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EXECUTIVE SUMMARY

The Klamath River system provides habitat for chinook salmon
Oncorhynchus tshawytscha, coho salmon O. kisutch, steelhead trout
O. mykiss, and other anadromous and non-anadromous species,
Aquatic habitat quality and quantity may determine the number of
salmon and steelhead juveniles which survive to smolt and enter the
Klamath River estuary. The Salmon River remains one of the larger
tributaries considered important to the maintenance of wild
salmonid populations in the Klamath system between Iron Gate dam
and the Trinity River {Kier et al. 1991).

Little site specific information was available on habitats being
selected by salmon and steelhead, overall condition and
availability of spawning and rearing habitat, and extent of habitat
utilization prior to these investigations.

The Klamath National Forest conducted investigations of fish
habitat condition and utilization in the upper Salmon River
subbasin under an Interagency Agreement with the U.sS. Fish and
Wildlife Service in fiscal year 1989. Two reports summarizing the
results of field work completed between October 1, 1988 and
September 30, 1989 were published in 1990 (West et al. 19%0; Olson
and West 1990). In 1989 the Klamath National Forest proposed to

anadromous habitat in the lower Salmon River subbasin. Results of
sSpawning ground Surveys undertaken in fiscal Year 1990 funded under
Interagency Agreement (#14-16—0001-90532) were published in
January, 1992 (Olson and Dix 1992} . Results of the expanded
rearing habitat investigations undertaken between October 1, 1989
and September 30, 1990 are summarized in this report. In addition,
habitat condition information collected in the study area during
fiscal years 1991 and 1992 have been included where appropriate.

The purpose of this investigation was to expand the assessment of
condition and utilization of anadromous habitat in the Salmon River
sub-basin to include the mainstem and lower reaches of the North
and South Forks. Inclusion of these reaches with habitat
investigated in 1989 should enhance the basin-level perspective of
anadromous habitat conditions in the Salmon River watershed.

The objectives of this assessment are to: (a) determine the
quantity and quality of Spawning and rearing habitat available to
salmonids at base flow conditions, (b) estimate the observed
juvenile salmon and steelhead standing crop during summer 1990 for

the reaches surveyed, (c) evaluate and describe habitat
utilization by juvenile salmon and steelhead in the large order
river reaches investigated, (d) contrast existing habitat

conditions with key habitat quality indicators.




Physical habitat inventories were conducted during summer base flow
conditions using methods similar to those employed during upper
South and North Fork Salmon River surveys conducted in 1989 (West
et al 1990). Slight changes in habitat classification were made
with the inclusion of two new habitat type descriptions, step pool
and bedrock sheet, Structurally modified habitats, previously
identified as enhanced weir, enhanced deflector, and enhanced
pocket water were not present in any of the 1990 study area
reaches.

The majority of physical habitat parameters measured in 1990
remained unchanged from 1989 investigations. Assessment of key
habitat conditions with the intention of developing measurable
forest standards led to the addition of a key course woody material
(CWM) parameter. This entails the quantification of whole pieces
of CWM where at least 20 percent of their volume exists within the
bankfull channel and the dimensions equal or exceed 15.2 m long by
average diameter of 61 cm.

The sampling schedule for substrate composition, embeddedness,
percent shade, overstory composition, CWM recruitment potential,

and anumeration of rearing salmonids was targeted for 12.5 percent.
Species composition and abundance were obtained from ocular counts
by divers snorkeling upstream from the lower habitat boundary.
Habitat unit area and volume estimates were obtained by direct
measure rather than ocular methods. Estimates of species
abundance, by age c¢lass, were obtained by application of a
correction factor to ocular counts stratified by run, riffle and
pool unit types (Hankin and Reeves 1988). Diver efficlency was
calculated by comparison of population estimates, obtained from
electrofishing, to actual diver counts.

Habitat specific utilization was described using an electivity
index from Jacobs (1974) to relate the proportion of the population
found within a particular habitat type to the relative availability
of that habitat type among all habitats sampled in the study area.

A total of 1,705,305 m’ of habitat was identified within the wetted
channel durlng summer low flow conditions in 1990. Units were
composed of 19 habitat types, dominated by low gradient riffle
(LGR), high gradient riffle (HGR) and run (by area). Lateral scour
pool (LSP) and main channel pool (MCP) also composed a large
portion of the habitat in the area surveyed.

The stream bed composition was dominated by cobble (76-304 mm) and
boulder (>305 mm) size classes. Boulders, white water, and bedrock
ledges composed the larger fraction of available object and
overhead cover to fish while woody cover was largely absent.
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Juvenile salmon and steelhead utilization of available habitat was
assessed from sampling, by direct cbhservation, 396 habitat units
from a total of 1,518 units (sample fraction = 26%) identified
during inventories of the lower North and South Forks, and mainstem
Salmon River. A total of 17,105 1+ steelhead, 4,739 0+ chinook and
122 0+ coho salmon were observed in sampled units. Observation
results for 0+ steelhead and 0+ coho are displayed in the
Appendices, however they are not discussed at length in the
narrative.

Yearling steelhead densities were clearly highest in higher
velocity habitats with the exception of dammed pool (DPL), n=1.

Based wupon available rearing habitat, the standing crop
contribution came predominantly from LGR, HGR, run, and step-run
(SRN) . Electivity indices, which weight habitat use to

availability, again tend to show higher than average use by 1+
steelhead for riffle habitat. Plunge pool (PLP) habitat, n=4, is
also highly utilized, a pattern consistent for 0+ steelhead and 0+
chinook as well.

Young of the year chinook salmon densities were highest in
secondary channel pool (SCP), n=5, backwater pool (BWP), n=5, and
PLP. Glide, run, SRN, and MCP habitats had the highest overall
estimated standing crops based upon habitat availability. In
general, electivities for 0+ chinook were highest for pool habitats
and negative or average for high velocity habitats.

Other species, including green sturgeon, american shad, dJace,
Pacific lamprey, and suckers have been observed in the sub-basin,
however, their population size and distribution were not assessed
during these investigations.

Approximately 13,725 n* of suitable salmon and/or steelhead spawning
habitat was present under summer base flow conditions during the
1989/90 study period in the lower Salmon River subbasin. Roughly
3,000 chinook redds and 9,150 steelhead redds could be accommodated
by existing suitable habitat under base flow conditions,
disregarding any territorial needs of either species within the
study area, excluding tributary spawning area.

Information provided by this assessment guantitatively summarizes
the condition of key habitat parameters in the lower South Fork,
North Fork, and mainstem Salmon River. This information can also
be used to assess the suitability of stream habitat from a
fisheries perspective.

Sub-optimal water temperatures exist for salmonid growth for
extended periods during summer months. In recent years, elevated
water temperatures have undoubtedly been aggravated by drought
conditions which have resulted in record low flows. The importance
of the role temperature plays in growth and survival of juveniles
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and adult salmonids makes this parameter a priority for
restoration.

Pool frequency on the South Fork (except Forks to Methodist Ck
reach} and mainstem Salmon River appear to fall within a natural
range expected for their channel sizes. However, none of the North
Fork salmon River reaches investigated fell within pool frequency
ranges expected and are probably indicative of excess sediment
storage. Structural habitat modification is not a practical remedy
in these large river habitats. However, watershed restoration
techniques, focusing on reducing inputs of course sediment
production, may accelerate recovery of channel processes.

The present density of CWM is low and not considered representative
of natural conditions, however further study is needed to develop
measurable standards for this bioregion. Reintroduction of CWM to
some reaches of the study area may be an appropriate and cost
effective technique to increase habitat complexity. Long term
recruitment can be maintained through protection and restoration of
riparian areas.

The two measures of stream bed habitat gquality employed (percent
fines and embeddedness) provided a tool for comparing relative
conditions between reaches investigated. In general, results
suggest conditions may fall within suitable criteria, however
validation is required.

Riparian condition parameters evaluated describe the existing
condition within the study area. Our assessment indicated little
shade (<15%) is currently provided by the riparian canopy and CWM
recruitment may be low (< 3 trees per ha).

Assessment of spawning and summer rearing habitat utilization by
salmon and steelhead is perhaps most useful from a use versus
availability context. Our investigations suggest less than 25
percent of the currently available spawning habitat is utilized by
average salmon and steelhead escapements returning in recent (1989-
92) years within the study area.

Reccmmendations

(1) Establishment and implementation of measurable standards for
key habitat suitability parameters for the Klamath bioregion needs
to be wundertaken for management, restoration planning, and
monitoring.

(2) Many reaches in the study area remain under utilized by
spawning salmon and steelhead despite the presence of suitable
habitat conditions. The Klamath National Forest should utilize
this information teo ensure adeguate spawning escapements are
allocated by the Pacific Fisheries Management Council.
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(3) Prescriptions designed to bring water temperatures closer to
ranges optimal for salmonid production should focus on small (2-4
order) tributaries where riparian condition 1is poor. Re~
establishment of native mixed composition stands of hardwoods and
conifers should account for local ecological and morphological
constraints. Prescribe and implement an out-year riparian
restoration strategy.

(4) Traditional forms of instream restoration (eg. CWM structures)
may be appropriate for restoring cover and habitat complexity where
lacking in the lower Salmon River subbasin. However, successful
recovery of channel scale habitat (ie. pool fregquency) will be most
effective using watershed restoration techniques. In general, use
of instream structures should be discouraged in 6th order and
larger streams.

(5) Substrate conditions need to be re-examined by gquantitative,
statistically wvalid sampling methods for describing existing
conditions and monitoring. Watershed restoration measures which
address chronic sources of fine sediment will provide the most
effective means to maintain or improve stream bed habitat quality.

(6) Establishment of permanent stations for monitoring channel
cross-section profiles can provide information on course sediment
storage in critical reaches identified in this assessment. A
historical record of channel profiles at USGS water gauge stations
on the North Fork, South Fork, and mainstem Salmon River may be
obtained for the period of record.

(7) Key pool frequency should be represented by residual pooi
depth rather than max depth.

(8) Bank full width measurements should be incorporated into
habitat data collection protocol.

(9) Complete Watershed Improvement Needs Inventories in the Salmon
sub-basin. Implement watershed restoration techniques which will
reduce the risk of future catastrophic stream impacts and
accelerate channel recovery.
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Introduction

The Klamath River system provides habitat for chincok salmon
Oncorhynchus tshawytscha, coho salmon 0. kisutch, steelhead trout
©. mykiss, and other anadromous and non-anadromous species.
Aquatic habitat quality and quantity may determine the number of
salmon and steelhead juveniles that survive to smolt and enter the
Klamath River estuary. The Salmon River remains one of the larger
tributaries considered to be important to the maintenance of wild
salmenid populations in the Klamath system between Iron Gate dam
and the Trinity River (Kier et al. 1991).

As a result of reported declines in fish production over past
decades, Congress enacted the Klamath River Fish and Wildlife
Restoration Act (P.L. 99-552) on October 27, 1986. This law
authorized the Secretary of the Interior to restore anadromous fish
populations to optimum levels in the Klamath and Trinity Rivers
through a program of fish harvest management and habitat
restoration. A Klamath River Fishery Management Council was
established to recommend management of fish harvests and a Task
Force was established to implement appropriate habitat restoration
measures.

The Klamath National Forest conducted investigations of fish
habitat condition and utilization in Salmon, Scott, Shasta, and Mid
Klamath subbasins under an Interagency Agreement with the U.S. Fish
and Wildlife Service in fiscal year 1989. Two reports summarizing
the results of field work completed between October 1, 1988 and
September 30, 1989 were published in 1990 (West et al. 1990; Olson
and West 19%90). Field work focused on identification of salmonid
spawning and rearing habitat condition and use. Eleven streans
(total length 208 km (125 mi)) located in Salmon, Scott, Shasta,
and Mid-Klamath subbkasins were investigated. In addition, the
performance of ten in-stream structure types were evaluated under
the same agreement and the results reported separately.

Little site specific information was available on habitats being
selected by salmon and steelhead, overall condition and
availability of spawning and rearing habitat, and extent of habitat
utilization prior to these investigations.

In 1989 the Klamath National Forest proposed to expand rearing and
spawning habitat investigations to include anadromous habitat in
the mainstem Salmon River and unsurveyed reaches of the North Fork
and South Fork Salmon River. Results of spawning ground surveys
undertaken in fiscal vear 1990 funded under Interagency Agreement
{#14-16-0001-90532) were published in January, 1992 (Olson and Dix

1992). Results of the expanded rearing habitat investigations
undertaken between October 1, 1989 and September 30, 1890 are
summarized in this report. In addition, habitat condition
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information collected in the study area during fiscal years 1991
and 1992 have been included in this report where appropriate.

The purpose of this investigation was to expand the assessment of
condition and utilization of anadromous habitat in the Salmon River
sub~basin to include the mainstem and lower reaches of the North
and South Forks. Inclusion of these reaches with habitat
investigated in 1989 should enhance the basin-level perspective of
anadromous habitat conditions in the $Salmon River watershed.

The objectives of this assessment are to:

a} Determine the quantity and quality of spawning and rearing
habitat available to salmonids at base flow conditions.

b) Estimate the observed juvenile salmon and steelhead
standing crop during summer 1990 for the reaches surveyed.

¢} Evaluate and describe habitat utilization by juvenile
salmon and steelhead in the large order river reaches
investigated.

d)} Contrast existing habitat conditions with key habitat
gquality indicators.

Background

The Salmon River sub-~basin has long been known for its exceptional
salmon and steelhead fisheries. The watershed provides habitat for
the largest wild run of spring chincok salmon remaining in the
Klamath River system (Campbell and Moyle 1991; West 1991). Other
indigenous fish stocks include fall, winter, and summer-run
steelhead, fall-run chinook salmon, coho salmon, rainbow trout,
pacific lamprey Lampetra tridentata, green sturgeon Acipenser
medirostris, speckled dace Rhinichthys Osculus klamathensis,
Klamath small scale sucker Catostomus rimiculus, marbled sculpin
Cottus xlamathensis, and coast range sculpin Cottus aleuticus.
Introduced fish stocks include American shad Alosa sapidissima,
brown trout Salmo trutta, and brook trout Salvelinus fontinalis.

Although the Salmon River sub-basin historically supported large
salmon and steelhead runs, run sizes in recent years have been
reduced to critical levels. A number of variables are potentially
responsible for the decline of spawning escapements including
historic logging, mining, and road building practices, floods,
fires, and harvest.



Floods

Floods and associated landslide events have significantly
influenced the condition of aquatic and riparian habitat in the
Salmon River watershed. Major flooding in 1955 and 1964 delivered
large gquantities of sediment to stream channels (Figure 1). Aerial
photo inventories display major channel alterations occurred during
the 1964 flood resulting in aggredation, scour, migration, and
widening (USFS in press). In less confined reaches, this resulted
in reduction of the channel capacity and extensive alteration of
riparian vegetation on floodplains and terraces. Course sediment
deposited in confined channels was likely removed in the succeeding
10 years (Lisle 1981), while less confined channels in low gradient
reaches will probably continue to degrade for decades in absence of
additional large sediment deliveries. The recovery of riparian
vegetation to pre~flood conditions will be on the order of 100
years or longer.

Thousgands of CFS

100 e o % ,,,,,,,,,,,,,,,,,,,,,,,,,,

BO L 7

SRS

%
.%,.
: ;/ i

Water Year

D Max. one day peak

Figure 1 Annual maximum one day peak discharge for the Salmon
River at Somes Bar for the period of record, 1912-19%0.



Mining

Various mining activities have been present in the basin since the
18507s. Hydraulic mining along the major tributaries occurred from
about 1880 to 1950, affecting approximately 480 ha (1200 acres),
and delivering an estimated 11.4 millicn cubic meters of sediment
intce the rivers (USFS in press). Hydraulic operations were
concentrated during the spring due to the availability of water. In
addition to the direct impacts from large quantities of sediment
introduced to stream channels, log crib dams used to divert water
for hydraulic operations often formed obstacles to migrating salmon
and steelhead (see Migration Barriers).

wWildfires

The Salmon River watershed has a high natural frequency of
lightening occurrence which has been responsible for ignition of
the larger fires in recent years. In 1977, the Hog Fire burned
approximately 32,000 ha (80,000 ac) in the lower North and South
Fork, Nordheimer, and Crapo Creek watersheds (Faustini and
Vandewater 1991). Wildfires in 1987 burned 40,948 ha (102,369 ac),
including 8,181 ha (20,454 ac) previously burned by the Hog Fire
(USFS in press).

Migration Barriers

Although presently no man made barriers to fish migration exist on
anadromous habitat within the study area, at least three dams were
removed by CDFG prior to 1953 (CDFG 1953). These structures were
constructed of logs and existed on the North Fork, Scuth Fork, and
White’s Gulch and acted as complete or partial barriers to
migrating salmon and steelhead. The Bonally Mining Company Dam,
constructed approximately 9.7 km (6 mi) upstream from the mouth on
the North Fork in 1906 or 1909, was 54 m (177 ft) long and 3.3 m
(11 ft) high and described as a serious obstacle to fish passage.
Removed by dynamite on October 7, 1946, this dam affected fish
migration for at least 35 years. Two other dams further upstream
were altered with fish ladders sometime between 1946 and 1953,
restoring approximately 50 km (31 mi) of spawning and rearing
habitat to anadromous fish.

The Smith Dam, located about a 1.6 km (1 mi) from the mouth of
White’s Gulch, tributary to the North Fork, was 7.6 m (25 ft) long
and 2.4 m (8 ft) high. It was removed by dynamite on September 14,
1949 (CDFG 1953; Taft and Shapovalov 1935).

Located on the South Fork, approximately 8 km (5 mi) from the
mouth, the Bennett-Smith Dam was described as a serious migration
barrier to salmon and steelhead (CDFG 1953). The log dam was about
3 m (10 ft) high and was destroyed by flood during the last week of
October, 1950.



Historically, numerous dams were present on tributaries to the
mainstem Salmon River and lower reaches of the North Fork and South
fork (Taft and Shapovalov 1935). The locations and purpose of
these dams is summarized in Appendix A.

Most of the natural barriers to anadromous fish migration,
consisting of falls and bedrock restrictions, occurring within the
study area have been modified to provide for passage during low
flow conditions. Bloomer Falls, located on the mainstem Salmon
River approximately 21.7 km (13.5 mi) from the mouth, formed a
partial migration barrier during low flow conditions and was
modified by dynamite in the summer of 1983. Two partial barriers
on the South Fork Salmon River were also medified by explosives in
July or August of 1984. These include the falls at Methodist
Roughs located at 10.5 km (6.5 mi) and falls upstream from Matthews
Creek at 16.4 km (10.2 mi). The role of these specific partial
barriers in segregating fall from spring-run fish is not known but
should be a consideration in future barrier modification projects.

Study Area
Salmon Subbasin
The Salmon Subbasin ranges from the headwaters of the Salmon River
to the Klamath River near Somes Bar. The watershed area is 1943 km?

(750 mi’) and nearly all ownership is public, under management of
the Klamath National Forest (CH2M Hill 1985). The Salmon River is

a federally designated Wild and Scenic River. The study area
includes tributaries located in the lower Salmon River sub-basin of
the Klamath River Basin (Figure 2). Stream reach descriptions for

rearing habitat inventories are summarized in Table 1.

Table 1. Summary of stream reaches investigated during 1989/50
habitat productivity surveys.

Sub-basin/Tributarvy Area sSurveved Reach Length

Salmon Sub=-basin
South Fork Salmon River Cecil Creek to Mouth 24.9 km(15.5 mi)

North Fork Salmon River White’s Gulch to Mouth 25.8 km(16.0 mi)

Salmon River (Mainstem) Forks of Salmon to Mouth 29.8 km(18.5 mi)




BOALE  EiLIRETEHS
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2 Fast Fork

Figure 2 Project Area Location.

Salmon River

The Salmon River study area includes approximately 29.8 km (18.5
mi) of mainstem habitat from the Klamath River confluence upstream
to Forks of Salmon. The watershed area drained by the Salmon River
at the mouth totals 190,400 ha (476,000 ac). Wooley Creek, a
watershed of about 40,000 ha (100,000 ac), enters the Salmon River
approximately 6.4 km (4 mi.) from the Klamath River confluence.
The US Geological Survey maintains a gauging station at Somes Bar
(No. 11-5225) with continuous records available from October 1927.
The average discharge is 54 cms (1,805 c¢fs) with extremes ranging
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from 2,990 cms (133,000 cfs) to 2.1 cms (70 cfs). The average
summer flow during the survey period was 9 cms (300 cfs).

Scouth Fork Salmon River

The South Fork Salmon River study area is located in the upper
portion of the Salmon River sub~basin, from the mouth at Forks of
Salmon upstream to the Little Scuth Fork. The study area was
expanded from 1988/89 surveys to include to an additional 29 km (18
mi.}) of habitat from the mouth of Cecil Creek to Forks. The
drainage area for the lower South Fork Salmon River averages
150,000 acres. Flow records were maintained for about 10 years
(1953-1965) by USGS station (11-5223) located near Methodist Creek.
Flow extremes ranged from 942 cms (31,400 cfs) to 0.8 cms (27 cfs).

North Fork Salmon River

The North Fork Salmon River study area extended from the mouth at
Forks of Salmon upstream 29 km (18 mi.) to White‘s Gulch. This
study area was also expanded from 1988/89% surveys conducted
upstream to Right Hand Fork. The lower North Fork Salmcn River
drains a watershed of approximately 110,000 acres. A USGS water-
stage recorder (11-5224) was maintained on the North Fork for a few
years {1958-1964) through September 1964. Flow extremes during
this period ranged from 315 cms (10,500 cfs) to 0.8 cms (28 cfs).

Methods

Physical habitat inventories were conducted during summer base flow
conditions using methods similar to those employed during upper
South and North Fork Salmon River surveys conducted in 1989 (West
et al 1990). Slight changes in habitat classification were made
with the inclusion of two new habitat types (Appendix B}, step pool
(type 23) and bedrock sheet (type 24). Structurally modified
habitats, previously identified as enhanced welr (30), enhanced
deflector (31), and enhanced pocket water (32) were not present in
any of the 1990 study area reaches.

The majority of physical habitat parameters measured in 1990
(Appendix C) remained unchanged from 1289 investigations and are
described by West et al. (1990). Assessment of Xkey habitat
conditions with the dintention of developing measurable forest
standards, such as those described by Sedell (1988}, led to the
addition of a key course woody material (CWM) parameter. This
entails the gquantification of whole pieces of CWM where at least 20
percent of their volume exists within the bankfull channel (BF) and
the dimensions equal or exceed 15.2 m (50 ft) long by average
diameter of 61 cm (24 in).



The sampling schedule for substrate composition, enbeddedness,
percent shade, overstory composition, CWM recruitment potential,
and enumeration of rearing salmonids was targeted for 12.5 percent.
Sampling was applied systematically by habitat type after a non-
random start on the first unit occurring within a survey reach.
Species composition and abundance were obtained from ocular counts
by divers snorkeling upstream from the lower habitat boundary.
Habitat unit area and volume estimates were obtained by direct
measure rather than ocular methods. Estimates of species
abundance, by age class, were obtained by application of a
correction factor to ocular counts stratified by run, riffle and
pool unit types (Hankin and Reeves 1988). Diver efficiency was
calculated from comparison of population estimates obtained by
electrofishing to actual diver counts. Correction factors, sample
size and correlation coefficient applied to direct counts are
displayed in Table 2.

Table 2. Correction factors, correlation coefficient, and sample
size by species and age class applied to diver counts for
estimating abundance.

Species/Age class Habitat Corrsction r? Unzts
sampled
Riffle 1.4 0.67 10
0+ Steeihead Pool 1.0 0.10 5
Run 1.2 0.90 8
Riffle 4.0 G.49 10
1+ Steelhead Pool 1.4 0.90 5
Run 1.7 0.15 8
Riffle 1.0 0.34 10
0+ Chinoock Pocol 1.0 0.04
N Run 1.0 0.79 8




Habitat specific utilization was described using an electivity
index from Jacobs (1974) to relate the proportion of the population
found within a particular habitat type to the relative availability
of that habitat type amcng all habitats sampled in the study area.
The formula used is:

r-p
Electivities (D) =

(r + p) -~ 2rp

where:
nunber of fish estimated in a particular habitat
o=
total number of fish estimated in all habitats
quantity of a particular habitat type sampled
p:

total quantity of all habitat sampled

Values of this index can range from ~1 to +1. Negative electivity
values indicate that utilization of a specific habitat for rearing
is less than the average based upon the relative availability. A
positive electivity value indicates habitat specific use is greater
than average compared to the available quantity. A value of zero
indicates that the specific habitat is being used in proportion to
its occurrence in the study area. Electivity values approaching -
1 or +1 suggest the absence or presence of habitat conditions
selected by Jjuvenile salmon and steelhead at the time sanmpled.
Electivities are calculated and displayed by habitat volume and
area weighting.

Results

A total of 1,705,305 m° of habitat was identified within the wetted
channel during summer low flow conditions in 1990. Units were
composed of 19 habitat types (Appendix D), dominated by low
gradient riffle (LGR), high gradient riffle (HGR) and run (by
area). Lateral scour pool {(LSP) and main channel pool (MCP)} also
composed a large portion of the habitat in the area surveyed.

The stream bed composition was dominated by cobble 76-204 mm {3-11
in) and boulder 305 mm (=> 12 in) size classes. Boulders, white
water, and bedrock ledges composed the larger fraction of available
object and overhead cover to fish while woecdy cover was largely
absent.

Salmon and stzelhead utilization of available habitat was assessed
from sampling, by direct observation, 396 habitat units from a



total of 1,518 units (sample fraction = 26%) identified during
inventories of the lower North and South Forks, and mainstem Salmon
River. A total of 17,105 1+ steelhead, 4,739 0+ chinook and 122
coho salmon were observed in sampled units. Abundance and
utilization statistics results discussed below will be accompanied
by the sample size when seven or fewer units were sampled.
Observation results for 0+ steelhead and 0+ coho are displayed in
the Appendices, however they are not discussed at length in the
narrative.

Yearling steelhead densities were clearly highest in higher
velocity habitats with the exception of dammed pool (DPL), n=1.

Based wupon available rearing Thabitat, the standing crop
contribution came predominantly from LGR, HGR, run, and step-run
(SRN) . Electivity indices, which weight habitat use to

availability, again tend to show higher than average use by 1+
steelhead for riffle habitat. Plunge pool (PLP) habitat, n=4, is
also highly utilized, a pattern consistent for 0+ steelhead and 0+
chinook as well.

Young of the year chinock salmon densities were highest in
secondary channel pool (SCP), n=5, backwater pool (BWP), n=5, and
PLP. Glide, run, SRN, and MCP habitats had the highest overall
estimated standing crops based upon habitat availability. In
general, electivities for 0+ chinook were highest for pool habitats
and negative or average for high velocity habitats. Other species,
including green sturgeon, american shad, dace, Pacific lamprey, and
suckers have been observed in the sub-basin, however, their
population size and distribution were not assessed during these
investigations.

Approximately 28,250 m’ of suitable salmon and/or steelhead spawning
habitat was present under summer base flow conditions during the

1988/89 and 1989/90 study period. Although this estimate includes

available spawning habitat identified in upper North and South
Forks of the Salmon River, tributary spawning area is not included.

From 1989 investigations average chinook redd surface area (4.6 m’;

n= 520) and average steelhead redd surface area (1.5 m?; n= 194)

were not significantly different (p=0.05) between study areas or

between habitat types within study areas (West et al. 1990).

Roughly 3,000 chinook redds and 9,150 steelhead redds could be

accommodated by existing suitable habitat under base flow
conditions, disregarding any territorial needs of either species

(Table 3) within the study area. By comparison, roughly 6,100

chinook and steelhead 18,800 redds can be accommodated by

anadromous habitat in the North Fork, South Fork, and mainstem .
Salmon River, excluding their tributaries.
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Table 3. Area (m') of available spawning habitat and potential
number of redds accommocdated on ¥North Fork, Scuth Fork and nainstem
Salmon Rivers.

Spawning Habitat (m%) Redds Accommodated

Salmon Steelhead Salmon Steelhead
Salmon River 1,500 1,500 330 1,000
N.Fk. Salmon! 4,545 4,545 1,000 3,030
S.Fk. Salmon?® 7,680 7,680 1,670 5,120

Total 3,000 9,150

Mainstem Salmeon River

A total of 676,419 m* of rearing habitat was estimated available
during summer low flow conditions. Run, SRN, LSP (12), MCP, and
glide composed most of the available habitat (by area). By volunme,
however, LSP (12) and MCP clearly dominated the habitat composition
within the mainstem. Although cobble dominated the stream bed
surface, gravel, boulder, and fines appeared more egqually
represented than in the North and South Forks Salmon River. White
water, boulders, and bedrock ledges composed the dominant cover
components. Cover provided by woody debris was negligible.

Surveyors identified a total of 419 habitat units, composed of 16
types, on mainstem Salmon River (Appendix E). One hundred two
units (24% of total units) were sampled during summer 1990. Crews
observed 3,453 1+ steelhead, 686 0+ chinook, and no coho salmen
during snorkel surveys of 124,365 m’ of habitat.

The highest 1+ steelhead densities were observed in LGR and HGR
habitat by both volume and area calculations. Yearling standing
crop contribution from riffles accounted for about 55 percent of
the estimated total with much of the balance from run and SRN
habitat. As expected, LGR and HGR had strong positive electivity
indices.

' Forks of Salmon to White’s Gulch
? Forks of Salmon to Cecil Creek
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Of those habitats sampled with larger (>6) sample sizes, 0+ chinook
densities were highest in HGR (by volume) and MCP {(area). Main
channel pool was observed to contribute the largest fraction of the
total 0+ chinock standing crop. HGR and MCP show the strongest
positive electivities for habitats with larger sample sizes.

An estimated 1,500 m' of suitable salmon and steelhead spawning
habitat was observed during the summer 1990 habitat condition
survey. This habitat could potentially accommodate approximately
330 chinook redds and 1,000 steelhead redds. Spawning habitat was
located in glide, run, low gradient riffle, and step-run habitat
types.

Daily water temperatures were collected by crews during physical
and biological habitat inventories, however these provided only a
point data perspective of thermal conditions. Continuous summer

June 21 to September 22, 1992
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Figure 3 Mainstem Salmon River water temperature data collected
during summer 1992 from two continuocus recording thermograph
stations, upstream Nordheimer Creek and upstream Wooley Creek.
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water temperature records for two locations on the mainstem Salmon
River were maintained during water years 1991 and 1992. Fairly
complete records are available for summer 1992 (Appendix G). A
maximum peak temperature of 25.4 °C was recorded above Wooley Creek
on July 16, 199%2. The average seven day maximum temperature was
24.7 °C in mid-August. Peak daily water temperatures ranged from
about 18 to 25 °C during the entire summer period of record {Figure
3).

Primary Habitat Attributes

Table 4. Existing condition of key physical habitat parameters, by
reach, for the mainstem Salmon River, 1990.

Poois Avg No. Bankful No. Kay Average % % %
Survey Reac h per Channel Channel Woaood Shade Embeddedness Finea
300m Widths/Fool | Widthm per/ OO0 m Rifflea Riffle
Mauth to Wooley Creek 1.2 3.3 76 0 3 7 4
Wooley Creek to Bloomer Falls 1.6 3.1 61 0.04 1 17 5
Bloomer Falls to Porks of Salmon 1.3 3.2 73 .07 1 10 3
Combined Mouth to Forks 1.5 3.2 64 C.04 2 13 4

South Fork Salmon River

An estimated 448,460 m?’ of available habitat was inventoried on the
lower South Fork Salmon River during summer 1990. Habitat was
stratified into 19 categories (Appendix F) with step-run habitat
dominating (by area). Low gradient riffle, run, GLD, and MCP
accounted for a large proportion of the remaining habitat.
Although cobble dominates the stream bed particle size category,
gravel 0.5~7.6 cm (0.20~3.0 in) also comprises a large portion.
Boulder, bedrock ledges, and white water provide most of the
available cover. Woody cover is largely absent, providing a small
fraction (<2%) of the available cover.

Cne hundred sixty-three habitat units were sampled (26%) from a
total of 615 identified during the physical inventory. Snorkel
crews observed 7,557 1+ steelhead, 2900 0+ chinook, and 100 0+ coho
salmon in 120,713 m? of lower South Fork Salmon River habitat units.

Yearling steelhead densities were highest in LGR, HGR, CAS (n=5),
trench pool (n=5), and pocket water (n=2) habitats by both area and
volume. Because LGR and HGR account for nearly 22 percent of the
total habitat area, their high fish densities produce 41 percent of
the total estimated standing crop. Not surprisingly, electivity
indices for riffle habitat are positive by both area and volume
weighting.
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Chinook densities were highest in habitat types where only a few
samples (n<7) were available. Lateral scour pool (12), glide, and
run had mnoderate densities, providing the highest estimated
contribution to teotal standing crop. Electivities are highest, in
general, for pool habitat, although small sample sizes weaken this
generalization.

During 1990 surveys an estimated 7,680 m of suitable anadromous
spawning habitat was available during low flow conditions in the
study area, compared to 14,602 m’ for the entire South Fork Salmon
River. This habitat, which excludes spawning area in tributaries,
could accommodate a maximum of 1,670 chinock redds and 5,120
steelhead redds. Spawning ground investigations in recent years
(1989-1992) have shown 90 percent of the chincok salmon redds
observed in the South Fork occur in the reach from Forks to Cecil
Creek.

October 1980 to September 1991
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Figure 4 Water temperature records for the upper Scuth Fork
Salmon River station located upstream from East Fork for the
1921 water year.
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Peak daily water temperatures were avallable from thermcgraph
records, collected on lower South Fork Salmon River,near the mouth,
during summer months for 1983, 1985, and 1988 through 1992
(Appendix @G). Collection of year-round continuous water
temperature data began in fall 1990 above the East Fork confluence
to provide information on seasonal extremes (Figure 4; Appendix G).
Records for this station are nearly complete with temperatures for
the 1952 water year ranging from 0.4 (January 23) to 24.2 °C (August
13). An average seven day maximum temperature of 23.6 °C was
sustained during mid-August, 1992.

Primary Habitat Attributes

Table 5. Existing condition of key physical habitat parameters, by
reach, for the South Fork Salmon River, 1990.

Pools Avg No. Bankfull Mo, fgﬂ“’m f\m % anh::iadm F‘%

300 m s

Survey Reach g wm;o | g‘!‘;;“z F sty Rime
Forks of Salmon to Mathodiat Ok 1.2 3.8 19 0 & 8 5

Methodist Croek to Grabam Guich 2.0 39 25 0 0 /s afs
Grahamn Gulch to Matthows Croek 1.5 7.0 29 0.1 4] 17 ]
Matthews €k 1o Limestons Gulok 2.0 5.9 25 1.4 6 20 3
Lirvatons Guich to St. Clair Ck 1.9 5.5 29 2.5 13 11 b
St Clair Creek to Cecil Crosk 1.3 4.4 38 0.1 34 g 0
Combined Forks 1o Ceeil Creek 1.6 8.6 29 0.6 10 11 3

North Fork Salmon River

A total of 580,411 m? of rearing habitat was identified during the
1990 physical habitat inventories conducted during summer 1950 on
lower North Fork Salmon River. Eighteen habitat types were
represented on the lower North Fork Salmon River reach. Of these,
LGR dominated (by area) with run and SRN comprising a large portion
of the remaining habitat (Appendix I). Cobble and boulder composed
the dominant particle size categories. Boulders and bedrock ledges
provided much of the available cover, while woody cover was
relatively scarce.

A total of 486 habitat units were identified during physical
habitat investigations on lower North Fork Salmon River. Of these,
131 were sampled (27%) by snorkel crews. Crews observed 6,095 1+
steelhead, 1153 0+ chinook, and 22 coho salmen in 157,983 m? of
sampled habitat.

Yearling steelhead densities were highest in LGR and HGR habitat
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with the exception for some habitat units with small (n<3) sample
slzes by both area and volume. Nearly 61% (by area) of the total
estimated standing crop contribution was observed in LGR and HGR
habitat. Low gradient riffle and HGR habitat types have the
highest electivity indices among units with adegquate sample size
(>6) .

Young of the year chinook salmon densities are relatively high in
corner pool habitat (n=6) by both area and volume weighting.
However, RUN and MCP habitat had the highest estimated standing
crops. Electivities are difficult to interpret for chinock in the
North Fork Salmon River because of the small sample size of many
habitat categories.

An estimated 4,545 m’ of suitable salmon and steelhead spawning
habitat was available in the study area, which accounts for roughly
37% of the total found within the North Fork Salmon River. This
habitat could accommodate about 1,000 chinook redds and 3,030
steelhead redds. During recent years (1989~1992), 90 percent of
the chinook redds observed during spawning ground investigations
have occurred in the study area reach. Over 87% of the available
spawning habitat is associated with glides and runs.

Summer peak water temperature records for the North Fork Salmon
River are available for 1983 to 1985 and 1988 through 1992
(Appendix G). Temperatures were collected by thermograph near the
mouth,

Primary Habitat Attributes

Table 6. Existing condition of key physical habitat parameters, by
reach, for the North Fork Salmon River, 1990.

Pools Avg No, Bankfull No. Key Averge % % %
Survey Reach per Channei Channel | Wood per/300 Shade Embeddedness | Fines
300m | Widths/Pool | Width m m Riffles Riffle
Forks of Saimon to Doughberty 1.5 7.4 27 0.2 ) 5 5
Doughherty BIuif to Heiney Bar 1.4 7.9 27 0.9 12 28 4
Heiney Bar to Little North Fork 0.7 15.9 27 0.8 12 23 10
Little N. Fork to Jackass Guich 0.8 16 38 0.0 5] 4 1
fackass Guich 1o Sawyers Bar G.8 13.8 27 0.0 14 4 3
Sawyers Bar to Flapjack Bar 1.1 7.2 k¥:) 0. 3 3 7
Flapjack Bar 10 White’s Gulch 0.8 13.8 27 0.4 2 5 10
Combined Forks to White's Guich 1.0 10.0 30 0.3 8 __14 7
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Discussion

Observations of salmon and steelhead habitat utilization consist of
snorkel surveys conducted during summer low flow conditions.
Because salmonid habitat requirements change through the natal
residency of a given cohort, the results of this biclegical
assessment provide only point estimates of fish densities, standing
crop, and habitat electivity. Seasonal habitat shifts will result
in a completely different set of statistics on bioleogical
utilization.

Assessment of spawning habitat quantity and condition suggests that
current salmon and steelhead escapements conservatively utilize
less than 25 percent of the currently available habitat in the
North and South Forks and mainstem Salmon River. This contention
is supported by observations on spawning grounds of relatively few
adults in proportion to available suitable spawning habitat.

Desired future condition standards (DFC’s) have been developed for
some third to fifth order streams in the Columbia Basin and western
Oregon (Sedell 1988; USFS 19%2). Stream size upon which these
standards are applied are generally described using stream order
(Strahler 1957) which, although widely used, provides a fairly
ambiguous description. Use of watershed area (see study area
description) may provide a more useful description of stream size,
particularly in similar climates and terrain types. Although the
applicability of these standards to rivers in northern California
remains under investigation, the Klamath N.F. has adopted Sedell’s
(1988) DFC’s as interim goals for habitat protection and
restoration. Development of key habitat gquality attributes for
large order (6th and 7th) rivers such as the lower North and South
Fork, and mainstem Salmon River, has been undertaken for the Upper
Grand Ronde River Basin in northeastern Oregon (USFS 1992). Where
guantifiable standards were not readily obtainable, research has
been initiated to provide site specific information to address
future parameter guidelines.

Much of the value in collecting basin-~level habitat condition
information is to describe the existing state of specific physical
parameters, which taken as a whole, may yield some insight to the
health of the aguatic environment. For some parameters, the
resolution provided by an analysis of this 1level may only
distinguish potential habitat deficiencies of a gross nature. When
potential problem areas are identified, methodologies with higher
resolution (and generally higher cost) may be employed. Similarly,
the reliability of some parameters as monitoring tools has much to
do with both resolution and repeatability. Information obtained in
the course of this investigation which may be suitable for use in
development of DFC’s or as a measure change are presented in the
following discussion.
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Water Quality

Water temperatures can significantly influence the suitability of
habitat conditions through all phases of salmonid life history.
Fall, winter, and spring water temperatures will determine
incubation rates, survival, and emergence timing. Growth rates and
survival may be influenced during all seasons of juvenile rearing
and adult holding depending on natal life history strategies.

Optimum incubation temperatures for chinook salmon eggs occur
between 5.0 and 14.4 °C (Bell 1986). Lower water temperatures can
be tolerated, but only after the critical initial stages of
embryonic development have been completed. Incubation mortality
will, however, increase as water temperatures decrease below 2-3 °C
(Velson 1987). Winter water temperatures measured on the upper
South Fork Salmon River during water years 1991 and 1992 generally
border the 2-3 °C degree threshold for days or weeks at a time
(Appendix G). During December 1990, minimum temperatures descended
to -0.7 °C, which may have had significant effects on incubation
survival.

Elevated summer temperatures are a primary concern in the lower
Salmon River Basin. Peak temperatures measured in 1992 reached 26
and 27 °C respectively on the South and North Forks of the Salmon
River. The sustained average seven day maximum temperature for
the mainstem, above Wooley Creek, was 24.7 °C during mid~August
1992, Clearly, sub-optimum thermal conditions exist for salmonid
growth during portions of the summer in the study area. Assessment
of existing thermal conditions with respect to standards reported
in literature are quite dramatic. If for example, the desired
maximum daily temperature for the North and South Fork was 16.1 °C,
daily peaks would have exceeded this threshold, on average, about
90 percent of the summer based upon temperature records available
to date (Figure 5 and 6). A daily maximum standard of 20 °C, such
as that used for large order streams in the upper Grande Ronde
River (USFS 1992) would have been met approximately 50 percent of
the summer days for the same time period. Low summer flows,
aggravated by drought conditions, have undoubtedly had an effect on
the distribution of peak summer temperatures (Appendix G). It is
important to note, however that some pre-drought temperature data
was included in the construction of these curves and that even in
a year of high smowmelt runoff (1983), both the 16.1 and 20 °C
standards were exceeded at least 5 percent of the summer period.
Similar to daily peaks, sustained seven day maximum temperatures
alsc failed to meet standards cited for the upper Grande Ronde
River (USFS 1992) and by Sedell (1988).

18



Junsa 21 1o Seplamber 22 June 21 o September 22

Cumuiative £ gy foak Tamp Ootumence Cwolativg Hoquancy Poak Tamp Ooourmseds
: 108

» o 0
1t 13 0 17 18 21 w2 7 k| 15 17 M n < T S ¥
Dagrees C Dogreas ©

Figure 5 Cumulative frequency of Figure 6 Cumulative frequency
peak summer water temperatures summer peak water temperature
recorded on South Fork Salmon information recorded on North
River near the mouth, 1983, 1985, Fork Salmon River near the mouth,
1988-1992. 1983-1985, 1988-1992,

Pool Frequency and Residual Pool Depth

Pools provide essential rearing and holding habitat for salmonids
and other indigenous non-game fish species. Also, spawning
habitat, formed by the sorting and deposition of gravels, is often
associated with pool tailouts. Pools can also be highly sensitive
indicators of changes in watershed condition, (EPA 1991) reflecting
changes in their frequency, volume, and depth.

Pool frequency can be measured by linear distance (ie. pools per
300 m) or by morphological parameters such as mean width at
bankfull (BF) discharge (ie. pool per number BF channel widths).
Because some ambiguity may exist in defining pool habitat, only
primary pools are counted in this measure. Primary pools are
defined in this analysis as those which have a maximum depth of at
least 0.9 m (36 in) and occupy at least 50 percent of the low flow
channel. Sedell’s (1988) desired future condition criteria
recommend maintenance of at least one primary pool every 3 to 6 BF
channel widths (Table 7) based upon the natural hydraulic charter
of undisturbed systens.

Poeol frequency for individual and combined reaches in the study
area are displayed in Tables 4, 5, and 6. Mainstem Salmon River
pool frequencies appear teo fall within the natural range expected
given our estimates of BF channel width (Table 4). Although the
mainstem falls cutside of the stream size category for which Sedell
(1988) describes standards (Table 7)), we assumed the pool/BF
channel relationship was applicable.
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Table 7. summary of desired key pool frequencies in moderately
steep gradient ({>3%) boulder-rubble streams for Columbia River
Basin National Forests in Washington and Oregon from Sedell (1988).

Bankfull stream Pools per 300 m Channel widths
width Pocls per 1.51 km per pool
15 13-22 47 3-6
23 7-14 2—4 3~6
23 5-10 2«3 3-6
46 3-7 1-2 3-6

South Fork Salmon River pool frequencies varied by reach, but were
on average, within an acceptable range resembling natural
conditions (Table 5). Bankfull width estimates for the South Fork
Salmon River were made from few (n=4) field measurements, by
channel type, and could skew pool freguency calculations slightly
either way. The relatively low pool frequency estimated for the
"Forks to Methodist Creek" reach poussibly reflects course sediment
storage from historic floods.
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Figure 7 Residual pool depth (in meters)
cumulative fregquency for North Fork, South Fork,
and mainstem Salmon River, 1990.
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Pool freguencies on the North Fork Salmon River were low and not
within the range expected under natural conditions (Table &).
Again, BF width estimates were made from relatively few (n=5) field
measurements which may change results slightly. Pool frequencies
were, on averages, about 50 percent of those expected.

Residual pool depths reflect net pool depth independent of flow
conditions which can provide a repeatable measure of relatively
high precision (Lisle 1987). A qguantitative description of pool
size classes, represented by residual pool depths, can be easily

displayed in the form of a cumulative frecquency curve for the North
Fork, South Fork, and mainstem Salmon River (Figure 7).

Key Wood Frequency

Course woody material (CWM) influences stream channels in a number
of ways and is considered an important component for quality fish
habitat. Stream size is a critical factor in determining the role
CWM plays within the channel. The role wood plays in the formation
of primary pools decreases as channel width increases, however wood
in large rivers forms pools along stream margins and secondary
channels (Bisson et al 1987). Wood is also an important source of
cbject and overhead cover for Juvenile and adult salmonids.
Certainly, one of the principle benefits of CWM is to increase
habitat complexity, which provides habitat and cover through a
range of flow and seasonal conditions. Catastrophic events such as
floods, landslides, windstorms, and wildfire have a major effect on
the guantity and location of CWM deliveries to the channel (Sedell
et al 1988; Bisson et al 1987). While stream morphology is usually
the dominant factor influencing CWM density in the channel (thrcugh
recruitment and retention), humans have played a major role in
determining the current amount of wood in the lower Salmon River
basin. Considerable efforts to remove large quantities of wood,
deposited by the 1964 flood, from the North and South Forks of the
Salmon River were expended by state agencies and the USFS following
that event. The present density of CWM present in the study area
is not considered representative of natural conditions (Tables 4,
5, and 6). The applicability of Sedell’s (1988) DFC standards (20
key pieces/300 m) to the river size and channel morphology of the
lower Salmon River still requires validation.

Stream Bed Character

The composition of material composing the stream bed is an
important feature of the stream channel. The size of bed particles
influences the flow resistance in the channel, stability of the
bed, and quantity as well as gquality of aquatic habitat available
to small fish and invertebrates. Channel characteristics,
including confinement and slope, determine the energy available to
transport bed material. The equilibrium which exists between
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sediment delivery and transport may be shifted by changes in the
quantity of sediment input or water availability. Human influences
on forested lands generally result in a decrease in the mean
particle size of bed material (Meehan 1991).

tream bed composition was ocularly estimated from subsampling a
portion of all habitat types inventoried within the study area.
Cobble, boulder, and bedrock compose a large proportion of the
stream bed in the lower North and South Forks, and mainstem Salmon
River (Figure 8; Appendix D). The bhed character is generally
reflective of high transport capacity channels. Retention of
spawning gravels is most commonly associated with primary pools and
in-channel roughness elements in the study area. Accumulations of
CWM may have also played a role in spawning bed formation.
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Figure 8 Composition of surface substrate

particle sizes from ocular estimates on North
Fork, South Fork and mainstem Salmon Rivers,
19%0.

The quantity of fines present in the bed matrix will influence the
amount and quality of interstitial habitat available within the
bed. The availability of interstitial stream bed habitat will
directly effect overwinter survival of Jjuvenile salmon and
steelhead. Bed permeability is also affected bv fines, which will
influence the concentration of dissolved oxygen and metabolic
wastes present during development of salmonid eggs, alevins, and
invertebrates.

Two measures of stream bed habitat gquality, embeddedness and
percent fines, were assessed during habitat surveys. Embeddedness
provides a measure of the extent to which larger stream bed
particles are surrounded by fine sediment. The amount of fine
material, defined as particles less than 5.0 mm in diameter, was
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Table 8. Comparison of embeddedness and percent fine particle
composition observed on North, South Fork, and mainstem Salmon
River, 1990, with desirable conditions described by Sedell (1988)
and USFS (1992).

DFC DFC ohserved observed chgerved
Parameter Sedell Grande Ronde Salmon South North
{1888) {19923 River Fork Fork
Embeddedness < 25% ne atandard 10 % 11 % 14 %
Percent Pines < 20 < 15 4 3 7

estimated ocularly as a proportion of other particle size classes
observed on the bed surface. Ocular estimates were not correlated
with other assessment techniques, therefore the relative accuracy
of the results may be variable. Fine material, as defined in
standards developed for the upper Grande Ronde Basin (USFS 1992)
and by Sedell (1988) is material of 1.0 mm in diameter or smaller.
Further, techniques prescribed by Sedell (1988) measure both
surface and sub-surface percent fines from a core sample and are
probably not be equivalent to our techniques in terms of precision
or accuracy. Sedell’s techniques for measuring fines and
enbeddedness are standardized and valid for statistical comparison;
curs are valuable conly for comparing relative conditions between
habitats and areas we investigated. Levels of embeddedness and
percent fines observed during the lower Salmon River basin habitat
inventories fall within standards developed in both recovery plans
(Table 8), however validation of these results is necessary prior
to drawing definite conclusions.

Riparian Condition

Water quality and the condition of the stream channel are
influenced by vegetation within the riparian zone. Vegetation
within the riparian community affects the input of sediment,
sunlight, CWM, and nutrients to the stream channel. Vegetation can
also contreol the stability and width of the channel.

First and second order streams are most significantly influenced by
vegetation along the channel. The direct influence of the riparian
vegetation is reduced as channel width increases to the scale of
fifth order and larger streams {(Sedell et al, 1988). The degree to
which the riparian area can moderate summer and winter stream water
temperatures will decrease as channel order increases. Temperature
moderation is linked to the amount of surface shade measured
adjacent to the channel. The contribution of CWM to the strean
channel will depend on adjacent riparian sources and frequency of
landslides, fire, and debris torrents.

23



Assessment of riparian condition during 1990 investigations
included three parameters designed to help define the existing
condition; percent shade at noon, CWM recruitment potential, and
percent coniferous composition of recruitable tree species. The
existing riparian habitat condition, as measured by these
parameters, is summarized with literature reported DFC’s for
comparison in Table 9.

Table 9. Riparian condition parameters including water surface
shade at noon, CWM recruitment potential (# trees/ha), and percent
coniferous composition of recruitable tree species for lower North
and South Fork, and mainstem Salmon River, 1990,

DFC DFC observed ohserved chserved
Parameter Sedell Grande Ronde Salmon South North
{1988} {1992 River Fork Fork
Shade no std no standard 2% 11 % 8 %
Recruitment > 34 n/a 1.4 2.4 2.4
Coniferous 890 % n/a 70 % 59 % 50 %
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Conclusions

Information provided by this assessment quantitatively summarizes
the condition of key habitat parameters in the lower South Fork,
North Fork, and mainstem Salmon River . The resolution provided by
methodologies emploved to obtain data may or may not be appropriate
for future monitoring. However, much of this information provides
valuable preliminary estimates from which sampling strategies can
be developed. This information can also be used to assess the
suitability of stream habitat from a fisheries perspective. We
have displayed values, where available from research, to compare
the existing conditions for individual parameters measured in the
study area.

Sub~optimal water temperatures exist for salmonid growth for
extended periods during summer months. In recent years, elevated
water temperatures have undoubtedly been aggravated by drought
conditions which have resulted in record low flows. The importance
of the role temperature plays in growth and survival of juveniles
and adult salmenids makes this parameter a priority for
restoration.

Pool fregquency on the South Fork (except Forks to Methodist Ck
reach) and mainstem Salmon River appear to fall within a natural
range expected for their channel sizes. However, none of the North
Fork Salmon River reaches investigated fell within pool frequency
ranges cited by Sedell (1988). Low pool freguencies are probably
indicative of excess sediment storage. An increase, through time,
in pool frequency should be expected in absence of additional large
sediment inputs. Structural habitat modification is not a
practical remedy in these large river habitats. However, watershed
restoration techniques, focusing on reducing inputs of course
sediment production, may accelerate recovery of channel processes.
Residual pool depth monitoring may provide an effective tool to
evaluate channel recovery.

The present density of CWM is low and not considered representative
of natural conditions, however further study is needed to develop
measurable standards for this bioregion. Reintroduction of CWM to
some reaches of the study area may be an appropriate and cost
effective technigue to increase habitat complexity. Long term
recruitment can be maintained through protection and restoration of
riparian areas.

The two measures of stream bed habitat guality employed (percent
fines and embeddedness) provided a tool for comparing relative
conditions between reaches investigated. Because the methods
employed lack measures of precision and accuracy they are not
directly comparable to standards or desired future conditions used
by Sedell (1988) and USFS (1992). In general, results suggest
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conditions may fall within suitable criteria, however validation is
required. Watershed restoration measures which address chronic
sources of fine sediment will provide the most effective means to
maintain or improve stream bed habitat quality.

Riparian condition parameters evaluated describe the existing
condition within the study area, however, no standards are
currently set for streams larger than 5th order. OQur assessment
indicated little shade (<15%) is currently provided by the riparian
canopy and CWM recruitment may bke low (< 3 trees per haj}.
Additional riparian inventories are planned for fiscal year 1993 by
the KNF to address these parameters and prescribe standards.

Assessment of spawning and summer rearing habitat utilization by
salmon and steelhead is perhaps most useful from a use versus
availability context. Our investigations suggest less than 25
percent of the currently available spawning habitat is utilized by
average salmon and steelhead escapements returning in recent (1989-
92} years within the study area.

Recommendations

(1) Establishment and implementation of measurable standards for
key habitat suitability parameters for the Klamath bioregiocn needs
to be undertaken for management, restoration planning, and
monitoring.

(2) Many reaches in the study area remain under utilized by
spawning salmon and steelhead despite the presence of suitable
habitat conditions. The Klamath National Forest should utilize
this information %o ensure adequate spawning escapements are
allocated by the Pacific Fisheries Management Council.

(3) Prescriptions designed to bring water temperatures closer to
ranges optimal for salmonid producticn should focus on small (2-4
order) tributaries where riparian condition is poor. Re~-
establishment of native mixed composition stands of hardwoods and
conifers should account for local ecological and morphological
constraints. Prescribe and implement an out-year riparian
restoration strategy.

(4) Traditional forms of instream restoration (eg. CWM structures)
may be appropriate for restoring cover and habitat complexity where
lacking in the lower Salmon River subbasin. However, successful
recovery of channel scale habitat (ie. pool frequency) will be most
effective using watershed restoration techniques. 1In general, use
of instream structures should be discouraged in 6th order and
larger streans.
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(5) Substrate conditions need to be re-examined by guantitative,
statistically wvalid sampling methods for describing existing
conditions and monitoring.

(&) Establishment of permanent stations for monitoring channel
cross-section profiles can provide information on course sediment
storage in critical reaches identified in this assessment. A
historical record of channel profiles at USGS water gauge stations
on the North Fork, South Fork, and mainstem Salmon River may be
obtained for the period of record.

(7)Y Key pool frequency should be represented by residual pool
depth rather than max depth.

(8) Bank full width measurements should be incorporated into
habitat data collection protocol.

(9) Complete Watershed Improvement Needs Inventories in the Salmon
sub-basin. Implement watershed restoration techniques which will
reduce the 7risk of future catastrophic stream impacts and
accelerate channel recovery.
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APPENDIX

A. HIBTORIC WATER DIVERSIONS

STREAM LOCATION
ABCVE VOLUME IN DAM TYPE
MOUTH BEC ¥T USE AND HEIGHT LADDER
Mouth to only small
Forks mining
diversions
Merrill mouth P3 N
abandoned
Merril 0.3 0.25 I T1.0
Somes 6.3 2.0 I T1.8
Monts mouth
Steinacher
TTE=-T21IN=~ 0.3 0.3 iDp P& N
51%
Duncan 0.1
Butler 0.3 3.0 I P8 N
Butler 0.2 G.1 I
Butler 0.3
Portuguese
Morehouse mouth
Morehouse two small
diversions
above
falls
Lewis 0.1 0.5 I P12 N
Nordheimer 1.75 abandoned P25
Nordheimer 4.75 P
Hammel 0.1 2.0 T
Hammel 0.15 abandoned Pé
Hammel 1.0
Crapo 1.5 4.0 M
Crapo 1.5
Horn 0.1 0.3 T2
No. Fork 6.0 abandoned M Pll N
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No, Fork 14.0 2.0 Py
No . Fork 17.5 abandoned M P8
Olsen entire
stream
used for
mining in
winter
Boulder entire
stream
uged for
mining in
winter
Eddy Gulch entire
stroam
used for
mining in
winter
Little No. 2.3 6.0 M P&
Fork
Big mouth 0.1 D T2
Big 0.28
Shiltos 0.1
Jackass mining in
Gl. winter
Jackass 0.25
Gl.
Jagsups several
Gl. short
mining
diversions
Whites Gl. 1.0 1.0 M P7
So. 0.5 .75 ID P4.5
Rugsian
So. 1.75% 1.6 P T
Ruzsian
No. 0.1 0.1 I
Rugsian
Taylor mouth G.5 IM
Taylor dry
No. Fork 1.0 3.0 iD P9
Salmon
Mill mouth Ph
S5¢. Fork 4.0 12.0 IMD Pil
Salmon
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McHeal 0.5% 1.0 T1
Hethodist .25 1.5 In P5
Methodist hydraulic
mine pipe
uged in
winter
Crawford two small
ditches -
one dry
Cecil 0.5 0.1 I
sSo. Fork 6.0 12.0 M Tl
Salmon
{above
E.Fork)
Rays Gl. 0.1 P7.5
Rush 1.5 2.5 I PE
E. Fork 0.5 1.0 ID T1
Salmon
E. Fork 4.5 3.0 PS5
Salmon
Taylor 0.25% 1.75% T1
Taylor 0.3 dary MP Tl
Taylor hydraulic
not in use
Shadow dry I
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APPENDIX B. HABITAT CLASSIFICATION

Abbreviation

Habitat Types Number

Riffles

Low Gradient Riffle 1 LGR
High Gradient Riffle 2 HGR
Cascade 3 CAS
Flat Water

Secondary Channel Pool 4 5CP
Backwater Pool-~Boulder 5 BWP
Rackwater Pcool-Rootwad 6 BWP
Backwater Pool-Log 7 BWP
Trench Pool 8 TRP
Plunge Pool 9 PLP
Lateral Scour Pool~Log 10 LSP
Lateral Scour Pocl-~Rootwad 11 L8y
Lateral Scour Pool-~Bedrock 12 Lsp
Dammed Pool 13 DPL
Glide 14 GLD
Run 15 RUN
Step Run i6 SRN
Main Channel Pool 17 MCP
Edgewater i8 EGW
Channel Confluence Pool 19 cCyP
Lateral Scour Pool 20 LsP
Pocket water 21 POW
Corner Pool 22 CRP
Habitat Type Additions for 1990

Step Pool 23 STP
Bedrock Sheet 24 BRS
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APPENDIX C. HABITAT TYPING PROTOCOL AND FIELD DATA FORM
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Habitat Typing Protocol

All spaces on the data sheet must be accounted for. There will be
no blank spaces, zeroes or null (---) must be in every field.

Header Information

Enter information for all fields on every sheet. Be sure to
note time when temperatures are taken.

Adijusted Station :

This field is the only field that does not get filled out on
the stream. This is used to adjust station numbers when two
or more crews are working the same stream in tandem (one crew
starting at the mouth, and the other starting at a known

point upstream).

Field Station :

This is a unigue number, starting with "1" and continuing
throughout the survey. All habitat units must have a station
numbher. Braided chamnels will be denoted a decimals (12.1,

12.2 ete.).

3 Slope :

This is the average water slope in the channel. The reading
may extend over several habitat units. Measaured from water

surface to water surface.

Samgle #

Enter the unique number for the sample. This is the' dive
unit number and is recorded on flagging to mark the boundary

of the unit.

Habitat Type :

Enter the habitat type number. Use the Region 5 key to
determine habitat type. Do not create new habitat types.

Spawning Area :

Determine the number of square feet of actual spawning area
in the habitat unit. Species and size of gravel will be
dependant upon criteria set by the District biologist.

Mean Length, Width, Depth, Max Depth

Enter the average values. Length and width are taken to the
nearest foot. Average and max depth is taken to the nearest
tenth., To determine average depth, divide the habitat into
three and take three to four measurements along the transect.



Habitar Typing Protocol
(23

Depth @ Riffle Crest

This measurement 1s only taken at the tail of a pool where
the surface flow taks intc the riffle. Thisz measure is used
to determine residual pool depth.

Instream Cover-Total %

Determine the percentage of the habitat wunit cthat has
overhead cover.

Undercut banks, swd, lwd, terrestrial vegetation,
aquatic wvegetation, white water, Tboulders, bedrock
ledges Breakdown the Instream cover into its
component parts. The sum of these 8 factors must equal
100.

# Kev TLUWD :

Enter the number of pieces of large woody debris with a
diameter greater than 24" and a length of at least 50" (west
gide), or a diameter of 12* and a length of at least 35'
{east side) that have at least 20% of their mass within the
bank full width of the channel.

Cover Complexity

Enter: 1 for low complexity, 2 for moderate complexity, or
3 for high complexity.

In general, one cover component alone will rate Low
complexity, two to three components will rate Moderate
complexity, and more than three components will rate High.
Highly complex cover would have to have roctwads, logjams and
willow rootwads associated with it.

'3 Exposed Substrate

Enter the percentage of the habitat unit area that has
substrate that 1s above the existing water level within the
wetted perimeter.

Substrate Composition

Enter the percentage of the habitat unit area that is covered
by Fines, Gravel, Cobble, Boulder, Bedrock. The sum of these
values must egual 100.



Habitat Typing Protocol

(33

% Substrate Embedd.

Take this observation only in pool tailouts and in low
gradient riffles. Take ten samples of the substrate to
determine the degree of embeddedness. A pool tail must be
less than 3' in depth. Bedrock will be excluded and treated

as a null value.

% Shade (Noon)

Estimate the percentage of the habitat area that will be in
shade at noon that day. Face south to determine the location
of the sun. Shade can be created either by vegetation or
topographic features. Use keywords in comments  for
typographic shade.

% Evergresn

Estimate the percentage of the riparian vegetation that is
evergreen (conifer, live oak, ©pacific  madrone etc.).
Observation will be limited to the up and downstream unit
boundaries extended 200 ft up each slope from the bankfull
width. Estimated by crown cover, not the number of trees.

% Deciduous

Estimats the percentage of the riparian vegetation that is
deciduocus (alder, maple, willow, black oak etc.).
Observation will be limited to the up and downstream unit
boundaries extended 200 ft from the bankfull width.
Estimated by crown cover, not the number of trees.

LWD Recruitment Potential :

Enter a count of the number of trees greater than 24" DBH
(West side) or 12" (East side) that are within the up and
downstream boundaries extending 100' up the slope from the
bankfull width,.

Comments :

The comment field is a very important portion of the data.
Certain guidelines to 1ts wuse are needsd to make it

effective. Data entry people will not interpret or correact
statements. Make use of full sentences and keywords wherever
possible. Criptic comments are mnot appropriate. Be sure

to include structural conditions in comment for habitat units
that have enhancements. Keywords will be employed te assist
in using the data collected.



Habitat Typing Protocol
(4)
HT Tally

Maintain an accurate count of habitat types surveved sc that
the proper number of habitat units are sampled.

Rosgen Channel {lass

When the channel classification changes, check off the
apprepriate values for observations made,

Channel Cross Section :

Every time the channel type changes, a cross section, drawn
to scale must be included.
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Guidlines for Keyword lUse

Keywords are not substitutes for a complete description of
the feature.

Avoid comments that are criptic. Be concise and clear. One
word comments and comments 1like “lots of fish" are
inadequate.

Usge keywords in the comments field whenever possible.

The comments fileld and maps must correspond. Always Include
known geographic features in the comment field to tie the
habitat unit to it.

tlote amphibians in the comment field. This is to determine
presence or absence of species.

New keywords may be added to the list as mneeded by the
biologist. Please recommend words that will assist in
finding important data.



Hecommended Key Words

Kevyword Use

Weir Man-made weilr. Always note what the weir is
made of (bouldexs, logs, gabions, etc)

Group Man-made boulder, boulder-rootwad groups.
These may be typed as POW (pocket water), but
not in all instances.

Peflector Man-made deflectors of any kind. These may be
typed into several different habitat types,
depending on their location.

Cover Any man-made cover structure. Describe stream
location, condition, and type of structure.

¥hkk  HOTE: Always include structure condition information in

comments, R#uWk

Trib

Bridge

LWC

Falls

Dredge

Mining

Camp

Confluence of a tributary. Include stream
name, flow estimate, temperature. Also
indicate if the tributary is an intermittent,
perennial, or ephemeral stream. Be sure to
note whether it enters the stream on the left
cr right.

Note road number, type of construction, and
any effects on the stream channel.

Low Water Crossing. Be sure to nete impact to
the stream, and & measure of how often it is
being used; continuous use, occasional,
rarely.

Waterfalls. The description should also have
the keyword 'barrier' in it if applicable.

Location of dredging activity. The dredge
does not have to be present, just the
indications of its use.

Mining activity that is out of the stream, but
may be affecting the riparian areas. The nams
of the claim would be gooed te include in the
comments field.

Cbvious campsites that are being regularly
used by the public. This includes campgrounds
as well as seasonal primitive sites. Include
campground name.



Culvert

Diversion

Barrier

Frog

LWD

Topo

Recommended Key Words
{continued)

Include culverts that are tributary, as well
as those that the stream flews through. HNote
potential barriers, and erosion problems.

Inelude wital information: Amount of flow
diverted ({FS), barrier potential, presence of
screens.

Fully describe the barrier or potential
barrier. Include what the barrier is formed
by, height, affected species, etc.

Note the presence cf £rogs and a count If
pessible. Include tailed frogs seen in direct
observation.

Large Woody Debris--24" = 10' in minimum
length, rootwads with stumps greater than 24"
(West Side). Or 12" x 10' in minimum length,
rootwads with stumps greater than 12% (East
Side).

Enter comment for shde created by topographic
features, as opposed to vegetation created

shade.



APPENDIX D. HABITAT CONDITION AND USE - ALL STUDY AREAS COMBINED
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Salmon River {Including NFk and 5£fk)
Electivity Index by Area

Habitat 3+ Sthd i+ 5thd 0+ Chinoock O+ Cocho
1 0.204 0.464 -0.,365 -0.,551
2 0.3586 0.641 ~0.169 ~-1.000
3 0.236 0.8633 -3, 530 .790
4 -0.077 -1.000 0.262 -1.000
5 0.369 0.167 0.368 -1.000
8 3.072 0.343 0.176 0.249
9 0.409 0.496 0.748 -~1.000

12 ~, 446 ~(3.510 ~0.241 ~1.000
13 0.860 £0.094 ~1.000 -1.000
14 -0.014 ~-{(3. 4886 ~-0.011 -1.000
15 i} 0.117 ~-{3.283 0.008 ~-0.296
16 ~-0.244 ~-3.371 -0.351 0.005
17 ~(.220 ~(.348 0.259 0.857
14 0.08%7 ~3.170 0.056 -1.000
20 ~-3.172 ~-0.462 0.351 -1.000
21 0.188 0.271 0.051 -1.000
22 -0.071 ~(.454 0.671 ~1.000
23 0.114 0.208 0.389 ~1.000

Electivity Index by Area

Llacobe 1974}
Saimon RIVEr gecuding 8k & 8

Electivity index by Area
{acobs 1574)

Salmon River gnocing Mk & Sk

........

123458 0121314151817 10202122
Habitat Typos
WMo+ stha

Habitat Types
W+ stha

Electivity Index by Area
Llacobs 1974)

Salmon RIVEr oncluding s & s1g

Electivity Index by Area
[Jacobs 1974}

Salmon River ancuding 8 & 3%)

123458 9121314151817 192021 2223
Habitat Typea
Ao+ Chinook

1 2 3 45 8 9 1213141541817 1920212223
Habiist Types

o+ Coho




Salmon River {Including NFk and Sfk)
Electivity Index by Volume

Habitat 0+ Sthd 1+ Sthd
1 0.64 0.78
2 0.65 0.82
3 0.46 0.76
4 0.49 -1.00
5 0.55 0.38
8 -0.34 ~0.06
9 0.21 0.31

12 -0.68 ~0.72
13 0.97 0.75
14 0.19 -0.31
15 0.43 0.05
16 0.21 0.07
17 -0.68 -0.75
19 ~0.23 ~0.46
20 ~0.40 -0.64
21 0.35 0.42
22 ~0.39 -0.68
23 0.13 0.22

0+ Chinook O+ Coho
0.16 -0.07
.24 -1.00
-0.32 0.87
.71 -1.00
.55 -1,00
-(Q.24 ~-0.17
0.63 -1.00
~-0.583 -1.00
-1.00 -1.00
0.19 -1.00
0.34 0.04
0.09 0.43
-0.33 0.59
-0.26 ~1.00
.11 -1.00
0.22 ~-1.00
0.44 -1.00
0.40 ~1.00

Electivity Index by Volume

(Jacobs 1974}
Salmon River snoiuding N & 5%

Electivity Index by Volume

tJasoba 1574}
Saimon River ancuding s & s6g

Habitst Typas
Mo+ stha

123 458 9121314154817 1920212223
Habitat Types

B+ stha

Electivity Index by Volume
(Uncobe 1974}

Salmon River sncuaging vk & 5%

Electivity Index by Volume
(Jacabe 1574}

Salmon Rivet geuding v & s50

Habiiat Types
W0+ Chinook

23 45 8 91213141516 17 1620 2t 22 23
Habitat Types

Mo+ Coho




APPENDIX E. HABITAT CONDITION AND USE -~ MAINSTEM SALMON RIVER
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Mainstem Salmon River
Electivity Index by Area

Habitat 0+ Sthd 1+ 8thd 0+ Chincok 0+ Coho
1 0.477 0.5857 ~-0.123 n/a
2 0.572 0.705 0.250 n/a
4 -1.000 -1.000 ~1.000 n/a
5 -0.302 -1.000 -1.000 n/a
8 0.010 0.152 0.603 n/a
9 0.450 0.604 0.541 n/a

12 ~0.596 ~-0.346 ~(3.393 n/a
14 ~-0.6486 -(.742 ~-0.687 n/a
15 ~0.043 ~-0.356 -, 355 n/a
16 0.188 -0.084 ~0.437 n/a
17 ~0.2558 -0.210 0.690 n/a
ERY ~-0.110 ~0.355 ~0.915 n/a
20 ~-(3.359 ~-(0.525 ~-1.000 n/a
21 0.718 0.508 0.377 n/a
22 -0.449 ~-0.918 -0.322 n/a
23 ~-0.482 -0.499 ~1.000 n/a
Electivity index by Area Electivity index by Area
{Jaccbe 1974) (imcobe 1574)
Mainstemn Salmon Mainstem Salmon

1°2 4 5 8 0 12 14 15 18 17 19 20 21 22 23 12 4 5 8 9 121415 18 17 19 20 21 22 23
Habitat Typos Habitat Typos
Mo+ Siha i+ Stha

Elactivity index by Area

. (Jacohe TIY4)
Mainstem Salmon

1 2 4 5 B 6 1214 15 16 17 19 20 21 22 23
Habitat Types
Mo+ Chinook




Mainstem Salmon River
Electivity Index by Volume

Habitat O+ Sthd 1+ 8thd O+ Chinocgk 0O+ Coho
1 0.85 0.88 .54 n/a
2 Q.87 .91 0.73 n/a
4 -1.00 -1.00 -1.00 n/a
5 0.34 ~1.00 -1.00 n/a
8 -0.27 -0.13 0.39 n/a
g 0.41 0.57 .51 n/a

12 -0.68 Q.47 -0,51 n/a
14 ~0.36 ~0.51 ~.472 n/a
15 0.46 0.17 .17 n/a
16 0.59 0.38 0.01 n/a
17 ~-0.72 -0.70 0.20 n/a
19 -(3,33 -0, 54 -(3.95 n/a
20 ~.47 ~0.62 ~-1.00 n/a
21 0.78 .60 0.49 n/a
22 ~-0.61 ~0.95 -0.51 n/a
23 ~-0.63 -0.865 -1.00 n/a
Elactivity Index by Yolume Electivity Index by Volume
{Jacoba 1374 {acoba 1974}
Mainstem Saimon Mainstam Saimon

1 2 4 5 8 9 12 14 15 18 17 16 20 21 22 23 12 4 5 8 8 1214151817 1920 21 22 23
Habitat Typos Habitat Typas
Mo+ sthd A1+ Sthd

Electivity Index by Volume
{Jacobe 1974
Mainstem Saimon

1.00 ]
0,75~
0.50 e e e e
0.95 -
€.00 -
0281
_0.50_
DTG
-1.00

12 4 5 8 D 1214151817 192021 22 23
Habitat Types
M 0+ Chinook




APPENDIX F. HABITAT CONDITION AND USE - SOUTH FORK BSALMON RIVER
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South Fork Salmon River
Electivity Index bv Area

Habitat 0+ sthd i+ 8Sthd G+ Chinook 0+ Coho
1 0.018 4.281 ~3.460 ~G.617
2 0.442 0.691 -0.118 ~-1.000
3 -{3,147 0.476 ~0.709 0.725
4 ~0.159 ~-1.000 -1.000 ~-1.,000
5 0.412 0.378 0.417 -1.,000
a 0.459 G.h81 -0.287 0.476
9 -, 150 3.600 0.796 -1.000

12 0.156 {3,199 0.239 -31.000
14 0.130 -3.430 0.031 -1.000
15 0.046 -3.212 0.010 -0.164
16 ~0.385 -(.410 ~(3.344 -1 .000
17 -0.127 -0.373 0.086 0.926
19 0.181 -{.288 -0.027 -1.000
20 0.323 0.180C 0.841 ~1.000
21 0.368 Q.577 0.396 -1.000
22 ~-0.243 ~-0.632 0.791 -1.00C0
23 ~-0.472 0.020 ~,223 -1.000
Electivity Index by Area Electivity index by Area
{Jacobs 1974) {Jacobs 1974}
South Fork Salmon South Fork Saimon

Y R — et —
1 2 3 4 5 8 8121415181719 2021 22 23
Habitat Typen Habitat Typoe
Mo+ stha A1+ sihd
Electivity index by Area Elactivity Index by Area
{Jacobs 1574} {Jncobs 1974}
South Fork Salmon South Fork Saimon

123 458 91214151817 152021 22 28 12 3458 61214151817 162021 2223
Habiiat Types Habitat Types
B o+ Chinaok o+ Coho




Scuth Fork Salmoen River
Electivity Index by Volume

Habitat O+ Sthd 1+
1 0.41
2 0.61
3 .07
4 Q.27
5 0.28
8 0.06
g ~0.65

12 -0.16
14 0.11
15 0.20
16 ~3.13
17 ~(3.59
19 -0.04
20 .69
21 .39
22 -0.63
23 ~0.57

5thd

0.61
0.80
0.63
-1.00
0.24
0.22
0.07
~(0.48
-0.45
-0.06
-0.16
-0.74
-0.48
0.60
0.59
-0.84
-0.11

O+ Chinook 0+ Coho

~G.08 ~-0.29
0.12 ~-1.00
~C.58 0.81
-1.00 -1.00
0.28 -1.00
-0.63 0.08
0.44 ~1.00
-0.08 -1.00
0.01 -1.00
0.17 -0.01
~0.09 ~1.00
-0.43 0.79
-0.25 -1.00
0.94 -1.00
0.41 -1.00
0.53 ~-1.00
-0.35 -1.00

Elactivity Index by Volume

ldncabs 1574)

South Fork Salmon

Electivity index by Volume

{Jacobs 1974}
South Fork Salmon

12 3458 81214151817 192021 22 23
Habitat Types
Mo+ stha

1234508 91214151817 1820212223
Habitat Types
M1+ sthd

Elactivity Index by Voilume

{Jacoba 1974}
South Fork Salmon

Electivity index by Volume
{Jacobs 1974}

South Fork Salmon

Habitat Typas
Mo+ Chinook

123458 81214151817 1820 21 22 23
Habitat Typas

Mo+ Cohe
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October 1991 to September 1892
Degrees C
N,
20} AT
\ 375;15 A i
ks ; dolags
E T O LT AN
i v VA‘}‘;‘}L
- a ¥y Temperature Extremes
AT i ;// %!f
104 mmw—--—m—-%}«» e — Minimum Daily
E%ﬂ Ut umﬁf - Maximum Daily
R T S —
IR A
Wk%?ﬁ;ﬁ
o ]
e ECcreees BB OD
ST FAddFB SR DI G
No Data 5/13-6/16, 1992

Appendix G. Water temperature records for the upper South Fork
Salmon River station located upstream from East Fork of the
south fork Salmon River for the 1992 water vyear.



June 21 to September 22

Cumulative Frequency

S

100

Degrees C

Year
— Combined
+ 1682
#1991
= 1590
~ 1889
-+ 1088
- 19865
= 1883

Appendix G. cumulative frequency of summer peak water
temperature information recorded on the South Fork Salmon River

near the mouth, 1983, 1985, 1988~1992.



June 21 to September 22

Year
- 1883
-~ 1684
#1885
= 1988
1089
-+ 1890
- 1591
£ 1992
* Combined

11 13 15 17 19 21 23 25 27
Degrees C

Appendix 6. Cumulative fregquency summer peak water temperature
information recorded on the North Fork Salmon River near the
mouth, 1983-~1985, 1988-1992.



Klamath River Basin

Salmon River subbasin, Ukonom RD, Klamath NF

Temperature - Degrees Celsius, Water Year October 1990 to September 1991
Daily Mean Values

Instrument: Ryan Tempmentar
DAY ocT HOV DEC JAH
1 ERR ERR ERR ERR
2 ERR ERR ERR ERR
3 ERR ERR ERR ERR
4 ERR ERR ERR ERR
5 ERR ERR ERR ERR
4 ERR ERR ERR ERR
7 ERR ERR ERR ERR
8 ERR ERR ERR ERR
g ERR ERR ERR ERR
10 ERR ERR ERR ERR
11 ERR ERR ERR ERR
12 ERR ERR ERR ERR
13 ERR ERR ERR ERR
T4 ERR ERR ERR ERR
15 ERR ERR ERR ERR
16 ERR ERR ERR ERR
7 ERR ERR ERR ERR
i3 ERR ERR ERR ERR
19 ERR ERR ERR ERR
20 ERR ERR ERR ERR
21 ERR ERR ERR ERR
22 ERR ERR ERR ERR
23 ERR ERR ERR ERR
24 ERR ERR ERR ERR
25 ERR ERR ERR ERR
26 ERR ERR ERR ERR
27 ERR ERR ERR ERR
28 ERR ERR ERR ERR
29 ERR ERR ERR ERR
30 ERR ERR ERR ERR
3 ERR ERR ERR
Mean ERR ERR ERR ERR
Max ERR ERR ERR ERR
Min ERR ERR ERR ERR

Instantaneous Peaks
Max imum 24.5 on July 30 Minimum
Average 7 day maximum temperature

24 on duly 29, 1991

WATER YEAR
Salmon River upstrzam from junction of Woolsy Cresk

FEB

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR

ERR
ERR
ERR

17.%

MAR

on

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR

1991

AFR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
£RR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR

September 24

MAY

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR

JUN

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR

JUL

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
23.0

22.4
22.7
23.2
23.6
23.8
23.4

ERR
ERR
ERR

AUG

2.6
22.0
22.1
22.4
22.0

21.9
21.4
21.7
22.2
22.1

22.1
22.2
22.0
21.8
21.7

21.6
21.8
21.9
21.9
21.9

22.0
21.8
21.7
21.3
2.1

0.8
20.1
19.8
20.2
20.8
20.8

21.6
22.6
19.8

SEP

21.0
21.1
21.4%
21.6
21.8

21.9
21.4
26.5
19.8
19.5

19.4
19.3
19.3
19.4
19.2

19.2
19.3
19.4
19.6
19.8

9.4
18.6
8.1
18.1
18.2

18.3
18.3
18.2
18.3
18.3

19.8
21.9
18.1



#lamath River Basin
Salmon River upstream junction of Wooley Creek

Salmon River subbasin, Ukenom D, Klamath NF

Instrument

DAY

W AW P

2 NS I o~ D

b

1
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
20
31

Mean
Max
Min

Instantaneocus Peaks
Max imum

oCT

8.2
18.2
13.0
17.6
17.3

7.1
16.7
16.7
16.6
16.4

16.1
15.9
15.8
15.6
15.5

15.3
13.2
14.7
14.3
4.1

4.0
13.9
13.2
12.5
12.3

1.7
11.0
10.3
140.5
10.0

9.3

14.6

18.2
9.3

25.4

HOV

%.0
¢.2
9.6
10.0
10.2

10.3
10.46
10.9
11.3
1.2

10.8
10.5
10.7
10.3

g.1

8.0
8.1
8.3
7.9
8.5

8.6
7.4
6.5
6.9
7.6

8.3
8.4
6.6
5.5
5.3

8.8
11.3
4.3

on

Ryan Tempmentor

DEC

3.8
4.4
4.8
4.6
b4

5.2
4.4
6.0
4.9
4.3

3.6
3.3
3.2
3.0
3.9

3.0
3.2
4.4
4,9
4.2

4.0
4.5
4.8
4.2
4.0

bk
5.6
6.3
6.4
6.1
5.2

4.3
6.6
3.0

Average 7 day maximum temperature

24.7

on

August 16, 1992

JAN

4.3
3.8
3.7
4.2
5.9

5.6
5.7
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR

July 16 Minimum

WATER YEAR

FEB

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR

ERR
ERR
ERR

2.8

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR

on

1992

APR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR

December 14

MAY

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
15.6

15.1
15.5
16.4
17.4
17.4

156.9
17.2
17.2
18.0
18.9
19.4

ERR
ERR
ERR

Temperature - Degrees Ceisius, Water year October 1991 to September 1992
fatly Hean Values
MAR

UN

19.9
20.0
20.1
28.2
19.7

19.4
19.3
19.4
19.2
18.8

17.6
16.5
16.1
16.1
16.7

17.6
18.2
18.8
19.7
20.3

21.1
21.6
21.8
21.7
21.5

21.4
21.2
20.5
19.1
17.5

19.4
21.8
16.1

Gl

17.9
19.4
19.9
19.9
19.8

19.8
20.4
21.2
21.6
21.9

21.8
22.0
22.5
22.6
23.0

23.7
23.9
23.4
23.3
£2.8

22.2
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR

AUG

ERR
ERR
ERR
ERR
ERR

ERR
ERR
ERR
ERR
ERR

23.6
23.2
23.2
3.7
26.2

24.2
23.8
23.3
22.9
22.4

21.5
20.6
20.5
20.6
20.8

21.4Q
21.1
21.0
211
21.0
20.8

ERR
ERR
ERR

SEP

20.9
21.2
211
20.8
20.3

19.7
19.3
19.4
20.1
20.5

20.5
20.4
1%.4
18.3
18.3

18.6
18.8
19.4
19.7
20.2

20.9
21.4
21.5
21.6
20.%

20.6
20.7
20.7
20.7
20.8

20.2
21.6
18,3



Kiamath River Basin WATER YEAR - 1991

south Fork Salmon River approx. 1/4 mile upstresm confluence with East Fork
Salmon River Subbasin, Saimon River RD, Klamath NF

Instrument; Ryan TampMentor

Temparature, Degrees felsius, Water Year Qctober 1990 to September 1991
Datly Mean Values

BAY oLy ROV DEC JAN FEB MAR APR HAY JUN JUL AUG SEP
H ERR 8.2 3.5 9.2 2.2 5.8 6.3 6.2 2.9 13.6 17.7 18.3
2 ERR 6.6 3.5 9.3 3.9 3.1 6.6 7.4 10.2 4.6 17.9 18.2
3 ERR 6.7 3.3 0.7 4.0 5.5 5.2 7.7 9.3 15.3 18.2 18.3
4 ERR 7.3 3.3 a.3 4.2 5.1 4.3 8.2 9.1 15.9 18.1 18.4
5 ERR 8.3 b4 8.3 4.3 4.9 3.9 7.6 8.6 16.3 17.9 18.1
& ERR 6.4 2.8 8.7 3.7 3.8 5.4 6.8 9.5 16.2 18.1 18.0
7 ERR 6.1 2.6 1.3 3.5 4.1 5.0 7.4 0.4 16.3 16.5 174
8 ERR 7.8 2.7 1.1 3.8 4.9 5.0 6.2 10.9 16.4 ERR 16.5
g ERR 6.5 3.5 1.8 3.7 4.2 &.1 5.2 1.4 15.9 ERR 15.9
10 ERR 5.8 4.9 2.9 b.b 4.0 4.5 6.0 11.8 15.5 ERR 16.1
11 ERR 5.6 4.7 1.9 4.5 3.2 boh 7.2 1.4 15.8 ERR 161
12 ERR 5.9 3.3 1.8 4.3 3.5 5.5 7.6 1¢.9 16.6 ERR 16.3
13 ERR é.4 3.2 3.3 5.1 4.2 6.6 5.9 10.4 16,7 ERR 16.4
th ERR 6.6 2.5 4.1 4.8 3.8 8.3 8.1 10.0 16.7 ERR 16.3
15 ERR 5.7 2.8 4.4 5.3 3.8 6.4 B.4 10.4 15.7 ERR 16.3
16 ERR 4.9 33 2.5 5.6 3.5 6.5 7.7 10.5 14.7 ERR 16.3
17 ERR 5.1 2.5 2.9 5.4 4.3 6.3 5.9 10.8 16.0 ERR 16.6
18 ERR 6.0 2.9 2.9 5.3 4.0 6.4 4.8 11.1 16.8 ERR 16.9
19 ERR 6.1 1.6 3.2 4.8 4.2 5.7 6.7 10.6 17.6 ERR 17.0
20 ERR 5.9 0.8 2.0 4.1 4.6 7.0 8.4 10.8 138.0 ERR 17.1
21 ERR 5.9 -0.1 1.5 4.2 4.4 7.1 8.7 10.7 17.9 20.3 16.2
22 ERR 5.3 -0.3 1.3 4.6 4.3 7.5 8.9 10.6 18.0 18.56 15.4
23 ERR 4.2 -0.1 1.3 4.3 3.5 7.1 8.7 10.1 17.3 18.5 15.7
24 1.0 3.8 G.0 1.1 4.3 3.5 6.5 8.6 11.2 17.8 18.¢ 15.9
25 10.3 3.9 ¢.2 0.7 4.3 4.4 5.4 7.7 11.3 17.2 17.5 16.1
26 10.3 4.2 0.3 8.8 4.3 4.3 5.6 7.8 10.5 17.7 17.2 15.8
27 10.2 4.2 0.3 Q.5 L 4.6 6.7 8.2 10.1 18.1 16.5 15.6
28 10.4 3.8 0.8 0.4 5.8 5.2 7.2 8.4 10.9 18.5 16.8 15.5
29 0.7 4.1 0.0 0.2 3.6 7.3 7.1 11.3 18.7 17.4 15.7
30 10.2 4.9 -0.1 0.4 6.0 6.7 7.4 12.2 i8.7 17.7 15.8
31 9.5 0.1 1.9 6.0 8.3 18.4 17.7
Mean ERR 5.7 2.0 1.5 4.4 &4.4 6.2 7.4 10.6 16.7 ERR 16.6
Max ERR 8.3 4.9 4.4 5.8 6.0 7.5 8.9 12.2 8.7 ERR 18.4
Min ERR 3.8 -0.3 6.2 2.2 3.2 b 4.8 8.6 3.5 ERR 15.4

Instantaneous Peaks
Maximum 22.% on August 21 Minimum -0.7 an December 21

Average 7 day maximm temperature
22.3 on duly 28,1992



Kismath River Basin WATER YEAR - 1992

South Fork Salmon River approx. 1/4 mile upstream confiuence with East Fork
Salmon River Subbasin, Salmon River RD, Klamath NF

instrument: Ryan TemoMentor

Temperature, Degrees Celsius, Water Year October 1991 to September 1992
Baily Mean Values

DAY acy NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
1 15.7 3.2 3.2 2.0 4.9 5.8 7.3 7.7 ERR 13.1 19.1 18.0
2 15.6 8.4 4.3 2.6 3.3 5.8 7.3 8.2 ERR Y44 18.9 18.0
3 15.3 9.2 3.5 2.4 2.9 6.3 6.8 8.7 ERR 4.7 18.7 17.0
4 15.2 3.9 3.0 3.3 2.8 3.5 6.1 9.1 ERR 14.8 181 7.3
5 5.1 9.2 3.6 3.9 3.8 5.6 5.2 2.3 ERR 15.9 18.4 7.1
] 14.9 9.6 5.9 3.9 3.6 5.0 5.1 9.6 ERR 15.5 18.5 16.2
7 14.5 9.4 4.7 3.4 3.0 5.9 3.9 9.6 ERR 15.% 18.9 16.2
8 6.7 9.3 3.5 3.2 3.8 5.4 7.1 9.2 ERR 16.6 18.9 16.7
g 4.4 9.7 3.2 2.7 4.9 5.3 6.9 8.8 ERR 16.9 18.7 i7.5
19 14.2 8.5 2.9 3.2 4.9 5.4 6.6 9.4 ERR 17.1 19.4 16.9
11 13.8 8.1 2.5 3.2 5.0 5.6 6.3 9.3 ERR 16.4 19.8 16.9
12 4.0 8.2 2.5 2.0 5.0 5.8 &.1 8.1 ERR 16.6 19.5 16.7
13 13.9 2.3 2.2 2.1 5.3 6.1 6.3 ERR ERR 17.4 20,3 15.4
14 13.9 8.9 2.3 2.3 4.3 5.8 7.3 ERR ERR 17.7 20.3 15.3
15 13.8 6.1 2.6 2.8 3.8 5.2 6.9 ERR ERR 18.3 20.4 15.6
16 13.6 5.9 2.5 3.1 5.8 5.5 6.8 ERR ERR 9.0 20.2 15.4
17 13.5 6.6 3.4 4.1 4.1 5.9 5.9 ERR 14.5 18.5 20.0 15.7
18 12.9 6.3 [ 2.6 4.5 5.2 6.1 ERR 13.5 18.9 19.8 15.9
19 12.7 6.0 3.3 1.8 5.0 5.5 6.8 ERR 14.5 18.7 19.3 15.8
20 12.6 6.9 2.3 1.9 5.1 6.2 7.5 ERR 15.5 18.3 18.8 16.0
21 12.4 6.3 1.0 2.6 5.4 6.3 7.1 ERR 16.0 17.6 17.8 16.5
22 11.8 4.7 3.3 2.0 5.0 6.6 6.1 ERR 16.3 7.3 17.3 16.3
23 1.0 4.7 2.5 1.8 4.5 6.5 6.3 ERR 16.6 17.6 17.4 16.1
24 10.4 6.0 2.2 2.7 5.0 6.3 7.7 ERR 16.3 18.1 17.4 16.0
25 10.6 6.0 3.1 3.9 5.6 6.8 8.4 ERR 14.9 18.5 17.8 14.8
26 9.9 6.0 bk 3.7 5.5 7.0 8.0 ERR 16.6 18.9 18.0 14.9
27 2.4 5.9 4.8 4.3 5.5 6.8 8.3 ERR 16.0 19.3 18.0 15.2
28 8.8 3.9 4.9 4.9 5.5 6.9 8.8 ERR 14.9 19.4 17.8 15.0
29 9.7 3.5 4.5 3.8 3.6 7.0 7.5 ERR 12.2 19.& 18.0 15.2
30 8.1 2.6 3.4 4.3 6.5 7.5 ERR 11.8 1.7 17.9 15.2
k¥ 8.0 2.4 5.3 6.8 ERR 19.2 17.9
Mean 12.7 7.1 3.3 3.1 4.5 6.0 6.9 ERR ERR 17.4 18.8 16.2
Max 15.7 2.7 5.0 5.3 5.6 7.0 8.8 ERR ERR 19.7 20.4 18.0
Min 3.0 2.6 2.2 1.8 2.8 5.0 5.1 ERR ERR 13.1 17.3 14.8

Instantaneocus Peaks
Max imum 26.2 on August 13 Minimum 0.4 on January 23

Average 7 day maximum temperature
23.5 on August 16, 1992
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1950 Salmon River Habitat DFC Summary (9-16-92)

Mouth to Wooley Creek

No Primary Pools 32

Prim Pools/1000 ft 1.2689852

No Key Wood 0

No Key Wood/1000 ft 0 n N
Avg % Shade 0.03438602 21 95
Embeddedness HT-1 0.0733472 3 15
% Fines (spawn Areas) 0.0416289 3 15
Wooley Creek to Bloomer Falls

No Primary Pools 85

Prim Pools/1000 ft 1.67497E58

No Key Wood 2

No Key Wood/1000 ft 0.0394111 n N
Avyg % Shade 0.0068187 42 2086
Embeddedness HT-1 0.1671938 4 22
% Fines (spawn Areas) 0.0474308 4 22
Bloomer Falls to Forks

No Primary Pools 38

Prim Pools/1000 ft 1.2998118

No Key Wood 2

No Key Weod/1000 ft 0.0684111 n N

Avg % Shade 0.0145425 39 119
Embeddedness HT-1 0.1 1 15
% Fines (spawn Areas) 0.0288935 3 16
Combined: Mouth to Forks

No Primary Pools 155 105199

Prim Pools/1000 ft 1.4733980

No Key Wood 4

No Key Wood/1000 ft 0.0380521 n N
Avg % Shade 0.01s6 102 420
Embeddedness HT-1 0.13 8 53

Q

% Fines (spawn Areas) 0.04 10 53

Range
0-30%
5-10%
0-5%

Range
0-5%
10-25%
2=-10%

Range
0-10%

O~5%

Range
0-30%
5-25%
0-10%

5td Dev
10.428462
2.3570226
2.387022¢6

Std Dev
1.8633899
5.590169%
2.872281:2

Std Dev
1.8246746

0
2.357022¢6

Std Dev



1990 South Fork Salmon River Habitat DFC Summary (9-23-92)

Forks to Methodist Creek Length:
No Primary FPools 42
Primary Pools/1000 ft 1.1707317
No Key Wood 0
No Key Wood/1000 ft 0
Avg % Shade 0.0563521
Embeddedness HT-1 0.0775904
% Fines HT-1 0.08B28442
Methodist Creek to Graham Gulc Length:
No Primary Pools 10
Primary Pocls/1000 ft 2.0387359
No Key Wood 0
No Key Wood/1000 £t 0
Avg % Shade 0

Embeddedness HT-1 ——
% Fines HT=-1 -

Graham Gulch to Matthews Creek Length:

No Primary Pools 24
Primary Pools/1000 ft 1.4781966
No Key Wood 2
No Key Wood/1000 ft 0 0.1231830
Avg % Shade 0.0612910
Embeddedness HT-1 0.1728588
% Fines HT~1 0.05938661
Matthews Creek to Limestone Gulch

No Primary Pools 47
Primary Pools/1000 ft 1.5850487
No Key Wood 34
No Key Wood/1000 ft 1.4358927
Avg % Shade 0.0572485
Embeddedness HT-1 0.2
% Fines HT-1 0.0308922
Limestone Gulch te St. Clair Creek

No Primary Pools i8
Primary Pools/1000 ft 1.9438444
No Key Wood 23
No Key Weood/1000 £t 2.4838012
Avg % Shade 0.1253857
Embeddedness HT-1 0,11198718
% Fines HT-1 0.0481891
St. Clair Creek to Cecil Creek

No Primary Pools 27
Primary Pools/1000 ft 1.8224772
No Key Wood 1
No Key Wood/1000 ft 0.0674991
Avg % Shade 0.3418814

Embeddedness HT-1 0

35875

154
32
32

80
290
20

168
18
18

71
15
15

107
27

Range
0-50
025
0=-30

Range
0~-25
Q=20
0-10

Range
0~-40

Range
0-45
5-15
0-5

5td D
10.357
3.2915%5
9.3541

Std D
6.4786
8.1240
3.7267

std D
7.7620

std D
14.254

2.16E80

5td ©
27.659



1990 North Fork Salmon River Habitat DFC Summary (9~24-92)

Dougherty Bluff to Heiney Bar

No Primary Pools 6
Prim Pools/1000 ft 1.41978232
No Key Wood 4
No Key Wood/1000 ft 0.9465215
Avg % Shade 0.1169265
Embeddedness HT-1 0.2796601
% Fines HT-1 0.04083%0
Heiney Bar to Little N.Fork

No Primary Pools 22
Prim Pools/1000 ft 0.7550796
No Key Wood 17
No Key Wood/1000 ft 0.5834706
Avg % Shade 0.1244116
Embeddedness HT-1 0.2267938
% Fines HT~1 0.0993893
Little N.Fk to Jackass Gulch

No Primary Pools 11
Prim Pools/1000 ft 0.8414288
No Key Wood 0
No Key Wood/1000 ft 0
Avg % Shade 0.0644189
Embeddedness HT-1 0.0383134
% Fines HT-1 0.0116865
Jackass Gulch to Sawyers Bar

No Primary Pools 6
Prim Pools/1000 ft 0.7905138
No Key Wood 0
No Key Wood/1000 ft 0
Avg % Shade 0.137083s6
Enmbeddedness HT-1 0.0373493
% Fines HT-1 0.0313253
Sawyers Bar to Flapjack Bar

No Primary Pools 9
Prim Pools/ /1000 ft 1.1081014
No Key Wood 1
No Key Wood/1000 ft 0.1231223
Avg % Shade 0.0344325
Embeddedness HT-1 0
% Fines HT-1 0.0710718
Flapjack Bar to White’s Gulch
No Primary Pools 9
Prim Pools/1000 ft 0.8426177
No Key Wood 4

No Key Wood/1000Q ft 0.3744967
Avg % Shade
Embeddedness HT-1

n
16
4
4
29136
It
25
4
4
n
22
5
5
n
8
2
2
n
io
3
3
n

124
23
23

70
17
17

-
7

10
10

3

Range
0=-30
20~-40
2=10

Range
065
18-30
5-15

Range
0-90
0-5
0-5

Range

0-10
Q=5

Range
0-10

Range

std Dev
9.1001373
8.6602540
3.2691742

std Dev
15.793669
5.5901699
3.5355339

s5td Dev
18.942933
2
2

Std Dev
8.03062163
5

2.5

5td Dev
3.0016662

O
3.2998316

Std Dev
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Habitat O+
1 O,
2 .
3 0.
4 -1.
5 O.
8 -0,
9 0.

12 -0,
13 0.
14 ~0.
15 O.
16 -0,
17 -0,
19 O.
20 -0,
21 -0,
22 -,
23 0.

North Fork Salmon River
Electivity Index by Area

Sthd

154
240
284
000
352
630
508
452
842
097
262
370
168
125
012
076
081
265

1+ Sthd 0+ Chincok 0+ Coho
0.505 -0.628 -1.000
0.609 -(.280 ~1.000
0.637 ~-(3.,445 -1.000
-1.000 (.887 -1.000
-0.827 ~1.000 -1.000
0.512 0.210 -1.000
0.423 0.823 -1.000
~0.672 ~-0.061 -1.000
G.081 -1.000 ~1.000
~.480 0.0580 -1.000
-0.2988 0.227 -1.000
~-0.590 -0.794 1.000
~0.332 0.251 ~1.000
0.137 0.4%9 -1.,.000
-(.542 -0.030 ~1.000
-0.062 ~(.384 -1.000
-0.3986 0.4986 -1.000
0.218 G.680 -31.000

Electivity Index by Area

{dacobs 1574y

Narth Fork Saimon

Electivity Index by Area

facaba 1674}

North Fork Salmon
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Hakitat Types

o+ sthd

1234358848
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Habitat Types
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Electivity Index by Area

{acobs 1974}

North Fork Salmen

Electivity Index by Area

[acobs 1974}
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North Fork Salmon River
Electivity Index by Volune

Habitat O+ Sthd 1+ 8thd
1 0.45 0.71
2 0.44 0.73
3 0.28 0.64
4 -1.00 -1.00
5 0.51 -0.76
8 -0.74 0.34
9 0.29 0.19

12 -3.74 -0.86
13 .86 0.68
14 -3.01 -0.41
15 .43 -0.11
16 0.07 -0.22
17 -0.40 ~-0.54
19 -0.35 -(.34
20 -0.27 -0 .70
21 ~-0.05 -0.03
22 -0.52 ~-3.73
23 0.16 0.11

O+ Chinook O+ Coho

-0.39 -1.00
-0.06 -1.00
~0.45 -1.00
0.96 -1.00
~1.00 -1.00
0.01 -1.00
.72 -1.00
~0.48 -1.00
-1.00 -1.00
0.14 -1.00
0.40 ~1.00
~-0.56 1.00
~0.00 -1.00
0.06 -1.00
~0.29 -1.00
-0.36 -1.00
0.04 -1.00
0.62 -1.00

Electivity Index by Volume
(Jacabe 1974)

North Fork Salmon

Electivity Index by Volume

{Jacobs 1974)

North Fork Salmon

Habitat Types
Mo+ Sthd

Habitat Types
1+ Sthd

Electivity Index by Volume

(Jncobe 1974}

MNorth Fork Salmon

Electivity Index by Volume -

{Jacobe 1974}
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Habitat Types
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v Fork Salmon Rivear
ivity Index by Area
1+ Sthqd O+ Chincok 0+ Coho
C.505 ~-0.628 -1.000
0.609 -3.280 -1.000
0.837 -0.445 ~-1.000
-1.060 0.887 ~1.000
~0.827 -1.000 -1.000
0.512 0.210 -1.000
0.423 0.823 ~-1.000
-0.672 ~0.061 -1.000
0.081 -1.000 -1.000
-0.480 0.050 -1.000
-3.298 0.227 -1.000
-0.5890 ~0.794 1.000
-0.332 0.251 -1.000
0.137 .499 -1.000
-3.542 -0.030 ~-1.000
-0.062 -0.384 -1.000
-0.386 0.498 ~1.000
0.218 0.880 -1.000
Electivity Index by Area
acoba 16574}
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