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Gen. Tech. Rep. PNW-96¢, "Influence of forest and rangeland management on anadromous
fish habitat in western North America-~1. Habitat requirements of anadromous salmonids.

In Western North America many human activities, both commercial and
recreational, take place on forest and range lands. These activities in-
clude timber harvest, livestock grazing, mining, hunting, fishing, camping,
backpacking, and those associated with resource uses, such as road con-
struction, urbanization, water development, and treatments to improve
forest growth. The many streams, rivers, lakes, and estuaries encompassed
by these forest and range lands are habitat for the valuable stocks of
anadromous (sea-going) and resident salmon and trout.

The effects of human activities on the habitat of these salmonids has
been of increasing concern to resource users and managers. Much has been
iearned about the responses of fish to changes in their habitat, but some
of it is not widely known and the information is contained in a wide variety
of sources. Scientific journals and other publications that discuss the
results of fisheries research are numerous, and significant work is often
published in a form that is not readily available to resource managers and
to other scientists studying similar situations.

In 1976, the Forest Service of the U.S. Department of Agriculture
initiated a cooperative program to define the potential problems associated
with land uses in watersheds supporting anadromous fish populations, and to
apply this knowledge to managing forest and range lands. Three Forest Service
experiment stations--Pacific Northwest, Pacific Southwest, and Intermountain,
and five regions in the National Forest System--Region 1 (Northern), Region 4
(Intermountain), Region 5 (California), Region 6 (Pacific Northwest), and
Region 10 (Alaska)--as well as many Federal, State, university, and private
cooperators, are participating in the program.

The purpose of this series of reports is to assemble current knowledge
on how management practices on forest and range lands influence anadromous
fish habitat into one set of documents for resource managers, scientists,
administrators, and interested citizens. Three general areas covered will
be the habitat requirements of salmon and trout, the effects of various land
uses on this habitat, and methods for restoration and enhancement of habitat.

Fourteen papers are presently planned for this series. They will be
published irregularly, but most will be available within the next 2 years.
Additional tepics may be addressed later, as the need for information arises,

I would like to express my thanks not only to the authors of these reports,
but to the many technical reviewers, editors, illustrators, typists, and others

whose efforts have made and will continue to make this compendium series a
SUCCeSS.

WILLITAM R, MBEEHAN
Technical Editor
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General Technical Report PNW-96

INFLUENCE OF FOREST AND
RANGELAND MANAGEMENT ON
ANADROMOUS FISH HABITAT IN
THE WESTERN UNITED STATES
AND CANADA
' Witliarmn R. Meehan, Technical Editor

1. Habitat Requirements of Anadromous Salmaenids

D. W. REISER AND 7. C. BJORNN

idaho Cooperative Fishery Research Unit

University of idaho, Moscow

1979

PACIFIC NORTHWEST FOREST AND RANGE EXPERIMENT STATION
Forest Service, U.S. Department of Agriculiure Portland, Oregon



is, the first in a series of publications summarizing knowledge
che influences of forest and rangeland management on &nadr@mahﬁ
bitat in the Western United States, describes habitat require-~
m&%ig of anadromous salmonids-=the vaiua939 salmon and trout species
that use both freshwater and marine environments. Requirements of
theg@ unigue fish must be understood before we can explore the effects
that natur ai events and human activities can have on their habitat,
and on their ability to maintain productive pmgulations with ocur
increasing use of other forest and rangeland resources Rép@ftg on
the effects of natural watershed disturbances and Waﬁiﬁbﬁ land us
activities will follow.

=
&

int o present information in these @ubilﬁdtzoﬂ@ that will
nane and users of the forests and rangelands of the

Unit States with the most complete information available for
ting ﬁ@ﬁﬁ gquences of various management alternatives.
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In this series of papers, we will summarize published and
published reports and data as well as obserxrvations made by resource
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scientists and managers made during years of experience in the West.
These compilations wxli be valuable in planning management of forest
and rangeland resources, and to scientists in planning future research.
The extensive lists of zﬁfere nces will serve as a bibliography on
forest and rangeland resources and their use for this part of the
United States.
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WOBERT . TARRANT, Director

Pacific Nortlwest Forest and Range
Fxperiment Station

805 NE Sixth Avenue

Portland, OR 97232
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COMMON AND SCIENTIFIC NAMES OF TROUTS FAMILY SALMONIDAE~

COrmeln Namne Sclientific nmne

ncorhyrchus gorbuscho {Walbaum)
Oncorhynchus keta {y “haum}

Oncorhynchus kisutceh {walbaum)
Oncorhynchus nerka {Walbaum)
nmcorhynchus tshawytscha  {Walbaum)
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INTRODUCTION

Habitat needs of anadrowous
salmonids {sea~run salmon and
trout) in streams vary with the
seasgon of the year and the stage
of their life cycle. IUpstream
migration of alults, spawning,
incubﬁ%iﬂnf juvenile rearing,
and seaward migration of smolts
BrE thu major life stages for
mogt anadromous salmon’ds.
Inscfar asg possible, we have
definsd the range of habitat
conditions for ecch life stage
that will allow a population to
‘hrive. Throughout this paper,
we have included data for sal-
monids that arve not anadromous
because they illustrate the
vange of temperatures, velog-
~tles, and depths of waters
preferred by Qaﬁmnﬁzdwy and
fh@ se speclies are generally

gimilar to the anadromous ones.
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Adult salvenids returning
ir natal streams must

at the proper time and in
q@uu health if spawning is to be
sful., Unfavorable dis-~
ges, temperatures, tur-
ity, and water quality could
delay or prevent fish from

completing thely migration.
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D ratures

iistory of
Bell,

stocks of anadromous salmonids
have evolved with the temper=-
ature patterns of their home
streams, and significant abrupt
deviations from the normal
pattern could adversely affect
their survival.

DISSOLVED OXYGEN
Reduced dissolved oxygen
concentrations can adversely
affect the swimming performance
of migrating salmonids. Maximum
sustained swimming speeds of
juveni.2 and adult coho salmon
at temperatures of 10°=20°C were
adversely affected when oxygen
was reduced from air-saturation
evels ‘Davis et al. 1%63). A
sharp decrease in performance
*EX ﬁ@%em at 6.5=7.0 mg/1 for
31 mperd¥¢&es taested., A
similar relation has been ob-
se: vmd by Graham {1949} for
brook trout. Low dissolved
oxygen may alsc elicit avoidance
reactions as noted by Whitmore
et al. £1960) and may cause
migration to cease. The oxygen
@xm?% recommended for spawning
fish {at least 80 percent of
saturation, with temporary
levels no lower than 5.0 mg/l)
should provide the oxvgen needs
of migrating fish.

grating salmon will avoid
r ¢ease migration in waters
with high silt loads (Cc Tﬁﬁﬁ:
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‘%‘gm ?»wvv ater temperature, depth, and velocity criteria for successful upstream
rigration of adult saimon and trout,
Species of Temperature Minimum Maximum
fie 1 /4
fish rangaﬁ/ depthﬁ— vezoc1ty2/
°C Meters Meters/second
aE? chinook salmon 10.6-19.4 0.24 2.44
Spring chinook salmon 3.3-13.3 24 2.44
BUﬁner chinook salmon 13.9-20.0 .24 2.44
Chum salmon 8.3-15.6 .18 2.44
Coho salmon 7.2-15.6 ng?S 2. &4
Pink salmon 7.2-15.6 Ig /2
Sockeye salmon 7.2-15.6 3/ 3/ 3
Steelhead trout - ,38 2g44
Large trout ~ .18 2.44
Trout - 12 1.22

1/ From Bell (see text footnote 1).

2/ From Thompson (1972).

3/ Based on fish size.

at one time of the year may be
passed by migrating fish at
other times when flows have
changed. Stuart (19%962) deter-
mined in laboratory studies that
ideal leaping conditions for
fish are obtainec with a ratio
of a height of falls to depth of
pool of 1:1.25. Figure 1 from
FEiserman et al. (1975) depicts
the 1ﬂaping behavior of salmonids
observed by Stuart. Given
suitable conditions, salmon and
steelhead can get past many
obhstacles that appear to be
Rsfh Joneg (195%) and
2} observed salmon
3 M

Debris jams, whether nat-
ral or caused by human activ-
ies, can prevent or delay
stream migration. Chapnan
962} cited & uzudy in which a
~percent decrease in spawning
ilmon in one gix@&m was attribe-
u%’.e——d to debris | Debris

ur
it
u
{

1%
1
75

ockage.,
barriers often form large pools
and diment traps that, if
@l 3 could adve 1

downstream spawning

Some logs, leaves, dams,
and so on, in streams are
beneficial as cover for adult
and juvenile fish. All debris
jamsz should be evaluated care-
fully before they are removed,.

Water velocities may exceed
the swimming ability of migrating
fish at channel constrictions
during snow melt and storm
runoff. Migration resumes when
streamflows and associated
velocities bave decreased. The
swimming abilities of fish are
usually described in terms of
cruising speed--the speed a fish
can swim for an extended periocd
of time (hours}, usually ranging
from Z to 4 body lengths per
second; sustained spe@dwwtb@
speed a fish can maintain for a
period of several minutes,
ranging from 4 to 7 body lengths
per second; and darting or burst
speed-~the speed & fish can swim
for a few seconds, vanging from
§ to 12 body lengils per second
{Bell, mee foobtnote 1; Watis
1974; 2y, According to

Bell, cruising speed is used
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Figure 7--Saimonid passage Tlow determination (from
Thompson 1872
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Teble 2—Swimming abilities of average size adult salmonids—
Species of
fish Cruising speed Sustained speed Darting speed
i Meters per secondr----rrosmmmme=
Lhinook 0-1.04 1.04-3.29 3.29-6.83
Coho 0-1.04 1.04-3.23 3.23-6.55
Sockeye 0-0.98 L98-3.11 3.11-6.28
Steelhead 0-1.40 1.40-4.18 4.18-8.08
Trout 0-0.61 .61-~1.95 1.95-4.11
Brown trout 0-0.67 .67-1.89 1.89-3.87

From Bell

1/ (see text footnote 1).
...8hallow bars most crit-
ical to passage of adult
fish are located and a
linear cransect marked
which follows the shal-
lowest course from bank to
brank At each of several
fiows, the total width and

longest continucus portion
of the transect meeting
min‘muw depth and maximum

velooity criteria are
measured. For each tran-
gect, the flow iz gelected
that mects the criteria on
at least 45 percent of the
total transect width and a
continuous pviw§dr egual-
ling at least 10 percent of
its total width.
The mean selected flow from all
transects is recommended as the
minimum flow for passage.
Thompson {1972) noted that
maximum acceptable passage flows
could ﬁhe@fe;isaliy e fined,
but wa st attempted to do
g0 in bh er {1961}
reports 36-50

percent annual

flow for pa&magw ﬁnrﬁuq% the
lower and middle reaches in
Scottish rivers and up to 70
percent for headwater streams,



Reiser and Wesche (19877} noted
that many spawning brown trout
selected areas adjacent to
undercut banks and overhanging
vegetation, Reiser and Wesche
{1977} speculated that the early
spawners and large dominant £ish
may select areas by cover., As
these areas become occupied, the
late spawners and swall fish are
forced to use relatively un-
protected sites., Given a choice
between t.,0 spawning areas, on
with cover and one without, the
fish would select the area with
cover.

TEMPERATURE

Successful spawning of
salmonids has occurred in water
temperatures ranging from 2.2°
to 20.0°C {table 3}). A sudden
drop in temperature may cause
all spawning activity to cease,
resulting in lowered nest build-
ing activity and reduced pro-
duction {see footnote 1.

SUBSTRATE COMPOSITION

o

COVER The suitability of a parti-
- - cular size gravel substrat
Cover for fish L ze gr 3 e race
- depends mostly on fish size.
Large fish can build redds in
large substrate. To determine
the substrate composition
prefer by wvarious salmonids,
1951,

undsroul
o a

many estigators {(Burner 1
Cope 57, Warner 1963, Orcutt
et al., 1968, Huntey 1973, Reiser

P e
B 203

i
and Wesche 1977} collected
gravel samples from active redds

and graded them through a series
of siaves The substrate compo=-
sition selected ificial

spawning o
Judgment of

“bson Cra spawning channels,
| . from 2 to




Table 3—Recommended temperatures for spawning and incubation of salmonid f%%@%}ff

Species Spawning temperature Incubation témperaﬁuregj
mmmmmmmmmmmmmmmmm [T ———————
Fall chingcok 5.6-13:9 5.0-14.4
Spring chinook 5.6-13.9 5.0-14.4
Summer chinook 5.6-13.9 5.0-14.4
Chum 7.2-12.8 4.4-73.3
Coho 4.4-9.4 4,4-13,3
Pink 7.2-12.8 4.4-13.3
Sockeye 10.6-12.2 4. 4-73.3
Kokanee 5.0-12.8 e
Steelnead 3.9-9.4 -
Rainbow 2.2-20.0 o
Cutthroat 3/6G}m?7;2 e
Brown =7.2-12.8 e

1/ From Bell (see text footnote 1).

2/ The higher and lower values are threshold temperatures at which
mortality will increase if exceeded. Eggs will survive and
develop normally at lower temperatures than indicated, provided
initial development of the embryc has progressed to a stage
that is tolerant of colder water.

3/ From Hunter (1973).

Table 4—Water depth, velocity, and substrate size criteria for anadromous and other
salmonid spawning areas

Species of

fish Source Depth Velocity Substrate size
Meters — Cm/s Lentimeters
37

Fall chinook Thompson (1972)  >0.24 30-91 %&143~?O=2
Spring chinook ThﬂmeQﬂ (1972) >. 24 30~ 91 @71~3MEG§2
Summer chinook  ReiserZ/ >.30 32-109 7/1.3-10.2
Chum Smith (1973) >.18 46-101 §7}m3~?0k?
Coho Thompson (1972) =18 30-91 37103w§032
Pink salmon Collings¥/ > 15 3 ,3 107 141.3-10.2
Sockeyed/ BC), s Uy 101 Yy5002
Kokanee Smith (1973} >.06 }i 73 6/ "
Steelhead Smith (1973) > 28 40-91 2 6-10.2
Rainbow trout Smith (1973) >, 18 46-91 .6-5.2
Cutthroat Hunter {(1973) >, 06 11-72 6[¢6~3®.2
Brown trout Thompson {1972) .24 21-64 = 6-7.6

1/ From Bell (see text footnote 1).

2/ ( Quw? shed data oz 0. W. Reiser, ldaho Coop. Fish Res. Unit,
Moscow, 1978,

3/ Fstimated from other criteria.

4/ ext fooitnote 3.
5/ - criteria established.
G/ ter (1973),
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OO rcent 1.3-to
3.8~cr 9 %ﬁa Ddi Lnoe
up to 10.

rangaes of size for
YAYLOUS S are summarized
in table 4.

Area of gravel substrate
juired for a spawning palr
varies with the species {table
5). Burner (1951} proposed that
a « ervative estimate of the

number of salmon a stream could
accommodate could be obtain '
dividing the area suita
spawning by four times
average redd area. Redd area

an be computed by measuring the
otal length of the redd {(upper
edge of pit to lower edge of
taillspill}) and the average of
several eqguidistant widths,

¢}
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WATER DEPTH AND VELOCITY
Preferred water depths and
vel &ts@“ o i

salmonids 1

DYy « water ﬁmyﬁﬁ and

vel y oveyg ac ctive redds {Sams
and arson,~ Thompson 1972,
Smi 1873, Hooper 1973, Hunter
1973, Reilser and W%acfa 1977} .
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gal-
5.

defined: Thompson {19
90~to 95-percent confi
limit; Hunter {19/3} 1
middle 80-9%0 percent of the
measurements: Smith (1973} used
a two-gided tolerance limit
within which there was 95~
percent confidence that 80

percent of the measurements
wmuid occur with a normal dis-
tribution; others have simply
listed ranges of depth and
velocity. Water depth and
velocity criteria for salmonids
as defined by different investi-
gators are found in tables 4 and
6.
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Table 5 Average area of saim

pair in channels~/

onid redds and area recommended per spaw

1ing

Average area Area rec ommended

Species Source of redd per spawning pair
wwwwwww Square meters-me-e-

Spring chinook Burner (1951) 3.3 13.4

Fall chinook Burner (1951) 5.1 20.1

Summer chinook Burner {1951) 5.1 20.1

Coho Burner {1951) 2.8 11.7

Chum Burner (1951) 2.3 9.2

Sockeye Burner (1951) 1.8 6.7

Pink Hourston and .6 .6
MacKinnon {1957)

Pink Wells and .6-.9 -
McNeild ( 970)

Steelhead Orcutt et al. (1968) 5.4 -

Steelhead Hunter (%%?3) 4.4 -

Rainbow Hunter (1973) .2 -

Cutthroat Hunter (1973) .09-.9 -

Brown Reiser and b -
Wesche (1977)

1/ Modified from Clay (1961).
Many salmonids prefer to STREAMFLOW

spawn at the pool-riffle inter-

change (Hazzard 1932,

1937, Smith 1941,
Briggs 1953}.

chose to spawn in
ating flow,

Tautz
{1975} reported that

Hobbs

Stuvart 1953,
and Groot

mfnm

S b & WA EL

e T ovme v
et S R ATERT £ 4

an accelear-
such as that found

at a pool~riffle interchange.
By placing crystals of potassium

permanganate on
surface, Stuart

the gravel
{1953}

demon-=

gtrated the presence of a down-

welling current at

change areas and
the current may as

these inter-
zsuggested that
slst the fish

in maintaining its position with

a minimum of effiort,
in these areas was
excavate and
silt and daav*a@

-3

#

D

of currents }:}a;

R
aiaﬁlvaly free of
The
during,
g shown

Thw gravel

nature
and
in

Streamflow regulates the
amount of spawning area avail-
able. D. H. Fry in Hooper
{1973} summarizes the effect of
discharge on the amount of
spawning area in a stream.

As flows increase, more and
more gravel 1s covered and
becomes suitable for
spawning. As flows con-
“inue to increase, velocities
in some places become too
high for spawning, thus
can¢g1§mg out the benefit
of increases in usable
spawning area near the
edges of the stream,

Eventually, as flows in-

crease, the losses begin to
Qu;wwigh L%H., &](J.,Lliu; (wnci Lh@
actual i

tho stream



Table 6—Water depth, velocity, and size of substrate measured in spawning areas of

salmonids :
Species Source Depth Velocity | Substrate How and where developed Remarks
Heters Cm/s  Lentimeters
Chinook salmon Hamitton and 0,24 31 -~ Oregon-Coquille River
Remington (1962)
Fall chinook Warnerl/ 12-1.22  15-107 .- California-American, and Consumnes
wastgategf Rivers
Kigr {1964) v 24 31-92 -~ California-Feather, Eel, and Mad
Rantz (1964} ¢ River Systems
Horton and Rogersgf 2.2 37-107 California-Van Duzen River
Chambers et ¢1.% .30-.46  30-69 Washington-Columbia River and T at 0.4 ft abeve bed
tributaries
Sams and Pearson§/ z.18 .27-94 - Oregon - 4 streams in Willamelte 107 redds sampled; V at
River Basin (.63 depth or 0.2 ft and
0.8 depth from surface
Thompson (I972}§/ x. 24 30-91 -~ 90-95% confidence interval; Oregon, 440 vedds sampled;
wide range of streams streams represented a
wide variation of
hydraulic characteristics
Smith (1973) 0.2k 30-7% - Tolerance interval; Oregon, 7 streams 50 vedds sampled; V at
with varying hydrautic conditions 0.4 ft above bed
Spring chinook Chambers et a ,i/ J46-.53 5365 - dasnington-Columbia River and V at 0.4 ft above bed
tributaries
Sams and Pearsoné/ >. 18 .08-.85 - Range; Uregon, 3 streams in 270 redds sampled; V at
Willamette River Basin 0.6 ft depth or 0.2 ft and
0.8 ft depth from surface.
Thompson (1972}§/ 2. 24 30-91 - S0-95% confidence intervai; Oregon, 158 redds sampled;
vitde range of streams streams representative
of a wide variation of
hydraulic characteristics
Smith (1973) ».18 21-64 - Tolerance iaterval; Oregon, 7 streams 142 redds sampled; V at
with varying nydraulic conditions 0.4 ft above bed
Reiierzj .15 14-64 - Range; Idaho, 5 small streams 58 redds sampled; V at
0.6 ft depth from surface
Sulimer chingok Reiaer of 1/ 8/ J30-.85 0 25106 - Range; fdaho, Salmon River 50 redds sampled; V at
0.6 ft depth from surface
Chum salmon Thompson {1972) 218 46-47 - 90-95% confidence interval; Oregoun, 177 redds sampled;
on a wide range of streams str. ms represented a
wide agriation of
hydr (lic characteristics
Simith (3973}§/ g 46-101 Tolerance interval; Oregon, 5 214 redds sampled, V at
streams with varying hydraulic 0.4 ft above bed,
conditions
Collings o 5053 211 - Vomeasured 0.4 Fu above bed
Cobo salmon Chambers et a!.gj L30-.38 0 37-85 - Wishington, Cclumbia River and Redds weasured 0,4 7t above
tributaries bed
Lams and Pearson {1963)9/1‘1G 14-93 - Range; Ovegon, 4 streams 173 vedds sampled; ¥ at

0.6t depth or 0.2 f1 and

G.8 (6 depth from surface



Table 6-—Water depth, velocity, and size of substrate measured in spawning areas of

saimonids —{(Continued)

Specias Source Depth Yelocity 1 Substrate How and where developed Remarks
Heters /s Centimeters
Coho salmon Thompson (1972} 50.18 30-91 - 90-95% confidence intervals 251 redds sampled;
Oregon, 10-12 streams with varying streams represent
hydraulic conditions wide variation of
hydraulic characteristics
Smith (1973} > 15 21-70 - Tolerance interval; Oregon, 7 128 redds sampled; V
streams with varying hydraulic measurad 0.4 ft above bed
conditions
Pink salmon Collings &/ 3/ J15-.53 0 21-10% - V measured 0.4 ft above bed
Sockeye salmon Chambers et al,if L30-.86 0 83 - Washington Vat 0.4 ft sbove bed
Clay (1961) .- 53-55 - V at 0.4 7t above bed
fokanae Thompson (1972) e-.18  24-54 “e 90-uv5% confidence interval; Oregon, 166 redds sampled;
wide range of streams streams repressnt wide
variation of hydraulic
characteristics
smith (1973)2/ 5.08 1573 . Toterance interval; Orogon, 3 106 redds sampled; ¥ at
streams with varying hydraulic 0.4 ft above bed
conditions
Hunter (1973) L09-.35  12-41 - Middle 80% of range; Washingion, 177 redds sampled; V at
Flow 2-30 #¢°/s 0.4 ft or 0.25-0.30 above bed
tgethead trout .35-.43  60-69 -~ 95% confidence interval; Oregon 51 redds sampled
Winter steelhead Smith (1973)§/ >.24 40-91 - Tolevance interval; GOregon, 11 115 redds sampled; ¥ at
streams with varying hydraulic 0.4 ft above bed
conditions
Engmanlgf t0->.9  23-117 - Range; Washington 62 redds sampled
Hunter {1973} 2i-.70 0 37-101 0.66~10.16 Widdle 90% of range; Washington, 19 114 redids sampled; V at
streams with varying hydraulic 0.4 ft or 0.25-0.30 ft above
conditions bad
Hunter {1973) 12-.36  44-109 G.64-12.70 Range; Washington 19 redds sampled; V at
G.4 ft or 0.25-0.30 ft above
bed
Huntert/ 23-.50  41-108 - Range; Hashington, on streams 30 redds sampled; V at
of 180 Ft3/s 0.4 Ft ar 0.26-0.30 ft above
bed
Hunterll/ 140200 25-34 - Raage; Washington, Satsop River 4 vedds sampled; V at
0.4 ft or 0.25-0.30 ft above
bed
Smith {1973) 2. 24 43-37 - Tolerance interval; Oregon, 90 redds sempled; V

Oreutt gt al.

{1968)

:

21-01.52 24-55

1.27-10,16

Beschutes River

Hange; ldaho, 6 streams in (learwaier

and Saimon diver watershads

83 redds sampied 05
at (.4 ft ahove bed
54 pedds sampled; ¥

measured at the surface




Table 6—Waier depth, velocity, and size of substrate measured in spawning areas of
saimonids —{Continued)
Species Source g Depth Yelocity | Substrate How and where developed Remarks
i
Cm/s  Lentimeters
Sunigier stesthoad .04 -0 E Range; ldaho, 3 streams 46 redds sampled; ¥
geasured at 0.6 fU depth
from surface
Rainbow truutl Swith (3973}§/ 4831 0.68-5.14 Toigrance interval; Oregen, 51 redds sampled; ¥ at
Peschutes River 0.4 ft above bed
Hooper (1973} 21-.33 43482 B4-7 .62 Range,; California, Feather River 10 redds sampled; ¥ at
0.21 above bed
V15 4382 "o Estimated from iterature
Waters (1976) L05-.80 2i-4h . Catifornia, Pit River
Haroman {1965} -- 50490 - 3ritish Columbia, Kootenay Lake
futthroat trout nooper (1973) - 3G-91 16~.564 Range; lalifornia
Cedarhoin JOB- .18 826 e Range; Yashington 3 redds sampled
{in Hunter 1973}
{regident) Hunter (1973} JOg-.27 0 01-38 L64-5.08 Range; Washington, streams 23 redds sampled; V at
3.5-2.0 s 0.4 F% or 0.25-0.30 ft from bed
Hunter (1973} 12-.40 15-58 B4-10.16 Prnge; Washington, streaws 16 redas sampied; ¥V at
5.0-15.0 ft3/S 0.4 ft or 0.25-0.30 ft from hed
drogn Lrout Gmith (197133 724 20-68 547 .62 Tolerance interval; Oregon, 5 115 redds sampled; V at
{Hunter 1973) streams with varying nydraulic 0.4 Tt from bed
conditians
Brown Trogt fhompson (!9?2)§/ 2. 24 21564 - §9-95% confidence interval: Oregon. 115 redds sampled
on & wide vangs of streams
Hooper {1 -- 30-91 847 .82 Range; California
Baves {1974) » 18 40-52 - Estimated from Viterature
feiser and desche (1977) ».08 146 647,62 Middle 80Y% of range; Wyoming. 121 racds sampled; V at
5 small streams 9.6 vt depth from surface

1/unpuh119neﬂ reaort, "The relacionsihip beteeen flow and available salmon spawning gravel on the Mmerican River below

Y. darner. Lalif. Dep. Fisn ang fame Admin., Sacramento, 1953,
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If spawning area is plotted
against streamflow, the
curve will usually show a
rige to a relatively wide
plateau followed by a
gradual decline.

Using the criteria described,
mathods have been developed forx
recommending stream discharges
for spawning. Figures 4 and 5,
taken from Collings {1872},
exenplify the process of depth
and velocity contouring to
determine the ares suitable for
spawning at a given discharge.
Another method {Thompscn 1972)
usges cross channel transects on
spawning bars and consists of
guantifying the width of the
stream at different flows that
meet depth and velocity criteria
{fig. 6. When measureme .t .
have been taken over a wiue
range of flows, a graph is
plotted of flow versus suitable
spawning areas (Collings 1972,
and fig. 7) or usable width
{Thompson 1972, and fig. 8). The
optimum spawning flow is defined
as the discharge at which the
largest spawning avea or usable
width occurs. Detalled descrip-
tions of spawning flow method-
ologies are described by Sams
and Pearson (see footnote 21},
Th@m%§an {1972}, Collings (1972,
1974=" ), Waters {1976), and
Stalnaker and Arnette (1976).

3/

= YUnpublished report, "Gener~
alization of spawning and rearling
diccharges for several Paciflic salmon
specles in weastern Washington,” by M.
R. Collinzs. U.5., Geol. Burv.,, open

flie veport. 1974,
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Figure 4—Exampis of water dapth and veiocity contouring
for one river dist “arge in & study reach of the North
Mamah River (from Collings 1872).
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Flgure 5--Determining area of study reach that is
prefarred for spawning by fall chinook salmon at one

river discharge, Morth Nemah Biver (from Coflings 1872
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Although incubation i1s
inextricably tied to spawning,
the habitat reguirements of
embryos during incubation are
different from those of adults
while spewning and warrant a

separate discussion. When an
adult fish selects a spawning
site, the incubation environment
is also besing selected. Suc~
cessful incubation and emergence
of fry, however, is dependent on
both extragravel and intragravel
chemical, @hVELQaE and hydraulic
parameters--dissol vad oxygen
{pOY, water temperature, bio-
chemical oxygen demand {BOD)} of
material cerried in water and in
substrate, substrate size
{?vxﬁéﬁﬁmgw fineg}), channel
gradient, channel configuration,
water ﬁ@?th {head), surface
water discharge and velocity,
permeability, porosity, and
apparent veloclty in gravel.

ITntercha
atream with t

bed

3,

gravels has been demonstrated by
Stuart (1953}, Sheridan (1962},
Vaux (1962}, Vaux {1962} stated
that the initial source of
oxygen in intragravel water is
the atmosphere and listed the
foagowing three steps for trans-
QOLK of oxygen to the intra-
gravel environment:

° Dissolution of oxygen
through ailr-water interface
into stream water,

@ Transport of oxygenated
water to the stream kottom,

Iinterchange of oxygenated
water from the stream into
the porous gravel intevrior.

Factors that control the
water interchange between
stream and gravel bed are:
stream surface prefile, gravel
permeabiliiy, gravel bed depth,
and irregularity of the stream-~
hed surface {(Vaux 1962, 1968}).
Sheridan (1962} noted in salmon
spawning areas in southeast
Alagka, that ground water con-
tained very little oxygen and

that the oxygen content of
intragravel water decreased with
gravel depth; thus the major
source of oxygen in intragravel
water 1s the stream itself.
Wells and McNeil (1970} attrib-
uted high intragravel oxygen in
pink salmon spawning beds to
high permeability of the sub-
strate and stream gradient.

Intragravel water temper-
atures are similarly influenced
by temperatures of the stream.
R 1gig? {1870} and Ringler and
Hall {1975} observed that temper-
atures of intragravel water
lagged 2-6 h behind those of
surface waters in a%ﬁ&ining
diurnal maximum-=-a function of
the interchange rate of surface
and intragravel water.

hApparent velocity {v
of water moving through
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Figure g Relalion between subsurface water flow 30 om

iy in a controtled-How side channel and main stream
gage readings. The subsurface flow varied with changes
in discharge of the main stream adiacent to the
onirolied-flow sids channel {from Wicketll 1884, courtaesy
the fournal of the Figheries Ressarch Board of

Canagda)

ical levaels

is a function of the hydraulic
head and the permeability of the

gravel {Coble 1561}. Thus, as
depth of surface water increases,

a corresponding increas=z in
apparent V@EQCLty can pe ex~

pe@ﬁcua Wickett (1954} found a
direct relation between gage
height readings in a stream and

subsurface flow {(fig. 9).
Reduction in permeabi. ity from
fine sediment depositicn will

reduce koth the interchange oi
surface and intragravel wate

and the apparent velocity of th@
intragravel water {(Gangmark and
Bakkala 1960, Wickett 13562,

Cooper 1965).

DISSOLVED OXYGEN

Critical concentrations of
dissolved oxygen have been
experimentally determined for
salmonid embrvos at different

of dissolved oxygen for salmonid embryos at various siages of

. Temperature .
i Stage of P 1/ Critical value of
sSource Specias development Days units diszolved oxygen

Mo/l
Wickets (19541 Chum salmon Pra-gyad 0 - 0.72
Pre-egyad 5 - 1.67
Pra-gyed P2 — .14
Faintly syed 85 - 3,70

- » by

Chum salmon - 4.0 ;;*;-»’ 72
- - 4.8 w,1.67
. - 48,0 =114
- - 121.2 5396
- _ 162.1 =370
o - 268.2 5.66
- - 353,40 5.60
- - 452 .4 7oa
Lindrotn o 76
- 5.80
- ¢.00

301

. 7

[32°F) for a peviod « .
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demands (table 7}.

- and Warren {(1965)

the critical levels in
are unreliable, because
s>und that embryos exposed
solved oxygen levels helow
saturation throughout develop-
rient were smaller and that
hatching was delayed or occurred
prematurely. From laboratory
tests with coho, chum, and
chinook, and steelhead eggs by
Alderdice et al., (1958), Silver
et al. {1963), and Shumway et
al, {1964}, the following sum=~
mary of oxygen concentration and
egg development has been pre-
pared:
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& Sac fry from embryos in-
cubated in low and inter-
mediate oxygen concentra-
tions were smalley and
weaker than sac fry reared
at higher concentrations,
and thus they may not
survive as well as largery
fry {Silver et al. 1963, and
figs. 10 and 11}.

Reduced oxygen concentra-
tions lead to smaller newly
hatched fry and a lengthened
incubation period ({Shumway
et al. 1964, and figs. 12

and 13}.

& Low oxygen concentrations
in the early stages of
development may delay
hatching, increase the
incidence of anomalies, or
both., Low oxygen concen-
tration during the latter
stages of development m

stimulate premature hatch-
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Figure 10—Relation between mean lengths of steethead
frout sac fry when hatched and dissolved oxygen
concentrations at which the embryos were incubated at
different water velocities and at 8.5°C {from Silver et al,
1963).
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{able %’*;vwéi;?safazfz%ﬁf 3{,3 of alevins at hateh
KT 31 s {from Brannon 1965)

ing after bei

ing incubated in three

0, concentration {mg/1)
Description 3.0 6.0 11.9
Temperature units to 50%
hatching 1200 1200 1200
Length in millimeters 6.3 18.6 19.7
Yolk sac shape Spherical Longitudinal  Longitudinal
Pigmentation Lightly on On head and On head and
head starting on back
back
Visibility of the Not visible Distinguish-  Readily visible
dorsal and anal fin rays able
Caudal fin development Forming Forming Well advanced
fully saturated with In many streams contalning
Although dissolved incubating salmonid eggs, water
ncentrations reguired temperatures are colder than
=gsful incubation depend 4,5°C during the winter; eggs
on both species and develop- develop normally and successg-
mental stage, concentrations at fully, however, because spawning
or near saturation with tem- and initial embryo development
porary reductiecns no lower than occur when temperatures are
5.0 mﬂfi are rscommended for warmer.
anadromous salmonids. mxtremely cold water and

air temperdturw

can cause

FER = mortality among incubating eggs
FEMPERATURE and fryv by the formation of

There are upper and .ower
temperature limits {thresholds)
for successful incubation of
salmonid eggs {table 3). Combs
and ngrQW% {1957) and Combs
(1965) noted that pink
chinoc cou
ate low
atus ini

ﬁrazil or

water

typical of
may
surface of the
thereby prevent water lnt@rw
change between
addition# ice
can impede

spawning
ng

that
dewater
sequent meltl
cause floodlike
resulting in th
scouring of

sxpetriment,
7y found eggs in

;‘iflffé
f‘(,i \g

wﬁlzd

anchor ice that reduces
terﬁhangva Anchor ice
nwznaliy forms in shallow watex
spawning areas and

completely blanket fhe

planting
Waesche (1°

0

substrate and

atream and gravel.

dams may form
flow or even
areas. Sub-
of the dam may
conditions
displacement
redds., in an

Relse:
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Figure 17-—Fetation between apparent velocity and embryo
survival (from Coble 1861}

SUBSTRATE MATERIALS

Spawning bed materials also
influence the development and
emergence of fry. Permeability
of the substrate (the ability of
a material to transmit fluids)
sets the range of subsurface
water velocities {Wickett 1962),
Low permeabilities result in
lower apparent velocities and
reduced oxygen delivery to and
metabolite removal from the
eggs. Wickett {1958) found that
survival of pink and chum
salmon eggs was related to
permeability {(fig. 18}). MeNeil
and Ahnell (1964} concluded that
highly productive spawning
streams had gravels with high
permeability. Permeability was
high (24,000 cm/h} when bottom

materials had less than 5 percent

{by volume) sands and silts that
passed through a 0.833 mm sieve
and was relatively low {less
than 1 300 em/h} when fine
sediments made up more than 15
percent of the bottom material,

egssful fry emergence is
by excessive amounts of

hin

sand the gravel.
Even wwhryw@ may hatch
& nd ﬁwv survival will be
DoOCr v cannot emerge.
Roskl evaminsd redds

SURVIVAL (FERCENT)
=4
)

o 26 a0 50 80 100 120 140 160

PERPMEABILITY OF STREAMBED GRAVELS
(CEMTIMETERS PER AINUTED

Figure 18— OGbasrved relation reported by Wickett (1988)
between permeability of spawning beds and survival of
pink and chum salmon 1o the migrant fry stage (from
MeNell and Ahnasll 1964).

100
oo Bjernn (1969)
. Chincok salman
. \ Steethend ~~~ ——
sod N\ MecCuddin (1977)
\-\.\ "\%\ Chinook salmon 1976 ——. .

. AR Chinook solmon 1975 v e
% 70 Steathend — - -
Rad
i
gj &0
=
£
w50
]
=
7z 40
ey
&8
&
¥o3g

20

10 \

o —

6 10 206 30 46 S0 60
PERCENTAGE FINE SEDIMENT

Figure 19— Parceniage amergence of fry from newly
fertitizad eggs In gravelsand mixtures. Fine sedimant was
granitic sand with particles less than 8.4 mm.

where eggs had developed nor-
mally but the hatched frv were
unable to emerge because of
sediment. Phillips et al.
{T§?S§ found an inverse relaticon
atween gmathty of fine sedi-
m@ﬂt@ and fry emergence. Bjornn
{1969) and McCuddin (1977}
demonstrated that survival and
: ence of chinook salmon and
,he’d embryos were reduced
when sediments less than 6.4 mm
in dl&mmi@x made up 2025 per-
caent or more of the substrate
{figs., 19 and 20}.
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isgh and Wildlife personnel use
field observations to 3;&@@
recommended incubation flow

B

‘hat are often esguivalent to
about two-thirds of the spawning
flow. Thompson (1972}, however,
pointed ocut that the two-thirds
rule does not alwavs hold, and
adequate flow depends largely on
the particular stream. Research
ie currently underway in Idaho
I Alaska to quantify the

2am flow needs for suce
ul incubation and hatching
m

e

cess
of salmonid eggs,

Forest practices, such as
roadbuilding dﬁﬂ clearcut
logging, may increase the water

yvield from a watershed and

sometimes contribute to the

flooding in a stream {Rothacher

1971). Rapid fluctuations in
tr

i

reamflow can decrease egg

survival by disturbing redds and
thereby crushing and dislodging
eggs. Gangmark and Broad {1956}

attributed complete mortality of

planted chincok eggs to stream
flows that increased 100 times
during egg planting. Other
investigators have also noted
the deletericus effects of
filooding on egg survival {Hobbs
1937, HNeave 1853, Gangmark and
Bakkala 1960, Sheridan and
McNeil 1968). As noted by
Chapman {(1962), abnormally high
flow at the wrong time causes
increased mortality. Moderately
high flows are beneficial in
assuring adeguate interchange of
intragravel and surface waters
and improving the oxygen supply
Lo embryos.

Because species-specific
incubation criteria have not
been developed, generalization
is needed to define suitable
incubation for anadromous sal-
monids. General guidallnes for
salmonid incubation based on the
preceding information are
presented in table 9.

faw:
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/ENILE REARING

&

Habitat reguirements of
juvenile anadromous fish in
streams vary with species,
and time of year. The rearing
y@ricd extends from fry emer-

ence to seaward migration and
can range from a few days for
chum and pink salmon to 3 or 4
yearas for steelhead trout. For
figh that spend an extended time
in fresh water, the guantity and
quali v of the habltat sets the
Pimits on the number of fish
that can be produced. Important
habitat components for juvenile
salmon and trout are fish food
production areas, water quality
and quantity, cover, and sgpace.
The interaction Of some ©f these
habitat camponuz with bio-
logical features uf the envi-
ronment hﬂvg been studied
{Giger 18973, Hooper 1973}, but
ap@ﬁific criteria for rearing
nabitat have not been completel:
dmfiﬁeﬁ for anadromous salmonids
in streams. We will discuss
features of stream habitat and
relate them to ¢aimuuid or Q-
duction where warranted by the
data avallable,

24

FISH FOOD PRODUCTION AREAS

Density of juven_.e anad-
romous salmonids Ay be regu-
lated by the abundance of food
{perhaps expressed us competi-
tion for space} in some streams
{Chapman 1966). Food f@r these
salmonids comes primarily from
the surrounding land and from
the substrate within the stream:;
the relative importance of
terrestrial and aguatic insects
varies with stream gize, loca-
tion, riparian vegetation, and
time of year.

VELOCITY

Accoxding to Scott (1958)
and Allen (1859}, velocity is
the most important parameter in
determining the distribution of
aguatic invertebrates in streams.
Most aguatic invertebrates live
in a vertical boundary laver on
the stream substrate where
velocities are near zero. Water
velocities just above the bound-
ary W“gar; however, are typical
of rjffle areas {Pearson et
al.,~ Needham and Usinger 1956,
Delisle and Eliason 1961, Arthur
1963, Ruggles 1966, Kimble and
Wesche 1875, and table 10).

DEPTH

The influence of water
depth on aguatic insect pro-
duction is poorly understood,
but Needham and Usinger ilﬂff)
and Kennedy (19677 found the
largest numbers of organisms in
shallow areas typical of riffles.
In a study by Kimble and Wesche
(1975}, may4L¢“” {Ephemercyp-
tera), stoneflies (Plecopteral,
and caddisflies {Trich

wipptera)
were found in depths la2ss than

{
" Unpublished repcrt, "Factors
alfceting the natural rearing of
juvenile cohio gdlmon during the summer
tow flow secason,” by L. 8. Pearson, K.
R. Conover, and R, B. Sams. Fish.
Comm. (JL(‘){?');,, Portland, 1970,

&



table 10—Water velocity criteria

for aguatic inveriebraies

Yelocity range

Kennedy (196
Pearson et a
Surber {1951
Delisle and
Hooper (1973)
Giger i1973)
Peédnﬁm and Usinger
tmble and Wesche
Thama$aﬂ (1972)

Meters per second

1/ See text footnote 4

0.3 m., Hooper {1973} reported
that areas of highest inverte-
brate productivity usually occur
in streams at depths between
0.15 and 0.9 m 1f substrates and
velocities are suitable.

SUBSTRATE

Stream substrate compo-

sition is another £ - . that
regulates the produc .. of

invertebrates; highest pro-
duction is from gravel and
rubble~size materials {Needham
1934, Linduska 1942, Smith and
Moyle 1944, Mprulew 1847,
Ruttner 1853, Cummins 1966,
Thorup 1966, Kennedy 1967,
Corning 1969, Hynes 1870},
Substrate size 1s a function of
water velocity, with larger
mdt\rimi“ {rubble and boulder)
assogiated with fast currents
and smaller materials {silt and
sand} with slow-moving water.
Pennak and Van Gerpe
173 noted a decrease in
ser of u&ﬁﬁhlu LqurLebLat@S
% “010& rubble-
ad, A similar
was no by Kimble and
wmvfbe {‘975} in the series
ibble~coarse gravel-gsand and
fine gravel-silt. Sprules

{1947} reported that, in general,
the diversity of available cover
for pottom fauna decreases as
the size of inert substrate
particles decreases. Rubble
seems to be the most productive
substrate., Large rvubble sub-
strate provides insects with a
firm surface to cling to and
also provides protection from
the current,

The lmpmwfdnce of insects
produced in riffles as food for
fish is documented by Waters
{1969), and Pearson et al. (ses
footnote 4} reported higher coho
production per unit area in
pools with large riffles up-
stream than in pools with small
riffles upstream.

Velocity, depth, and sub-
strate criteria for optimum fish
food production are:

Velocity 0.46-1.07 m/s

Depth 0.46~0.31 m

Substrate Composed largely of
coarse gravel

3.2-7.6 cm) and

ibble {(7.6-30.4 om)

i
{
ru

i g ,:% , A:: o L alal Y

ggg 5@ w‘ﬂ‘z Y %mﬁ«! ‘?g M% i ?gﬁ
Terrestrial ins 0%9 are

also important food iltems for



salmonids They may enter
streams uy falling or being
blown off riparian vegetation
and by being washed in from
shoreline areas by wave action
or rapid flow fluctuations
{Mundie 1969, Fisher and LaVoy
1972y, Once in the stream,
these organisms are entrained by
the current, become a part of
the drift, and are fed upon by
fighféﬁarbér 1936, Relley et
ai.,> pelisle and Eliason 1961,

to decemming the
by trout below dams: a proposal for
vv&yi;vatéax@” by DL W, RKelley, Al
Call
1960,

wublished repoct, “A method
colume of flow required

g

. oo,

Kennedy 10’7§ Allen 136°9).
Plant material that falls into
the strcam from riparian vege-
tation may be an important
gsource of food to aquatic in=-
vertebrates. Sekulich and
Biornn {1977} found that ter-
restrial insects were second
only to chironomids (midges) in

importance as food for juvenile
anadromous salmonids in the

streams they studied. Groups of
ingects and other arthropods
that may become a part of ter-
restrial drift include: Diptera
{fiies}), Orthoptera {grass-
hoppers and crickets', Coleop
tera (beetles), Hymenoptera
{bees, wasps, and ante), Lepi=-
doptera {(butterflies and moths},

Homoptera (leaf hoppers), and
{spiders).

Araneida




WATER QUALITY

Temperature

Salmonids are cold water
fish with definite te emperature
requirements during rearing.
Water temperature influences
growth rate, swimming ability,
availability of dissolved
oxygen, ability to capture and
use food, and ability to with-
stand disease outbreaks. Brett
{1952) lists the upper lethal
cemperature for chinook, pink,
sockeye, chum, and coho salmon
as 25.1°C. The upper lethal
temperature for rainbow trout
lies between 24° and 28.5°¢
depending on orxygen concen=
tration, fish cize, and accli-
mation temperature {McAfee
1966). Blightly lower temper-
atures can be tolerated but are
stressful.

Bell {see footnote 1}
stated that, in general, all
cola water ﬁamh cease growth at
wﬁmpvxa tures above 20.3°C bhe-
cause of increased metabolic
activity. Fall chinm&k finger-
lings had increa ‘wg percentage
waight galﬁg as temperature was

i’i

Fo
(38

increased from 10.0° to 15.7°C,
and then welght decreased with
a further increase in temper-
ature to 18,4°C {Burrows in
BRell, see footnote 1). Baldwin
{1956) noted a similar relation
for brook trout, with increases
in percentage welght gain with
increased temperature from 9.1°
to 13.1°C and a subseguent
decrease in percentage weight
gain with temperatures exceeding
17.1°C. at 17.1°C, brook trout
feeding decreased and, when
temperature reached 21.2°C, the
sh only ate 0.85 percent of
their body weight per day. By
comparison, a l00-mm-long sal-
monld that weighs 10 g would
need to eat about 1.8 percent of
its body weight each day to
maintai . itself and 2.5 percent
to grov capidly in 15°C water.

Salmonids prefer a rather
narrow range of temperature in
which to live {table 11}, and
temperature may help regulate
density. In laboratory stream
channels, Hahn {1977) found
twice as many steelhead £
remained in channels with daily
fluctuating {8°-19°C}) or con=~
stant 13.5°C water temperatures
than in a channel with constant
18.5°C water. VFry density in a
channel with constant 8.5°C
water was double that in chan-
nels with constant 13.5°9C orx
fluctuating temperatures, Water
temperatures in a particular
streazm vary seasonally, tem=
pcral”y; and spatially (for

example, between forested and
ﬂ@ﬂf@f@ﬁ&&d areas}). Seasonal
and temporal changes are largely
out of human control: certain
land-use practices {for example,
channelization cr removal of
shade trees}), however, can
change the temperature in sec-
tions of streams. If Liparian
vegetation is removed, exposing
the stream to direct GJP‘*« ‘
wataer Lemperatures wJudid\
increase in summer




?ﬁﬁ%é%m%&ﬁswﬁcwﬁmum d pper igthal temperatures of various
saimonids &/ (from Bell 1973 unless otherwise noted)
Preferred :
temperature Uptimum Upper Tethal
Species range temperature temperature
mmmmmmmmmmmmmmmmmmmmmmm S
Chinook 7.3-14.6 Z12.2 25.2
Coho 11.8-14.6 5+,20.0 25.8
Chum 11.2-14.6 13,5 25.8
Pink 5.6-14.6 ﬁf?@ei 25.8
Sockeye 11.2-14.6 /15,0 24.6
Steelhead 7.3-14.6 0.1 24.1
Cutthroat 9.5-12.9 .= 23.0
Brown 3.9-21.3 - 24.1
1/ From Bell {see text footnote 1).
2/ From an unpublished report, “Fish health and Management: concept
- and methods of aquaculture,” by G. W. Klontz, Univ. Idaho,
Moscow, 1976.
3/ From Brett et al. {3@58}
4/ From Garside and Tait (1958).
Chapman 1962, Gray and Edington rate, food consumption rate, and
1969, Meechan 1870, Narver 19572, the efficiency of food utili-
Moring and Lantz 1974, Moring zation of juvenile coho salmon
1975]. Colder winter temper- 2ll declined when oxygen was 4
ares result from loss of cr 5 mg/l {Herrmann et al. 1962,
54 adversely affect egg and figs. 21, 22, and 23}.
; {Greenz 1950, Chapman
Juvenile chinook salmon
aveided water with oxygen
DISSOLVED CHYGEN concentrations near 1.5-4.5
mg/1l in the summer, but reacted
The concentration of dis- less to low levels in the fall
1 oxygen in ctreams is when temperatures were lower
© to salmonids duri Lng {(Whitmore et al., 1960},
LY LG At temperatures above
>, concentraticas of dig- In a review paper, Davis
i oxygen regulate the rate {197%}) examined information on
tive metabolism of juvenile incipient oxygen response thresh-
: Qgimuﬁ 5%9“ footnote 1), olds for salmonids {(table }2}5
propo that where and developed oxygen criteria
”ft@m@ Lo Wit %h concentrations

> conte £
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Figure 21—Weight gains (or losses) in 19 to 28 days among
frequently fed age-class 0 coho salmon, expressed as
percentages of the initlal welght of the fish, in relation to
disgolved oxygen conceniration. The curve has been
fitted to only the resulls of tests parformed in 1856, All
of the 1858 nositive welght-gain valuss are results of
21-day tests {from Herrmann at al, 1982
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Figure 22—Grams of food (beach hoppers) consuined by
frequently ted age-class 0 salmon per day per gram of
inftial weight of the fish, in reiztion (o dissolved oxygen
concentretion. The curve has been fitted to only the
1956 data (rom Herrmann st al, 1982).

distress: at the lowest concen-
tration, & large portion of t
ish population may be affected.
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Figure 23—Food conversion ratios for frequently fed age-
class 0 coho salmon, or thelr waight gains in grams per
gram of food (beach hoppers) consumsad, in relation v
dissolved oxygen concentration. A foodl conversion ratio
of zero (not a ratio having a negative value) has been
assigned to each group of fish that inst weight. The curve
hias been fitted only to the 19588 data {from Herrmann
at al, 1962).

saturation, except in small
streams with large amounts of
debris from logging or other
sources {(Hall and Lantz 1969} or
in larger, slow-moving streams
receiving large amounts of
municipal or industrial waste.

SUSPENDED AND
DEPOSITED SEDIMENT

Suspended and deposited
fine sediment can adversely
affect salmonid rearing habitat
if present in excesgsive amounts.
High levels of suspended solids
may abrade and clog fish gills,
reduce feeding, and cause fish
to avold some areas {(Trauvtman
1933, pPauvtzke 1938, Smith 1939,
Kemp 1949, Wallen 1851, Cooper
1956, pBachman 1958, Corxdone and
Kelley 1961}, According to Bell
{see footnote 1}, streams with
silt loads averaging less *“han
25 mg/1l can be expected tu
support good freshwator 1o sa-
eries. State tuvbidity standards
for Colorado, Wyoming, Mont
and Oregon are set at no mo
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Tabi

28

oxygen response thres

noids for various salmonids (modified from

Cissolved vxygen

Species Source Size | Temperature jConceniration]Saturation Response
i
o Mg/l Percent :
Arctic char Aoleton (1973 - 2+ 0.0% 2.18 15.8 Signs of acz hixia and loss of equilibrium
Brown Trout Irving et al. [1941)  &8¢-1 136 g 20 4,59 50 Blood not fully saturated with CZ below this jevel
Bruok trout irving et at. (1941 A8Z-1 136 ¢ 20 4.59 50 " ! i
Granam 17-85 g 5 8,09 63.2 Onset of Oz-depeﬂdent metabolism
" 17.8% g B 5.99 50.7 Reduced cruising spead
" 17-65 ¢ Z0 g.06 38.8 Onset of Oz—dependent metabolism
B ' 17-865 g 5.20 4.6-6.88 75 Reduced activity all temperatures

Rainbow trout

Haiabow Lrout

Lrangak Saimn

Beamish (1964

Irving et al.

Gowning (1954

Jones (1971}

Randall and

Smith (1967)
dugnes and Saunders
115370}

Camaron (1971]

Llovd (1981

vt {1964)

Davis (1973)
Randall and
Smitn (1967}
unitmore et al,
Hicks and
Dewite (1871

(1983)

Davts et 4i.

AT TIENT

3.3 404 17 % .5
o

20 mo. olg 8-10
20 mo. ola  21-23

119840}

L1968

235-510 g 2.3-13
- 15
.- 15
400-5600 g 135

00 g G, 15, 20

-1 g 17.5

50 g 20-24
1875 g 13

.71 om L

11408 om 12+ %

1020

Juventie

suveniie 10-20
Bievlh g i

5.18-7.34  50.7-63.7
9.74 100
5.94-5,67 0

8.73-6.74  63.1-63.6

5.08 50

51.0-63.7

9.17-8,53 100
&.74 63.6
5.07 54
SR

11.33-9.17 100
3.17 100

8.0-4.0

4.5
4.5

Poi-g 160
4.5 a44-43

Standard oxygen uptake reduced below this level

Below this level, blood is not fully saturated
with oxygen

Circulatory changes occur, inciuding a2 siowing
of the heart

Any reduction in oxygen led to more rapid death
in cyanide

43 percent reduction in maximum swimming speed

306 percent reduction in maximum Swisming speed

Blood not fully saturated with O2 below
this level

Altered respiratory guotient, little capacity
for anaerobic metabolism below this level

Changes in oxygen transfer factor and

effectiveness of 0, exchange occur
2

Breathing ampiitude and buccal pressure elevated

Blood not fully saturated with O? below this level
Toxicity of zinc, lead, copper, phenols increased
markedly below this level
Available oxygen level appears to 1imit active
metabolism and maximum swimming speed

Blood not Tully saturated with 02 below this level

tlevated blood and buccal pressure, breathing
rate increased

LOFALIC avoidance behavior

Acute mortality in kraft puipmilt 2ffluent increasec
pelow this level

Reduc . jon of 07 below saturation produced some
Towsring of maximum sistained swimming spesd

o " “

Growhn rate proportioral to orygen level with

best growth at 9.0 mg/), lowest at 4.0 my/i

avoidance of this tevel

areed

in summer

@ avoldance of tnis Teve: in fal!

. below saturation lowered maximal

sustained swimming spead

Satmon stop swisming ot a spegd of

pelow this, Taster swimming

Shanerias

roh Board of

Canada
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dissolved oxygen {modified from Davis
Hessarch Board of Canacda)

1975, courtesy of the Journal of the Fis

heries

Saturation at
given temperatures (°C)

Oxygen ) -
. , 0 5 10 15 20 2%
Response
Mg/1 ~— memeseeeee Percent--vmmmemm-
Function without impairment 7.75 76 76 76 76 85 93
Initial distress symptoms 6.00 57 57 57 59 65 72
Most fish affected by lack 4,25 38 38 38 42 46 5]

of oxygen

than 10 JP0, 10 NTU, 5 JTU and 5
NTU over background levels,
respectively.8/

Cordone and Kelley {(1961)
suggest that indirect rather
than direct effects of {:5 much
fine sediment damage fish
populations. Indirect damage to
the fish p@@uiaflan by destruc-
tion of the food supply, lowered
egg or alevin survival, or
changes in rearing habitat
probably occurs long before the
adult firh would be directly

harmed (Ellis 1936, Corfitzen,-
5/ JTU = Jackson turbidity unlits.
NTU = HNepheleometric turblidlity
unlts.

Zf Unpublished mimeographed
report, "A study of the effect of silt
on absorbing light which promotes the

rowth of algae and moss in canals,” by
w@ D, Corfitzen., U.S. Dep. Ilnt., Bur.
Reclam., 1939,

Sumner and Smith,®/ Tebo 1955,
1857, 1974, Tarzwell }957,
Ziebell 1957, Casey,~ Bartsch
1960, Cordone and Pennoyer,10/
Chapman 1962, Bjornn et al.
1977} .

&/ Unpublished mimeographed
report, "A biclogical study of the
effects of mining debris dams and
hydraulic mining on fish life in the,
Yuba and American Rivers in California,”
by F. H. Sumner and 0. R. Smith.
Submitted to the U.8. District, Eng.
Office, Sacramento, California, from
Stanford Univ., 1939,

[

2/ Unpublished mineographed
report, "The effects of placer mining
{dredging) on a trout stream,” by 0. E.
Casey. Annu. Prog. Rep., Proj.
FelbeR=1l, Water Quality Investigations,
Federval Ald in Fish Restoration, Idaho
Dep. Fish and Game, Boise, 1959,

1/ . ;
<o Unpublished mimeographed

report, ' Notes on silt pollution in
the Truckee River drainage,” by A. J.

Covdone and 5. Pennoyer. Callf. Dep.
¥igh and Came. Inland Fish Admin,

Rep., Sacramento, 1960,



Deposited sediment may

red availlable summer rearing
{(£1 24} and winter holding
{fig. 25) habitat for fish
{Stuehrenberg 1975, Kiamt 1876,
Biornn et al. 1877). Bijornn et
al. (1877} added fine sediment
{less than 6.4 mm in diameter)
.

to ratural stream channels and
found juvenile salmon abundance
decreaged in almost direct
proportion to the amount of pool
V@Yumﬁ lost to fine sediment
Because sediment

g are difficult vtz deter—

3 v each str ream, Bijornn et
al. recommended using the pexr-
centage of fine sediment in
selected riffle areas as an
index of the "sediment health®
of streams. They reasoned that
if the riffles contained neg-

1i g&b!e amounts of fine sedi-
ment, then the pools and inter-
stitial spaces between the
boulders of the
would also have negligible
amounts of sediment.
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Figure 24— Daensitiss of Hish remainiog in artificlal sirearm

channels after § dayvs during winter tests, 1875 W = wild;

hat ch{« C Ve = boulders in pools Ve tmpedded with
[N T M% mmuum wm = agedumrmx
sahmon, 8y = ay
cutthroat trout, (} 1
at el 1977}

stream substrate
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Figure 25— Densities of flsh remalining in the Haydsn Creek
artificial stream channels after 5 days during the summer
tests, 1874 and 1875 SHy = age 1 steelhsad; CKgags 0
chinook; ¥3 = key boulders 'n pools V4 imbeddad with
sediment; F = key boulders in pools fully imbedded {from
Biornn ef al. 1977).
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Figure 26-Fish numbers in upper test pool versus

percentags pool area despsr than 0.30 m, during the
sediment additi into Knapp Greek, 1973 and 1874,
Arrows denote obsarvalions not uysed in fitting the
regrassion ling, P = prior to addition of sediment, 1 =
after firet addition; 2 = after second addition; § = after
third addition {from Biornn et al. 1877).




COVER

Cover is perhaps more
important to anadromous sal-
monids during rearing than at
any other time, for this is when
they are most susceptible to
predation from other fish and
terrestrial animals. Cover
needs of mixed populationsg of
salmonids are not easily deter-
mined {Giger 1973). Shelter
needs may vary diurnally (Kalle-
berg 1858, Edmundson et al.
1968, Allen 1969, Chapman and
Bjornn 1969}, seasconally {(Hartman
1963, 1965, Chapman 1966, Chap-
man and Bjornn, 1969}, by
species {Hartman 1965, Ruggles
1966, Allen 1969, Chapman and
Bjornn 1969, Lewis 1969, Pearson
et al. {see footnote 4}, Wesche
1973, Hanson 1977}, and by fish
size (Butler and Hawthorne 1968,
Allen 1969, Chapman and Bjornn
1569, Everest 1969, Wesche 1973,
Hangon 19771}.

Overhead cover—--riparian
vegetation, turbulent water,
logs, or undercut banks--is used
by most salmonids {(Newman 19546,
Wickham 1967, Butlexr and Haw-
thorne 1968, Baldes and Vincent
1969, Bjornn 1969, Chapman and
Biornn 19689, Lewis 1969, Lister
and Genoe 1970, Wesche 18573},
Beside providing shelter from
predators, overhead cover pro-
duces areas of shade near stream
margins. These areas are the
preferred habitat of many juve-
nile salmonids (Hartman 1965,
Chapman 1966, Allen 1969,
Everest 196%, Mundie 1969,
iverest and Chapman 1972).

rocks in the substrate, aguatic
vegetation, logs, and so on--is
also used by rearing salmonids,
Hoar et al. (1957} and Hartman
{1965} observed that newly
emerged salmonids tend to hide
under stones., Similar behavior
is typical of overwintering
juvenile steelhead and chinook

that seek refuge within rock and
rubble substrate in Idaho streams
{Chapman 1966, Chapman and

Bijornn 1969, Everesgt 1949,
Morrill and Biornn 1872).

The relative importance of
cover is illustrated by experi-
ments in which salmonid abun-
dance declined when cover was
reduced (Boussu 1954, Peters and
ABlvord 1964, Elsex 1968} and in
experiments where salmonid
abundance increased when cover
was added to a stream {Tarzwell
1937, 1938, Shetter et al. 194¢,
Warner and Poriter 1960, Saunders
and Smith 1962, Chapman and
Bjornn 1969, Hunt 1969, 1976,
Hahn 1977, Hanson 1977},

STREAMFLOW

Recommended streamflows for
rearing habitat have usually
been based on the individual
components {such as food, cover)
of habitat rather than numbers
ot biomass of fish. Thompson
{1972) listed guidelines for
developing streamflow recom=
mendations in rearing habitat:

adequate depth over riffles

@ riffle/pocl ratio near
50:50

N approximately 50 percent of
riffle area covered by flow

@ riffle velcocities of 0.31-
0.46 m/s

? pool velocities of 0.09-
0.24 m/s

@ stream cover avallable as

shelter for fish.

Such guidelines are obviously
hased on the focd production,
cover, and microhabitat needs of
figh, rather than the relation
between streanflow and fish
production.
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SPACE

Space requirements of
juvenile salmonids in streams
vary with species, age, and time
of the year and are probably
related to abundance of focd
{Chapman 1%66}. The inter-
actions and relation between
cover, food abundance, and
microhabitat preferences of the
varicus species of salmonids are
not well understood; until they
are, spatial needs of the fish
will be less than deqguately
defined.

From measurements of fisb
densities in streams, we have
some ldea of spatial require-
ments of juvenile salmonids.
Paearson et al. {see footnote 4}
Nickelson and Reilsenbichler
{1977y, and Nicrelson and Hafele
§1978, and fig. 30} found that
coho standing crop was directly
related to pool volume. Bjornn
et al., (1977} found a similar
relation for chinook salmon in

gmall streams {1 267. Pear-~
son et al, founa a close

relat

7 hetween total stream
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Table 14-—Densities of salmon and trout in streams

Age/ Area/ % Fish/ Stream size or
Species size fish i arez Weight/arsa flow rate Comments Reference
troem W W 6/n’.
Pink saimon agg-alevin 5,001 1000 - - B.C. Hunter {1959)
" " .070 4.3 - - Washington Bliss and Heiser (1567)
" 002 500 -- -- Alaska Hoffman {1965)
‘ . 08125 - ' .
O+/e .03 33.3 - - 8.C. Hunter (1959
0+/? L0027 500 -- -- Alaska Merrell (1962}
0+/2 .33 3.0 - -- 5.0, Wickett (1958)
Chum salmon eqgg-alevin .00t 1000 - - 3.C. Hunter {1959)
" N 056 17.9 -- - Washington Bliss and Heiser (1967)
0472 03 333 - - o6 Runter (1859)
Coho salmon 4,2 33 3.0 - -- 8.C. Wickett (1958)
alevin 5-12 . Oregon Chapman {1985}
I+ 2.4 42 2-4 Gregon Chapinan {1965}
(2.94-2.00) {.34~.50)
" 3.7 .3 - - 5.0, Hunter {1959)
" 5.5 .2 - - 8.0, dickett {1951}
» 2.9 .37 -~ Ayg. flows: range, 41.6-183 el Gregon Hall and Lantz (1969)
(1.92-4.28) (.26-.52)
Cninook salmon ¢ 74 1.35 12.9 Median 4-5m {daho, est. of gjornn (1978}
N 1.63 59 5.4 6-10 m summer rearing '
capacity
: {.59-7 201) (1.70-.30) (6.4~.86) Flows range 0.107-1.3 m3/5 4 streams in Sekulich and Bjornn (1677
" (.98-2 27) [i.0o-.44) [4.4-1.01) ¢ A laano # d
.53 1.50 - - {daho Bjornn et al. (1977}
Chinook salimon 1+ 3.33 .30 -- - 4 streams in Idaho Bjornn et al. (1874)
Steelhead trout 0+ .93 1.08 6.1 Medium, width about 4.5 W Tdaho, est. of Bjornn (1978)
0+ 1.43 70 3.2 " b summer rearing " "
0+ 1.92 52 3.0 Hedium, widih about 6-10 @ capacity ¢ "
I+ 16.67 R 4.3 tedium, 4-5m " ‘ N
I+ 33.33 .03 1.9 " " "
i+ 5.88 17 13.0 HMedium, 6-10m " "
O+ .59 1./0 (4.4-1.0V) Flows range 0.107-1.3 m3/s 4 streams in Ildaho gjoran et al. (1974}
i+ 6,67 b " ! - ! N " "
ot 3.88 .z2he " Smail " tanson {(1977;
I+ 16.39 061 - N " " "
T 17.24 058 - " N " "
04 .35 2% S- HMedium b '
T+ 14,492 (6% - h " " !
1+ 19. 61 051 - " ' "
11+ 26, 14 .03 - Large Idaho average Grenam (1977
(m/fish) {Eisn/m)

(tochsa River)

gensities for
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Table 15-Depth, velocity, and substrate microhabitat preferences of salmonids in streams

Species Reference Age Depin velocity Substrate
M H/s o
Stealhead Everest snd Chapman (1972) 9 <015 <0.15 Rubble
N " j L60-.75 L15-.30 Rubble
Harson (19773 1 .51 mean 16 mean 10-30
“ 2 g 15 16-30
" " 3 60 15
Stuchrenberyg {1975) 0 <, 30 14 (range .03-.26) -
i v 1 > 18 16 (range .05-.37) -
Thompson {1572} 0O e 8l o 4G
Chinook Fyerest and Chapman (1972) G LT 5 it
Stuehrenberg (1975} [} <. 61 9 {range (0~ 210
" N i <61 A7 {range .05-.38) .-
fhompson (1972) I8} W-1.22 fi- .24
Cono Pearson et ai. 0 - 9. .
’ Shampson (1972) o S0-1.27 05- .24 -
Hickelson and 0 B 30
Reinenbichier (V977
Lutlhrioal Thompson (1872) U, t 400-1.22 £~ 49
Hanwon (1977 i JG81 mean G mean 620
? L4 RE [

Lew 303
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between 10° and 15°C during the
summer, dissolved oxygen usually
at saturation, suspended sedi~
ment less than 25 mg/l, and
riffles with less than 20 per-
cent fine sediment {less than
6.4 mm in diameter}). The opti-
mum combination of stream areas
vsed by aguatic invertebrates
and all ages of fish cannct be
described until the interre-
lations between the components
are better understood.
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