17080004050205 6,257 6,257 3 10 29 F M M F M 0 0.18| O [53.1| 2 |6257| 100 | 100 0 0 0 2.6 2 1017 1.3 | nd nd
ISpUs River
P 17080004050301] 4,401 159,650 6 12 22 M M M F F 24 3.84| 65 |57.1| 2 |4401| 100 | 100 0 0 0 100 | 3.2 3 01|17 | nd nd
17080004050302 7,002 209,429 9 19 32 M M M F M 24 10 (3.03| 7.7 |755| 1 |6341| 91 | 100 0 0 0 100 | 3.3 3 1017 1.3 | nd nd
17080004050401 9,999 9,999 3 13 21 F M F F M 14 14 10.01| 0.1 |71.9| 2 [9999| 100 | 100 0 0 0 63 | 2.8 2 1018 11 | nd nd
17080004050501 6,985 23,140 6 18 36 F M F M M 30 17 |0.05| 0.3 |75.0| 1 (6562 94 | 100 0 0 0 74 | 3.0 2 1012 32 | nd nd
17080004050502 8,756 16,155 3 8 14 M M F M M 18 11 | 0.01 56.5| 2 |8756| 100 | 100 0 0 0 0 4.0 3 1009 31| nd nd
17080004050503 7,399 7,399 3 11 21 M M M M M 4 4 10.23 549 | 2 |7399( 100 | 100 0 0 0 0 4.4 3 1014 26 | nd nd
17080004050601] 8,129 8,129 1 |14 |2 | M| M| M| M| M| 28|28 131|144 |674| 2 |6839| 8 |100| O | O | O [100| 36| 3 |0.18|38 | nd | nd
17080004050602 9,968 252,536 9 13 20 M M F F M 25 12 |1.36| 59 [81.0( 1 (6996 70 | 100 0 0 0 100 | 3.1 3 1017 34 | nd nd
17080004050701| 8,782 278,828 9 |15|28| M| M| M| F | M| 28| 13 [157| 84 |604| 2 |3697| 42 |100| O | O | 0 [100| 31| 3 |005|33 | nd | nd
17080004050702 9,381 9,381 3 3 5 F M M F M 21 21 1023 0O |66.5| 2 |9381| 100 | 100 0 0 0 68 | 2.4 2 [0.04]| 28 | nd nd
8,796 3 25 52 | M M | M 51 51 |0.39]| 2.8 [27.8| 3 0 0 0 0 0 0 100 | 6.3 3 101759 | nd nd
17080005010102 7,851 12,213 3 10 18 | M M | M 61 44 | 04 271 3 0 0 0 0 0 0 100 | 4.9 3 1008| 41| nd
17080005010103 4,362 4,362 3 17 37 | M M | M 15 15 0 30.0| 3 0 0 0 0 0 0 100 | 5.8 3 101281 | nd nd
17080005010104) 5,081 17,294 3 14 40 | M M | M 56 48 10.11| 06 [324| 3 4 0 0 100 0 0 100 | 5.4 3 01|44 | nd nd
17080005010201f 5,951 5,951 3 17 | 32 I M M I M 49 | 49 |055| 0 (412 3 0 0 0 0 0 0 | 100 | 4.7 3 (012| 56 | nd nd
17080005010202 5,357 11,308 3 33 73 | M M | M 63 56 [0.16| 0.6 |315]| 3 0 0 0 0 0 0 100 | 5.7 3 |0.13| 6.0 | nd nd
17080005010301 8,317 80,894 6 14 | 27 I M M I M 39 | 46 |3.32| 48 |30.1| 3 |302 4 0 |100]| O 0 | 100 | 5.0 3 (012]| 42 | nd nd
17080005010302| 6,829 6,829 1 22 | 41 I M | I M 34 | 34 |12.02| 84 |209| 4 79 1 0O (100| O 0 |100| 51 3 |011| 3.0 | nd nd
17080005010303 7,526 44,923 6 30 76 | M M | M 38 49 (144 | 44 (348 3 158 2 0 100 0 0 100 | 5.4 3 |015| 41 | nd nd
17080005010401 6,462 6,462 3 3 9 I M M I M 53 | 53 |0.25| O [478]| 3 0 0 0 0 0 0 |100| 4.3 3 |0.02| 50 | nd nd
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17080005010402 6,892 13,355 3 4 17 I I M I M 58 56 {011 O [39.7| 3 0 0 0 0 0 100 | 5.1 3 (004]| 6.1 | nd nd
26 Cowlitz 17080005010403 7,470 20,825 6 19 I | M | M 31 | 47 |056| 1.2 313 3 0 0 0 0 0 0 100 | 6.4 3 (012] 7.8 | nd nd
17080005010501f 5,121 94,911 6 14 28 I M M I M 33 | 45 |036] 1.1 (404 | 3 |1991| 39 0 100 0 0 100 | 5.1 3 [006]| 43 | nd nd
17080005010502] 4,764 89,790 6 19 | 31 I M M I M 26 | 45 |3.26| 7.3 [296| 3 [543 | 11 0O |100]| O 0 | 100 | 3.5 3 (011]| 24 | nd nd
17080005010503| 4,452 103,195 6 36 | 68 I M M I M 0 43 1991| 95 | 51 4 | 790 | 18 0O [60.7|39.3| 0 | 100 | 4.6 3 |1002| 21 | nd nd
17080005010504 4,132 85,026 6 11 17 I M M I M 49 | 46 |2.74| 75 [333| 3 856 | 21 0 100 0 0 100 | 4.5 3 (011]| 34 | nd nd
17080005010505 3,832 3,832 3 26 63 | M M | M 43 | 43 |1.14| 0 (149 4 2 0 0 100 0 100 | 5.8 3 [0.03]| 56 | nd nd
Mayfield-Tilt 17080005020501 7,076 13,002 1 18 33 I M M I M 9 42 | 1.8 | 0.6 [18.0| 4 | 424 0 100 0 0 100 | 5.2 3 (021]| 47 | nd nd
ayrield- [iton
17080005020502] 3,559 8,933 3 23 49 | M M M M 15 53 | 0.7 | 0.2 388 3 931 | 26 0 100 0 0 100 | 3.8 3 01|28 | nd nd
17080005020503] 5,925 5,925 3 20 37 M M F M M 80 80 | 0.65 64.3| 2 252 4 0 100 0 0 100 | 4.0 3 01| 48 | nd nd
17080005020504] 5,374 5,374 3 22 33 M M F M M 77 78 | 0.9 856 1 [2763| 51 0 100 0 0 100 | 3.7 3 [009]| 45| nd nd
17080005020505 7,016 28,951 4 35 75 I M M I M 35 |275| 43 [125| 4 |2554| 36 0 100 0 0 100 | 5.8 3 (018| 41 | nd nd
17080005020601] 8,635 743,849 9 19 | 38 I M I F M 15 [7.79| 8 4.3 4 | 482 6 0 |914)| 86 0 |100| 5.1 3 01|31 | nd nd
17080005020602 7,377 7,377 1 28 | 42 I F | I F 0 |582| 2 2.6 4 2 0 0 100 0 0 100 | 4.8 3 01|26 | nd nd
17080005020603 5,819 860,240 9 31 | 47 | M | F M 0 18 [24.69| 25.3| 3.8 4 | 114 2 0 [335)|228|43.7|100 | 3.9 3 (012]| 33 | nd nd
17080005020101 6,715 13,939 3 11 22 I M M F M 34 25 (142 2 |214| 4 0 0 0 0 0 0 100 | 4.3 3 (0.06]| 3.8 | nd nd
17080005020102 7,422 25,065 6 32 | 49 | M | I M 32 27 |14.23| 17 | 9.7 4 52 1 0O |404| O |59.6| 100 | 4.7 3 (013]| 31 | nd nd
17080005020103 3,704 3,704 1 13 | 26 | M M I M 23 | 23 | 0.7 0 [310]| 3 0 0 0 0 0 0 | 100 | 5.0 3 1021| 42 | nd nd
17080005020201 3,839 660,462 9 14 33 F M M F M 16 13 [3.67| 84 |622| 2 |1550f 40 |100| O 0 0 100 | 2.7 2 (008]| 3.7 | nd nd
17080005020202 7,224 7,224 3 3 9 F M F F M 16 | 16 [0.33| O |(876| 1 |6455| 89 |[100| O 0 0 |100| 1.0 1 |001|11 | nd nd
17080005020301 6,763 698,618 9 10 22 I M M F M 10 14 |35.56|354|148| 4 0 0 0 0 0 0 100 | 3.6 3 (011] 3.7 | nd nd
17080005020302| 6,327 666,789 9 21 | 40 I M M F M 26 | 14 |11.19|125|224| 4 | 221 3 100| O 0 0 |100| 4.2 3 |0.09| 50 | nd nd
Riffe Lake 17080005020303 6,537 6,537 3 32 59 M M F M M 51 51 (238 09 |545| 2 0 0 0 0 0 0 100 | 4.9 3 (009]| 47 | nd nd
17080005020401 8,416 735,214 9 4 I M M F M 12 15 [32.82|33.7| 9.5 4 8,4160| 100 | 100 0 0 100 | 35 3 (012]| 26 | nd nd
17080005020402 3,992 3,992 3 1 M M M M M 64 64 |052| O [251| 3 0 0 0 0 0 0 100 | 3.0 2 (009]| 16 | nd nd
17080005020403 8,441 722,654 9 4 8 F M M F M 11 | 15 [38.63|38.9|165| 4 0 0 0 0 0 0O |100| 24 2 (007]| 19 | nd nd
17080005020404) 4,144 4,144 1 29 55 | M M I M 23 23 |755]| 54 |206| 4 175 4 100 | 100 0 0 100 | 4.6 3 (014]| 35| nd nd
17080005020405 5,066 710,221 9 13 | 26 M M M F M 31 | 14 |36.14/35.8(26.8| 3 0 0 0 0 0 0O |100| 34 3 01|34 | nd nd
17080004030801 6,337 377,795 9 34 | 68 | M M F M 3 14 4 98 |21.7| 4 0 0 0 0 0 0 | 100 | 4.7 3 |1011| 22 | nd nd
17080004030802 7,309 371,459 9 29 58 | M M F M 14 14 16.441239|349| 3 (1281 18 |785|215| O 0 100 | 3.7 3 [005]| 29 | nd nd
Toutle River  [17080005030101| 7,670 11,513 3 13 | 25 M M M M M 25 | 22 |124| 11 | 0.0 4 |7437| 97 | 100 | O 0 0 0 21 2 |1001| 21| nd nd
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17080005030102 7,466 7,466 3 1 1 M F M M F 0 0 |26.36/ O 0.0 4 |7374| 99 |100| O 0 0 0 0.0 1 0 0.1 | nd nd
26 Cowlitz Toutle River  [17080005030103 3,842 3,842 3 16 33 | M M I M 17 17 | 34 |1 09 | 0.0 4 |3842| 100 | 100 | O 0 0 0 4.5 3 (007] 6.3 | nd nd
17080005030104 4,479 11,945 3 3 3 M F M M F 0 0 |14.14) O 0.0 4 |4479| 100 | 100 | O 0 0 0 0.2 1 0 0.3 | nd nd
17080005030201 8,818 47,633 6 40 | 59 I F M M F 43 | 21 |417| 11 | 0.8 4 |7027| 80 |70.1|299| O 0 0 5.1 3 (007] 6.1 | nd nd
17080005030202| 5,993 53,625 6 25 | 42 | M M M F 46 | 23 |4.48| 3.3 | 34 4 |5662| 94 |29.9|65.6| 45 0 0 5.0 3 |0.07| 40 | nd nd
17080005030203| 5,428 22,283 6 M M M M F 32 3.73 0.0 4 |5428| 100 | 100 | O 0 0 0 0.2 1 0 0.2 | nd nd
17080005030204| 4,910 16,855 3 ? M F M M F 0 0.14 0.0 4 14910| 100 | 100 | O 0 0 0.0 1 0 01| nd nd
17080005030205 5,019 5,019 3 25 | 45 M M M M M 33 33 7 23 | 0.0 4 |5019| 100 |99.5| 0.5 0 0 2.7 2 (002| 35| nd nd
17080005030301 4,168 16,912 3 30 | 60 | M M I M 60 | 55 |242| 53 [16.3| 4 |820| 20 0O [654|30.8| 3.8 |100 | 5.3 3 |1013| 3.2 | nd nd
17080005030302 7,091 7,091 3 37 7 | M M I M 59 59 |0.18| O 0.0 4 0 0 0 0 0 100 | 6.7 3 (014| 58 | nd nd
17080005030303 7,974 7,974 3 6 11 M M M M M 61 | 61 |0.09| 0.1 |[549| 2 |4481| 56 0 | 100 0 | 100 | 6.0 3 (012]| 48 | nd nd
17080005030304 7,646 94,106 6 19 33 | M M I M 24 34 |488| 48 (326 3 [3203| 42 0 [989]| 11 0 100 | 6.6 3 01|41 | nd nd
17080005030305 5,654 12,745 3 37 | 57 | M M I M 45 | 53 |6.75| 1.3 | 0.4 4 |1436| 25 0 09 (991 0 |100| 7.0 3 01|61 | nd nd
17080005030306| 7,948 61,573 6 34 59 | M M M M 45 26 | 64 | 47 (440 3 |7926| 100 0 |839|16.1| O 100 | 5.0 3 01| 36 | nd nd
17080005040101 8,571 17,916 3 17 34 F M F M M 25 14 11.48 739| 2 |7311f 8 |100| O 0 0 79 | 1.8 2 (005|117 | nd nd
17080005040102) 9,345 9,345 3 10 20 M M M M M 3 3 |1.53 4.2 4 |8949| 96 | 100 | O 0 0 0 2.6 2 (004| 30| nd nd
17080005040201 8,244 38,913 6 37 68 | M M I M 49 26 |235| 29 | 1.8 4 192 2 100 0 0 0 100 | 6.7 3 (015]| 74 | nd nd
17080005040202 5,075 5,075 3 16 28 | M M I M 15 15 |1.12| O |115| 4 |3150( 62 |100| O 0 0 11 | 3.6 3 |005| 47 | nd nd
17080005040203 7,678 7,678 3 34 | 124 | I M I | 39 39 [3.16| 0.1 | 0.0 4 22 0 05 [995| O 0 0 6.9 3 (0.12]| 6.6 | nd nd
17080005040301 4,524 50,690 6 16 | 25 | M M I M 84 | 40 |043| 18 |319| 3 0 0 0 0 0O |100 | 6.4 3 |1014| 70 | nd nd
17080005040302 7,252 7,252 3 10 33 | I M I | 84 | 84 |169| 04 (345 3 0 0 0 0 0 100 | 6.5 3 (012]| 6.4 | nd nd
17080005040401 9,369 60,058 6 25 | 41 | M M I M 73 | 45 |0.38| 19 [141]| 4 0 0 0 0 0 0O | 100 | 6.6 3 |0.15| 6.7 | nd nd
17080005040402 6,297 84,206 6 9 17 | M M I M 6 39 |295| 4.7 350 3 |1153| 18 0 100 0 0 100 | 5.1 3 01| 36 | nd nd
17080005040403 8,779 8,779 1 7 M M M M M 38 | 38 |0.05| 1.3 |528| 2 |1423| 16 0O (100| O 0 |100| 4.9 3 |0.09| 48 | nd nd
17080005040404] 9,071 69,129 6 18 38 M M M I M 24 | 42 |097| 3.6 |50.3| 2 0 0 0 0 0 0 100 | 5.7 3 (015 49 | nd nd
17080005050101 5,875 12,097 3 21 | 42 M M M M M 19 | 14 (045 O |[16.6| 4 |5556| 95 [59.6|404| O 0 3.0 2 |006| 40 | nd nd
17080005050102] 6,223 6,223 3 18 34 M M M M M 10 10 [4.88| 1.6 |443| 3 |[5094| 82 |100| O 0 0 2.7 2 (004]| 26 | nd nd
17080005050201 7,069 19,167 3 29 | 62 | M M I M 30 | 20 |0.17| 2 9.0 4 |5365| 76 | 0.2 (99.8| O 0 6.4 3 (013]| 7.3 | nd nd
17080005050202 4,466 4,466 3 12 | 44 | I M I | 33 |33 |05|08]|10.7| 4 45 1 100| O 0 0 6.1 3 |014| 6.4 | nd nd
17080005050301 9,223 41,233 6 10 16 M M M I M 46 33 {083 24 |616| 2 [4994| 54 0 100 0 0 100 | 6.5 3 (013]| 47 | nd nd
17080005050302| 8,377 32,009 6 12 | 27 | M M I M 47 | 29 |1.29| 15 |46.2| 3 |1724| 21 0O (100| O 0 | 100 | 5.9 3 |1012| 54 | nd nd
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17080005050401 9,402 67,814 6 5 7 | M M I M 22 34 |068| 1.8 459 3 0 0 0 0 0 100 | 6.5 3 (022]| 54 | nd nd
26 Cowlitz 17080005050402| 6,246 6,246 1 19 | M M I M 0 0O [134]| 01 (230| 4 |564 9 0 [999]| O 0.1 | 100 | 6.7 3 101939 | nd | nd
17080005050403 9,109 76,923 6 10 | 40 | I M I M 18 32 |289| 69 (370 3 [1298| 14 0 |988| O 1.2 | 100 | 7.1 3 (0.26] 6.4 | nd nd
17080005050404 7,893 58,412 6 10 | 15 M M M I M 34 | 36 (036 2 |691| 2 |2579| 33 0O (100| O 0 | 100 | 5.7 3 |1016|52 | nd | nd
17080005050405 9,287 50,520 6 9 20 M M M I M 53 | 36 |058| 1.9 [69.7| 2 |4444| 48 0O (100| O 100 | 6.0 3 /01150 | nd | nd
17080005070602 3,035 3,035 1 22 44 M M M M M 0 |035| 0 |514| 2 0 0 0 0 0 100 | 4.9 3 (022]| 28 | nd nd
17080005070603| 6,966 312,520 9 23 | 45 | M M I M 29 |786| 48 (224| 4 |321 5 |36. 0 0O | 100 | 100 | 5.3 3 101319 | nd | nd
Toutle River  [17080005070604| 8,083 320,603 9 19 38 | M M I M 29 |3.78| 23 |345| 3 168 2 0 25 |952| 23 |100| 54 3 (019]| 23 | nd nd
17080005070301 8,796 194,595 6 19 | 38 | M M I M 0 34 |571| 6.6 |226]| 4 65 1 0 (99.2| O 0.8 | 100 | 7.1 3 102142 | nd | nd
17080005070302 7,488 7,488 1 8 15 | M M I M 22 22 |137)| 21 (336 3 0 0 0 0 0 0 100 | 6.7 3 (015]| 47 | nd nd
17080005070401 9,240 110,959 4 15 29 | M M I M 0 23 |28.11120.1|236| 4 560 6 0 |778| 0 |222]100 | 4.5 3 (016] 2.7 | nd nd
17080005070402 9,162 9,162 1 16 31 | M M I M 0 16.86| 13.3 | 226 | 4 388 4 0 |524)|47.2| 05 | 100 | 5.6 3 (021]| 35| nd nd
17080005070403 9,388 9,388 1 2 3 | M M I M 3 1.17| 04 |352| 3 | 174 2 0O (100| O 0 | 100 | 6.7 3 1018| 42 | nd | nd
17080005070607| 4,221 327,859 9 29 59 | M M I M 0 28 |548| 8.1 (240 4 |444 | 11 0 2.8 0 |97.2|100 | 6.1 3 (019]| 43 | nd nd
East Willapa {17080005060101] 9,747 911,132 9 38 | 76 | M M M M 0 18 |6.88| 56 |18.1| 4 |2285| 23 0O (100| O 0 |100| 41 3 100919 | nd | nd
17080005060102 6,085 922,257 9 35 85 | M M M M 0 18 [9.61| 76 |289| 3 55 0 100 0 0 100 | 5.5 3 (009]| 18 | nd nd
17080005060103 8,631 12,194 1 46 91 | M M I M 0 8 |384| 83| 32 4 160 2 0 100 0 0 100 | 4.4 3 (011]| 22 | nd nd
17080005060104] 3,562 3,562 1 28 | 43 | M M I M 27 | 27 |296| 7.4 [220| 4 0 0 0 0 0 0 | 100 | 4.0 3 |006| 37 | nd | nd
17080005060201 6,736 6,736 1 34 66 M M F M M 0 0 |034| 24 (681 2 952 | 14 0 100 0 0 100 | 5.5 3 (015] 3.7 | nd nd
17080005060202| 7,879 14,615 1 27 | 52 | M M I M 0 0O [069]| 49 [26.7| 3 0 0 0 0 |100| 55 3 1015|229 | nd | nd
17080005060301 9,637 23,590 4 23 | 45 | M M I M 0 4 |143| 2.7 |414| 3 0 0 0 0 100 | 5.7 3 (013] 31 | nd nd
17080005060302 7,727 45,933 4 23 | 45 | M M I M 0 2 1064| 07 [343]| 3 0 0 0 0 0 0O | 100 | 4.8 3 101224 | nd | nd
17080005060303 7,711 53,643 4 37 39 | F | I M 0 2 |19.17| 39 (158 4 94 1 0 100 0 0 100 | 3.3 3 (007|119 | nd nd
17080005060304| 6,459 13,953 1 13 | 26 | M M I M 0 6 [0.74| 2.7 [415| 3 0 0 0 0 0 0 |100| 55 3 01|33 ]| nd | nd
17080005060305 7,493 7,493 1 26 52 | M M I M 12 12 {037 O |36.3| 3 |[3311| 44 0 100 0 0 100 | 4.6 3 (011]| 33 | nd nd
17080005060401 8,806 8,806 1 47 | 71 | F | I F 0 0 [716| 47 | 9.6 4 | 620 7 0 0O [100| O | 100 | 3.6 3 1014 20 | nd | nd
17080005060402 5,039 5,039 1 38 57 | M M I M 0 6.23| 0 (124 4 191 4 0 100 0 0 100 | 3.3 3 (005]| 13 | nd nd
17080005060403| 6,779 929,036 9 41 | 62 I F M M M 0 18 |13.6{10.3| 9.7 4 0 0 0 0 0 |100| 3.3 3 /01115 | nd | nd
17080005060404| 5,685 5,685 1 43 | 43 M F | M F 0 0 (1283 0 [16.1| 4 0 0 0 0 0 | 100 | 2.0 2 1007|1210 | nd | nd
17080005060405 4,118 12,925 1 41 62 | M M I F 0 125| 16 |105| 4 5 0 0 0 100 0 100 | 3.9 3 01|21 | nd nd
17080005060406| 7,506 26,116 4 43 | 84 | M M I F 0 846 | 29 (100| 4 0 0 0 0 0 0 | 100 | 5.0 3 |/009| 32| nd | nd
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17080005060407| 5,215 987,894 9 44 88 | M | | M 0 17 |114.31|139.7 | 4.4 4 41 1 0 0 0 100 | 100 | 5.5 3 1013|121 | nd nd
26 Cowlitz 17080005060408 8,509 1,022,518 9 40 | 63 | M | I M 0 16 [10.69|23.2| 9.5 4 40 0 0 |100| O 0O | 100 | 4.8 3 (011]| 25 | nd nd
17080005070101] 6,731 6,731 1 24 39 | M M | M 0 0 (001 O |36.1]| 3 513 8 0 100 0 0 100 | 4.6 3 |1008| 33| nd nd
17080005070102 6,106 24,354 4 28 52 | M | I M 0 0.4 5 |11.2| 4 76 1 0 |998| O 0.2 | 100 | 6.4 3 01|45 | nd nd
17080005070103 4,905 64,320 4 11 | 21 | M M I M 0 1.03| 45 |222| 4 |1437| 29 0 [999]| O 0.1 | 100 | 5.9 3 |1019| 47 | nd nd
17080005070104) 7,296 7,296 1 25 44 | M M | M 6 6 |057| 2 |232| 4 18 0 0 3.7 0 [96.3|100 | 6.6 3 |012| 48 | nd nd
17080005070105 4,221 4,221 1 22 | 38 | M M I M 11 | 11 (0.14| 0.7 |243| 4 0 0 0 0 0 | 100 | 54 3 |0.05| 3.7 | nd nd
17080005070201 5,918 5,918 1 44 66 | M | | M 0 0 (1268 O |10.1| 4 39 0 (859(141| O 100 | 4.6 3 |006| 34 | nd nd
17080005070202| 7,157 7,157 1 19 | 37 | M M I M 0 0O [0.67]| 29 [250| 4 |[1755| 25 0O (100| O 0 |100| 45 3 1019| 39 | nd nd
17080005070203 8,231 14,150 1 43 65 | M | | M 0 0 (11.111 09 |223]| 4 8 0 0 [99.1| 0.9 0 100 | 4.9 3 |011| 27 | nd nd
17080005070204] 8,512 29,818 4 37 73 | M | I M 0 0 |061| 22 (142 4 547 6 0 100 0 0 100 | 5.1 3 (015]| 41 | nd nd
East Will 17080005070205 5,243 35,061 4 37 73 | M | | M 0 0 (118 57 |17.3| 4 40 1 0 100 0 0 100 | 5.8 3 |1023| 40 | nd nd

ast Willapa

P 17080005070501 6,876 6,876 1 19 | 33 | M M I M 8 9 |044| 0 (16.7] 4 0 0 0 0 0 0 | 100 | 6.7 3 (011]| 48 | nd nd
17080005070502 5,644 12,520 1 19 34 | M | | M 0 5 [(055| 64 | 46 4 190 3 0 (988 O 1.1 | 100 | 6.5 3 |015| 45 | nd nd
17080005070503 4,730 4,730 1 7 22 | I M I | 42 | 42 |064| O (404 3 0 0 0 0 0 0 | 100 | 5.9 3 (013]| 54 | nd nd
17080005070504] 5,536 28,640 4 26 44 | M | | M 0 10 | 0.3 | 59 | 6.9 4 31 1 0 (919 O 8.1 | 100 | 6.4 3 |1019| 35| nd nd
17080005070505 5,854 5,854 1 22 51 | M M | M 3 3 (017 O |110]| 4 1 0 0 100 0 0 100 | 7.1 3 |015| 52 | nd nd
17080005070601 4,669 4,669 1 35 | 70 | M M I M 0 0 [213| 25 (447 3 |[1070| 23 0O (100| O 0O | 100 | 5.6 3 |011| 3.0 | nd nd
17080005070605 6,287 1,097,795 9 11 22 | M M | M 0 15 |3.09| 55 |124.0| 4 |2641| 42 0 (994 | O 0.6 | 100 | 6.5 3 |012| 52 | nd nd
17080005070606| 5,491 1,431,145 9 28 | 129 | I | I M 0 18 |4.97(189| 3.0 4 | 277 5 0 (229| 0 |77.1|100 | 9.2 3 |1017| 42 | nd nd
17080005080201 8,828 1,468,613 9 29 54 | M | | M 0 18 |3.471125|159| 4 435 5 0 (242 0.7 |75.1| 98 | 8.3 3 |031|41 | nd nd
17080005080202 6,678 1,475,291 9 26 | 47 | M | I M 0 18 |3.62 109 | 2.4 4 18 0 0O [573| 0 (427|100 | 6.5 3 1018| 3.2 | nd nd
17080005080203 7,854 1,501,736 9 26 | 139 | | | | M 0 17 |16.72122.8| 4.6 4 329 4 0 5.9 0 |941| 74 |110| 4 |029| 47 | nd nd
Coweeman River [17080005080101| 9,839 9,839 1 14 | 26 | M M I M 0 0.03| 1.2 {299| 3 | 508 5 0 |97.7] O 2.3 1100 | 6.9 3 [026] 49 | nd nd
17080005080102 8,752 18,591 1 21 34 | M M | M 0 0.71] 13 |203| 4 40 0 0O (402 O |59.8|100]| 7.1 3 102138 | nd nd
17080005080301 6,897 50,495 4 13 | 30 | M M I M 0 29 | 04|14 |193| 4 8 0 0 0 0 | 100 | 100 | 7.3 3 03|44 | nd nd
17080005080302 5,728 11,870 1 9 16 | M M | M 0 24 0 0.1 |30.0| 3 0 0 0 0 0 0 100 | 6.4 3 01|38 | nd nd
17080005080303 7,792 31,728 4 4 9 | M M M M 6 37 |0.06]| 42 |200| 4 1 0 69 | 100 | O 0O |100]| 7.5 3 (019]| 47 | nd nd
17080005080304| 5,359 5,359 3 2 3 M F M M F 56 | 56 [0.05| 0.1 [53.8| 2 0 0 0 0 0 0 | 100 | 54 3 |012| 48 | nd nd
17080005080305 9,457 9,457 3 5 9 M M F M M 61 61 [0.25 719| 2 0 0 0 0 100 | 45 3 |009| 47 | nd nd
17080005080306| 6,142 6,142 1 2 2 M F M M F 45 | 45 |0.01 558 | 2 0 0 0 0O |100| 5.8 3 0.1 | 38| nd nd
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17080005080307 9,121 18,578 3 5 10 M M M M M 27 44 10.03| 26 |[54.2| 2 0 0 0 0 100 | 6.4 3 /019|611 | nd nd
17080005080401 6,088 72,785 4 14 | 24 | M I M 0 24 |1.03| 2.2 |353]| 3 0 0 0 0 0 100 | 5.8 3 (018] 29 | nd nd
17080005080402 5,324 82,827 4 27 | 144 | | | | M 0 21 [3.16|26.9|10.8| 4 692 | 13 0O |[382| 0O |618| 80 [11.3| 4 |044| 51 | nd nd
17080005080403 4,719 77,504 4 16 27 | M M I M 22 |269| 7 |288| 3 104 2 0 100 0 100 | 6.1 3 02|42 | nd nd
26 Cowlitz Coweeman River [17080005080404| 7,246 7,246 1 6 | M M I M 22 | 22 |0.08| 0.3 |16.7| 4 0 0 0 0 0 100 | 6.6 3 |1016| 3.7 | nd nd
17080005080405 8,956 16,202 1 20 | M M | M 13 17 |0.03| 04 |31.2| 3 340 4 0 100 0 0 100 | 6.0 3 |1018| 3.7 | nd nd
17080005080406| 4,937 4,937 1 9 | M M I M 0 [027] 26 [178| 4 4 0 0 0 0O | 100 | 100 | 5.2 3 1022| 27 | nd nd
17080005080407| 6,505 1,596,006 9 11 25 | M | | M 17 140.31|150.5| 5.6 4 206 3 2341898| 0 |10.2| 80 | 4.8 3 1032| 33| nd nd
27 17080003040101 9,740 24,607 6 21 | 32 | F M I M 51 | 41 0 39 |440| 3 |2291| 24 71 | 28 0 0 0.0 | 5.2 3 10.534| 58 | nd nd
17080003040102 7,087 7,087 3 11 11 M F F M F 26 26 0 0.5 |46.0| 3 |7087| 100 | 100 0 0 0 0.0 | 1.2 2 10.086| 1.1 | nd nd
17080003040103 7,780 7,780 3 19 | 37 | M M I M 42 | 42 0 0O |36.0| 3 (3424 44 |100| O 0 0 0.0 | 4.7 3 (0.274| 5.8 | nd nd
17080003040201] 9,558 42,271 6 7 13 | M M | M 45 44 0 25 1230| 4 47 0 0 100 0 0 0.0 | 6.0 3 10.728| 6.5 | nd nd
17080003040202 8,105 8,105 3 11 | 17 | M M I M 50 | 50 0 9.0 4 0 0 0 0 0 0 0.0 | 6.1 3 (0523| 7.3 | nd nd
17080003040301 7,375 71,993 6 4 11 | | M | M 14 42 0 260| 3 623 8 0 100 0 0 0.0 | 6.6 3 10.893| 59 | nd nd
17080003040302 7,362 64,618 6 3 6 | M M I M 33 | 45 0 370 3 194 3 0O |100| O 0 0.0 | 6.6 3 (0.619| 55 | nd nd
17080003040303 7,936 50,207 6 5 8 | M M | M 57 46 0 0.4 |430| 3 384 5 0 100 0 0 0.0 | 64 3 ]0.653| 6.5 | nd nd
. 17080003040304] 7,049 7,049 3 3 5 | M M | M 50 50 0 0 [500(| 3 0 0 0 0 0 0 0.0 | 5.9 3 |0.516| 6.3 | nd nd
Kalama Kalama River
17080003040401f 10,156 95,818 6 3 3 I F M | M 16 | 36 0 06 |350| 3 |2834| 28 0O (100| O 0 0.0 | 55 3 10.528| 29 | nd nd
17080003040402 7,033 13,669 1 3 5 | M M | M 17 20 0 0 |[160| 4 805 | 11 0 100 0 0 00| 74 3 0.7 | 5.8 | nd nd
17080003040403| 6,636 6,636 1 3 3 I F M | F 23 | 24 0 0O [48.0]| 3 33 0 0O (100| O 0 0.0 | 5.6 3 10.378| 44 | nd nd
17080003040501f 9,410 133,714 4 13 26 | M M | M 0 26 0 (21.1|12.0| 4 |1432| 15 0 35 11 54 | 0.0 | 6.1 3 (0.904| 24 | 44 1
17080003040502] 11,596 120,516 4 2 3 I F M I M 1 29 0 16 [21.0| 4 | 476 4 0 777 | 21 2 0.0 | 55 3 ]0.655| 3.3 | nd nd
17080003040503 5,744 101,562 6 2 | F M | M 7 34 0 1.2 |16.0| 4 37 1 0 100 0 0 0.0 | 6.6 3 |0.756| 4.7 | nd nd
17080003040504] 3,788 3,788 1 3 I F M I F 0 0 0 0 4.0 4 11 0 0 0 99 1 0.0 | 65 3 |059| 32|81 2
17080003040505 7,358 7,358 1 2 | M M | M 8 8 0 15 (26.0| 3 [1360| 18 0 100 0 0 0.0 | 51 3 0.6 | 3.1 | 0.0
17080003040601 8,429 8,429 1 3 10 | M M I M 0 0 0 8.1 | 9.0 4 | 402 5 0 34 5 61 | 0.0 | 7.0 3 |0.808| 3.1 | 5.3
Lewis Nortthork Lewis -|17080002010101 9,373 9,373 3 2 4 F M M F M 0 0 (159 0O [699| 2 |9373| 100 | 100 0 0 0 00 | 1.2 2 (042| 03 | nd nd
Above Dam
17080002010102 6,080 6,080 3 5 5 F F F F F 0 0O |1.28| O |516| 2 |6080| 100 | 100 | O 0 0 nd | 0.8 1 03| nd nd nd
17080002010201f 5,456 20,909 6 18 18 F F F F F 16 | 16 (081 O |66.7| 2 |5456| 100 (100 | O 0 0 00 | 2.2 2 1084| 07 | nd nd
17080002010301 9,933 9,933 3 10 16 F M F F M 9 9 (461 0 |70.2| 2 |9933| 100 | 100 0 0 0 0.0 | 24 2 |123| 08 | nd nd
17080002010401 5,472 5,472 3 5 5 F F F F F 055| 0 |88.2| 1 |5472| 100 |100| O 0 0 00 | 1.0 2 1029| 01| nd nd
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17080002010501 5,680 47,716 6 7 18 F M F F F 45 57 (094 0O |84.3| 1 |5680| 100 | 100 0 0 0 0.0 | 2.6 2 |1093| 06 | nd nd
27 Lewis Nortthork Lewis -117080002010502| 5,722 5,722 3 |19|3|F|M|F|F|M/|O/|32]|146| 0O |582| 2 |5722| 100 |100| O | O | O | nd |30 | 3 (131 nd | nd | nd
A D
ove bam 17080002010601 7,699 7,699 3 F F F F F 11 11 |197|) O |61.9| 2 |7699| 100 | 100 0 0 0 0.0 | 3.3 3 14109 | nd nd
17080002010701 8,877 8,877 3 7 F F F F F 16 6 |006| O |834| 1 (8877| 100 |100| O 0 0 00 | 1.2 2 (031 03| nd nd
17080002010702| 7,073 10,431 3 15 | 37 F M F F M 0 24 (035| 0O |(604| 2 |7073| 100 {100 | O 0 0 nd | 2.7 2 |1081| nd nd nd
17080002010703 3,357 3,357 3 14 F M F F M 0 19 |0.13| O |675| 2 |3357| 100 | 100 0 0 0 nd | 2.0 2 0.7 | nd nd nd
17080002010801 7,038 81,760 6 10 F F F F M 40 | 40 |0.84| O |69.4| 2 |7038| 100 |100| O 0 0 0.0 | 3.6 3 |132| 08 | nd nd
17080002010901 8,276 90,036 6 4 7 F M F F M 36 30 (1.11| O |759| 1 |8276| 100 | 100 0 0 0 0.0 | 2.2 2 |1069| 06 | nd nd
17080002010902| 7,013 7,013 3 13 17 F F F F F 43 |387| 0 [69.7| 2 |7013| 100 | 100 | O 0 0 nd | 2.8 2 |1.03| nd nd nd
17080002011001 5,053 10,141 3 1 2 F M F F F 593| 0 |63.6| 2 |5053| 100 | 100 0 0 0 0.0 | 3.2 3 |117| 05 | nd nd
17080002011002] 5,088 5,088 3 17 | 22 F F M F F 781 0 |[753| 1 |5088| 100 | 100 | O 0 0 nd | 2.7 2 [(226| nd nd nd
17080002011201 5,650 12,330 3 2 F F F F F 20 20 [1.89| O |53.7| 2 |5650| 100 | 100 0 0 0 0.0 | 29 2 1118 0.7 | nd nd
17080002011202 6,680 6,680 3 F F M F F 0 6 |436| 0 |623| 2 |6680| 100 | 100 | O 0 0 nd | 2.3 2 1 nd nd nd
17080002011301 6,897 130,970 6 12 F M F F F 52 58 (1.02| O |51.7| 2 |6897| 100 | 100 0 0 0 0.0 | 31 3 |192| 05 | nd nd
17080002011302] 5,962 149,262 6 23 | 26 F F F F F 0 20 {097 04 |756| 1 |[5876| 99 |985| 1.5 0 0 nd | 2.6 2 [1.07| nd nd nd
17080002011303 9,869 16,883 3 3 4 F F M F F 273 0 |60.2| 2 |9869| 100 | 100 0 0 0 nd | 3.1 3 |163| nd nd nd
17080002011304f 7,014 7,014 3 47 51 F F M F F 0 551| 0 |455| 3 |7014| 100 | 100 0 0 0 nd | 2.6 2 |1.06| nd nd nd
17080002020101 3,731 3,731 3 31 | 32 F F M F F 35 | 20 0 0 0.0 4 |3731| 100 | 100 | O 0 0 0.0 | 3.6 3 06 | 34 | nd nd
17080002020102 8,806 12,537 3 28 32 F F M F F 0 27 (023 O 4.9 4 18806( 100 | 100 0 0 0 nd | 2.7 2 04 | nd nd nd
17080002020103| 7,783 20,320 6 29 | 54 F M M F F 0 35 (1.78| O (322| 3 |7783| 100 (100 | O 0 0 nd | 25 2 10.39| nd nd nd
17080002020201 5,769 5,769 3 16 30 F M M F M 30 11 |044) 0 |209| 4 |5769| 100 | 100 0 0 0 0.0 | 41 3 |091| 45| nd nd
17080002020202| 8,752 14,521 3 23 | 50 F M M F M 24 (0.09| O (323| 3 |[8752| 100 {100 | O 0 0 nd | 4.7 3 |119| nd nd nd
17080002020203 5,300 5,300 3 28 38 F F M F F 0 23 | 05 0 0.8 4 |5300( 100 | 100 0 0 0 nd | 3.3 3 |056| nd nd nd
17080002020204] 5,549 25,370 6 22 | 29 F F M F M 0 31 | 04 0 |709| 2 |5549| 100 |100| O 0 0 nd | 3.6 3 [1.04| nd nd nd
17080002020301 7,534 7,534 3 12 22 F M F F M 13 9 (041 O |[59.3| 2 |7534| 100 | 100 0 0 0 0.0 | 3.8 3 |139| 05| nd nd
17080002020302| 5,476 5,476 3 6 F M F F M 9 0.1 0O |846| 1 |5476| 100 |100| O 0 0 nd | 1.6 2 (048| nd nd nd
17080002020303 5,040 18,049 3 3 F F F F M 0 13 |0.76| O |57.7| 2 |5040| 100 | 100 0 0 0 nd | 2.4 2 1077| nd nd nd
17080002020401 6,574 24,623 6 7 F F F F F 48 48 |10.17| O |[744| 2 |6574| 100 | 100 0 0 0 0.0 | 1.7 2 06 | 0.6 | nd nd
17080002020402| 5,802 30,425 6 24 | 27 F F F F F 0 28 (083 O |795| 1 |5802| 100 (100 | O 0 0 nd | 2.1 2 10.68| nd nd nd
17080002020501 5,886 51,577 6 31 67 F M M F M 47 65 (041 O |57.0| 2 |5464| 93 | 100 0 0 0 0.0 | 4.8 3 |093| 45 | nd nd
17080002020502| 4,636 35,061 6 56 | 77 F F M F F 0 27 |463| 11 (573| 2 (3792 82 |100| O 0 0 nd | 4.0 3 |[143| nd nd nd
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Watershed (Acres) (Acres) s g|lo|T|e|lz|2|gs5l sl |22 |8|a|l2|&8|2|2|=|e88ls|® T |2
S| - ||| 9P| = 2 o0 S T | © 2| = g | —|e| 2| 5|2 @ S S c | o
z | S| o| >|g| @] 2| il |2 || ° S| &l 2l 25| 32| 2 |E Oloc| 8| 8| o] 9
o 5 298 > 5| © |2 X © O ol QK o o el S o c | E ) 14 Qo h N 5
> = c o 3 0 | g S 2 - O = = S a -4 |0 T O = a O N
2128|8236l [8]2|T|[2|T|2 S| e o |© S1a1512]0
= | 8 S| ol o |2 T |3 L o o [} T | 5|55
-1 o] 9| & g |o T | T L
-
= .

17080002030101 9,412 9,412 3 43 59 F F M F 60 59 {038 O |228| 4 |6478| 69 |100| O 0 0 0.0 | 44 3 [0.79]| 35 | nd nd
27 Lewis Nortthork Lewis -|117080002060101| 5,904 10,291 3 26 | 48 M M M M 43 | 37 0 0O |570| 2 |5904| 100 |100| O 0 0 0.0 | 40 3 (0.185| 3.7 | nd nd

Al D
ove bam 17080002060102| 4,387 4,387 3 22 51 | M M I M 29 29 0 O |440| 3 |4387| 100 |100| O 0 0 0.0 | 5.0 3 0 33| nd nd
17080002060103 2,050 2,050 3 31 | 63 | M M I M 54 | 54 0 0O |420| 3 |2050| 100 |100| O 0 0 0.0 | 45 3 (0.221] 3.1 | nd nd
17080002060201 5,760 42,548 6 14 | 51 | I M I M 15 | 51 0 0.2 |440| 3 | 661 | 11 11 | 89 0 0 |98.1| 48 3 10.563| 5.8 | nd nd
17080002060202] 6,859 19,200 3 22 39 | M F I M 50 | 44 0 0O |49.0| 3 |6857| 100 |100| O 0 0 0.0 | 5.0 3 (0.129| 44 | nd nd
17080002060203 5,725 12,175 3 5 | M M I M 51 | 73 0 0 [29.0]| 3 0 0 0 0 0 (100.0| 5.0 3 04 |54 | nd nd
17080002060204] 6,450 6,450 3 26 | M M I M 93 94 0 0 |410| 3 982 | 15 | 100 0 0 [83.7]| 59 3 (0.497| 55 | nd nd
17080002060205 5,412 5,412 3 18 | 43 M M F M M 63 | 64 0 0O [64.0| 2 [4360| 81 | 100 0 0 [175]| 4.0 3 10.113| 3.5 | nd nd
17080002060301 7,146 467,606 9 2 I M M M M 18 33 0 |119|37.0| 3 [4282| 60 0 100 0 0 |153] 4.1 3 (0.514| 48 | nd nd
17080002060302 11,985 456,103 9 F F M M M 31 | 33 0 |176|49.0| 3 [4360| 36 1 99 0 0 |176] 2.6 2 10.323| 22 | nd nd
17080002060303| 6,302 444,118 9 18 M M M M M 11 33 0 9.1 (470 3 |1910| 30 0 99 0 1 [10.1| 54 3 (0.536| 3.5 | nd nd
17080002060304] 3,873 437,815 9 17 M M M M M 34 0 17 (370 3 122 3 0 |100| O 0 [|32.2] 46 3 (0.308| 2.6 | nd nd
17080002060305 1,109 391,395 9 13 24 | M M F M 0 32 0 33 (290 3 117 | 11 25 74 1 0 |322| 53 3 (115]| 26 | nd nd
17080002060306| 4,357 4,357 1 3 5 I F M I F 37 | 37 0 04 (230| 4 | 383 0 98 1 2 0.0 | 5.8 3 (0.767| 49 | nd nd
17080002030102] 5,766 5,766 3 25 53 F M M F M 0 61 {086 O |[36.6| 3 505 884 (116| O 0 nd | 6.3 3 (114| nd nd nd
17080002030201 9,038 13,282 3 16 37 F M F F M 41 | 46 |3.41| 34 |[525| 2 |5470| 61 86 14 0 0 0.0 | 3.6 3 (069] 21 | nd nd
17080002030202 4,244 4,244 3 22 | 52 F M M F M 0 29 (368 0 [295| 3 ([3907| 92 (100| O 0 0 nd | 3.9 3 0.7 | nd nd nd
17080002030301 6,961 261,982 9 11 39 F | M F F 40 | 45 |125| 13 (189 | 4 |1277| 18 |71.8(282| O 0 0.0 | 48 3 (142]| 48 | nd nd
17080002030302| 3,943 194,032 6 24 | 40 F M M F F 0 23 |739| 64 |336| 3 |950 | 24 78 | 22 0 0 nd | 6.1 3 |[182| nd nd nd
17080002030401 5,162 12,148 3 18 | 49 F M M F M 51 51 |5.06| 2.2 (424 3 |2396| 46 | 100 0 0 0 0.0 | 45 3 (115 24 | nd nd
17080002030402| 6,987 6,987 3 15 | 43 F M F F M 0 51 (055 O |71.7| 2 |6900| 99 |(100| O 0 0 nd | 3.3 3 |0.89| nd nd nd
17080002030501 8,327 291,061 9 16 23 F F M F M 45 | 47 |13.99(14.7(37.9| 3 |2524| 30 6.2 |1938| O 0 0.0 | 5.2 3 (135]| 6.1 | nd nd
17080002030502| 4,385 270,585 9 14 | 50 F | M F M 0 28 |35.49| 37 (139 4 |1065| 24 0 |100| O 0 nd | 4.0 3 [1.36| nd nd nd
17080002030503| 4,218 4,218 3 43 | 103 F M M F M 51 |561| 57 220 4 [1027| 24 |56.8|43.2| O 0 nd | 5.8 3 (149| nd nd nd
17080002040101 5,022 14,594 3 3 5 F M F F M 61 | 50 0 0O |95.0| 1 (4944 98 |100| O 0 0 0.0 | 0.3 1 0 11 | nd nd
17080002040102] 3,689 3,689 3 21 62 M M F M M 57 57 0 0O |71.0| 2 |3689| 100 |100| O 0 0 0.0 | 3.6 3 (0.206| 2.0 | nd nd
17080002040103 5,884 5,884 3 16 | 43 M M F M M 36 | 36 0 0O |59.0| 2 |5962| 101 |100| O 0 0 0.0 | 34 3 (0.012| 24 | nd nd
17080002040201 5,877 25,955 6 23 | 37 F M M F M 33 | 47 0 0O [840| 1 |5701| 97 44 | 56 0 0 [15.2| 1.8 2 10.104| 2.0 | nd nd
17080002040202] 5,484 20,078 6 13 14 F F F F M 52 51 0 0O |89.0| 1 |[5484| 100 | 96 4 0 0 00 | 11 2 (0.019| 1.2 | nd nd
17080002040301 3,520 42,814 6 11 | 21 F M M F M 22 | 47 0 56 |66.0| 2 |3394| 96 0O (100| O 0 [95.2| 25 2 10.329| 3.2 | nd nd
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17080002040302] 8,328 13,338 3|25 (3| F|M|F|F|[M™M]|57|5] 0] o 80| 1 (8328100 0 [100] 0 | 0 [304|15]| 2 [015| 18| nd | nd
27 Lewis 17080002040303 5,010 5,010 3|1l F | M| F|F|M|s2]5]o0 780| 1 |4446] 89 | 25 | 75 | o | 0 |00 | 13| 2 [0033] 22 | nd | nd
17080002040401] 5,772 328,000 9o |24 | M| M| M| M| M™M|37]|3]| o |59|480] 3 [2610] 45 | 91 0| o |44]|40]| 3 0531 50| nd | nd
17080002040402] 5,927 5,927 3| 3|6 | F | M| F|F|Mm|3][38] 0| o570 2 [5902] 12001200 0 | 0o | o [00]22]| 2 |0057] 26 nd | nd
~ |L7080002040501 1,568 390,286 o | 3| 8| F|M|M|F|[M™M]| o |3 o0 (369|400 3 [725| 46 | 2 | 98| 0| 0 [533|27| 2 [127| 27| nd | nd
Noghbg\?ékD"aer‘]’q‘”s'17080002040502 0,754 345,904 o w27 F M| M| M| ™m]|18][3] o |271]430] 3 [4812] 49 | 1 |98 | o | 1 [280] 22| 2 |o441] 1901 1
17080002040503 3,925 316,301 9 194 | 1 | M| M| M| M™M]|13|3]| 0 |29|420]| 3 (2338 60 |42 |55 | 0 | 4 [184|43| 3 (0733 29 | nd | nd
17080002040504] 3,304 3,304 3 M| F | M| M| F|38|3] 0] o[380] 3 [3287] 99 99| 1| 0] o0 o00|14] 2 [0186 11 nd | nd
17080002040505 8,150 8,150 3 M| F|M|M|F |5 |5 ]| 001|600 2 [5483 67 | 0 |[100|] 0 | 0 [00|31]| 3 [027| 28| nd | nd
17080002040506] 4,729 4,729 3 |21|l29| F| F | F|F]| F |59 |5 ]| 0] o |890] 1 4672 99 | 0 [100] 0 | 0 [313]| 13| 2 [0.199/ 1.0 | nd | nd
East Fork Lewis |17080002050101 9,547 9,547 3|23 | F | M| F|F|M|s2|5] 0| o610 2 [9547] 200 |1200] 0 | 0 | o |00 22| 2 [0202] 1.3 | nd | nd
e
ver 17080002050201] 6,078 19,912 3 |12/ Mm| M| M| F|™M]|4|51] 0] o |570] 2 [5457| 90 | 99 0 | o [107] 31| 3 [0.424| 22 | nd | nd
17080002050202 923 923 3|22l 1 [ F|m| 1 | Fler|er]| o] ol2s0]l 4|0 o0o]o o | o |1000[ 33| 3 0535 37| nd | nd
17080002050203 4,286 13,834 3 |13 |mM|M|F|F|™M|5|5 ]| 0] o |650] 2 [4286 100 | 100 0| o ]o0|[31]| 3 [0287] 22| nd | nd
17080002050301] 4,804 10,592 3| 3| 7| F | mM|[M|M|M|4]|50] 0| o590 2 [4712] 98 [ 87| 13| 0o | 0 [150] 24| 2 |0.286] 1.6 | nd | nd
17080002050302] 4,865 4,865 3|24 |mM|M|M|M|[M™M|53|5] 0] o |370] 3 [4865/ 100 |100] 0 | 0o | 0 [00|19]| 2 |0.255| 1.3 | nd | nd
17080002050401] 10,120 21,077 4l 7l wm|F| M| F|F|18]33| 0] o640 2 [7029] 69 | 7 | 93| o | 0 [940|32| 3 [044| 21|44 1
17080002050402] 5,755 7,076 1|2l 2| F|F|M|M]|F|28|3] 0| o [80] 1 |5509] 96 | o [100] 0 | 0o [100.0/29| 2 |0.301] 1.6 | nd | nd
17080002050403 2,899 2,899 3|l 22| F|F|F|F]|F|55|55] 0] 0 |630] 2 [2742] 95 | 24| 76| o | 0 |937| 19| 2 |0559 1.4 | nd | nd
17080002050404] 1,321 1,321 3| s|o9o|mM|M|F|M|M™M]|72|72] 0] o |940| 1 [1321]/ 1200 | 0 [100| 0 | 0 [1000/ 38| 3 [019]| 16 | nd | nd
17080002050405 983 083 s |l2l 2 1 || M| 1| Flo2|9]| o] o|300] 3 |[713/] 73| 0 ]100] o] o [1000 39| 3 [0765 31| nd | nd
17080002050501 2,177 80,082 al2lal 1 M| M|[M]|WM 34 | 0 |24 (360| 3 |445] 20 | 0 |8 | 0 | 15 |983| 44 | 3 0851 33 | nd | nd
17080002050502] 3,891 77,905 4l 1]l 2| M| F|[M|mM|Mm]|]o]|3]| o] 3 |s570] 2 [1961] 50 | o | 79| 1 | 21 [80.7] 40| 3 |0.722| 29 |106]| 3
17080002050503 3,649 39,691 6 | 12| mM|mM|[M|F|Mm]|12]4] 0| o0 ls570] 2 |50 14| o |82 | 18] 0o [919|40]| 3 |o67| 28|57 2
17080002050504] 4,231 6,933 1|4l 7| MM |[M|M|M|25]3] 0 |03|670] 2 |42]| 1 | o0 | 56| 0| 44 |981|53]| 3 |0532 46/ 15
17080002050505 5,011 5,011 1 |22la | v M| M| 1 | M| o] o] o|s55|190] 4 95| 2] o090 ]| o] 1057856 3 |0488 2.8]401
17080002050506] 2,702 2,702 1|1l 2| mM|[mM|[mM|[M|M|4a]|4sa] 0| o0ols40l 2| 0] o] o] o] o] o |1w00054] 3 |0212]/34] nd | nd
17080002050507 1,302 1,302 1] 1 I lmM|{wmM]|[ 1 [ M |17]17] 0] o040/ 3]0 0] o0 0| o |976|32] 3 [0791] 29 | 24| 1
17080002050508] 982 982 1| 1 M| F|M|M|F |42|42]0]|o0lsa0 30| o0]o0 0 | o 1000/ 28 | 2 [0.391] 20 | nd | nd
17080002050509 4,556 4,556 1| 1 M| M| M| M| M|[33|3] 0] o |700] 2 [3542] 78 | 12 | 86 | 2 | 0 |925| 35| 3 [0.339| 20 | nd | nd
17080002050601] 5,280 11,016 1 [ 3249 | M| M|[M|M|M|o]| o] o |382{40| 4 |847] 16 |86 | 3 | 8 | 2 |176| 40| 3 |046]| 1.6 |414| 4
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17080002050602] 2,528 135,781 4 263 M| M| M| 1 | m]|]o|20]| o0 l162/30] 4 [370] 15| 0 42 | 58 | 16| 77| 3 0434 37 |759] 4
17080002050603 5,376 125,388 4 lar 73] 1 [ m ] I | M| o|22] o |204]00] 4 |[709] 13 | 0 96 | 0.0 | 49 | 3 |o.448| 2.2 |9a8]| 4
17080002050604] 6,772 103,944 4 |za|l72] 1 M| ™M | 1 | M| o|26] 0188|110 4 |690| 10 | 0 | 0 100 | 70| 69| 3 |0531 22 [876]| 4
17080002050605 8,591 8,591 1 |01 1 | M| I I M| o| o| o |o02|160| 4 |506| 6 | 0 |100 0 |349| 54| 3 (0565 33 |651| 4
17080002050606| 3,838 3,838 1 |37 |58 M| M| 1 |[mM|M|o]| o] o |83|[70| 4 |153] 4 | o0 |62]| 0 1]38|90]|56]| 3 |0436] 27 |71.2| 4
17080002050607] 2,958 2,958 1 |23 las | 1 | M| I I m| o o] oo1|70| 4|27 1] o | 10| 74] 16 |190]60]| 3 [1.036] 3.8 |799]| 4
17080002050608| 2,105 2,105 12331 [ M| I I M| o] o] o|o7[40| 4 |12 12 | 0o | o] o |100|205|57]| 3 |0579 1.6 |670| 4
East Fork Lewis [L7080002050609 2,803 2,803 1 a7l 0 [ m | I I m| o] o] o|osaloo|l 4|26 1] 0| o] o l100|00]|59] 3 [031330]929]| 4
River 170800020506100 5,736 5,736 1 a7 |72 0 | M| I Im|o|o|o|o7[120|l 4| 0] o] o| o] o |100|00|65]| 3 |0626/ 2.6 |97.9| 4
17080002050611 1,546 1,546 1 |2nlal 1 [m|mM| 1 [ mM|o|]o]o| ool a|o0o] ool o] o] ol170]64]| 3 |0819] 31 [830] 4
17080002050612 5,024 6,570 1 2321 | FIm] 1 |[MmM|o]o]o 80| 4| o] o | o]l o] o] o|260]|49]| 3 0674 28 |740] 4
17080002050613 6,923 6,923 1 |33 1 [mM|[mM|[ 1 |[mM|o|]o]ol|21]80] 4| 4] 0o o o] ol10]l|170]55]| 3 |0.686 39 [830] 4
17080002050614 2,576 2,576 1 38621 | M| I I | M| o]l o|o|4a7]70] 40| o] o| o] o] oloo]|as]| 3 |0377] 25 [100.0] 4
27 Lewis 17080002050615 2,417 2,417 1 |3 7|1 [mM|[mM| 1 | mM|o|] o] ol|26[130] 4|]0] 0o/ o| o] o] o/|oo|e6s]| 3 |0191]38]995]| 4
17080002050616] 6,082 86,164 4 |13l26] 1 [ M| M| M| M| o][32]| 0 21]20] 3 |8 ]| 1[0/ o0 |10] o [302]59]| 3 |080734]|600]| 4
17080002060401] 3,011 35,715 4 l1al2o] 1 | F|{™mM] 1 |m|]o|5s5 | o330 4 [27] 1|0 o0 100| 0[410]40| 3 [043]48][59.0]| 4
17080002060402] 3,951 29,374 4 |23l 1 m|™mM] 1 | M]oO 0 |25]90| 4 |585] 15 | 0o | 12| 88 | 0 |570] 51| 3 |0.625 42 [394] 4
17080002060403| 3,330 3,330 1 /1929 M| M| M|M]|M]|1 o | o [510| 2 |1219] 37 | 0o |100| 0 | 0 |952| 38| 3 0715/ 37 |48 | 1
17080002060404] 8,521 25,422 4 |18l 1 |m|[mM] 1 | m]2 0o | 32]210| 4 |2008] 25 | 0 |100]| 0 | o |627| 48| 3 0787 32 [37.1] 4
~ |L7080002060405 8,791 8,791 1| o981 [{mM|[mM| 1 | M |16]16] 0| 2130/ 3| 0] 0o |o|o]| o] o|85]|55]| 3 |0612]35|135| 3
NortBheE?lckD';er;V's'17080002060406 8,110 8,110 1 253 |1 | m] I | M| 1] 1] o ]24]120| 4 |64a5| 8 | 0 |[100] o | o [659] 48| 3 |0561| 3.8 [34.1] 4
17080002060501] 8,039 531,961 9 326 | 1 [ M| 1 | M| M 30| 0 |543|60| 4 |592] 7 | o | 8| 1 | 19 |179| 66 | 3 [1.149 3.7 [54.3| 4
17080002060502] 8,809 523,921 o |23 a1 | M| M |[M]| WM 30| o [128]60| 4 |216] 2 | 7 | o | 4 | 89 |110| 51| 3 [0565 3.8 [259]| 4
17080002060503 7,952 515,113 9 1|2t 1t [ M| M| M| ™M]|10]|32] 0 |74|270] 3 [3747] 47 | 0 | 99 | 1 3.7 | 49| 3 |o795] 3.3 [140]| 3
17080002060504| 3,840 471,446 o 13|31 | M| mM|mM|[™M]| 3 |3]| o0 |58|320] 3 [1617] 42| 0 | 96| 4 | 0o [137| 47| 3 |0569 42 [125]| 3
17080003040602] 12,056 12,056 1 26552 1 | M| i Y 0| o |685/60| 4 |461| 4 | o | 9 | 7 | 850037 | 3 |0574] 20 |444]| 4
28  |Columbia Lower Tribs Colur?)biaGOfge 17080001070101 6,789 6,789 1 |26 |50 M| M |[M|[M]|M]|23]21] o |109]430] 3 |1275] 19 | 8 | 92| o | o |00 | 42| 3 |0274] 1.4 | nd | nd

Tributaries

17080001070102] 8,533 8,533 3| 7|l F | M| F|F|™M|4|46]| 0| 0 |640] 2 4485 53 | 0 |64 |36 | 0 |00] 20| 2 |0111] 07| nd | nd
17080001070201] 8,015 8,015 1 |28 551 1 [ M |mM/| 1 | M |24a]20] 0 |177]1270] 4 |1808] 23 | 34 |66 | 0 | 0 | 00| 34| 3 |0487 1.6 | nd | nd
17080001070202] 9,669 9,669 1 173 1 [ m|m]| 1 | m|3 ]3] 0 |79][320] 3 4097 43 | 7 | 27|66 | 0 |00][38]| 3 |0434] 1.8 | nd | nd
17080001070301 6,361 6,361 1 |24 | M| M| M| M| M|15]|14] 0 |261]/100] 4 |881]| 14 8| 0| 000|299 2 |024]| 18] nd | nd
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17080001070401| 9,654 9,654 1 23|38 | M| M M| M| o0o| o0 ]| o0 |37]|50]| 4 [1836] 19 | 59 | 0 | 39 44|50 | 3 0384 1.4 |56.2| 4
28  |Columbia Lower Tribs COITUrriTQ)EItZ:iBeOSrge 17080001070402 5,641 5,641 1|12 |2z 1 | M |[M |1 | M| o0o]|o0o| o0 /18180 4 | 26| 0 100 0 | 0 | 0 |25]|34]| 3 |0.226 1.7 |221| 4
Salmon Creek [17080001090101] 7,113 105,966 4 33 50 M M | M M 0.0| 06 | 1.0 |99.7| 0.0 4 14580( 64 | 100 0 0 0 0.0 | 1.8 2 10.419| 04 |103| 3
17080001090102] 3,289 3,289 1 |40 |61 | 1 | M| I | | M |00][00|00|65|10| 4 | 58 65 | 0 | 0 | 35 | 00|53 | 3 [0.184) 22 |904| 4
17080001090103 3,607 7,643 1 93 96 | F | M M 00| 00| 00|56 |10 4 79 0 0 0 100 | 0.0 | 6.3 3 (0433 1.9 |98.1| 4
17080001090104| 2,038 56,995 4 | 42 |8 | M| M| M|M|M/|00|10]|00|201|10| 4 |358| 18 | 0 | 0 | 0 |100| 00| 9.4 | 3 |0.031 0.3 |67.2| 4
17080001090105| 2,124 2,124 1 |43 |65 | | F | ol | F loo|oo|o0o|72|00| 4 |64| 3 | 0| 0| 0 |100|00 |157| 4 |0.421]| 2.7 [70.7| 4
17080001090106| 3,994 53,050 4 | 5718 | 1 | M| I |[M|M]/|00|11]|00|82|00| 4 |529| 13 | 0 | 0 | 29| 71 | 0.0 |149| 4 |0.688| 0.9 |645| 4
17080001090107| 5,031 39,594 4 48 96 | M | M M 00| 15|00 |64 | 20 4 356 0 69 8 23 | 0.0 | 6.8 3 |0.285| 0.6 |97.4| 4
17080001090108| 6,201 22,781 4 [ 370 1 | M| I |l | M |00]|26|00]|51|11.0| 4 |135 0 | 74 26 | 0.0 | 68| 3 (0457 1.6 |91.3| 4
17080001090109 6,888 6,888 1 3 6 | M M | M 90|86 | 00| 08 (440 3 [1318| 19 0 100 0 [69.7| 6.3 3 |0.835| 2.8 |29.2| 4
17080001090110| 7,349 7,349 1 /46|70 | M |M| 1 | M| M|00[00|00]|31]|20]| 4 |188 0 |21 | 78| 2 | 00|68 3 (0344 1.5 |86.4| 4
17080001090111 4,922 4,922 1 (3 |47 | M| M| 1 | M| M|00]|00]|00]|22]|120| 4 |438 0 |52 |44 | 4 |01]96]| 3 [0.384] 3.3 (802| 4
17080001090112 4,867 4,867 1 6 10 | M M | M 00| 00| 00|31 |310]| 3 971 | 20 0 100 0 0 [40.7| 6.7 3 |0.854| 3.4 |59.3| 4
17080001090113| 4,826 4,826 1 |24 |37 1 | M| I | | M |00]|00|00|19|150| 4 |236| 5 | 0 [100| O | 0 [11.3| 6.7 | 3 |0.595 2.2 |85.3| 4
17080001090114 889 18,262 1 46 68 M F | | F 0.0 | 00| 0.0 |10.1]| 0.0 4 86 10 0 0 0 100 | 0.0 |185| 4 |0.519| 1.1 |739| 4
17080001090115 1,907 1,907 11499 | I | M| I | | M |[00][00]|00|22|00| 4 |5 | 3 | 0| 0O | O |100| 00 |164| 4 |0.234| 0.0 |68.7| 4
17080001090116 999 999 1 100 | 100 | F | | F 00| 00| 00| 41|00 4 10 1 0 0 0 100 | 0.0 |165| 4 |1.164| 15 |64.0| 4
17080001090117| 1,114 1,114 1 |126|126 | | Fl M| F |00[00]|00|45[00| 4 |26 | 2 | 0 | 0 | 0 [100]| 0.0 [157| 4 [0.044| 0.0 |68.4| 4
17080001090118 6,860 6,860 1 50 75 | M | | M 00| 00| 00| 37|00 4 77 1 0 0 0 100 | 0.0 |10.9| 4 |0.055| 0.6 |80.4| 4
17080001090119| 1,720 2,915 1149 [ 74| 1 | M| I |l | M |[00[00|00|46|00| 4 | 28| 2 | 0 | O | O |100| 0.0 [13.1| 4 [0.004| 2.4 |67.2| 4
17080001090120 1,448 14,458 1 48 97 M M | | F 00| 00| 00|29 |00 4 129 9 0 0 0 100 | 0.0 |24.0| 4 |0.815| 1.8 |789| 4
17080001090121| 1,195 1,195 1 |50 | 74| | Fo oI | F l|oo|loo|o0o|08|00| 4 | 6 | 0 | 0| 0| 0 |100|00|17.9| 4 |0.042| 00 [721]| 4
17080001090122 753 753 1 68 | 102 | M | | M 00| 00| 00| 07|00 4 13 2 0 0 0 100 | 0.0 |16.6| 4 |0.067|755(69.1| 4
17080001090123 743 12,258 1 98 98 | F | | F 0.0 | 0.0 | 0.0 |16.3]| 0.0 4 61 8 0 0 0 100 | 0.0 |11.4| 4 |0.724| 05 |63.0| 4
17080001090124| 3,315 11,515 1 |5 | 75| | F | ol | F l|o0o|00|00 |37 |00 4 [241] 7 | 0| 12 | 0 |99 |00 |163| 4 |0117| 1.7 [69.4| 4
17080001090125 808 2,029 1 49 73 | F | | F 0.0 | 0.0 | 0.0 0 2.0 4 71 9 0 15 0 85 | 0.0 [20.3| 4 |0.058| 0.0 |649| 4
17080001090126| 701 1,221 1 /5 [100| | | M | nd | | F |00 |00]|00 00| 4 O | 0| 0| 0 |100]{ 00189 4 | 0 |00 |826| 4
17080001090127 520 520 1 50 75 | F nd | F 0.0 | 0.0 | 0.0 0.0 4 0 0 0 0 0.0 |[155| 4 0 0.0 |745| 4
17080001090128| 3,089 3,089 1 |49 | 73 | | F | oI | F |loo|o00|00|123(30| 4 [ 36 | 1 | 0 | 1 | 0 |9 |00|151| 4 |0172| 1.3 |[785| 4
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17080001090129 2,540 3,083 1 50 75 | F nd | F 00| 00| 00| 05|10 4 69 0 0 100 | 0.0 |17.1| 4 0 0.0 |789| 4
17080001090130 542 542 1 33 | 33 | F nd | F 0.0 | 0.0 | 0.0 0 |100| 4 12 2 0 0 100 | 0.0 |18.0| 4 0 0.0 |782]| 4
28 17080001090131f 10,539 30,925 4 28 28 M F | M F 0.0 | 00| 1.0 |99.2| 0.0 4 12589 25 0 7 60 3 | 00|15 2 |0.031 0.2 |47.2| 4
. . 17080001090132 14,710 18,435 1 41 82 | M | I M 00| 00| 0.0 |189]| 0.0 4 973 7 28 0 5 67 | 0.0 |179| 4 |0.107| 0.9 [726| 4

Columbia Lower Tribs| Salmon Creek

17080001090133 4,036 4,036 1 39 75 | M M I M 0.0 | 0.0 | 0.0 0 4.0 4 | 622 | 15 0 0 100 | 0.0 | 8.3 3 10.486| 1.3 |72.3| 4
17080001090134f 3,725 3,725 1 35 53 | M M | M 00| 00| 00| 01|50 4 61 2 0 0 100 | 0.0 | 85 3 |0.07|08|601| 4
Washougal Washougal River {17080001060101] 7,761 14,093 3 21 | 41 F M F F M 91 | 84 0 0.2 [81.0] 1 |7550| 97 100 | O 0 00 | 21 2 |1042| 15| nd nd
17080001060102 1,775 1,775 3 9 10 F F F F F 69 69 0 0.4 |61.0| 2 |1775| 100 | 45 55 0 0 0.0 | 0.3 1 (0.025| 0.1 | nd nd
17080001060103 4,557 4,557 3 13 | 20 F M M F M 78 | 78 0 0O |63.0| 2 |[4557| 100 | 56 | 44 0 0 00 |11 2 0 03| nd nd
17080001060201 7,038 28,056 6 21 49 M M M F M 56 72 0 2.7 |63.0| 2 |4786| 68 100 0 0 0.0 | 34 3 |0.537| 1.4 | nd nd
17080001060202| 5,296 5,296 3 13 25 F M F F M 62 | 62 0 720| 2 |3915| 74 100 O 0 0.0 | 2.7 2 10.194| 2.0 | nd nd
17080001060203 3,552 3,552 3 29 58 | M M | M 68 69 0 37.0| 3 |1687| 47 100 0 0 0.0 | 4.2 3 10.498| 2.8 | nd nd
17080001060204] 1,629 1,629 3 F F M F F 61 | 61 0 05 |76.0] 1 |1288| 79 49 | 51 0 0 0.0 | 0.3 1 /01401 | nd nd
17080001060301] 5,213 19,078 3 M F M | M 10 44 0 0.7 |55.0| 2 |1709| 33 0 100 0 0 (204 4.6 3 (0.491| 1.7 | 0.8 1
17080001060302| 5,232 5,232 3 M F M M F 66 | 67 0 21.0| 4 |3335| 64 79 | 21 0 0 00 | 21 2 10.297| 1.3 | nd nd
17080001060303 5,091 5,091 1 12 28 | M M | M 37 37 0 270| 3 969 | 19 0 100 0 0 0.0 | 49 3 ]0.681| 2.8 | nd nd
17080001060304] 3,542 3,542 3 2 2 F F F F F 72 73 0 61.0| 2 |3164| 89 20 80 0 0 |67.1]| 21 2 10.173| 1.0 | nd nd
17080001060401 9,443 60,130 6 14 I M M M M 31 | 56 0 3.2 |340| 3 |2434| 26 0 100 O 0 0.0 | 45 3 (0428| 1.9 | nd nd
17080001060402 3,166 3,166 1 2 | M M | M 15 15 0 0 (260 3 164 0 100 0 0 0.0 | 3.3 3 ]0.452| 0.8 | nd nd
17080001060501 4,031 94,683 4 26 | 42 | M | I M 0 39 0 |219)| 20 4 130 0 0 10 | 90 | 0.0 {10.0| 3 |0.433| 23 |[65.8| 4
17080001060502 6,520 15,566 1 10 20 | M M | M 18 0 34 |300| 3 595 0 100 0 0 |345)| 5.7 3 |0.759| 2.0 |655| 4
17080001060503 4,615 4,615 1 2 3 M F M M F 35 | 35 0 0 |650| 2 |[1740| 38 0 100 O 0 |77.1]| 45 3 |0.649| 1.7 |229| 4
17080001060504] 8,595 75,086 6 18 35 | M M | M 46 0 31 1|190| 4 453 5 0 94 5 1 |126]| 5.8 3 |0.608| 2.2 |62.8| 4
17080001060505 3,195 3,195 1 | M M I M 1 1 0 0 |39.0| 3 [1628| 51 0 100 O 0 |751] 3.3 3 |0.254| 1.8 |244| 4
17080001060506| 4,430 4,430 1 M M M M M 25 25 0 0 |[640| 2 |2738| 62 0 100 0 0 (100.0| 5.4 3 10.672| 2.3 | nd nd
17080001060601] 3,864 42,946 4 17 | 29 | M | M M 0 |445)| 1.0 4 43 1 0 0 0 100 | 0.0 | 9.7 3 |0.555| 1.2 |393| 4
17080001060602 6,518 39,082 4 26 26 M F M | M 0 0 (104 | 9.0 4 596 9 0 20 6 74 | 15| 5.6 3 (021 0.7 |818| 4
17080001060603 5,253 32,564 4 35 | 42 M F | I M 0 |246| 9.0 4 | 407 8 0 79 0 21 | 6.7 | 6.4 3 |0.163| 0.7 | 76.7| 4
17080001060604 1,411 14,349 1 28 | 52 | M | I M 0 9 0 |12.1| 5.0 4 18 1 100 O 0 0 6.6 | 7.1 3 |0.559| 1.3 |934 | 4
17080001060605 8,656 8,656 1 11 M M M M M 14 14 0 24 |67.0| 2 |6259| 72 49 51 0 90.5| 45 3 |0.301) 2.1 | 46 1
17080001060606| 4,282 4,282 1 13 | M M I M 1 1 0 29 (230] 4 |470| 11 14 | 86 0 13.1| 6.7 3 |0.456| 25 |869| 4
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17080001060607 891 12,962 1 41 59 M F | | F 0 0 0 6.6 | 7.0 4 5 1 0 0 0 100 | 0.0 | 8.6 3 |033| 18 |841| 4
17080001060608 6,261 6,261 1 52 55 | F | I F 0 0 0 29 (1.0 4 | 281 4 0 99 0 1 0.0 | 5.2 3 10.485| 1.3 |97.7| 4
. 17080001060609 2,937 2,937 1 20 32 | M | | M 0 0 0 59|70 4 72 2 100 0 0 0 |28.3| 6.6 3 |0.618| 3.2 |665| 4

28 Washougal Washougal River

17080001060610, 2,873 2,873 1 17 | 34 | M M I M 0 0 0 19 |25.0| 4 0 0 0 0 0 0 |17.1]| 75 3 |0.358| 2.3 |646| 4
29 Wind Wind River 17070105110101 5,330 20,078 6 11 15 nd F nd nd F 74 | 50 [1.03| O nd nd |5330( 100 | 100 | O 0 0 nd | 2.2 2 (074]| 0.7 | nd nd
17070105110102 4,338 9,361 3 9 16 nd M nd nd F 76 44 10.14| O nd nd [4338| 100 | 100 0 0 0 nd | 3.7 3 |131|12 | nd nd
17070105110103 5,024 5,024 3 8 nd F nd nd F 17 17 [3.05| O nd nd |5024| 100 | 100 0 0 0 nd | 1.7 2 (071 04 | nd nd
17070105110104 5,387 5,387 3 5 nd M nd nd M 37 37 {045 O nd nd [5387| 100 | 100 0 0 0 nd | 1.9 2 |056| 02| nd nd
17070105110201 4,566 13,898 3 7 11 nd M nd nd M 83 | 49 (0.79| O nd nd |4566( 100 | 100 | O 0 0 nd | 3.2 3 (201| 1.7 | nd nd
17070105110202 5,776 5,776 3 8 12 nd F nd nd F 7 7 (083 O nd nd [5776| 100 | 100 0 0 0 nd | 1.9 2 1086 0.7 | nd nd
17070105110203 3,556 3,556 3 8 15 nd M nd nd M 73 | 73 | 5.8 0 nd nd |3556( 100 | 100 | O 0 0 nd | 2.9 2 23|10 | nd nd
17070105110301 7,433 7,433 3 30 56 nd M nd nd M 43 43 10.28| O nd nd |7433| 100 | 100 0 0 0 nd | 1.8 2 |1045| 10 | nd nd
17070105110302] 9,949 9,949 3 24 | 33 nd F nd nd F 49 | 49 (0.24| O nd nd |9949( 100 | 100 | O 0 0 nd | 2.6 2 (074]| 11 | nd nd
17070105110401 6,486 68,591 6 22 32 nd F nd nd F 24 48 |13.33| 49 | nd nd |4737| 73 | 100 0 0 0 nd | 3.5 3 |134| 23| nd nd
17070105110402 6,037 62,105 6 21 23 nd F nd nd F 49 | 50 |2.73| 09 | nd nd (5731 95 |[100| O 0 0 nd | 3.1 3 (106| 14 | nd nd
17070105110403 4,710 38,686 6 16 20 nd F nd nd F 74 53 0 0 nd nd [4710| 100 | 100 0 0 0 nd | 2.5 2 1081| 07 | nd nd
17070105110501 3,975 21,768 6 13 21 nd M nd nd M 36 60 [{0.46| 04 | nd nd |3545| 89 [895|105| O 0 nd | 4.7 3 |148| 15 | nd nd
17070105110502 4,269 17,793 3 15 16 nd F nd nd M 74 | 65 |0.33 nd nd |4269( 100 | 100 | O 0 0 nd | 2.5 2 (105| 16 | nd nd
17070105110503 6,844 13,524 3 28 39 nd F nd nd M 67 62 [0.68 nd nd [6844| 100 | 100 0 0 0 nd | 3.5 3 |106| 3.2 | nd nd
17070105110504 6,680 6,680 3 31 67 nd M nd nd M 57 57 |0.12| O nd nd |6680( 100 | 100 | O 0 0 nd | 4.0 3 (1.07]| 3.0 | nd nd
17070105110601 7,082 26,468 6 29 44 nd M nd nd F 42 50 {0.03| 0.2 | nd nd |5817| 82 | 100 0 0 0 nd | 2.7 2 0.7 | 0.6 | nd nd
17070105110602] 5,914 19,386 3 30 | 43 nd F nd nd F 52 | 52 |1.17 nd nd |5817( 98 | 100 | O 0 0 nd | 3.0 3 (082]| 15| nd nd
17070105110603 4,872 13,473 3 29 39 nd F nd nd F 66 53 [0.01 nd nd |4872| 100 | 100 0 0 0 nd | 3.1 3 1092|112 | nd nd
17070105110604] 8,601 8,601 3 18 24 | nd F nd nd F 45 | 45 |0.05| O nd nd |8601( 100 | 100 | O 0 0 nd | 3.6 3 (138]| 0.8 | nd nd
17070105110701 5,746 9,496 3 35 38 nd F nd nd F 35 45 10.03| 0.2 | nd nd |5359| 93 | 100 0 0 0 nd | 2.1 2 104911 | nd nd
17070105110702 3,750 3,750 3 29 | 44 | nd F nd nd F 61 | 61 0 0 nd nd |3750( 100 | 100 | O 0 0 nd | 1.9 2 (047|022 | nd nd
17070105110801 5,380 143,732 6 20 33 nd M nd nd F 2 46 |3.56| 6.1 | nd nd |2139| 40 |685(315| O 0 nd | 3.9 3 |124| 12 | nd nd
17070105110802 6,096 96,455 6 16 24 | nd F nd nd M 18 | 49 (0.59| 6.9 | nd nd [3529| 58 |285|715| O 0 nd | 2.3 2 (079]| 1.7 | nd nd
17070105110803 5,932 5,932 1 36 60 nd M nd nd M 39 | 39 |023| 0.1 | nd nd |3527| 59 |97.8| 2.2 0 0 nd | 3.1 3 (091]| 14 | nd nd
17070105120301 6,388 6,388 1 27 51 nd M nd nd M 11 12 [16.9|151| nd nd |2660| 42 97 3 0 0 nd | 3.1 3 |106| 14 | nd nd
17070105130201] 8,094 27,472 6 14 | 27 nd M nd nd M 24 | 42 |356| 3 nd nd |2599| 32 0 100 O 0 nd | 5.1 3 (159]| 3.7 | nd nd
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17070105130202 4,605 19,378 3 2 nd F nd nd M 29 50 [0.05 nd nd |3383| 73 0 100 0 0 nd | 3.6 3 |104| 42 | nd nd
17070105130203 6,233 14,773 3 nd nd nd M 55 | 57 |0.11| O nd nd |5917| 95 |13.7(86.3| O 0 nd | 1.3 2 (03711 | nd nd
17070105130204] 8,540 8,540 3 19 59 nd | nd nd | 57 57 (055 O nd nd [8265| 97 |51.8|48.2| 0 0 nd | 3.2 3 08 |18 | nd nd
Wind Wind River 17070105130401 3,983 3,983 1 31 64 nd M nd nd M 2 1]16.86/13.3| nd nd | 497 | 12 0 100 0 0 nd | 3.9 3 (122]| 13 | nd nd
17070105130402| 8,605 8,605 1 3 6 nd M nd nd M 9 |18.59/18.6| nd | nd [1113| 13 0O (100| O 0 nd | 5.3 3 2 36 | nd nd
17070105100101 6,964 11,734 3 17 26 nd F nd nd F 0 (262 0 nd nd [6964| 100 | 100 0 0 0 nd | 2.6 2 |114) 05 | nd nd
17070105100102| 4,770 4,770 3 29 | 43 | nd M nd nd M 0 [024] O nd nd [4770| 100 | 100 | O 0 0 nd | 2.8 2 |185| 05 | nd nd
17070105100201 7,438 46,198 6 14 20 nd F nd nd F 75 21 (132 O nd nd [6743| 91 | 100 0 0 0 nd | 2.8 2 1.1 119 | nd nd
17070105100202| 7,932 38,759 6 15 | 25 | nd M nd nd F 51 | 10 0 0 nd nd [7932| 100 | 100 | O 0 0 nd | 2.0 2 |10.73| 06 | nd nd
17070105100203 7,097 30,827 6 8 11 nd F nd nd F 0.03| O nd nd [7097| 100 | 100 0 0 0 nd | 1.6 2 |182| 04 | nd nd
29 17070105100204| 8,773 8,773 3 12 23 nd M nd nd M 203 O nd nd |8773| 100 | 100 0 0 0 nd | 2.3 2 (104| 11 | nd nd
. . 17070105100205 3,223 3,223 3 22 29 nd F nd nd F 2 0 nd nd |3223| 100 | 100 0 0 0 nd | 2.5 2 |147) 05 | nd nd
Little White Salmon Szltglwi)nwgilf/eer 17070105100301 7,866 14,024 3 31 | 39 | nd F nd nd F 69 | 65 |092| O nd nd |7511| 95 |99.8| 0.2 0 0 nd | 2.4 2 (082| 14 | nd nd
17070105100302 6,158 6,158 3 30 42 nd F nd nd F 61 61 [(0.03| O nd nd |6158| 100 [99.7 | 0.3 0 0 nd | 3.2 3 1098 16 | nd nd
17070105100401 7,345 26,391 6 24 | 35 | nd F nd nd F 48 | 59 |1.67| 0.2 | nd | nd |5473| 75 |63.7|36.3| O 0 nd | 3.5 3 (104]| 22 | nd nd
17070105100402 5,022 19,046 3 27 34 nd F nd nd F 58 63 (438 O nd nd |4351| 87 96 4 0 0 nd | 3.0 2 1088| 28 | nd nd
17070105100501 9,328 86,858 6 18 31 nd M nd nd M 30 34 |397| 47 | nd nd |1483| 16 |(834|16.6| O 0 nd | 4.7 3 16 | 3.1 | nd nd
17070105100502| 4,941 77,530 6 14 24 nd M nd nd M 34 35 [0.06| 1.7 | nd nd (1592 32 (149|851 O 0 nd | 6.2 3 (177]| 34 | nd nd
17070105120302 4,617 4,617 1 8 13 nd M nd nd M 39 40 |13.36(/13.5| nd nd [3519| 76 |955| 45 0 0 nd | 2.9 2 |1.03| 20 | nd nd
17070105120303| 4,218 4,218 1 2 4 nd M nd nd M 7 8 |28.95/273| nd | nd | 37 1 100 | O 0 0 nd | 5.2 3 |3.03| 34 | nd nd
Notes:
*  IWA Condition Ratings
F: Functional
M: Moderately Impaired
I: Impaired
nd: No data
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|. Introduction

Ecosystem Diagnosis & Treatment (EDT) is an approach to developing and
implementing watershed plans (MBI 1999). EDT includes three primary components; a
conceptual framework, analytical model, and a step-by-step procedure. For Lower
Columbia River recovery and subbasin planning, we have limited our use of EDT to the
analytical model itself, and have integrated it into a broader conceptual framework. For
our purposes, the EDT model is used as one of several tools to assess fish population
performance and fish / habitat interactions. Specifically, the model allows us to estimate
fish population performance based on characteristics of physical habitat. Included in the
EDT analyses are comparisons of model scenarios, which highlight geographic areas and
reach-specific habitat attributes that are believed to be the most limiting for salmonid
populations.

A strength of the model is its applicability to population viability criteria (McElhany et
al. 2000). EDT addresses most of the Viable Salmonid Population (VSP) parameters,
which include productivity, abundance, diversity, and spatial structure. Another major
strength of the model is its comprehensiveness. In accounting for the important link
between aquatic habitat and fish performance, EDT considers 46 different reach level
habitat attributes, integrates all potential life history trajectories, and calculates 4
population performance parameters. Furthermore, the EDT Reach Analysis identifies
potential restoration and preservation benefits and the specific habitat attributes that need
to be restored. This level of comprehensiveness is not possible with other fish / habitat
assessment techniques. Application of EDT across the planning area also allows for a
high level of consistency. Consistency of results is especially important in the large and
diverse Lower Columbia region, which consists of over 80 salmonid populations across
nearly 20 basins. Conducting EDT across the entire planning area allows for a reasonable
comparison of results among populations.

Despite the benefits and utility of using EDT, the model also has potential drawbacks. A
commonly cited weakness of EDT is its complexity. The complexity can obscure
transparency in underlying assumptions, which has led to its characterization as a black
box. We have attempted to address this by describing the EDT model in sufficient detail,
however, an in-depth description of model functions is beyond the scope of this
document. Interested readers can learn more by visiting the EDT website
(www.edthome.org), which contains links to supporting documentation. Another
criticism of EDT is that it allows for the use of expert opinion for input variables where
empirical data is unavailable. While this increases flexibility in areas where data is
scarce, it can possibly result in erroneous outputs that are difficult to assess for accuracy.
We have attempted to address this concern by comparing EDT inputs to the outputs of a
watershed process model and by comparing EDT results to empirical fish abundance
data. These comparisons are presented in other appendices to this document. The other
major criticism of EDT is that it is not explicit with respect to uncertainty in model
functions and sensitivity to inputs or errors. Model uncertainty is difficult to assess due to
its complexity, breadth, and the use of expert opinion. The evaluations presented here
provide insight into the degree of prediction and parameter uncertainty. An analysis to
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investigate the sensitivity of outputs to errors in input parameters is currently underway
by NOAA Fisheries and Mobrand Biometrics Inc.

This document consists of two primary sections. First, we give a brief description of how
the EDT model works in general and how it was specifically applied to the lower
Columbia region. Second, we present an evaluation of the lower Columbia EDT runs by
comparing model outputs with empirical fish abundance data and by comparing model
inputs with outputs of a watershed process model that has been applied in the lower
Columbia region. These evaluations are intended to provide information on the
appropriate utility of EDT for lower Columbia recovery planning.

[1. EDT Overview

A. Basdine Runs

EDT can be classified as a mechanistic model that is based on the relationships between
aquatic habitat characteristics and fish performance. Model inputs include descriptions of
the physical stream environment, at a reach level, which are then related through a set of
rules to life-stage specific survival. These survival characteristics are then integrated
across the entire life history of the population. Results include estimates of population
productivity, capacity, equilibrium abundance, and diversity. EDT is typically used to
model conditions for the current (patient), historical (template), and Properly Functioning
Condition (PFC) scenarios.

Descriptions of physical habitat are made for individual reaches, and take the form of
scores (0-4) for each of 46 habitat attributes, known as Level 2 attributes (Table 1).
Guidelines have been developed that specify appropriate scores according to available
coarse scale data (Level 1 data) and the scenario being considered. If no data exists,
scores may be inferred from similar areas where there is data or can be estimated using
expert opinion. Model inputs also include a description of stream size and the relative
quantity of habitat unit types (e.g. backwater pools). Level 2 habitat attribute scores are
then combined through a set of rules into relative survivals for 16 Level 3 attributes
(Table 1). For instance, the level 2 attributes of turbidity, embeddedness, and fine
sediment are combined to create a relative survival for the level 3 attribute Sediment
Load. The rules used to combine level 2 attributes into level 3 relative survivals depend
on the life stage being considered. For instance, for the egg incubation stage, fine
sediment receives more ‘weight’ than embeddedness, and turbidity has no effect. These
rules are based on empirical data or assumed relationships based on the current state of
the knowledge of fish / habitat relationships. For each life stage in each reach, Level 3
relative survivals are applied to a theoretical optimum survival to obtain a realized
survival (productivity) estimate. This value is then applied to a density dependent
Beverton-Holt survival function which uses a theoretical optimum capacity based on the
spatial extent of available habitat unit types in the reach. The extent of biologically
possible life history trajectories is another model input and typically involves assigning
percentage use of several different life history patterns that are offered as options in the
model. In order to correctly estimate life history trajectories, model users must have
knowledge of which life stages are carried out in which stream reaches. This information
may also be inferred from physical stream channel characteristics such as gradient and
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channel width. Reach and life-stage specific survival functions are integrated across all
life history stages in all life history trajectories in order to arrive at population
performance parameters. A conceptual diagram of the EDT model is presented in Figure
1.

B LEVEL 1

Coarse Scale Data
Wide range of data types

consisting of a variety of Sediment data from
environmental data

Example

Stream surveys

Guidelines

= 7]\
Bt e
N S/

Inputs

Ecosystem Characterization

=L

:

<
S
2
o
o
o
s
3
|
nel
S¢
s
e
g &
z
23
Lz
al oo
1’ > ™M
£ i3
sl 5§38
< 0
<l -9
T w
v gl %
-] Q >3
] o w E
= o9
S 2 EDT
[ b=
o ~ S Model
w 5®
3 8
_|=
4 o
S 3
e
s 3
EV)
£
wv
g =
=5 Y
fqz:i
EDT EDT
Model Model
w
*+
S
w
Q
: - -

Figure 1. Conceptual diagram of the EDT model.
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Final model results include smolt and adult productivity, equilibrium abundance,
capacity, and diversity estimates. Adult productivity is the measure of density
independent survival, and can be thought of as a population’s capacity to replace itself. It
is represented in EDT as the number of adults produced in the next generation per
spawner. Smolt productivity is expressed as the number of smolts per spawner. Adult
and smolt capacity are the theoretical maximum capacities that the habitat can support,
but that it cannot sustain over multiple generations due to density dependent effects (i.e.
superimposition).  Adult abundance (equilibrium abundance or Neq) is the density
dependent abundance at the point where the population is just replacing itself. It can
generally be thought of as the average abundance of the population. Mathematically, it is
the intersection of the stock recruit (Beverton-Holt) curve with the 1:1 replacement line
(Figure 2). Smolt abundance is calculated similarly but is concerned with the equilibrium
abundance of smolts leaving the system. Diversity in EDT is expressed as the percentage
of theoretically possible life history trajectories that are viable under the specified habitat
conditions. Estimates of smolt productivity and abundance are useful for describing
effects of subbasin spawning and rearing habitats independent of out-of-basin fishery,
mainstem, estuary, and ocean concerns.

EDT estimates have been generated for historical (template), current (patient), and
“Properly Functioning Conditions” (PFC). The historical/template condition is defined
as pre-non-Native American European influence and represents a hypothetical optimum.
The current/patient condition represents the immediate past few years. PFC represents
favorable habitat conditions for salmonids throughout the basin based on criteria
identified by NMFS (1996). PFC conditions are less optimum than the pristine historical
template but are assumed to ensure population persistence (i.e. avoid extinction).

Q.“\ e ’
Q,%Q o’
N
.-
(7] ’ :
-
2 j quilibrium
& e Abundance

Spawners

Figure2. Example of a stock recruitment curve generated using a density dependent survival
function. Theequilibrium abundance (Neq) isthe intersection of the spawner-recruit curve with the
1:1 replacement line and represents a theor etically sustainable abundance.

EDT METHODS VI, 6-4 May 2004



Table 1. Definition of EDT Level 3 attributes and their associated level 2 correlates. The primary effects and secondary effects ar e gener alizations of
the primary and modifying level 2 environmental correlatesused by the EDT model. Specific primary and modifying effects depend on species and life

stage.
Level 3 Modifying Level 2 Attributes
Attribute Definition Primary effects Secondary effects
Channel The effect of stream channel stability (within reach) on the Bed scour Icing
stability relative survival or performance of the focus species; the extent Riparian function
of channel stability is with respect to its streambed, banks, and Wood
its channel shape and location. Confinement -natural
Confinement -artificial
Flow — change in interannual high flow
variation
Flow — intraannual flow pattern
Chemicals The effect of toxic substances or toxic conditions on the relative | Miscellaneous toxic pollutants — water Metals — in water column
survival or performance of the focus species. Substances include column Metals / Pollutants — in sediment / soils
chemicals and heavy metals. Toxic conditions include low pH. Nutrient enrichment
Competition The effect of competition with hatchery produced animals on the | Hatchery Fish Outplants Alkalinity

(with hatchery
fish)

relative survival or performance of the focus species;
competition might be for food or space within the stream reach.

Benthos Diversity and Production
Riparian Function
Salmon Carcasses

Competition The effect of competition with other species on the relative Fish Community Richness Alkalinity
(with other survival or performance of the focus species; competition might Benthos Diversity and Production
species) be for food or space. Riparian Function
Salmon Carcasses
Flow The effect of the amount of stream flow, or the pattern and Flow — change in daily variation Confinement -natural
extent of flow fluctuations, within the stream reach on the Flow — change in interannual high flow Confimement -artificial
relative survival or performance of the focus species. Effects of variation Gradient
flow reductions or dewatering due to water withdrawals are to Flow — change in interannual low flow Riparian function
be included as part of this correlate. variation Wood
Embeddedness
Habitat type
Food The effect of the amount, diversity, and availability of food that | Benthos diversity and production Alkalinity
can support the focus species Riparian function
Salmon carcasses
Habitat The effect of the extent of habitat complexity within a stream Gradient Confinement —natural
diversity reach on the relative survival or performance of the focus Confinement -artificial
species. Riparian function
Wood
Icing
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Harassment The effect of harassment, poaching, or non-directed harvest (i.e., | Harassment Habitat type — primary pools
(harvest) as can occur through hook and release) on the relative survival Riparian function
or performance of the focus species. Turbidity
Wood
Key habitat The relative quantity of the primary habitat type(s) utilized by Habitat type - backwater pools

the focus species during a life stage; quantity is expressed as
percent of wetted surface area of the stream channel.

Habitat type - beaver ponds

Habitat type - Glides

Habitat type - large cobble/boulder riffles
Habitat type - off-channel habitat factor
Habitat type - primary pools

Habitat type - pool tailouts

Habitat type - small cobble/gravel riffles

Obstructions

The effect of physical structures impeding movement of the
focus species on its relative survival or performance within a
stream reach; structures include dams and waterfalls.

Obstructions to fish migration

Oxygen The effect of the concentration of dissolved oxygen within the Dissolved Oxygen
stream reach on the relative survival or performance of the focus
species.
Pathogens The effect of pathogens within the stream reach on the relative Fish Pathogens Fish species introductions
survival or performance of the focus species. The life stage Temperature — daily maximum (by
when infection occurs is when this effect is accounted for. month)
Nutrient enrichment
Predation The effect of the relative abundance of predator species on the Predation risk Fish community richness
relative survival or performance of the focus species, apart from Fish species introductions
the influence of the amount of cover habitat used by the focus Hatchery fish outplants
species. Temperature — daily maximum (by
month)
Flow — change in interannual low flow
variation
Sediment The effect of the amount of fine sediment present in, or passing | Turbidity Temperature — daily maximum (by
through, the stream reach on the relative survival or performance | Fine sediment month)
of the focus species. Embeddedness Flow — change in interannual high flow
variation
Flow — change in interannual low flow
variation
Temperature The effect of water temperature in the stream reach on the Temperature — daily maximum (by month) | Temperature — spatial variation
relative survival or performance of the focus species.
Withdrawals The effect of entrainment (or injury by screens) at water Water withdrawals

(entrainment)

withdrawal structures within the stream reach on the relative
survival or performance of the focus species. This effect does
not include dewatering due to water withdrawals, which is
covered by the flow correlate.
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B. Reach Analysis

EDT reach analyses have been conducted for all populations assessed with EDT in the
lower Columbia. The reach analysis function in EDT adjusts the level 2 input scores up
or down for individual reaches and then ranks the reaches according the effect that the
adjustment has on total population performance parameters. Reach analysis considers the
same population performance parameters as the baseline run analysis though it provides a
greater level of detail as it identifies reaches based on their relative preservation and
restoration value. Reach analysis results are specific to each fish species because of the
different fish habitat requirements of each.

The assessment of restoration value in a particular reach is conducted by hypothetically
restoring all of the level 2 scores for that reach from patient to template conditions, with
the assumption that template conditions represent habitat conditions that would result
from full reach restoration. The model is then re-run in order to capture the percent
change in fish performance due to this hypothetical restoration in the reach. This is
conducted for all reaches independently and the reaches are ranked accordingly. A higher
ranked reach for restoration would therefore become high priority for habitat restoration
measures because of the greater potential benefit to the population than from restoration
of lower ranked reaches. A similar exercise is conducted to identify preservation value,
except that level 2 scores in a particular reach are artificially degraded and the reaches
are ranked according to how great of a negative impact they have on total population
performance. If degradation of habitat scores has a large negative effect on population
performance, then that reach has high preservation value. Reaches with a high
preservation value should be protected because of the disproportionately high negative
impact on the population that would result from degradation. In order to reduce the
influence of reach length on reach importance, the population change that results from
hypothetical restoration or preservation was normalized by reach length. This results in
percentage change in population values that are expressed per 1000 meters of reach
length. Results are typically displayed in a graphical format that is often referred to as a
ladder or tornado diagram (Figure 3).

Many reaches have both high preservation and high restoration value. These tend to be
highly productive or potentially highly productive reaches, where relatively modest
changes in habitat quality can have a significant effect on population performance. In
these reaches, management strategies should work to both preserve existing functional
attributes and restore degraded attributes.

Reach Group (H, M, L) and Recovery Emphasis (P, R, PR) are designations developed
for recovery planning purposes and are not generated by the EDT model. A description of
these designations is presented in section 11.C.2.a below.

A limitation of the reach analysis is that it analyzes reach restoration and degradation
independently for each reach. An example of this limitation is that a reach that may
actually hold a lot of promise for restoration may show no positive effect to the
population if a severely degraded or impassable reach (bottleneck) exists downstream. It
is therefore important to be aware of where such bottlenecks are located, and if necessary
eliminate them from the reach analysis to prevent misleading results.

EDT METHODS VI, 6-7 May 2004



Washougal Fall Chinook

Potential change in population performance with degradation and restoration

Reach | Recovery Change in Abundance with Change in Productivity with Change in Diversity Index with

Reach Group | Emphasis

Degradaticn Restoration Degradation Restoration Degradation Restoration

PR
P
PR
PR
P
P
PR
P
FI
P
NA

Washougal 4
Washougal 9
Washougal 3
Washougal 6
Washougal 5
Washougal 7
Washougal &
Washougal 10
Washaugal 2 tidal
Washougal 1 tidal

rrrirrZ2 22T

Salmon Falls

-10% 0% 10% -108% 0% 10% -100% 0% 10%
Percentage change Percentage change Percentage change

Figure3. Example of ladder diagram for Washougal Fall Chinook. Thelonger thebars, the greater
the changein the population perfor mance parameter s (abundance, productivity, and life history
diversity) when reach scores ar e changed to Template conditions (restor ation analysis) or set toa
degraded condition (preservation analysis). The percentage change values ar e expressed asthe

per centage change in population performance per 1000 meters of channel length within the reach.

Another assessment conducted as part of the EDT reach analysis evaluates the effect of
the Level 3 survival factors on reach and life-stage productivity. The results are displayed
on “consumer report diagrams” (Figure 4). While this level of detail is useful for local
restoration practitioners, it is generally too specific for comparisons across populations or
even across reaches. For this reason, we chose to summarize the effect of survival factors
across all life history stages in a reach. We termed this assessment a Habitat Attribute
Impact Analysis. It is described in the following section.
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:::t‘:re:tfi(;:r;::::;;i: E?.l”rri:;ngssditions versus Historic Potential WaShou-qa" Watershed - Reach
Restoration Emphasis: [Restoration or maintenance/improvement of historic life histories Anafysis - Fall Chinook
Geographic Area: Washougal 8 Stream:
Reach: (|Reach Length (mi): 2 40
Reach Code: Washougal 6
Restoration Benefit Category:1/ A Productivity Rank:1l' 3 Potential % change in productivity:Zi' 16.2%
Overall Restoration Potential Rank:1/ 2 Average Abundance (Neq) Rank:1/ 2 Potential % change in Neq:2/ 9.9%
({lowest rank possible - with ties)1/ 11 Life History Diversity Rank:1/ 1 Potential % change in diversity:2/ 0.0%
Preservation Benefit Category:1/ A Productivity Rank:1/ 4 loss in productivity with degradation:2f -13.8%
QOverall Preservation Rank:1/ 4 Average Abundance (Neq) Rank:1/ 4 % loss in Neq with degradation:2/ -15.8%
{lowest rank possible - with ties)1/ 12 Life History Diversity Rank:1/ 4 % loss in diversity with degradation:2/ -8.3%
Change in attribute impact on survival
= o =]
% of life 1 £|8 B8, e !
i's 2] c c o | FE o o = 2
Life stage Relevant I:listonf Productivity % g ‘TE % ;% = z % i % 5 = % % %
months trajectories | change (%) | = S £ ﬂé_ qé - = @ % % g g g z E e
ected 681838182 385588 558
Spawning Oct-MNov 11.2% -10.8%| 4 [ N LN )
Egg incubation Mov-May 11.2% -254%)| 6 . - . &
Fry calonization Apr-May 31.9% A7 7 | @ s 9+ 9 LN ) -
0-age active rearing Iar-Oct 48 4% -1.0%| 3 . - LAl ] - [ ]
(-age migrant
0O-age inactive
1-age active rearing
1-age migrant
1-age transient rearing
2+-age transient rearing
Prespawning migrant Sep-Oct 67.9% -0.2%| 2 LAREN .
Prespawning holding Oct-Mov 11.2% -10.8%| & * . * LN ) -
All Stages Combined 67 9% Loss Gain
1/ Ranking based on effect over entire geographic area. 2 Value shown is for overall population performance. KEY MNone
Motes: Changes in key habitat can be caused by either a change in percent key habitat or in stream wicdth NA = Not applicable | Small e °
Potential % changess in performance measures for reaches upstream of dams were computed with full passage Moderate ® O
allowed at dams (though reservair effects still in place) High . O
Extreme Q

Figure4. Example of “Consumer Report Diagram” for Washougal Fall Chinook. Top rowsgive
information on preservation and restoration benefit. Notethat “ Benefit category” doesnot apply for
our analysis. Dotsrepresent therelativeimpact of the level 3 habitat attributes (survival factors) on
life-stage specific productivity in thereach. One of thesereportsiscreated for each reach utilized by
the population.

C. Specific applicability to Lower Columbia Recovery Planning

1. Spatial Extent

A total of 83 Lower Columbia anadromous fish populations have been assessed through
the EDT Model. These runs represent all of the major basins with significant anadromous
fish use on the Washington side of the Lower Columbia, extending from the Columbia
River mouth east to the Wind River. Populations include native runs of winter and
summer steelhead, chum, fall and spring chinook, and coho. EDT has not been fully
developed for Bull Trout, cutthroat, and the many other resident fish species present in
the study area. However, model results for species that inhabit the same stream reaches
can provide insight into habitat effects for non-modeled species.

EDT model runs have been conducted by various agencies and organizations depending
on the river system. A map of EDT progress in the region and the organization(s) that
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have been most involved with the model runs are presented in Figure 5. Table 2 provides
a list of all the populations that have been assessed using EDT.
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Figure5. Map of lower Columbia region showing EDT modeling status.
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Table2. Statusof EDT modeling for populations on the Washington side of the lower Columbia
River.
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°
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spring chinook
summer steelhead

Organization River basin

--WA Dept. of Fish & Wildlife Grays

--Lower Columbia Fish Recovery Board Skamokawa
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Mill
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Germany

Lower Cowlitz
Coweeman

Toutle

Kalama
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2. Additional Analyses

Additional analyses have been applied to EDT results for the purposes of recovery
planning. The two primary additional analyses include the identification of reach priority
rankings and the assessment of the relative effects of Level 3 Habitat Attributes (Survival
Factors).

a) Reach ranking

In order to narrow the focus of habitat recovery planning such that the most important
reaches are targeted for restoration or preservation, reaches were ranked according to
where recovery actions would yield the greatest benefits to a particular population. Based
on reach rank, the reaches were then binned into high, medium, and low priority
categories.

Reach rankings were determined by summing the potential change values for
preservation and restoration across the 3 performance measures (i.e. summing the values
for all bars of the ladder diagram for each reach). Reach rankings therefore reflect the
contribution of the reach to current AND potential population performance. In the ladder
diagrams (Figure 3) reaches are ordered according to their prioritized rank.
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The binning of reaches into high, medium, and low categories was conducted using the
following methodology. Beginning with the top ranked reach and working down in
ranked order, the running sum of performance values (using population change values not
normalized for reach length in this case) was calculated until at least one-third of the
cumulative sum of all reach performance values was reached. These reaches were placed
into the high category. The process was continued until two-thirds of the cumulative sum
was reached and these reaches were designated as medium priority. The remainder were
designated low priority. This process results in approximately one-third (or slightly less
on average) of the channel lengths allocated to the high category, one-third to the
medium category, and one-third to the low category.

Reaches were also given a recovery emphasis designation. A designation of P indicates
that preservation measures should be emphasized within the reach. A designation of R
indicates that restoration measures should be emphasized. A designation of PR means
that both preservation and restoration are equally important. Reaches were designated P
or R if greater than 60% of total population change (the summing of the bars in the ladder
diagram) resulted from preservation or restoration, respectively. Reach priority groups
(H, M, L) and reach recovery emphasis (P, R, PR) are displayed in the ladder diagrams
(Figure 3).

b) Habitat Attribute Impact Analysis

An assessment of the effect of degraded habitat attributes in specific reaches is necessary
to evaluate causes of population decline and to identify recovery measures. In the EDT
reach analysis, the relative impact of the various level 3 habitat attributes (see discussion
in section I1.B above) is evaluated. The model accomplishes this by artificially restoring
each of the habitat attributes in a reach to template conditions one at a time and
evaluating the change to reach productivity. This is done for individual life stages within
individual reaches. These results are displayed in what are commonly termed “consumer
report diagrams” (Figure 4). While this level of detail is useful for practitioners who are
implementing specific recovery measures in specific reaches, it is too detailed for an
effective comparison of habitat impairments across reaches in a basin. In order to expand
the analysis to the population-scale, we combined all life stages within a reach and
weighted the reach values according to the relative contribution of the reach to overall
population abundance. Similar to consumer report diagrams, the result is a chart with
sized dots representing the level of impact of the 16 level 3 attributes, only there is just
one dot per reach and all the reaches for a population are combined in one chart (Figure
6). These are referred to as Habitat Attribute Impact charts. A similar analysis can be
conducted using the EDT model itself and is termed an “attribute splice”, but it has the
disadvantage of requiring additional model runs.
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Washougal Fall Chinook
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(hatchery fish}
Withdrawals
Chemicals
Obstructions
Pathogens
Harassment
poaching

Key habitat quantity

Predation
Oxygen

Flow
Food

e e @O @ ....sediment

ReachName

Washougal 9

‘Washougal 3

Washougal 5

‘Washougal 4

Washougal 7

‘Washougal 6

Washougal 8

‘Washougal 10

Washougal 2 tidal

Washougal 1 tidal

Salmon Falls

High Impact @ Moderate Impact Izl Low Impact l:l Nonel:l Low Positive Impact E‘ IWloderate Positve Impact E‘ High Positve Impact E‘

Figure6. Example of Habitat Factor Analysis diagram for Washougal Fall Chinook. The dots
represent thereativeimpact of level 3 habitat attributes (survival factors) within all reaches utilized
by the population.

[11. Evaluation of EDT

A. Introduction

The EDT model has several potential sources of error and uncertainty due to the many
inputs, functions, and their associated assumptions. These include input parameters,
which include reach delineation, level 2 scores, level 2 scoring guidelines, and life history
pathways / trajectories; benchmarks, which are productivity and capacity estimates under
optimal conditions; and biological rules, which translate level 2 scores to level 3 survival
factors. Due to the large number of calculations involved with integrating all life stages
across life history trajectories, the potential for compounded error and uncertainty is a
concern. There are several approaches to evaluating the aforementioned sources of error
and uncertainty. In this document, we focus on two primary approaches; comparison of
results (performance parameters) to empirical data, and comparison of input scores to
watershed process modeling results. An analysis of model sensitivity to error and
uncertainty in inputs, biological benchmarks, rules, and trajectory selection is beyond the
scope of this evaluation; however, analyses that have been conducted to date by others
are briefly summarized.

Once again, an exhaustive technical evaluation of EDT is beyond the scope of this
project, but is being conducted in pieces by other entities. Relevant references are
provided for those wishing to obtain additional information. The primary objective of this
analysis is to shed some light on the adequacy of the model as a tool for recovery
planning and thus better inform the interpretation of results.

B. Evaluations
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1. Comparison of EDT with empirical observations'

In this analysis, the smolt production (abundance) estimates of lower Columbia EDT runs
are compared to actual smolt outmigration estimates from trap data throughout the
Northwest. A comparison of modeled and empirical smolt data was chosen for two
reasons: 1) reliable smolt data from trapping studies is readily available for many
regional streams, and 2) compared to adult return data, smolt abundance is less affected
by the potentially confounding variability of out-of-basin (i.e. ocean) conditions. It
should be noted that this assessment provides a “first glance” evaluation of EDT
reasonableness. A more thorough evaluation is underway by WDFW that will compare
the suite of EDT performance parameters (capacity, Neq, initial productivity) to estimates
derived from empirical data. Results will be incorporated into the technical foundation as
this effort moves forward.

a) Methods

Data Description

EDT smolt production estimates were made for salmonid populations including chum,
spring and fall chinook, summer and winter steelhead and coho for basins on the
Washington side of the Columbia River from the Grays River to the Wind River (Figure
5). Estimates reflect equilibrium abundance (Neq or realized capacity) for the entire
basin upstream of the mouth of each river. Only patient (current) estimates of smolt
equilibrium abundance were considered in this analysis. Equilibrium abundance reflects
the average expected performance of a population given average environmental
conditions. The EDT data used in this analysis are presented in Table 3.

! The EDT smolt abundance data used in this analysis are from year 2003 model runs. Subsequent runs
have been conducted using updated model inputs.
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Table 3. EDT dataused in analysis. Data are Patient (current) smolt equilibrium abundance (Neq).

Patient Neq Patient Neg Smolts/mi? of water shed
Basin Fall Fall
Basin Size(mi®) Chinook Steehead® Coho | Chinook  Steelhead* Coho

Coastal Region
Grays River 61 57,260 8,941 - 945 148 -
Skamokawa Creek 17 95,719 2,513 19,736 5,501 144 1,134
Elochoman River 66 182,410 6,265 27,015 2,772 95 411
Germany Creek 23 120,843 5,846 11,040 5,277 255 482
Abernathy Creek 20 101,917 5,254 13,575 5,021 259 669
Mill Creek 28 82,379 2,623 4,287 2,911 93 151
Cascade Region
Cowlitz River* 445 1,976,934 5,739 - 4,443 13 --

Toutle River 511 758,300 16,388 - 1,484 32 --

Coweeman River 119 192,384 10,221 -- 1,617 86 --
Kalama River 205 80,908 24,700 - 395 120 --
Lewis River

E.Fk. Lewis River 235 221,799 10,160 - 942 43 --

N.Fk. Lewis River? 101 1,172,483 3,223 - 11,666 32 --

Upper Lewis® 731 114,154 32,330 254,912 156 44 349
Washougal River 108 366,647 13,076 - 3,395 121 -
Gorge Region
Duncan/Hardy/
Hamilton Creeks 52 -- 1,053 - -- 20 --
Wind River 225 129,563 29,312 - 576 130 --
Little White Salmon
R. 134 -- -- - -- - --
White Salmon River 294 -- -- -- -- -- --

! Cowlitz below Mayfield Dam

2 Lewis below Merwin Dam; not including E. Fk. Lewis
® Lewis River above Swift Reservoir - hypothetical
population

* Includes summer and winter steelhead

Estimates of smolt outmigration from field trapping were gathered from throughout the
Pacific Northwest for steelhead, coho, and fall chinook. Data were used from traps
located in the Cascades, the Gorge, the Coast, and the Umpqua Basin because these
regions were the same as or similar to those in the lower Columbia Basin where EDT
estimates were made. No spring chinook trap data were found in these regions, and thus
no comparisons are made to EDT spring chinook results. For each trapping location, data
were obtained for all years where estimates were made. Only spring smolt outmigrants
were included in the analysis except with fall chinook where all outmigrants were used.
Trap location, years data were available, and range of values across years are presented in
Table 4. A complete list of trap locations where data were obtained and the source of the
data can be found in the Supplemental Information section at the end of this document.
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Table 4. Information on smolt traps and trap data used for comparison with EDT.

Est. Drainage Outmigration Estimates
Area (mi?) Years of (outmigrants/mi?) (min-max)

Basin Subbasin Above Trap Estimates Steelhead Coho Fall Chinook
Coastal Region
Alsea Cascade Cr. 5.6 1998-2002 13-25 2-314 206 - 206
Alsea E.Fk. Lobster 6 1998-2002 - 152 - 633 -
Alsea Upper Lobster 5 1998-2002 - 75 - 900
Coos Bottom Cr. 17.8 1999 9-9 144 - 144 -
Coos Fall Cr. 15 1999-2001 - 22-234 288 - 848
Coos Winchester Cr. 10 1999-2002 - 100 - 460 -
Coquille N. Fk. Coquille R. 291 1998 15-15 9-9 -
Kilchis Little S. Fk. Kilchis R. 12 1998-2002 118 - 300 3-191 380 - 12,874
Lower Columbia Abernathy Cr. 28.7 2001-2002 188 -369 216 - 244 --
Lower Columbia Germany Cr. 225 2001-2002 333-338 311-363
Lower Columbia Mill Cr. 29.1 2001-2002 43 -59 217 - 326 --
Nehalem N. Fk. Nehalem R. 24.4 1998-2002 140-715 777-1901 6,593 - 79,391
Nestucca Little Nestucca R. 45.3 1998 176 - 176 278 - 278 -
Oregon Coast Cummins Cr. 10 1998-2002 142 - 321 1-222 --
Oregon Coast Tenmile Cr. 23 1998-2002 262 - 864 73 - 403 210-1,515
Siletz Mill Cr. 13 1998-2002 18-87  332-1328 271,303
Wilson Little N. Fk. Wilson 20 1998-2002 176 - 1034 112-722 11,306 - 61,197
Yaquina Bales Cr. 35 1998-2002 - 118-464  633-71,231
Yaquina Mill Cr. 8 1999-2002 35-109 - 4-919
Yaquina Mill Cr. 8 1998-2002 -- 278 - 878 -
Cascade Region
Clackamas Big Bottom 139 1994 & 1998 21-23 34 -314
Clackamas Fish Cr. 47 1989-2000 22-198 1-176
Clackamas Mainstem Above N. Fk. Dam 681 1994-1996 18- 37 41 - 180
Clackamas N. Fk. Clackamas 32 1998 63 - 63 -
Clackamas N. Fk. Eagle Cr. 28 1999 134 - 134 -
Clackamas Oak Grove Fk. 142 1998-1999 8-11 0-30
Kalama Kalama R. 179 1978-84,92-94,98-02| 48 - 254 -
Lewis Cedar Cr. 30 2001-2001 90-119 805- 1167
Gorge Region
Hood Hood R. 352 1994-2001 8-70
Wind Wind R. 225 1995-1999 36 - 109
Umpqua Region
Umpqua W. Fk. Smith R. 26 1998-2002 103-295 418-862 36 -4,913
Umpqua Smith R. 202 1998-2002 1-144  535-7197 -
Umpqua Big Tom Folley Cr. 22.2 1998-2002 7-113 19 - 302
Umpgua Brush Cr. 21 1998-2002 12 - 66 39-319
Umpqua Elk Cr. 104 2002 14-14 --
Umpgua Rock Cr. 98 2001 376 - 376 65 - 65
Umpqua Cow Cr. 499 1999-2002 6-30 15-79
Data Analysis

To compare EDT and actual outmigrant estimates, estimates were standardized by
watershed area, resulting in a smolt density value (i.e. number of fish per watershed area).
For EDT estimates, watershed area for the entire basin was used, and for migrant traps,
the watershed area above the trap was used. Watershed areas were derived from
published reports, GIS analysis, or from published watershed areas above nearby USGS
gauges.

Maximum, as opposed to average, annual outmigrant estimates from trapping data in
recent years were used for comparison to EDT. The maximum outmigrant estimate was
chosen because recent trapping studies have taken place during years of low adult returns
that resulted in underseeded habitat. We therefore believe that the maximum value best
represents long-term average capacities.

EDT METHODS VI, 6-16 May 2004



For each species, the distribution of EDT estimates and maximum observed
outmigrations at migrant traps (by watershed area) were plotted via box plots. All
available EDT estimates in the lower Columbia were used, and data from all migrant
traps were used.

To facilitate more specific comparisons, basins were grouped into regions including:
Coastal, Cascade, and Gorge. Data from different basins were pooled with others within
their region for analysis. Data from the Umpqua Basin were not used in this comparison
because that basin represents somewhat of an overlap in coastal and cascade habitats.
Estimated EDT and observed outmigration densities by watershed area were compared
between like regions and species.

Basin specific comparisons were made in situations where both migrant trap and EDT
estimates were available for lower Columbia Basins. These comparisons were made by
examining the EDT/trap ratio. There were no recent and reliable fall chinook outmigrant
estimates in the lower Columbia tributaries, thus no comparison for fall chinook was
made.

b) Results

Broad-scale Comparisons

The distribution of EDT and trap estimates indicated that medians of each group were
similar to each other, but that the distributions were somewhat dissimilar (Figure 7). For
each species, medians were within 30%. The range of migrant trap estimates was greater
than EDT estimates for each species and the migrant trap distributions tended to be right-
skewed, indicating the presence of some very high values; a condition not seen with EDT
results. Most notably, the greatest fall chinook trap estimate was near 80,000 smolts/mi?
as compared to 12,000 smolts/mi?for the greatest EDT estimate (Figure 7).
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Figure7. Box plotsof EDT smolt Neq (lower Columbia Washington populations) and maximum
trap estimates (Western Washington and Oregon) per watershed area. Barsrepresent 10", 25", 50",
75", and 90" percentiles. Pointsindicate outliers. Sample sizesareindicated.

Regional Comparisons

Comparisons by region showed that median estimates were reasonably similar between
EDT and migrant traps for all three species in each region where comparisons were
possible (Figure 8). The largest differences were in fall chinook in coastal streams and in
steelhead in Cascade streams. As with the broad-scale comparison, the range of values
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Figure 8. Comparison of median EDT and migrant trap estimates of steelhead, coho, and chinook for
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Table5. Median, minimum and maximum EDT and migrant trap smolt density estimates by species
for threedifferent regions. Trap Count values are based on the maximum value recorded for the

period of record.

Smolts/water shed mi?
Trap Counts EDT* Patient

Species Region Med. Min. Max. Med. Min. Max.
Steelhead Coastal 245 9 1,034 146 93 259

Cascade 123 11 254 44 13 121

Gorge 89 70 109 75 20 130
Coho Coastal 363 9 1,901 482 151 1134

Cascade 180 30 1,167 349 349 349

Gorge -- -- -- -- -- --
Fall Chinook Coastal 1515 206 71,231 3,966 945 5,501

Cascade -- -- -- 1551 156 11,666

Gorge -- -- -- 576 576 576

* Lower Columbia Basins only

Lower Columbia Specific Comparisons

In the lower Columbia, paired (within the same basin) comparisons were possible for five
Paired comparisons have a few
advantages over grouped comparisons. First, watershed area is held constant, allowing
absolute estimates of smolt abundance can be compared instead of smolt densities,
allow for the comparison of absolute values instead of smolt densitiesRatios closer to 1:1
indicate better correlation between EDT and trap data. For both species at all traps, ratios
ranged from 0.4:1 to 3:1 (Figure 9). Coho EDT tended to be greater than trap estimates
and steelhead EDT tended to be less than trap estimates. Mill Creek is an exception to

steelhead populations and three coho populations.

this pattern.
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Figure9. Lower Columbia basin-specific (paired) evaluations of EDT Neq and trap estimates. Data
areexpressed asthe EDT / trap ratio.

c) Discussion

In the broad- and regional-scale comparisons, the similarity between median trap and
median EDT values were within reason for most cases, although trap values had a
considerably greater range. The smaller range of EDT values may be partly due to the
use in EDT of ‘equilibrium abundance’, which does not reflect the potentially high
variability in productivity between years. Moreover, use of maximum trap values may
have skewed trap distributions unreasonably. In some basins, the use of average trap
values may be more appropriate. The greatest differences between trap data and EDT at
the regional scale are observed for Cascade steelhead and coastal fall chinook. In
general, the data show that within regions, steelhead EDT runs tend to estimate lower
values than trap data, whereas fall chinook and coho EDT runs potentially over-estimate
actual smolt abundance. This same trend is seen at the river basin scale (Figure 9), with
the exception of Mill Creek, which shows the inverse pattern.

This assessment suggests that EDT results are within the range of empirical observations
throughout the region. Differences between EDT and trap data are related to natural
variability, measurement error, model error, and model uncertainty, though the specific
contribution of each is difficult to assess. In general, we can be relatively confident,
albeit cautious, in our use of EDT population performance results for recovery planning.
The inherent uncertainty in EDT suggests that results be used primarily in a relative
sense, with less weight on absolute numbers and instead an emphasis on the relative
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magnitude of values between populations and between scenarios (i.e. historic versus
current). The greatest use of EDT for recovery planning is not in specifying exact
numbers of fish abundance and productivity for a population, but rather in determining
how impacts to a population are distributed throughout the fishes’ life cycle and the
degree to which recovery measures at particular life stages will improve the potential for
population persistence.

2. Comparison of EDT and the | ntegrated Watershed Assessment (1\WA)?

In the Recovery Planning Technical Foundation, the EDT model is linked with the IWA
in order to identify the spatial extent of impaired and functional watershed processes that
most affect the habitat of focal fish species. The two assessments are used together to
pinpoint the location and type of salmon restoration and/or preservation measures that
will yield the greatest benefit to populations. This linking of EDT and IWA thus warrants
an examination of the level of consistency between the two approaches.

The IWA is a GIS-based watershed process model that uses remotely sensed and spatially
referenced data in order to rate subwatersheds (7" field Hydrologic Unit Codes, HUCS)
according to their hydrology, sediment, and riparian impairment. 1WA looks at the effect
of land use and land cover on watershed processes, whereas EDT looks at the effect of
instream habitat on fish performance. Considering that watershed processes are driving
factors of fish habitat condition, then EDT picks up where IWA leaves off. Thus, while
EDT and IWA look at different pieces of the fish and habitat puzzle, IWA outputs have
direct relevance to certain EDT inputs. Since these two processes will be used
collectively to identify recovery measures, it is important to know the level of
consistency between EDT inputs and IWA outputs. Ideally, IWA outputs and EDT inputs
would be compared to empirical data, however, applicable empirical data is scarce,
especially in regards to land-use induced changes to watershed hydrology and sediment
regime. With a lack of suitable benchmarks to compare to EDT and IWA, we have
conducted this comparison simply to determine the level of correlation between the two.

Comparing EDT and IWA will help identify potential deficiencies in each approach,
which will aid in our interpretation of model results. Furthermore, the comparison will
determine where future updates to EDT inputs would benefit most from the use of IWA
results. Specifically, the comparison presented here will:

1. Identify limitations in using a linkage of IWA and EDT for recovery planning.
2. Identify strengths and potential limitations with both EDT and IWA.

3. Identify where future updates to EDT would benefit most from applying IWA
outputs.

4. ldentify the error associated with using expert opinion versus remotely sensed
data to populate EDT level 2 scores.

EDT level 2 input scores have been developed by the WDFW through a combination of
available direct data, proxy measures, and expert opinion. 1WA, on the other hand, is

% The EDT input scores used in this analysis are from year 2003 model runs. Subsequent runs include
updated input scores.
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based on remotely sensed and spatially referenced GIS data that was derived in a similar
fashion for all areas of the lower Columbia. In some cases, EDT scores have been
developed using the same data sources as used in the IWA model (i.e. road densities), but
in many cases, different data or approaches have been used. We therefore expect good
consistency between the two models in some cases and less consistency in other cases.

Caution is necessary when comparing IWA outputs and EDT inputs. For instance, it may
seem logical that IWA sediment impairment rating should correspond to EDT fine
sediment scores. However, further investigation into these parameters indicates that
important differences exist in how they are determined. While both rely heavily on road
densities as an indicator of increased sediment levels, EDT inputs, which are concerned
with accumulation of sediment, have been developed by factoring in stream gradient and
the presence of tidal influence. In contrast, IWA, which is interested in the delivery of
sediment from hillslopes, factors in watershed slope and natural soil erodability. Since
the techniques differ according to their different application in the models, it makes a
valid comparison very difficult. Table 6 summarizes the relationship of IWA ratings to
the most relevant EDT level 2 attributes.

EDT / [IWA comparisons were conducted for each of the three IWA categories;
hydrology, sediment, and riparian. In each case, one or two EDT scores were selected for
comparison to IWA based on Table 6 and the discussions below. Two river basins from
the region were chosen for the evaluation; the Washougal and the Elochoman. The
Washougal was selected because 1) it represents an older run (spring 2003) that relied
more on expert opinion than newer runs (summer/fall 2003), 2) it is not affected by
hydro-regulation (IWA does not specifically evaluate the effect of hydro-regulation) or
other potentially confounding factors, and 3) unlike some basins, it has a complete data
set to run all IWA assessments. The Elochoman was selected because 1) it is a newer run
representing improved scoring techniques and 2) it encompasses a greater number of
IWA subwatersheds than other newer runs, thus increasing the sample size.

In the comparisons discussed below, EDT reach scores were compared to the impairment
category of the IWA subwatershed that encompasses them. For the hydrology and
sediment comparisons, IWA watershed-level impairment, which considers the effect of
the entire contributing watershed, was used as opposed to subwatershed-level (“local”)
impairment (see Appendix ?? - IWA Methods). The riparian IWA rating, on the other
hand, only considers local conditions. The identification of appropriate
reach/subwatershed pairings for the comparisons was conducted using a GIS overlay of
IWA subwatersheds (polygons) on EDT reaches. In a few cases, there was overlap
between reaches and subwatershed polygon boundaries. In these instances, reaches with
50% or more of their length within a polygon (subwatershed) are compared to that
polygon. It is helpful here to have an understanding of the difference in scale of
subwatersheds versus EDT reaches. With rare exceptions, EDT reaches are at a finer
scale than subwatersheds. An example is presented in Figure 10. The scale difference is
mostly a concern for the riparian comparison, where reach-level riparian conditions may
have been used to determine EDT scores as opposed to conditions at the subwatershed
level used in IWA.
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Figure 10. Example of typical differencein scale between EDT stream reachesand IWA
subwater shed polygons (Upper Washougal River).

Table 6. Relationship of IWA to EDT level 2 attributes

IWA EDT
Data used / Data used / attributes Data used / attributes
attributes considered considered
Process considered EDT level 2 (WDFW older runs) (WDFW newer runs) | Valid Comparison?
Sediment Road Turbidity Expert opinion (except | Determined by Yes-
densities, Toutle and coastal estimating Scale of With caution.
watershed basins) Severity using Different data
slope, soil existing turbidity sources used.
erodability data. However,
correlation expected
in some cases
Embeddedness Expert opinion Based on road Yes-
densities, stream With caution. EDT
gradient, tidal looks at additional
influence factors
Fine sediment Expert opinion Based on road Yes-
densities, stream With caution. EDT
gradient, tidal looks at additional
influence factors
Hydrology Forested areas | Flow — inter USFS watershed USFS watershed Yes
- Vegetation, annual variability | analysis data used. For | analysis data used.
road densities | in high flows forested basins not For forested basins
Urban areas - | (FlowHigh) analyzed by USFS but | not analyzed by
impervious with roads, assumed a | USFS but with
surfaces 10% increase in high roads, assumed a

flow.

10% increase in high
flow.
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IWA EDT
Data used / Data used / attributes Data used / attributes
attributes considered considered
Process considered EDT level 2 WDFW older runs WDFW newer runs) | Valid Comparison?

Flow — inter Assumed a slight WDFW rated no Partial-

annual variability | decrease in summer change in this Not for newer runs

in low flows low flows for most parameter due to b/c WDFW
basins due to land use. | land use b/c of assumed no relation
No consideration of inconclusive with land use and
water withdrawals. relationships. Water | they factored in

withdrawal data was | withdrawals.
used in some cases.

Flow — intra daily | Assumed no change in | Rated same as No-

(diel) variation coastal basins and pristine b/c of no no significant
moderate change (1 metro areas or hydro | urbanization
score) in other basins development in any
due to roads and of the basins.
vegetation impacts.

Flow —intra WDFW rated same as | WDFW rated same Yes

annual flow FlowHigh as FlowHigh

pattern

Riparian (vegetation, Riparian function | Based on vegetation, Based on vegetation, | Yes-

buffer size)

development, and
hydro confinement
(artificial). Inferences
made to reference sites
where data
unavailable.

development, and
hydro confinement
(artificial).
Inferences made to
reference sites where
data unavailable.

With caution. EDT
factors in additional
conditions not used
in IWA.

a) Hydrology Comparison

EDT has four level 2 flow attributes, however, the IWA hydrology rating is most directly
comparable to only two of them: “Flow - inter annual variability in high flows”
(FlowHigh) and “Flow - intra annual flow pattern” (FlowPattern) (Table 6). IWA does
not consider the processes affecting “Flow — intra daily (diel) variation”, which is
primarily a measure of ramping rates due to hydro-regulation, or “Flow — inter annual
variability in low flows”, which is mostly related to hydro regulation or water
withdrawals. FlowHigh scores range from 0 to 4, with 2 representing pristine conditions
and values greater than 2 representing the impaired condition of increased variability in
peak flows due to land-use changes.

The two comparable parameters, FlowHigh and FlowPattern, were ranked identically in
EDT, therefore only FlowHigh is used in the comparison. EDT reaches were compared
to the IWA subwatershed encompassing them. The EDT value used in the comparison
was the Patient score minus the Template score (P — T), or the Patient score minus 2,
since all Template conditions were given a 2 for the FlowHigh attribute. This value
represents the level of impairment compared to pristine conditions. The frequency
distributions of EDT scores (P — T) within IWA impairment categories were compared to
assess consistency between the values (see Figure 11).
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Figure 11. Frequency distribution of EDT FlowHigh scores (P —T) within IWA Hydrology
impairment categoriesfor the Washougal and Elochoman Rivers. The box representsthe
interquartilerange which containsthe 50% of values. Thewhiskersarelinesthat extend from the
box to the highest and lowest values, excluding outliers. The bold line across the box indicates the
median.

In the Washougal, the EDT inputs follow the general trend of increasing impairment as
one moves from IWA Functional to IWA Impaired, though there is significant overlap.
In the Elochoman, however, all EDT reaches were scored the same and there were no
IWA Functional subwatersheds. EDT FlowHigh scoring in the Washougal relied partly
on USFS watershed analysis results (where available) and partly on the assumption that
forested basins with road systems had a 10% increase in peak flows. General correlation
between EDT and IWA in the Washougal is likely because of the use of the USFS
watershed analysis peak flow rating, which considers similar landscape conditions as
those used in IWA (e.g. vegetation and roads). In the Elochoman, however, no previous
hydrology assessment had been conducted and therefore WDFW’s 10% assumption was
applied to the entire basin. In this instance, EDT scoring could benefit from the use of
IWA modeling. In general, IWA, which has been applied uniformly to all areas in the
region, could assist in the development of EDT flow scores.

Recommendation:

Use IWA hydrology rating to score FlowHigh and FlowPattern, the later of which is a
measure of a stream’s “flashiness” due to watershed development or hydro-development.
Data on subwatershed imperviousness gathered as part of the IWA analysis could be used
to further modify FlowPattern in cases of intense urbanization.

b) Sediment Comparison

The three EDT level 2 attributes that relate to sediment are fine sediment, embeddedness,
and turbidity. Fine sediment and embeddedness are evaluated similarly in EDT and
therefore, of these two, fine sediment was used in the IWA comparison. EDT turbidity
scores were developed using a different approach and therefore were compared to IWA
separately.
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The development of IWA sediment scores involves the calculation of a natural sediment
delivery index (GSSD) and a managed condition sediment delivery index (MCSD), with
road density as the primary change variable. Subwatersheds are considered ‘moderately
impaired’ if they have a MCSD that equals or exceeds 1.5 times the GSSD and are
considered ‘impaired’ if the MCSD equals or exceeds 3 times the GSSD. For
comparison to EDT, the EDT fine sediment and turbidity scores are also expressed in
terms of change from natural conditions, using the Patient scores minus the Template
scores (P-T).

EDT fine sediment scores for the Washougal (older run) were determined primarily
through expert opinion, whereas scores for the Elochoman (newer run) were inferred
from landscape conditions. The newer EDT runs used a two-step process to derive fine
sediment scores. First, road density was used to determine percent fines based on a
relationship established by Rittmueller (1986), using sample sites consisting primarily of
low to moderate gradient reaches. Higher gradient streams do not retain sediment to the
same degree as low or moderate gradient streams and therefore, WDFW adjusted the
percent fines value downward in higher gradient reaches. Additionally, scores were
adjusted upward if tidal influence was present in the reach. The final percent fines value
was applied to the EDT guidelines to obtain the EDT score. Fine sediment scores range
from O to 4, with O representing pristine conditions. EDT reaches were compared to the
IWA subwatershed encompassing them. The distributions of EDT values (P — T) are
compared within IWA sediment impairment categories to assess consistency between the
two.

EDT turbidity scores were developed primarily by expert opinion for the Washougal.
Scores for the Elochoman used a combination of empirical data and expert opinion,
generally following the guidelines set forth in the EDT manual. Scores were extrapolated
to other reaches without data. EDT turbidity scores range from 0 to 4, with 0
representing pristine conditions. EDT reach level turbidity scores (P — T) were compared
to the IWA subwatershed encompassing them, in the same fashion as described above for
fine sediment.
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Figure 12. Frequency distribution of EDT Fine Sediment scores (P —T) in IWA Sediment
impairment categoriesfor the Washougal (a) and the Elochoman (b). Frequency distribution of EDT
Turbidity scores (P —T) in IWA Sediment impairment categoriesfor the Washougal (c) and the
Elochoman (d). The box representsthe inter quartile range which containsthe 50% of values. The
whiskersarelinesthat extend from the box to the highest and lowest values, excluding outliers. A
line across the box indicates the median.

For the Elochoman and the Washougal, all or nearly all of the subwatersheds are ranked
Moderately Impaired in IWA, whereas the fine sediment and turbidity EDT values
exhibit more variability, except for Elochoman turbidity (Figure 12). This pattern is
similar for all of the subwatersheds throughout the region. This suggests that the IWA
sediment rating may not be fine enough to segregate out modest changes in road
densities. EDT, on the other hand, does break out sediment impacts to a finer scale,
although it is impossible to assess the suitability of the values using this analysis. In the
Washougal, where we have two IWA categories, the correlation is poor between EDT
and IWA (Figure 12a and Figure 12c). The reason for this discrepancy is not entirely
clear, but may be related to the use of expert opinion in EDT and/or the different
attributes considered in EDT versus IWA. A comparison of expert opinion derived
scores (Washougal) versus scores derived using newer techniques (Elochoman) was not
possible due to the low variability in IWA categories.
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Recommendations:

Use IWA to assist in the development of EDT fine sediment scores. WA has an
advantage over the Rittmueler (1986) relationship in that it considers soil erodability and
watershed slope, in addition to road density. Thus, a watershed with high soil stability
and low slope would not be as affected by high road density as would a steep, unstable
basin. A disadvantage of using IWA to derive EDT scores is that a relationship between
IWA values and percent fines would need to be established. In addition, IWA would
essentially predict sediment delivery rates, and would need to be adjusted for
accumulation as WDFW has done for the values derived using the Rittmueler (1986)
relationship.

Where turbidity data is scarce or absent, IWA sediment impairment could be used to
generate EDT turbidity scores, however, where data exists, using the Scale of Severity
index as outlined in the EDT guidelines (MBI 2003) would provide a more direct
representation of turbidity.

¢) Riparian Comparison

A number of EDT level 2 attributes are related to riparian condition in some fashion (i.e.
confinement, bed scour, wood); however, the ‘riparian function’ attribute is most related
to the IWA riparian rating. The EDT riparian function score is based on vegetation
conditions, hydro-confinement, and the presence of road or development impacts. The
score ranges from 0 to 4, with O representing pristine conditions and 4 representing fully
degraded conditions. The IWA riparian rating uses only the percent of the riparian area
within a particular vegetation class. The EDT and IWA values are expected to generally
conform, though inconsistencies are expected in some cases due to the different rating
techniques. EDT reaches were compared to the IWA subwatershed encompassing them.
The EDT and IWA values are compared by looking at the frequency distribution of EDT
scores within IWA riparian impairment categories.

Washougal Elochoman
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Figure 13. Frequency distribution of EDT Riparian Function scores (P —T) in IWA Riparian
impairment categories. The box representstheinterquartile range which containsthe 50% of values.
Thewhiskersarelinesthat extend from the box to the highest and lowest values, excluding outliers.
A line across the box indicates the median.

For the Washougal basin, EDT riparian scores generally conform to IWA riparian
impairments, with only minor overlap (Figure 13). The similarity is because of the use of
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vegetation conditions in both models. Most of the subwatersheds were rated Moderately
Impaired in IWA, which corresponds to a range of 1.0 to 2.5 for EDT P — T. There is
also conformity in the Elochoman, although true conformity is difficult to assess because
there is only one impaired subwatershed in the basin and that subwatershed contains only
one EDT reach. Nevertheless, the EDT P — T scores in the Moderately Impaired category
exhibit a similar range (1.5 — 2.5, excluding outliers) as in the Washougal. These results
demonstrate that IWA and EDT are generally consistent with regards to riparian function.

Recommendations:

EDT inputs could benefit from using the same data sources used in IWA but not the IWA
ratings themselves because of the shorter length of EDT reaches compared to IWA
subwatersheds (Figure 10). EDT scoring could be accomplished using a simple GIS
overlay of vegetation class polygons (the same info used in IWA) on EDT reach riparian
buffers. This information could be further adjusted based on artificial confinement and
the presence of roads / development. Incorporating artificial confinement and the
presence of roads / development into IWA could serve to bolster IWA and allow for a
direct link with EDT inputs.

d) Discussion

EDT and IWA correlate fairly well for the hydrology and riparian attributes. Sediment
shows the weakest correlation. It is difficult, however, to determine the source of the
discrepancy. Comparison of EDT sediment scores and IWA ratings to empirical data
could assist with determining potential error; however, a severe lack of empirical
sediment data throughout the region complicates such an evaluation. Poor correlation in
the case of sediment may also be due to the fact that IWA is concerned with sediment
delivery and EDT is concerned with sediment accumulation, so it is not entirely an
‘apples to apples’ comparison.

IWA could be used to derive EDT scores for fine sediment, embeddedness, FlowHigh,
and FlowPattern, and could possibly assist with rating other EDT attributes. Linking
watershed process modeling to EDT scoring in this fashion could decrease the reliance on
expert opinion. Such a link could also benefit EDT scenario-building and other
techniques using IWA and EDT to identify land-use changes that yield fish benefits.
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V. Supplemental Information

Table 7. Trap locations wher e outmigrant data wer e obtained and the sour ce of those data.

Basin Trap Location Sour ce
Alsea Cascade Cr. Solazzi et al. 2003
Alsea E. Fk. Lobster Cr. Solazzi et al. 2003
Clackamas Fish Cr. Shibahara and Taylor 2001
Clackamas Big Bottom (mainstem) Shibahara and Taylor 2001
Clackamas Oak Grove Fk. Shibahara and Taylor 2001
Clackamas N. Fk. Clackamas Shibahara and Taylor 2001
Clackamas N. Fk. Eagle Cr. Shibahara and Taylor 2001
Clackamas Above N. Fk. Dam (mainstem) Shibahara and Taylor 2001
Coos Fall Cr. Solazzi et al. 2002
Coos Bottom Cr. Mario Solazzi, ODFW, personal comm. 2003
Coos N. Fk. Coquille R. Mario Solazzi, ODFW, personal comm. 2003
Coos Winchester Cr. Solazzi et al. 2003
Hood Hood R. (mainstem) Olsen draft 2003
Kalama Gobar Cr. Loch et al. 1985
Kalama R. (trap near Kalama Falls
Kalama
Hatchery) Loch et al. 1985; Cameron Sharpe, WDFW, personal comm. 2003
Kilchis Little S. Fk. Kilchis R. Solazzi et al. 2003
L. Columbia N. Fk. Scappoose Cr. Solazzi et al. 2003
L. Columbia Germany Cr.* Patrick Hanratty, WDFW, personal comm. 2003
L. Columbia Mill Cr.* Patrick Hanratty, WDFW, personal comm. 2003
L. Columbia Abernathy Cr.* Patrick Hanratty, WDFW, personal comm. 2003
Lewis Cedar Cr. Dan Rawding, WDFW, personal comm. 2003
Nehalem N. Fk. Nehalem R. Solazzi et al. 2003
Nehalem Upper N. Fk. Nehalem R. Solazzi et al. 2002
Nehalem Upper Nehalem R. Mario Solazzi, ODFW, personal comm. 2003
Nestucca Little Nestucca R. Mario Solazzi, ODFW, personal comm. 2003
Oregon Coast Tenmile Cr. Solazzi et al. 2003
Oregon Coast Cummins Cr. Solazzi et al. 2003
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Oregon Coast
Oregon Coast
Oregon Coast
Siletz
Umpqua
Umpqua
Umpqua
Umpqua
Umpqua
Umpqua
Umpqua
Wilson

Wind
Yaquina
Yaquina

Euchre Cr.

Hunter Cr.

Hinkle Cr.

Mill Cr.

W. Fk. Smith R.
Smith R.

Big Tom Folley Cr.
Brush Cr.

Elk Cr.

Rock Cr.

Cow Cr.

Little N. Fk. Wilson R.
Wind R. (mainstem)**
Mill Cr.

Bales Cr.

Tom Satterthwaite, ODFW, personal comm. 2003
Tom Satterthwaite, ODFW, personal comm. 2003

Dave Harris, ODFW, personal comm. 2003
Solazzi et al. 2003

Solazzi et al. 2003

Dave Harris, ODFW, personal comm. 2003
Dave Harris, ODFW, personal comm. 2003
Dave Harris, ODFW, personal comm. 2003
Dave Harris, ODFW, personal comm. 2003
Dave Harris, ODFW, personal comm. 2003
Dave Harris, ODFW, personal comm. 2003
Solazzi et al. 2003

Rawding 2000

Solazzi et al. 2003

Solazzi et al. 2003
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7.0 Documentation used in EDT Model

7.1  Germany, Abernathy, Mill, Elochoman, and Skamokawa Watersheds
7.1.1 Summary

This report summarizes the values used in the Ecosystem Diagnosis and Treament Model
(EDT) for Skamokawa Creek, Elochoman River, Mill Creek, Abernathy Creek, and Germany
Creek. In this project we rated over 300 reaches with 46 environmental attributes per reach for
current conditions and another 45 for historical conditions. Over 27,000 ratings were assigned
and empirical observations within these reaches were not available for all of these ratings. In fact
less than 20% of these ratings are from empirical data. To develop the remaining data we used
expansion of empirical observations, derived information, expert opinion, and hypothetical
information. For example, if a stream width measurement existed for a reach and the reach
upstream and downstream had similar characteristics then we used the expansion of empirical
information from the middle reach to estimate widths in the downstream and upstream reaches.
For the fine sediment attribute we could find no data within these watersheds. However,
Rittmueller (1986) established a relationship between road density and fine sediment in Olympic
Peninsula watersheds. We applied this relationship to these watersheds; this is an example of
derived information. In some cases such as bed scour we had no data for these basins. However,
data is available from the Gobar Creek in the Kalama River and observations have been made in
the Wind River. We noted that bed scour is related to gradient, stream width, and confinement.
Based on these observations expert opinion was used to estimate bed scour. For rationale behind
the ratings see the text below. For specific reach scale information please see the EDT database
for the watershed of interest.

Current EDT estimates can be validated when long-term estimates of wild spawners,
hatchery spawners, reproductive success of hatchery spawners, and smolts are available. This
information in a long enough time series was not available for these watersheds. However, the
predicted estimates of steelhead smolt production at equilibrium are reasonably close to
estimates from current Washington Department of Fish & Widlife (WDFW) trapping in Mill,
Abernathy, and Germany Creeks. Predicted estimates for coho at equilibrium are higher than the
observed coho smolt production estimates. However, when current coho harvest rates are
considered, the predicted and actual estimates converge. Chum salmon surveys indicate that
these fish are at very low abundance levels in these watersheds but current EDT model estimates
suggest they may be sustainable at low levels. There was not sufficient information for a
comparison for chinook salmon. The environmental attributes with the most significant impact
on salmon performance include: maximum water temperature, riparian function, sediment, bed
scour, peak flows, natural confinement, and stream habitat type.

7.1.2 Recommendations

Adult chum salmon, chinook salmon, and steelhead population estimates should
continue. However, more emphasis should be placed on determining the number of hatchery
spawners and their reproductive success. Adult population estimates for coho salmon should be
initiated. Coho, steelhead, and cutthroat smolt population estimates on Mill, Abernathy, and
Germany Creeks should continue for another 10 years and be expanded to include chum and
chinook salmon. Adult and juvenile population estimates will allow for more accurate
assessments of population status, validation of EDT, and to determine if subbasin restoration
actions are effective.
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The Cowlitz-Wahkiakum Conservation District data suggests that maximum
temperatures in the middle mainstem of these watersheds increase rapidly. A temperature
monitoring program should be established to assess maximum water temperatures for each
watershed used by anadromous fish and to locate stream reaches where rapid increase in
temperature occurs. The factors that cause the increased reach temperatures should be examined
and actions to correct the increase in maximum temperature should be developed.

Riparian function is qualitatively not quantitatively estimated. The EDT model should
provide more quantitative guidelines for rating riparian function. If fine scale GIS data can be
developed for riparian areas, this would assist in a more accurate rating as would field surveys.

Sediment estimates were derived information or expanded information from a few
observations. A sediment monitoring program should be developed to assess % fines,
embeddedness, and turbidity in reaches used by anadromous fish.

Differences existed between field and GIS ratings of natural confinement. The SSHIAP
database should be field verified.

Flow and bed scour are not monitored in these basins and estimates were obtained from
derived information and expert opinion. To accurately estimate bed scour and flow, stream
gauges should be established or re-established in these watersheds.

WDFW habitat surveys in 2002 were opportunistic; that is, based on a limited amount of
resources, we chose to survey only a lower, middle, and high mainstem reach and important
representative tributary reaches in each watershed. In addition, glides and pools were
distinguished subjectively and not quantitatively. To accurately estimate stream habitat type
within the anadromous distribution type a statistically valid sampling design should be
developed and applied (Hankin and Reeves1988 or EMAP). Surveys methodology should
differentiate between pools and glides and be repeatable. Currently USFS surveys do not
differentiate between pools and glides while TFW surveys allow this distinction.

We used an older EDT guideline to derive an estimate of benthos diversity. Estimates of
benthic diversity should be made using a Benthic Index of Biological Integrity (B-I1BI).

Not all obstructions were rated using SSHIAP database. Obstruction ratings need to be
finalized. Estimates of coho performance may change with undated ratings.

7.1.3 Attributes

7.1.3.1 Hydrologic regime—natural

Definition—The natural flow regime within the reach of interest. Flow regime typically
refers to the seasonal pattern of flow over a year; here it is inferred by identification of flow
sources. This applies to an unregulated river or to the pre-regulation state of a regulated river.

Rationale—These watersheds originate from the Willapa Hills. The maximum elevation
is approximately 3,000 ft, which is below the elevation of substantial snow accumulation. These
elevations are consistent with rainfall-dominated watershed and are classified as such. These
watersheds were given an EDT rating of three for the historic and current conditions. The rainfall
pattern was used to shape, estimates of flow and temperature in the EDT model.

Level of Proof—Empirical observations were used to estimate the ratings for this attribute
and the level of proof is thoroughly established.
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7.1.3.2 Hydrologic regime—regulated

Definition—The change in the natural hydrograph caused by the operation of flow
regulation facilities (e.g., hydroelectric, flood storage, domestic water supply, recreation, or
irrigation supply) in a watershed. Definition does not take into account daily flow fluctuations
(See Flow-Intra-daily variation attribute).

Rationale—These watersheds do not have artificial flow regulation. These watersheds
were given an EDT rating of O for the historical and current conditions.

Level of Proof—Empirical observations were used to estimate the ratings for this attribute
and the level of proof is thoroughly established.

7.1.3.3 Flow—change in interannual variability in high flows

Definition—The extent of relative change in average peak annual discharge compared to
an undisturbed watershed of comparable size, geology, orientation, topography, and geography
(or as would have existed in the pristine state). Evidence of change in peak flow can be empirical
where sufficiently long data series exists, can be based on indicator metrics (such as TQmean,
see Konrad [2000]), or inferred from patterns corresponding to watershed development. Relative
change in peak annual discharge here is based on changes in the peak annual flow expected on
average once every two years (Q2yr).

Rationale—By definition the template conditions for this attribute are rated as a value of
two because this describes this attribute rating for watersheds in pristine conditions. Direct
measures of inter annual high flow variation are not available for most basins. USFS has
conducted watershed analysis in the EF Lewis, NF Lewis, Wind, White Salmon, Washougal,
Kalama, Cowlitz, and Cispus Rivers and Rock Creek (USFS 1995a, USFS 1995b, USFS 19964,
USFS 1996b , USFS 2000). Peak flow analysis was conducted using the State of Washington
Standard Methodology for Conducting Watershed Analysis. The primary data used for the peak
flow analysis is vegetation condition, elevation, road network, and aspect. The results for
increased risk in peak flow from the USFS watershed analysis are shown in Table 7-1. For
watersheds in which the two-year peak flow increases 10% the EDT rating is 2.3. For increases
of 5% the EDT rating is 2.13. Based upon the above USFS watershed analyses, when no basin
specific data was available for forested watersheds with road systems we assumed a peak flow
increase of 10%, and assigned an EDT rating of 2.3.

Table 7-1.Summary of USFS Watershed Analysis for the change in peak flow

# of Increase in
Basin Subbasins Peak Flow
Wind 26 2-14%
East Fork Lewis 9 5-13%
Lower Lewis 10-12%
Rock Creek 1-5%
Upper Kalama 5-10%
Cispus <10%

Level of Proof—Empirical observations were used to estimate the historical ratings for
this attribute and the level of proof is thoroughly established. Derived information was used to
estimate the current ratings for this attribute and the level of proof has a strong weight of
evidence in support but not fully conclusive.
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7.1.3.4 Flow—changes in interannual variability in low flows

Definition—The extent of relative change in average daily flow during the normal low
flow period compared to an undisturbed watershed of comparable size, geology, and flow regime
(or as would have existed in the pristine state). Evidence of change in low flow can be
empirically-based where sufficiently long data series exists, or known through flow regulation
practices, or inferred from patterns corresponding to watershed development. Note: low flows
are not systematically reduced in relation to watershed development, even in urban streams
(Konrad 2000). Factors affecting low flow are often not obvious in many watersheds, except in
clear cases of flow diversion and regulation.

Rationale—BY definition the template conditions for this attribute are rated as a value of
two because this describes this attribute rating for watersheds in pristine conditions. Research on
the effects of land use practices on summer low flow is inconclusive. Therefore, we rated the
template and current conditions the same (EDT rating of 2).

However, water withdrawals may reduce summer flow and the specific withdrawals
listed below reduced summer low flow. The Abernathy Technology Center intake removes as
much as 70% of flow at summer low flows (pers. com. Abernathy Technology Center). From its
withdrawal point to the hatchery outflow, this reach was rated as 3.0. The tide gate and pumping
station on Brooks Slough in the Skamokawa subbasin prevents tidal flooding of Brooks 2
reducing estuarine habitat. This reach was rated at 2.5. The Elochoman Hatchery has 3 intakes.
Two are located on the mainstem Elochoman in reach 8 and another in Clear Creek in reach 3.
Since the Clear Creek intake is not operated in the late summer months and Clear Creek was
rated as 2.0. The intakes in Elochoman River affect 20% of reach 8. 1940-71 avg August flow
was 43 cfs. The Elochoman Hatchery uses 8-10 cfs or approx. 20-25% of total Elochoman flow
in August. Based on this information Elochoman 8 was rated at 2.25. The intake for the water
supply for Cathlamet is located at the top end of Elochoman reach 3 and supplies 100% of the
town’s water. The exact amount of water withdrawn was unavailable, but likely significantly
reduces flows in the reach. Elochoman 3 was rated 3. Elochoman 1 & 2 are downstream, but
tidal, so the affects of the withdrawal are lessened by tidal influence. These reaches were rated at
2.5 for summer low flow.

Level of Proof—Empirical observations were used to estimate the historical ratings for
this attribute and the level of proof is thoroughly established. Derived information was used to
estimate the current ratings for this attribute and the level of proof has a strong weight of
evidence in support but not fully conclusive.

7.1.3.5 Flow—intra daily (diel) variation

Definition—Average diel variation in flow level during a season or month. This attribute
is informative for rivers with hydroelectric projects or in heavily urbanized drainages where
storm runoff causes rapid changes in flow.

Rationale—By definition the template conditions for this attribute are rated as a value of
0 because this describes this attribute rating for watersheds in pristine conditions. This attribute
was given an EDT rating of 0 for the current conditions due to the lack of storm water runoff and
hydroelectric development. There are no major metropolitan areas in these watersheds with large
areas of impervious surfaces.

Level of Proof—Empirical observations were used to estimate the historical ratings for
this attribute and the level of proof is thoroughly established. Derived information was used to

EDT DOCUMENTATION VI, 7-4 May 2004



estimate the current ratings for this attribute and the level of proof has a strong weight of
evidence in support but not fully conclusive.

7.1.3.6 Flow—Intra annual flow pattern

Definition—The average extent of intra-annual flow variation during the wet season—a
measure of a stream’s flashiness during storm runoff. Flashiness is correlated with % total
impervious area and road density, but is attenuated as drainage area increases. Evidence for
change can be empirically derived using flow data (e.g., using the metric TQmean, see Konrad
[2000]), or inferred from patterns corresponding to watershed development.

Rationale—By definition the template conditions for this attribute are rated as a value of
2 because this describes this attribute rating for watersheds in pristine conditions. Similar to high
flows, monthly and seasonal flow patterns have been affected by land use practices in these
watershed. Based on USFS watershed analyses we assumed a 10% increase in peak high flows.
Since there was no data for this attribute, it was suggested that its rating should be similar to that
for changes in Inter variability in high flows, which translates to an EDT rating for intra-annual
flow of 2.3 (pers. com. Larry Lestelle, Mobrand, Inc).

Level of Proof—Empirical observations were used to estimate the historical ratings for
this attribute and the level of proof is thoroughly established. Expert opinion was used to
estimate the current ratings for this attribute and the level of proof has theoretical support with
some evidence from experiments or observations.

7.1.3.7 Channel length

Definition—Length of the primary channel contained within the stream reach—Note: this
attribute will not be given by a category but rather will be a point estimate. Length of channel is
given for the main channel only—multiple channels do not add length.

Rationale—Ned Pittman (WDFW) provided the length of each reach from SSHIAP GIS
layers. We assumed the stream length was the same in both the historical and current conditions.

Level of Proof—Derived information (GIS) was used to estimate the current ratings for
this attribute and the level of proof has a strong weight of evidence in support but not fully
conclusive especially for historical length.

7.1.3.8 Channel width—month minimum width

Definition—Average width of the wetted channel. If the stream is braided or contains
multiple channels, then the width would represent the sum of the wetted widths along a transect
that extends across all channels. Note: Categories are not to be used for calculation of wetted
surface area; categories here are used to designate relative stream size.

Rationale—We assigned the same value for both the current and historical conditions,
unless a major hydromodification within the reach affects stream width. Representative reaches
in lower Columbia River tributaries were surveyed by WDFW in 2002 (VanderPloeg 2003).
Wetted widths corresponding to average summer low flows (August) were measured as part of
these surveys. Ratings for non-surveyed reaches were inferred by applying data from
representative reach surveys with similar habitat, gradient and confinement. For reaches above a
split (confluence of 2 tributaries), wetted width was calculated by: {(1.5*downstream reach
width)*0.5} for even splits. For uneven splits, the multiplier was adjusted to compensate. In a
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60:40 split: (1.5*drw)*0.6 and (1.5*drw)*0.4; and for a 70:30 split: (1.25*drw)*0.7 and
(1.25*drw)*0.3. These calculations were referred to as the split rule.

For example, in Abernathy Creek mainstem reaches not surveyed were given the same
values as surveyed reaches either directly above or below, depending on which had the most
similar confinement and gradient. Unnamed tributaries were assigned a width equal to 75% of
the value for Weist Creek (Weist 1); the smallest creek surveyed. Reaches Weist 2-8, Sarah 1,
Erick 1, and Slide 1-2 were assigned the same value as Weist 1. Values for upstream reaches of
Erick/Midway, Sarah, and Ordway creeks were calculated using the split rule. We used similar
methodology in the remaining basins.

Level of Proof—A combination of empirical observations, expansion of empirical
observations, and expert opinion was used to estimate the current ratings for this attribute and
the level of proof has a strong weight of evidence in support but not fully conclusive. For
historical information we expanded empirical observations and used expert opinion and the level
of proof has theoretical support with some evidence from experiments or observations.

7.1.3.9 Channel width—month maximum width

Definition—Average width of the wetted channel during peak flow month (average
monthly conditions). If the stream is braided or contains multiple channels, then the width would
represent the sum of the wetted widths along a transect that extends across all channels. Note:
Categories are not to be used for calculation of wetted surface area; categories here are used to
designate relative stream size.

Rationale—Representative reaches in lower Columbia River tributaries were surveyed by
Steve VanderPloeg (WDFW) in 2003. Wetted widths corresponding to average winter high
flows (January) were measured as part of these surveys. (VanderPloeg 2003). Historical reaches
were assigned the same value as the current condition for all reaches, unless a major
hydromodification within the reach currently affects stream width.

Typically less reaches per subbasin were measured during average winter flow as
compared to summer flow. We compared the percent increase between low and high flow widths
to the EDT (SSHIAP) confinement rating for each reach. Regression analysis demonstrated little
correlation between confinement rating and percent increase in stream width. Mean increase in
stream width was 60% after removing outliers for subterranean flow in the summer and Kalama
questionable data. A possible explanation for this relationship is that all unconfined reaches in
the dataset are downcut due to lack of large woody debris and hydroconfinement. Therefore, we
used actual “wetted width-high” values in reaches where data was available, and a 1.6 multiplier
(60%) to expand “wetted width-low” values for reaches without high flow data.

Level of Proof—A combination of empirical observations, expansion of empirical
obse