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Habitat Requirements of Salmonids in
Streams

T. C. Bjornn and D. W. Reiser

Haubitat needs of salmon, trout, and char in streams vary with the season of the
year and stage of the life cycle. The major life stages of most salmonid species are
&= yissociated with different uses of fluvial systems: migration of maturing fish from
B (he ocean (anadromous fishes), lakes, or rivers to natal streams; spawning by
. sdults: incubation of embryos; rearing of juveniles:; and downstream migration of
Iiveniles to large-river, lacustrine, or oceanic rearing areas. We present informa-
tion from the literature and from our own research on the range of habitat
conditions for each life stage that allow the various species to exist. When
possible, we attempt to define optimum and limiting conditions. Anadromous
sulmonids of the Pacific drainages of North America are our primary focus, but we
have included information on other salmonids to illustrate the ranges of temper-
ature, water velocities, depths, cover, and substrates preferred by salmon, trout,
wnd char in streams. The scientific names of species identified by common names
here are listed in the book’s front matter.

Upstream Migration of Adults

Adult salmonids returning to their natal streams must reach spawning grounds
al the proper time and with sufficient energy reserves to complete their life cycles.
Stream discharges, water temperatures, and water quality must be suitable during
al least a portion of the migration season. Native stocks of salmon, trout, and char
that have evolved in stream systems with fluctuations in flow, turbidity, and
temperature have often developed behaviors that enable survival despite the
occurrence of temporarily unfavorable conditions. Native salmonids usually have
sufficient extra time in their maturation, migration, and spawning schedules to
accommodate delays caused by normally occurring low flows, high turbidities, or
unsuitable temperatures. When upstream migration is not delayed, the fish in
some stocks that migrate long distances arrive in the spawning areas 1-3 months
before they spawn. Some stocks of fish that migrate short distances may not move
into natal streams until shortly before spawning, but they must often wait in the
ocean, lake, or river for flows or temperatures in the spawning streams to become
suitable. :

The flexibility in maturation and migration schedules observed in many stocks
of native salmonids is not unlimited and has evolved for the specific environment
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TABLE 4.1.—Water temperatures (Bell 1986) and depths and velocities (Thompson 1972)
that enable upstream migration of adult salmon and trout.

Maximum

Temperature Minimum velocity
Species of fish range (°C) depth (m) {m/s)
Fall chinook salmon 10.6-19.4 0.24 2.44
Spring chinook salmon 3.3-13.3 0.24 2.44
Summer chinook salmon 13.9-20.0 0.24 2.44
Chum salmon 8.3-15.6 0.18 2.44
Coho salmon 7.2-15.6 0.18 2.44
Pink salmon 7.2-15.6 0.18" 2.13
Sockeye salmon 7.2-15.6 0.18 213
Steelhead 0.18 2.44
Large trout 0.18 2.44
Trout 0.12« 1.22

* Estimate based on fish size.

ol each stock. Natural or human-caused changes in the environment can be large
enough to prevent fish from completing their maturation or migration to spawning
areas: the proportion affected depends on the extent of the change. Transplanted
stocks of fish may be less successtul than native stocks in reproducing themselves
if they do not possess the flexibility in migration timing required in their new
environment.

Temperature

Salmon and trout respond to stream temperatures during their upstream
migrations. Delays in upstream migration because natal streams were too warm
have been observed for sockeye salmon (Major and Mighell 1966), chinook
salmon (Hallock et al. 1970). and steclhead (Monan et al. 1975). Bell (1986)
reported that Pacific salmon and steelhead have migrated upstream at tempera-
tures between 3 and 20°C (Table 4.1). )

Streams can be too cold as well as too warm for upstream-migrating salmonids.
Cutthroat and rainbow trout have been observed waiting for tributaries to warm
in spring before entering them to spawn. Adult steelhead that return from the sea
in summer and autumn. and then spend the winter in inland rivers before
spawning the following spring. overwinter in larger rivers downstream from their
natal streams because the smaller headwater streams are often ice-choked during
winter. We believe adult steelhcad overwinter in the larger rivers because survival
is higher there and the slightly higher temperatures in the rivers enable timely
maturation (Reingold 1968).

Stream temperatures can be altered by removal of streambank vegetation,
withdrawal and return of water for agricultural irrigation, release of water from
deep reservoirs, and cooling of nuclear power plants. Unsuitable temperatures
can lead to disease outbreaks in migrating and spawning fish, altered timing of
migration. and accelerated or retarded maturation. Most stocks of anadromous
salmonids have evolved with the temperature patterns of the streams they use for
migration and snawning. and deviations from the normal pattern could adversely
survival,
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Disvolved Oxygen

Keduced concentrations of dissolved oxygen (DG) can adversely affect the
~unming performance of migrating salmonids. Maximum sustained swimming
pecds of juvenile and adult coho salmon at temperatures of 10-20°C were
redieed when DO dropped below air-saturation levels, and performance declined

larply when DO fell to 6.5-7.0 mg/L., at all temperatures tested (Davis et al.
). Swimming performance of brook trout declined similarly (Graham 1949).
Iow DO may also elicit avoidance reactions (Whitmore et al. 1960; Hallock et al.
1'/0), and may halt migration. Hallock et al. (1970) observed that adult migration
-cased when DO fell below 4.5 mg/L, and did not resume until it exceeded 5 mg/L.
Mimmum DO recommended for spawning fish (at least 80% of saturation, and not
~von temporarily less than 5.0 mg/L) should provide the minimum needs of
mierating salmonids.

frrhidity

Migrating salmonids avoid waters with high silt loads, or cease migration when
ach loads are unavoidable (Cordone and Kelley 1961). Bell (1986) cited i siudy
mowhich salmonids did not move in streams where the suspended sediment
concentration exceeded 4,000 mg/L (as a result of a landshde). Timing of arrival
0 spawning grounds by chinook salmon that migrate upstream during snowmelt
sunoft can vary by a month or more., depending on the concentration of suspended
~ohds in rivers along their migration route (Bjornn 1978). In the lower Columbia
lLiver. the upstream migration of salmon may be retarded when secchi disk
veadings are less than 0.6 m (Figure 4.1).

I'ligh turbidity in rivers may delay migration, but turbidity alone generally does
ot seem to affect the homing of salmonids very much. In studies after the
cruption of Mount St. Helens in 1980. Whitman et al. (1982) found that salmon
preferred natal stream water without volcanic ash in an experimental flume, but
that they recognized their natal streams despite the ash and attempted to ascend
them. Quinn and Fresh (1984) reported that the rate of straying of chinook salmon
o the Cowlitz River Hatchery was low and unaffected by the 1980 eruption, but
that many coho salmon in the Toutle River, the Cowlitz River tributary most
Alected by the eruption., did stray to nearby streams in 1980 and [981. Olfaction
o primary sense salmonids use for homing during upstream migration (Hasler
andd Larsen 1955: Hasler et al. 1978). Each stream may have a unique bouquet,
2 the extent to which that bouquet can be altered—by the addition of exotic
< hiemicals, trans-basin diversions, and unnatural suspended sediments—without
aiecting the homing of salmonids is not known.

Barriers

Waterfalls, debris jams, and excessive water velocities may impede migrating
(s, Falls that are insurmountable at one time of the year may be passed by
migrating fish at other times when flows have changed. Stuart (1962) determined
i laboratory studies that leaping conditions for fish are ideal when the ratio of
height of falls to depth of pool below the falls is 1:1.25 (Figure 4.2). Given suitable
conditions, salmon and steelhead can get past many obstacles that appear to be
baoriers. Both Jones (1959) and Stuart (1962) observed salmon jumping over
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FIGURE 4.1.—Secchi disk visi-
bility (broken line) and number of
chinook salmon adults (solid
lines) migrating up the Columbia
River past Bonneville Dam dur-
ing April and May of 1965, when
high turbid flows interrupted the
migration, and of 1966, when tur-
bidities were low and the timing
of migration was normal.

SECCHI DISK VISIBILITY (m)
FISH COUNTED (THOUSANDS)

obstacles 2-3 m in height. Powers and Orsborn (1985) analyzed barriers to
upstream-migrating fish in terms of barrier geometry, stream hydrology, and fish
capabilities. They reported the abilities of salmon and trout to pass over barriers
depended on the swimming velocity of the fish, the horizontal and vertical
distances to be jumped, and the angle to the top of the barrier (Figure 4.3). Reiser
and Peacock (1985) computed maximum jumping heights of salmonids on the basis
of darting speeds; these heights ranged from 0.8 m for brown trout to more than
3 m for steelhead (Table 4.2).

The swimming abilities of fish are usually described in three categories of speed:
cruising speed, the speed a fish can swim for an extended period of time, usually
ranging from 2 to 4 body lengths/s; sustained speed, the speed a fish can maintain
for a period of several minutes, ranging from 4 to 7 body lengths/s; and darting or
burst speed, the speed a fish can swim for a few seconds, ranging from 8 to 12
body lengths/s (Watts 1974: Bell 1986; Table 4.2). According to Bell (1986),
cruising speed is used during migration, sustained speed for passage through
difficult areas, and darting speed for escape and feeding. Water velocities of 3—4
m/s approach the upper sustained swimming ability of large fish like salmon and
steelhead.

Debris jams, whether natural or caused by human activities, can prevent or
delay upstream migration. Chapman (1962b) cited a study in which a 75%
decrease in number of spawning salmon in one stream was attributed to blockage
by debris. On the other hand, many debris jams can be easily passed by fish and
they often form pools and provide cover for fish. Removal of debris barriers
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FIGURE 4.2.—Leaping ability
of salmonids. (From Eiserman et
al. 1975, diagrams drawn after
Stuart 1962). (A) Falling water
enters the pool at nearly a 90°
angle. A standing wave lies close
to the waterfall, where fish can
use its upward thrust to leap the
falls. Plunge-pool depth is 1.25
times the distance (h) from the
crest of the waterfall to the water
level of the pool. (B) The height
of fall is the same as in A, but
pool depth is less. The standing
wave is formed too far from the
ledge to be useful to leaping fish.
(C) Flow down a gradual incline
is slow enough to allow passage
of ascending fish. (D) Flow over
an incline steeper than fish can
negotiate. Fish may even be re-
pulsed in the standing wave at
the foot of the incline. They
sometimes leap futilely from the
standing wave. (E) A shorter bar-
rier with outflow over a steep
incline may be ascended by some
fish with difficulty.

should be done with care to avoid sedimentation of downstream spawning and
rearing areas and loss of hydraulic stability.

Streamflow

Fish migrating upstream must have streamflows that provide suitable water
velocities and depths for successful upstream passage. A variety of techniques
have been used to estimate the fiows required for migrating fish. Baxter (1961)
reported that salmon needed 30-50% of the average annual flow for passage
through the lower and middle reaches in Scottish rivers and up to 70% for passage
up headwater streams. Thompson (1972) developed a procedure for estimating
minimum flows required for migrating fish on the basis of minimum depth and
maximum velocity ecriteria (Table 4.1) and measurements in critical stream
reaches, usually shallow riffles. Stream discharges that provide suitable depths
and velocities for upstream passage of adults can be estimated by the techniques
he described (Thompson 1972):
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FIGURE 4.3.—Leaping curves for chinook. coho. and sockeve salmon swimming with a
maximum burst speed of 6.8 m/s and jumping at various angles. (Adapted from Powers and
Orsborn 1985.)

. . shallow bars most critical to passage of adult fish are located and a linear
transect marked which follows the shallowest course trom bank to bank. At
each of several flows. the total width and longest continuous portion of the
transect meeting minimum depth and maximum velocity criteria are measured.
For each transect, the flow is selected that meets the criteria on at least 25% of
the total transect width and a continuous portion equaling at least 10% of its
total width.

The mean selected flow from all transects is recommended as the minimum flow
for passage.

Sautner et al. (1984) reported that passage of chum salmon spawners through
sloughs and side channels of the Susitna River. Alaska. depended primarily on
water depth, length of the critical stream reach. and size of substrate particles.
Fish could successfully pass any stream reach of reasonable length if the depth
was greater than (.12 m when substrate particles averaged larger than 7.6 ¢cm in
diameter. or if the depth was greater than 0.09 m when particles were less than 7.6
cm.

TaBLE 4.2.—Swimming (Bell 1986) and jumping abilities (Reiser and Peacock 1985) of
average-size adult salmonids.

Swimming speed (m/s) Maxmum

jumping

Taxon Cruising Sustained Darting height (m)
Chinook salmon 0-1.04 1.04-3.29 3.29-6.83 2.4
Coho salmon 0-1.04 1.04-3.23 3.23-6.55 2.2
Sockeve salmon 0-0.98 0.98-3.11 3.11-6.28 2.1
Steelhead 0-1.40 1.404.18 4.18-8.08 3.4

Trout 0-0.61 0.61-1.95 (.95-4.11

S

Brown trout 0-0.67 0.67-1.89 1.89-3.87
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Spawning

Substrate composition, cover. water quality, and water quantity are important
habitat elements for salmonids before and during spawning. The number of
spawners that can be accommodated in a stream is a function of the area suitable
for spawning (suitable substrate, water depth, and velocity), area required for
cach redd, suitability of cover for the fish, and behavior of the spawners. Cover
is important for species that spend several weeks maturing near spawning areas.

The amount of suitable stream substrate for spawning varies with the size
(order) of the stream and species of salmonid using it, as Boehne and House (1983)
learned from study of two coastal and two Cascade Range watersheds in Oregon.
First-order streams (small headwater streams without tributaries) were not used
by salmonids. Less than half the second-order streams (streams resulting from the
junction of two or more first-order streams) were used by salmonids; those that
were contained nonanadromous cutthroat trout. Most of the third-order streams
(steams resulting from the junction of two or more second-order streams) in the
coastal watersheds, but only 37% of those in the Cascade Range drainages, were
used by cutthroat trout. The larger anadromous steelhead, coho salmon, and
chinook salmon spawned in a few third-order streams, but most were found in
fourth- and fifth-order streams. As stream order increased, gradient decreased but
stream length, width, and depth increased. The amount of spawning gravel per
kilometer of stream was greatest in fourth-order coastal watersheds and fifth-
order Cascade Range watersheds. Platts (1979b) found similar relations between
stream size (order) and use of the streams by fish in an Idaho drainage.

Streamflow

Streamflow regulates the amount of spawning area available in any stream by
regulating the area covered by water and the velocities and depths of water over
the gravel beds. D. H. Fry (in Hooper 1973) summarized the effect of discharge on
the amount of spawning area in a stream.

As flows increase, more and more gravel is covered and be¢omes suitable for
spawning. As flows continue to increase. velocities in some places become too
high for spawning, thus cancelling out the benefit of increases in usable
spawning area near the edges of the stream. Eventually. as flows increase, the
losses begin to outweigh the gains, and the actual spawning capacity of the
stream starts to decrease. If spawning area is plotted against streamflow, the
curve will usually show a rise to a relatively wide plateau followed by a gradual
decline.

Relations between flow and amount of suitable spawning area have been
assessed or predicted by methods based primarily on measurements of water
depths and velocities in areas with suitable substrate. Collings (1972, 1974) used
a process of depth and velocity contouring to determine the area suitable for
spawning at a given discharge. Thompson (1972) quantified the width of the
stream at cross-channel transects on spawning bars that met minimum criteria of
depth (18 cm) and velocity (0.3-3.0 m/s) at different flows. When measurements
have been taken over a wide range of flows. a graph can be plotted of flow versus
suitable spawning areas (Figure 4.4) or usable width (Figure 4.5). A method
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similar to that used by Waters (1976), termed the instream flow incremental
methodology (IFIM), was developed by U.S. Fish and Wildlife Service personnel
to estimate the amount of suitable habitat (for spawning, in this instance); the
method relates variations in a stream’s water velocity, depth, substrate, and other
variables to use of the stream by fishes (Stalnaker and Arnette 1976b; Bovee 1978,
1982, 1986; Bovee and Milhous 1978; Trihey and Wegner 1981). An 1FIM analysis
results in an index of suitable habitat (weighted usable area, WUA) for a range of
streamflows (Figure 4.6). Wesche and Rechard (1980) and EA Engineering,
Science and Technology, Inc. (1986) reviewed and evaluated a variety of methods
that could be used for estimating the quantity and quality of spawning habitat for
salmonids.
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Foure 4.6.—Relation of available chum. coho. and pink salmon spawning habitat
recighted usable area. WUA) to streamflow. Upper Tunnel Creek. (From Reiser and

Hamey 1984 )

Lemperature

Timing of salmonid spawning has likely evolved in response to water temper-

atures in each stream before. during, and after spawning. and. in some streams, to
the occurrence of flows that allow upstream migration of maturing adults.

Sulmonids have spawned when water temperatures have ranged from 1.0 to

',0°C, but the favorable range of temperatures for spawning is much narrower
 Iable 4.3). In British Columbia (Shepherd et al. 1986b), salmon were observed
~puwning over a wide range of temperatures, but most of the pink, chum, and

TaBLE 4.3.—Recommended temperatures for spawning

and incubation of salmonid fishes (Bell 1986).

Species

Temperature (°C)’

Spawning

Incubation”

Fall chinook salmon
Spring chinook salmon
Summer chinook salmon
Chum salmon

Coho salmon

Pink salmon

Sockeye salmon
Kokanee

Steelhead

Rainbow trout
Cutthroat trout

Brown trout

5.6-13.9
5.6-13.9
5.6-13.9
7.2-12.8
4.4-9.4

7.2-12.8

10.6-12.2

S.0-12.8
39-94
2.2-20.0
6.1-17.2
7.2-12.8"

5.0-14.4
5.0-14.4
5.0-14.4
4.4-13.3
4.4-13.3
4.4-13.3
4.4-133

“ The higher and lower values are threshold temperatures be-
yond which mortality increases. Eggs survive and develop nor-
mally at lower temperatures than indicated. provided initial devel-
opment of the embryo has progressed to a stage that is tolerant of
cold water.

® From Hunter (1973).
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sockeye salmon spawned in water of 8-13°C, chinook salmon in water of 10-17°C,
and coho salmon in water of less than 10°C (mode, 5-6°C).

Each native fish stock appears to have a unique time and temperature for
spawning that theoretically maximizes the survival of their offspring. Tempera-
tures before and during spawning must allow the spawners to survive and deposit
their eggs, but temperatures during incubation of the embryos (which regulates
timing of juvenile emergence from the redd) may be the primary evolutionary
factor that has determined the time of spawning (Heggberget 1988). In the case of
fall spawners, newly spawned embryos must reach a critical stage of development
before the water becomes too cold (Brannon 1965), and emergence of fry must
occur at a suitable time during the following spring (Sheridan 1962a; Miller and
Brannon 1982; Godin 1982; Burger et al. 1985: Heggberget 1988). Spring spawners
must not spawn before the water has warmed sufficiently to permit normal
development of embryos, but there may be a survival advantage for the fish to
spawn as early as possible to allow the offspring to emerge and grow before the
onset of winter. Support for the latter hypothesis can be found in Idaho streams,
where steelhead usually spawn before the peak of the snowmelt runoff in spring
(thereby risking destruction of their redds by the high flows) rather than after the
peak, which would delay the emergence of their offspring until late summer.

Areas with upwelling groundwater have been selected as spawning areas by
salmonids such as chum salmon, brown trout, and brook trout (Benson 1953;
Bakkala 1970; Witzel and MacCrimmon 1983; Vining et al. 1985). Use of areas
with groundwater flow may have survival advantages if the water quality (suitable
temperatures and dissolved gases, and lack of damaging heavy metals and
sediments) in such areas is more suitable than in areas without groundwater.

Space

The amount of space required by salmonids for spawning depends on the size
and behavior of the spawners and the quality of the spawning area. Large fish
make large redds; tolerance of nearby fish varies by species; and poor-quality
spawning areas may force females to make several redds. Redds range in size
from 0.6 m® to more than 10 m’ for anadromous salmonids, and from 0.09 m” to
0.9 m? for smaller nonanadromous trout and salmon (Table 4.4).

Many salmonids prefer to spawn in the transitional area between pools and
riffles (Hazzard 1932; Hobbs 1937: Smith 1941: Briggs 1953; Stuart 1953). Tautz
and Groot (1975) reported that chum salmon spawned in an accelerating flow,
such as that found at a pool-riffle transition. By placing crystals of potassium
permanganate on the gravel surface, Stuart (1953) demonstrated the presence of
downwelling currents in these transitional areas (Figure 4.7) and noted that the
gravel there was easy 1o excavate and relatively free of silt and debris. Vaux
(1962, 1968) reported that downwelling currents normally occurred in areas where
the streambed was convex (such as the pool-riffle transition), and upwelling
currents occurred in concave areas (such as the downstream end of a riffle).

The density of redds in streams depends on the amount of stream area suitable for
spawning, the number and size of spawners, and the area required for each redd. In
two Lake Michigan tributaries with alternating pooi-riffie habitat, the densities of
spawning chinook salmon ranged from about 80 to 250 fish per hectare of stream area
(Carl 1984). The average velocities at the preferred spawning sites in the two streams
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TABLE 4.4.—Average area of salmonid redds and area recommended per spawning pair
of fish in channels, '

Area
Average recommended per
area of spawning pair®
Species redd (m?) (m?) Source
Chinook salmon 9.1-10.0 Neilson and Banford (1983)
Spring chinook salmon 33 13.4 Burner (1951)
Spring chinook salmon 6.0 Reiser and White (1981a)
Fall chinook salmon S.1 20.1 Burner (1951)
Summer chinook salmon 5.1 20.1 Burner (1951)
Summer chinook salmon 9.4 Reiser and White (1981a)
Coho salmon 2.8 11.7 Burner (1951)
Chum salmon 2.3 9.2 Burner (1951)
Sockeye salmon 1.8 6.7 Burner (1951)
Pink salmon 0.6 0.6 Hourston and MacKinnon (1957)
Pink salmon 0.6-0.9 Wells and McNeil (1970)
Steelhead 5.4 Orcutt et al. (1968)
Steelhead 4.4 Hunter (1973)
Steelhead 4.4 Reiser and White (1981a)
Rainbow trout 0.2 Hunter (1973)
Cutthroat trout 0.09-0.9 Hunter (1973)
Brown trout 0.5 Reiser and Wesche (1977)

* Modified from Clay (1961).
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FiGure 4.7.—Longitudinal sec-
tions of a spawning area. (From
Reiser and Wesche 1977.) (A)
Convexity of the substrate at the
pool-rifile  transition induces
downwelling of water into the
gravel. The area likely to be used
for spawning is marked with a X.
(B) Redd construction results in
negligible currents in the pit (fa-
cilitating egg deposition) and in-
creased currents over and
through (downwelling) the tail-
spill. (C) Egg-covering activity
results in the formation of a sec-
ond pit upstream, which may
also be used for spawning. In-
creased permeability and the
convexity of the tailspill sub-
strate induces downwelling of
water into the gravel, creating a
current past eggs. The current
brings oxygen to the eggs and
removes metabolic wastes.
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were 0.42 m/s and 0.50 m/s—similar to those reported by Burner (1951) in the Toutle
River, Washington. In the Nechako River, British Columbia, Neilson and Banford (1983)
reported that the area of chinook salmon redds averaged 9.1 and 10.0 m” and that
densities were 1 redd per 235 m” and | per 112 m" in two areas with water depths of at
least 0.45 m (the shallowest water in which redd construction was seen). Water depth in
the deepest part (pit) of 47 completed redds was 0.46-1.20 m (mean, 0.87 m). Water
velocity over the pit of the redds was 15-100 ¢cm/s (mean, 56 cm/s). In a small Oregon
coastal tributary, coho salmon constructed 1.7 redds per female and produced a density
of 194 redds per hectare of stream (R. A. House, U.S. Bureau of Land Management,
unpublished data).

The number of redds that can be built in a stream depends on the amount of
suitable spawning habitat and the area required per spawning pair of fish (Reiser
and Ramey 1984, 1987; IEC Beak 1984; Reiser 1986). The area suitable for
spawning (defined by water depth, velocity, and size of substrate) is usually less
than the total area of gravel substrate in the stream, and spatial requirements for
each spawning pair may exceed the area of a completed redd. Surface areas of
redds can be readily measured, but the spatial requirement for each spawning pair
may require additional information such as area of suitable spawning habitat,
number of spawners in a given area, and the size and behavior of spawners.
Burner (1957) suggested that a conservative estimate of the number of salmon a
stream could accommodate could be obtained by dividing the area suitable for
spawning by four times the average area of a redd.

In an Oregon stream, gravel substrate made up 25% of the total stream area, but
only 30% of that gravel substrate was suitable for spawning by coho salmon (R. A.
House, unpublished data). The main stem of the Tucannon River in southeastern
Washington contained nearly 200,000 m* of gravel substrate (D. W. Kelley and
Associates 1982); however, only a small fraction of the river bed was suitable for
anadromous fish spawning in the judgment of one of us (T.C.B.), who surveyed
9,000 linear meters of the river and estimated that 3,200 salmon or steelhead redds
could be constructed without serious superimposition of redds. If the total area of
gravel substrate in the stream (200,000 m?) had been divided by the average size
of salmon or steelhead redds (about S m?). the capacity of the river would have
been erroneously estimated to be about 40,000 redds. If Burner’s (1951) formula
(four times the average redd area) had been used, the estimate would be about
10,000 redds. Much of the river was unsuitabie for spawning because water depths
and velocities were outside the range acceptable to spawning salmon.

Water Depth and Velocity

Preferred water depths and velocities for various spawning salmonids have
been determined from measurements of water depth and velocity at redds (Cope
1957; Sams and Pearson 1963; Orcutt et al. 1968; Thompson 1972; Hooper 1973;
Hunter 1973; Smith 1973; Reiser and Wesche 1977; Reiser and White 1981a;
Neilson and Banford 1983; Shepherd et al. 1986b). Water depths measured at redd
sites varied with species and size of fish and ranged from 6 to 300 cm. In general,
the water was at least deep enough to cover the fish during spawning; large salmon
required 15-35 cm and smaller trout 6~10 cm (Table 4.5). Many fish spawned in
water deeper than necessary to submerge them, but it is not known if the fish
preferred the greater depths or were merely using what was available. Water
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‘I'ABLE 4.5.—Water depth, velocity, and substrate size criteria for anadromous and other
silmonid spawning areas.

Depth Velocity Substrate size

Species (cm) (cm/s) (cm) Source
Fall chinook salmon =24 30-91 1.3-10.2% Thompson (1972)
Spring chinook salmon =24 30-91 1.3-10.2% Thompson (1972)
Summer chinook salmon =30 32-109 1.3-10.2% Reiser and White (1981a)
Chum salmon =18 46-101 1.3-10.2% Smith (1973)
(Coho salmon =18 30-91 1.3-10.2° Thompson (1972}
Pink salmon =15 21-101 1.3-10.2* Collings (1974)
Sockeye salmon =15 21-101° 1.3-10.2° b
Atlantic salmon =725 25-90 Beland et al. (1982)
Kokanee =6 15-73 Smith (1973)
Nteelhead =24 40-91 0.6-10.2¢ Smith (1973)
Ruinbow trout =18 48-91 0.6-5.2 Smith (1973)
{utthroat trout =6 11-72 0.6-10.2 Hunter (1973)
Hrown trout =24 21-64 0.6-7.6° Thompson (1972)

* From Bell (1986).
" Estimated from criteria for other species.
¢ From Hunter (1973).

velocities at the redd sites ranged from 3 to 152 cm/s, but most were from 20 to 100
¢m/s (Table 4.5).

Measurements of depth and velocity were usually taken at the upstream edge of
the redd because that point most closely approximated conditions before the redd
was constructed and reflected the depths and velocities selected by the fish. Two
locations in the water column have been used for making estimates of preferred
velocity: 0.6 X depth from the surface to the streambed, and nose velocity (which
approximates the location of the fish close to the bed surface). Most velocity
criteria have been developed for 0.6 x depth. The ranges of preferred depths and
velocities have been defined in a variety of ways. Thompson (1972) used the
depths and velocities within a 90-95% confidence interval. Hunter (1973) used the
middle 80-90% of the measurements. Smith (1973) used a two-sided tolerance
limit within which there was 95% confidence that 80% of the measurements would
occur within a normal distribution. Others have simply listed the ranges of depth
and velocity measured.

More recently, investigators have developed a series of index curves to depict
the suitability of selected variables for different species of fish and life history
stages (Figure 4.8). Such curves, used primarily in IFIM, have usually been
developed from empirical measurements of depth, velocity, and substrate at the
redd site. The curves were based on the assumption that fish select areas in a
stream with optimal combinations of physical and hydraulic conditions. The
development and limitat