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Conversion Factors and Datum

Multiply By To obtain

cubic foot per second (ft¥/s) 0.02832 cubic meter per second (m¥/s)
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Temperature in degrees Celsius (°C) may be converted to degrees Fahrenheit (°F) as follows:
°F=1.8°C+32

Sea level: Inthis report, “sea level” refers to the National Geodetic Vertical Datum of 1929—a
geodetic datum derived from a general adjustment of the first-order level nets of the United
States and Canada, formerly called Sea Level Datum of 1929.

Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD83)

Water Year: In U.S. Geological Survey reports dealing with surface-water supply, a water year
is the 12-month period, October 1 through September 30. The water year is designated by the
calendar year in which it ends; thus, the year ending September 30, 2003, is called the “2003
water year.”
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Instream Flow Characterization of Upper Salmon River
Basin Streams, Central Idaho, 2003

By Terry R. Maret, Jon E. Hortness, and Douglas S. Ott

Abstract

Anadromous fish populations in the Colum-

bia River Basin have plummeted in the last 100 years.

This severe decline led to Federal listing of chinook

salmon (Oncorhynchus tshawytscha) and steelhead trout
(Oncorhynchus mykiss) stocks as endangered or threatened
under the Endangered Species Act (ESA) in the 1990s.
Historically, the upper Salmon River Basin (upstream from
the confluence with the Pahsimeroi River) in Idaho provided
migration corridors and significant habitat for these ESA-listed
species, in addition to the federally listed bull trout (Salvelinus
confluentus). Human development has modified the original
streamflow conditions in many streams in the upper Salmon
River Basin. Summer streamflow modifications, as a result

of irrigation practices, have directly affected the quantity and
quality of fish habitat and also have affected migration and
(or) access to suitable spawning and rearing habitat for these
fish.

As aresult of these ESA listings and Action 149 of the
Federal Columbia River Power System Biological Opinion
of 2000, the Bureau of Reclamation was tasked to conduct
streamflow characterization studies in the upper Salmon River
Basin to clearly define habitat requirements for effective
species management and habitat restoration. These studies
include the collection of habitat and streamflow information
for the Physical Habitat Simulation (PHABSIM) model, a
widely applied method to determine relations between habitat
and discharge requirements for various fish species and life
stages. Model results can be used by resource managers to
guide habitat restoration efforts in the evaluation of poten-
tial fish habitat and passage improvements by increasing
streamflow.

Instream flow characterization studies were completed
on Pole, Fourth of July, Elk, and Valley Creeks during 2003.
Continuous streamflow data were collected upstream from
all diversions on each stream. In addition, natural summer
streamflows were estimated for each study site using regres-
sion equations.

PHABSIM results are presented for bull trout, chi-
nook salmon, and steelhead trout over a range of summer
streamflows. Habitat/discharge relations are summarized

for juvenile, adult, and spawning life stages at each study

site. Adult fish passage and discharge relations are evaluated
at specific transects identified as a potential low-streamflow
passage barrier at each study site. Continuous summer water
temperature data for selected study sites also are summarized
and compared with Idaho Water Quality Standards and various
temperature requirements of targeted fish species.

Results of these habitat studies can be used to prioritize
and direct cost-effective actions to improve fish habitat for
ESA-listed anadromous and native fish species in the basin.
These actions may include acquiring water during critical
low-flow periods by leasing or modifying irrigation delivery
systems to minimize out-of-stream diversions.

Introduction

Rivers, streams, and lakes in the upper Salmon River
Basin (defined as the area upstream from the confluence
with the Pahsimeroi River) historically provided migration
corridors and significant spawning and rearing habitat for
anadromous Snake River spring/summer chinook salmon
(Oncorhynchus tshawytscha), sockeye salmon (Oncorhynchus
nerka), and steelhead trout (Oncorhynchus mykiss). Wild
salmon and steelhead in the basin migrate nearly 900 mi
between the mountain streams at elevations of 7,000 ft or
more where they spawn, hatch, and rear, and the Pacific Ocean
where they mature to adulthood. High-elevation spawning
and rearing and extensive migration represent a life-history
strategy unique among Columbia River chinook salmon and
steelhead and may be very important for the long-term sur-
vival of these species.

However, anadromous fish populations in the Columbia
River Basin have plummeted in the last 100 years (Chapman,
1986; Thurow, 2000; Thurow and others, 2000). This severe
decline led to Federal listing of these salmon and steelhead
stocks as endangered or threatened under the Endangered
Species Act (ESA) in the 1990s. Most remaining populations
are severely depressed; fewer than 2 percent of the watersheds
in the Columbia River Basin are classified as supporting
strong, wild populations of steelhead trout or chinook salmon
(Thurow and others, 2000). In addition, at least 214 stocks of
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anadromous salmonids are on the decline or at risk of extinc-
tion in the Pacific Northwest and California (Nehlsen and
others, 1991).

Wild salmon and steelhead continue to migrate into the
upper Salmon River Basin and depend on available spawn-
ing and rearing habitat. Resident bull trout (Salvelinus
confluentus) also inhabit many of the rivers and streams.
However, human development has modified the original
streamflow conditions in many streams in the basin. Sum-
mer streamflow modifications (July through September) have
directly affected the quantity and quality of fish habitat and
also have affected migration and (or) access to suitable spawn-
ing and rearing habitat for these fish (Munther, 1974; Scott
and others, 1981).

Reduced streamflows resulting from diversions also may
contribute to increased water temperatures that may be unsuit-
able for native salmonids in the Sawtooth National Recre-
ation Area (SNRA; M. Moulton, U.S. Forest Service, oral
commun., 2003). Stream temperatures vary both spatially,
throughout a stream, and temporally, over time. Many factors,
both natural and human, can affect stream temperature. Water
temperatures are controlled naturally by interactions between
solar radiation, ambient air temperature, streamflow, channel
geomorphology, and riparian vegetation. There is a natural
tendency for stream temperature to increase as water travels
downstream. Human activities such as the removal of riparian
shading and the alteration of streamflow can accentuate this
increase in water temperature.

In general, high water temperatures coincide with high
ambient air temperatures and usually occur during the months
of July and August. It also is at this time that diversions of
streamflow for agricultural purposes are at their highest and
streamflows are generally at their lowest. This reduction in
streamflow, coupled with high ambient air temperatures, can
have severe negative effects on the distribution, health, and
survival of coldwater fish species.

Most Pacific Northwest fish are ectothermic (cold-
blooded), and their survival depends on water temperatures
that are within their optimal range. When water tempera-
ture exceeds an organism’s optimal range, the organism can
experience adverse health effects such as reduced growth or
increased susceptibility to disease (Countant, 1976; Beitinger
and others, 2000; McCullough and others, 2001; Sauter and
others, 2001; Selong and others, 2001). Different species have
unique temperature requirements, and an individual species
may have a unique temperature requirement for each of its life
stages. For example, salmonids require varying temperatures
to initiate and carry out spawning, incubation, juvenile growth,
and adult migration activities (Poole and others, 2001). For
chinook salmon, optimal water temperatures range between
10.0° and 17.0°C. Adult spawning activities are triggered at
water temperatures between 7.0° and 14.0°C. Water tempera-
tures above 21.0°C can create thermal barriers that can block
adult migration to spawning grounds. These thermal barriers
can be created by diverting streamflow for irrigation during
the summer when air temperatures are at their highest.

Exposure to water temperatures greater than 21.0°C for
more than 1 week is usually fatal to adult chinook salmon,
whereas constant temperatures above 16.0°C have been shown
to be intolerable for bull trout (Poole and others, 2001). Ott
and Maret (2003) predicted a higher probability of bull trout
occurrence in streams in the Salmon River Basin where daily
maximum temperatures are 10.0° to 15.0°C. Passage of bull
trout into tributary streams to spawn in late summer may be
decreased when temperatures exceed 13.0°C and may be
potentially blocked when water temperatures exceed 18.0°C
(J. Dunham, U.S. Forest Service, written commun., 2004).

The Bureau of Reclamation (Reclamation) was tasked
through Reasonable and Prudent Alternative Action 149 of
the Federal Columbia River Power System Biological Opin-
ion of 2000 to address streamflow deficiencies in 16 priority
subbasins in the Columbia River Basin (National Oceanic and
Atmospheric Administration, 2000). Flow characteristic stud-
ies were undertaken to evaluate streamflow requirements of
ESA-listed fish. Results of these studies will be used to priori-
tize and direct cost-effective actions to improve fish habitat for
ESA-listed anadromous and native fish species in the basin.
These actions may include acquiring water during critical
low-flow periods by leasing or modifying irrigation delivery
systems to minimize out-of-stream diversions. Reclamation
considers flow characterization studies an integral part of the
information needed to correct flow deficiencies within the 10-
year timeframe allotted for work in each subbasin (Spinazola,
2002).

Many landowners; Federal, State, and Tribal govern-
ments; and other local and private parties have completed
or are completing projects to maintain, improve, and restore
riparian habitat, water quality, fish passage, and other environ-
mental conditions important to protect and restore ESA-listed
anadromous and native fish species in the basin (Spinazola,
2002). In addition, the Idaho Department of Fish and Game
(IDFG) has completed annual redd counts and fish popula-
tion assessments on the upper Salmon River and many of its
major tributaries (P. Murphy, Idaho Department of Fish and
Game, oral commun., 2003). The livelihoods of many of the
people who inhabit the basin also depend on streamflows that
are used for agricultural, domestic, commercial, municipal,
recreational, and other purposes. Formulating an approach to
meet the needs of both people and fish rests on understand-
ing how much streamflow is needed by each. The amount of
water necessary for different human uses frequently can be
determined from readily available information; however, the
amount of streamflow necessary to conserve habitat for ESA-
listed fish is more difficult to identify because the relevant
information for fish is rarely available.

Numerous methods can be used to determine streamflow
needs for fish and wildlife (Instream Flow Council, 2002), but
one of the most widely used is the Instream Flow Incremen-
tal Methodology (IFIM), developed in the 1970s by physical
and biological scientists in the U.S. Fish and Wildlife Service
(USFWS). IFIM integrates concepts of water-supply plan-
ning, analytical hydraulic engineering models, and empirically



derived habitat/discharge relations to address water-use and
instream-flow issues, questions concerning life-stage-specific
effects on selected species, and the general well-being of
aquatic biological populations. Accepted by many resource
managers as an excellent process for establishing habitat/dis-
charge relations, it is the most widely used method in the
United States (Instream Flow Council, 2002).

A major component of IFIM is a collection of computer
algorithms called the Physical Habitat Simulation Model
(PHABSIM). This model incorporates hydrology, stream
morphology, and microhabitat preferences to create relations
between streamflow and habitat availability (Bovee and others,
1998). Habitat availability is measured by an index called
the weighted usable area (WUA), which is the wetted area of
a stream weighted by its suitability for use by an organism
(expressed as the number of square feet of usable habitat per
1,000 feet of stream). PHABSIM simulates habitat/discharge
relations for various species and life stages and allows quanti-
tative habitat comparisons at different discharges of interest.

Streamflow restoration projects developed and completed
in the headwaters of the upper Salmon River will provide
immediate localized benefits by restoring quality, quantity,
and access to important spawning and rearing habitats. As
more studies are completed in order of biological priority
and more restoration projects are implemented on the basis
of streamflow study results, streamflows needed for migra-
tion, spawning, and rearing for all fish will be systematically
improved. Furthermore, the restored streamflows have the
potential for improving spawning and rearing habitat within
downstream reaches of the main stem of the Salmon River.
Additionally, if the streamflows obtained from these projects
are protected from downstream diversion, these benefits are
increased by improved conditions for survival throughout the
Salmon River migration corridor, thereby improving long-term
productivity of the stocks.

Purpose and Scope

This report summarizes instream flow characterization
results for Pole, Fourth of July, Elk, and Valley Creeks in the
upper Salmon River Basin of Idaho. Natural streamflows were
characterized using continuous summer streamflow data col-
lected upstream from diversions. Comparisons between these
data and monthly discharge exceedance estimates, based on
regional regression analyses, were reported.

Purposes of this report are to (1) compile, review, and
analyze hydrologic and biological data for selected streams;
(2) assemble habitat suitability curves for the targeted species
and life stages that are needed to perform PHABSIM model-
ing and analysis; (3) provide instream flow characterization
results for selected streams to identify streamflow needs dur-
ing July through September for fish passage and various life
stages of chinook salmon, steelhead trout, and bull trout; and
(4) evaluate the effects of water diversions on water tempera-
ture for the selected streams.

Introduction 3

Ultimately, the goal of these studies is to provide
streamflow and fish habitat information to water-resource
managers so informed decisions can be made to enhance
instream habitat needs of ESA-listed fish species. A Web page
maintained by the U.S. Geological Survey (USGS) that pro-
vides supporting data and modeling results can be accessed at
http:/lid.water.usgs.gov/projects/salmon_streamflow|

Previous Studies

Previous instream flow studies conducted in the upper
Salmon River Basin consist of investigations for the Snake
River Adjudication (SRA) process, which were funded by
the Bureau of Indian Affairs (BIA) and U.S. Forest Service
(USFS). The BIA funded a number of fishery studies in
the Salmon River Basin that focused on the development
of instream flow recommendations for the preservation of
important fishery resources. Between 1989 and 1992, the
BIA contracted with EA Engineering, Science, and Technol-
ogy to develop instream flow recommendations for important
fishery resources and prepared suitability criteria, conducted
instream flow studies, made recommendations, and filed water
right claims as part of the SRA (EA Engineering Science and
Technology Incorporated, 1989, 1991a, b, 1992a, b, c). The
BIA also funded the USGS to classify Salmon River subbasins
on the basis of basin and hydrologic characteristics to assist in
the filing of water right claims (Lipscomb, 1998).

Investigations by the USFS also were conducted by
Hardy and others (1992) to file water right claims for protec-
tion of fishery resources on public lands. More recent (1997-
98) instream flow studies also were completed by the USFS on
selected streams in the upper Salmon River Basin (M. Combs,
Utah State University, oral commun., 2003). These data also
were collected for the SRA to evaluate minimum and main-
tenance streamflows for the protection of important fishery
resources; however, these data were never published.

A variety of methods have been developed to estimate
streamflow needs for fish. Tennant (1976) offered one of the
first methodologies for determining instream flows to protect
aquatic resources. This simple approach recommends mini-
mum stream discharges based on a percentage of mean annual
discharge (MAD) that varies with the level of resource protec-
tion from poor to outstanding. Hatfield and Bruce (2000)
developed equations for predicting optimum (maximum)
discharge for selected salmonid life stages in western North
America streams by using results from 127 PHABSIM studies.
They concluded that MAD was the best predictor of optimum
discharge. However, the 95-percent error estimates around the
optimum predicted discharge can be substantial. The National
Oceanic and Atmospheric Administration (NOAA) has draft
protocols to estimate tributary streamflows to protect salmon
listed under the ESA (D. Arthaud, National Oceanic and
Atmospheric Administration, written commun., 2001). These
protocols offer specific guidelines based on percentages of
mean monthly streamflow and PHABSIM optimum estimates.
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Figure 1. Location of upper Salmon River Basin, Idaho.



Hydrologic studies by the USGS have provided informa-
tion on streamflow statistics and geomorphology for streams
in the Salmon River Basin. Hortness and Berenbrock (2001)
developed regional regression equations that may be used to
relate monthly and annual streamflow statistics to various
basin characteristics (for example, basin area, basin elevation,
percentage of forest cover in the basin, mean annual precipita-
tion, and average basin slope). These equations are useful for
predicting streamflow statistics in ungaged basins. Emmett
(1975) evaluated hydrology, geomorphology, and water-qual-
ity characteristics of selected streams in the Salmon River
Basin.

Habitat suitability curves for depth, velocity, and sub-
strate are available for most native fish species of the Salmon
River Basin. Rubin and others (1991) empirically determined
suitability curves for juvenile chinook salmon and steelhead
trout for small tributary streams in the Salmon River Basin.
Cochnauer and Elms-Cockrum (1986) developed suitability
curves for a number of Idaho salmonid species and their life
stages by using guidelines provided by Bovee and Cochnauer
(1977). EA Engineering Science and Technology Incorpo-
rated (1991b) developed a complete set of habitat suitability
curves for depth, velocity, and substrate for most of the native
fish species in the Salmon River Basin for the BIA as part
of the SRA. These curves were developed following guide-
lines presented by Crance (1985) which consisted of a Delphi
approach. This approach involves formal meetings among
fishery experts to reach a consensus on suitability curves for
various species and life stages.

Until recently, a significant study of stream temperature
in the Salmon River Basin had not been undertaken. Starting
in 2000, the USGS, in cooperation with the Idaho Department
of Environmental Quality (IDEQ), initiated studies to docu-
ment the natural spatial and temporal variability of stream
temperature and to examine relations among stream tempera-
ture, environmental variables, and aquatic biota in streams
minimally disturbed by human activities in the Salmon River
Basin. Results showed that temperatures in these minimally
disturbed streams commonly exceeded current State and Fed-
eral stream temperature standards.

During the summer of 2000, Donato (2002) studied the
temperature regime of 183 minimally disturbed streams in the
Salmon and Clearwater River Basins to develop a predictive
stream temperature model. A major finding of this study was
that temperatures in 100 percent (119 of 119) of the streams
in the Salmon River Basin failed to meet the IDEQ 9.0°C
maximum daily-average temperature (MDAT) and the 13.0°C
maximum daily-maximum temperature (MDMT) criteria for
the protection of salmonid spawning. Results also showed that
stream temperatures in 33 percent (39 of 119) of the streams
exceeded the IDEQ 19.0°C MDAT criterion, and temperatures
in 39 percent (47 of 119) of the streams exceeded the 22.0°C
MDMT criterion for the protection of coldwater biota.

In 2001, Ott and Maret (2003) studied 34 minimally
disturbed streams in the Salmon River Basin to document the
temperature regime, characterize the distribution of aquatic
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biota in streams representing a gradient of temperature, and
describe the relations between environmental variables and
benthic invertebrate and fish assemblages. Results of this
study showed that the maximum weekly-maximum tempera-
ture (MWMT) in 100 percent (33 of 33) of the streams for
which temperature data were available exceeded the U.S.
Environmental Protection Agency (USEPA) criterion of 10°C
for bull trout spawning and juvenile rearing. The MDMT

in 91 percent (30 of 33) of the streams exceeded the IDEQ
criterion of 13.0°C for the protection of salmonid spawning;
and the MDAT in all 33 streams exceeded the 9.0°C criterion
for the protection of salmonid spawning. Results also showed
that stream temperatures in 9 percent (3 of 33) of the streams
exceeded the IDEQ 19.0°C MDAT and the 22.0°C MDMT
criteria for the protection of coldwater biota.

Even though temperatures in all streams exceeded at least
one temperature criterion, Ott and Maret (2003) concluded
that these same streams support populations of coldwater
indicator species. They also concluded that a single stream
temperature standard is difficult to apply across such a broad
area as the entire State of Idaho because streams differ in envi-
ronmental complexity and biological diversity.

Description of Study Area

The upper Salmon River Basin (figure 1) is located in
central Idaho and extends 121 mi from the headwaters on the
east side of the Sawtooth Range to the confluence with the
Pahsimeroi River near the town of Ellis, Idaho, draining an
area of approximately 2,428 mi%. The basin contains large
areas that have been designated as wilderness, several national
forests, and the SNRA. These features make the basin a
popular destination for fishing, hiking, whitewater rafting, and
other outdoor activities.

Elevation above sea level ranges from 11,815 ft at
Castle Peak to 4,640 ft at the confluence of the Salmon and
Pahsimeroi Rivers. Mean elevation of the basin is 7,570 ft.
Climate in most of the basin is semiarid and annual precipi-
tation averages 24 in. per year. Precipitation is primarily
snow, and peak flows in streams generally result from spring
snowmelt.

The upper Salmon River Basin is located in the Idaho
Batholith and Middle Rockies ecoregions (McGrath and oth-
ers, 2001), which consist primarily of coniferous forests in
upper elevations and sagebrush and grasslands in the valleys.
Pine and fir predominate, covering 44 percent of the b