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ABS T R ACT 


Hab i t a t  requ i rements of anadromous and some r e s i de n t  salmonid

f i s h e s  have been de s c r i b ed f o r  va r i ou s  l i f e  s t a g e s ,  i n c l udi ng upstream

mig r a t i on of a du l t s ,  spawning, i n cuba t i on , and j uve n i l e  r e a r i n g .

F a c tor s impor t an t i n  t h e  m ig r a t i on of a du l t s  a r e  wa te r temper-

a t u r e ,  minimum water dep th , maximum wa te r ve l oc i t y ,  t u r b i d i t y ,  di s -

s olved oxygen, and b a r r i e r s .

H a b i t a t  requ i remen ts f o r  s u c c e s s f u l  spawning a r e  s u i t a b l e  wa te r

t empe ra tu re , wa te r dep th , wa te r ve l oc i t y ,  and s u b s t r a t e  composi t ion .

Cover- - r ipa r ian ve g e t a t i on ,  unde rcu t banks, and s o on--is needed t o

p r o t e c t  sa lmonids wa i t i n g t o  spawn and may i n f l u e n c e t h e  s e l e c t i on  of

spawning l oc a t i on s .

Incuba t ion requ i rements i n c or por a t e  both e x t r a -  and i n t r a g r a ve l

f a c t o r s .  Ex t r ag rave l f a c t o r s  a r e :  di s s ol ved oxygen, t empe ra tu re ,

ve l oc i t y ,  di s c h a rg e , and biochemical oxygen demand of t h e  s tream.

I n t r a g r a ve l  f a c t o r s  a r e  di s solved oxygen, t empe ra tu re , p e rmeab i l i t y ,

a pp a r e n t ve l oc i t y ,  and sediment composi t ion .

Important h a b i t a t  components f o r  j uve n i l e  r e a r i n g  a r e  f i s h  food

p roduc t ion a r e a s ,  wate r q u a l i t y ,  cove r , and space . Good f i s h  food

p roduc t i on a r e a s  a r e  most ly r i f f l e s  wi th wa te r dep t h s of 0.15-0.91 m,

wate r ve l o c i t i e s  of 0.30-0.46 m/ s, and s u b s t r a t e s  of coa r s e  g r ave l

and rubb l e (3.2-30.4 cm). Good wate r q u a l i t y  f o r  r e a r i n g  salmonids

i n c l u de s  mean summer wate r t empe ra tu re s of 10.0'-14.0°C, di s s ol ved

oxygen a t  more than 80-percent s a t u r a t i on ,  suspended sediment l e s s

t h a n  25 mg / l i t e r ,  and f i ne sediment con t e n t  of r i f f l e s  l e s s  t h a n 20


percent. A dequa te cover--in t h e  form of r i p a r i a n  ve g e t a t i on ,  undercu t

banks , a q u a t i c  vege t a t i on , and rubb le -bou lder a rea s - - i s needed t o

protect juvenile f i sh from p r e da t i on and adve r s e phy s i c a l f a c t or s .

KEYWORDS: f i s h  h a b i t a t ,  anadromous f i s h ,  sa lmonids , h a b i t a t

needs.
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f i sh habitat i n  Western North America--1. Habitat requ iremen ts o f  anadromous salmonids.

In Western North America many human ac t i vi t i e s ,  both commercial and

recreat ional , take place on fore s t and range lands. 

These a c t i vi t i e s  in-

clude timber harvest , l ivestock grazing, mining, hunting, f i shing, camping,

backpacking, 

and those associated with resource uses, such a s  road con-

s t ruc t ion , urbanization, water development, and treatments t o improve

fores t growth. The many streams, r ive r s ,  lakes, and es tuar i es encompassed

by these fores t and range lands a r e habi t a t for t he valuable stocks of

anadromous (sea-going) and res ident salmon and t rou t .

The e f f ec t s of human a c t i vi t i e s  on t he habi t a t of these salmonids has

been of increasing concern t o resource users and managers. 

Much has been

learned about t he responses of f i s h  t o changes i n t h e i r  habi t a t , but some


of i t  i s  not widely known and the information i s  contained i n a wide var i e ty

of sources. 

S c i en t i f i c journals and other publ icat ions t ha t  discuss the

r e s u l t s  of f i s he r i e s research a re numerous, 

and s igni f i can t work i s  often

published i n a form t ha t  i s  not readi ly avai lable t o resource managers and

t o other s c i en t i s t s  studying s imi lar s i tua t ions .

In 1976, the Forest S ervice of the U.S. Department of Agriculture

D 

i n i t i a t ed a cooperative program t o define t he potent ia l problems associated

with land uses i n  watersheds supporting anadromous f i s h  populations, 

and t o

apply t h i s  knowledge t o managing fore s t and range lands. 

Three Forest S ervice

experiment s ta t ions--P aci f ic Northwest, P ac i f i c Southwest, and Intermountain,

and f i ve regions i n t he National Forest System--Region 1 (Northern), Region 4


(Intermountain), Region 5 (Cal i fornia) , Region 6 (Paci f ic Northwest), and

Region 10 (Alaska)--as well a s  many Federal, S t a t e , univers i ty , and private

cooperators, a r e par t i c ipa t ing i n the program.

The purpose of t h i s  s e r i e s of repor t s i s  t o assemble current knowledge

on how management prac t i ces on fore s t and range lands influence anadromous

f i s h habi t a t i n to one s e t  of documents for resource managers, s c i e n t i s t s ,

adminis t rators , and in te res t ed c i t i z ens . Three general areas covered w i l l 

be the habi t a t requirements of salmon and t rou t ,  

the e f f ec t s of various land

uses on t h i s  habi t a t , and methods for res tora t ion and enhancement of habi t a t .

Fourteen papers a r e present ly planned for t h i s  s e r i e s .  

They w i l l  be

published i r regula r ly , but most w i l l  be avai lable within t he nex t 2 years.

Additional topics may be addressed l a t e r ,  as the need for information a r i s e s .

I would 

l i k e t o  express my thanks not only t o  the authors of these repor t s ,

but. t o the many technical reviewers, edi tors , i l l u s t r a t or s ,  t yp i s t s ,  and others

whose e f for t s  have made and w i l l  continue t o make t h i s  compendium s e r i e s  a

success.

WILLIAM R. MEEHAN


Technical Editor
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PR E FACE 


This , t h e  f i r s t  i n  a s e r i e s  of pub l i c a t i ons summarizing knowledge

about t h e  inf luences of f or e s t  and rangeland management on anadromous

f i s h  h a b i t a t  i n  t h e  W estern United S t a t e s ,  

de s c r i be s h a b i t a t  requ i re -

ments of anadromous salmonids--the va luab le salmon and t r ou t  spec i e s

t h a t  use both freshwater and marine environments. ~ e q u i r on e n t s  of

t h e s e unique f i s h  must be understood before we can ex plore t h e  e f f e c t s

t h a t  na t u r a l events and human a c t i vi t i e s  can have on t h e i r  h a b i t a t ,

and on t h e i r  a b i l i t y  t o  maintain product ive popula t ions wi th our

i nc r ea s i ng use of ot h e r f or e s t  and rangeland resources . Reports on

t h e  e f f e c t s  of na t u r a l watershed di s tu rbances and various land use


a c t i vi t i e s  w i l l  follow.

We i n t end t o  p re s en t informat ion i n  t h e s e pub l i c a t i ons t h a t  w i l l 

provide managers and use r s of t h e  f or e s t s  and rangelands of t h e

W estern United S t a t e s  wi th t h e  most complete i n f oma t i on  ava i l a b l e for


es t ima t ing consequences of var ious management a l t e r n a t i ve s .

I n  t h i s  s e r i e s  of papers , we w i l l  summarize publ ished and

unpublished r epor t s  and da t a  a s  we l l  a s  obse rva t ions made by resource

s c i e n t i s t s  and managers made dur ing year s of experience i n  t h e  West.


These compilat ions w i l l  be va luab le i n  planning management of f or e s t

and rangeland resources , and t o  s c i e n t i s t s  i n  planning fu t u r e research.

The ex tens ive l i s t s  of re fe rences w i l l  se rve a s  a bibl iography on

f or e s t  and rangeland resources and t h e i r  use f o r  t h i s  p a r t  of t h e

United S t a t e s .

KBERT F. TARRANT, D irector

Pacific N orth e s t Forest and Range


Experiment S tation

809 NE S ixth Avenue


Partland, OR 97232
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Carmc>n n w  S cientific nime


Pink salmon


Qxrm salmn

Cd20 s a l m

Sbdceye sdlmn (hkanee)

Chinadc d m 


Cutthroat trm t


R a b bw (steelhed) trout


Atlantic salmon


B m trout 

Asctic char


Brock trout


m11y Vad n

Ldce trm t


Oncorhynchus gorbuscha (Walbaum)


Oncorhynchus keta (Walbaum)


Oncorhynchus kisutch (Walbaun)


Oncorhynchus nerka (W albam)


Oncorhynchus tshmytscha (Walbaun)


SaZmo cZarki Richardson


SaZmo gairdneri Richardson


Sa Zmo sa Zar L innaeus


SaZmo tru tta L innaeus


S alve Z inus alpinus (L innaeus )


SaZveZ inus frmtinalis (M i a i l1) 

SaZveZ inus maZma (W albam)


SaZveZ inus namaycush (W albam)


1/ 

Fron .A L i s t  of ComDn and S cientific Names of Fishes £ran the

-  

United S tates and Gmda," American Fisheries Society Special

Publication No. 6, Third Edition, 1970, 150 p.




I NT R O D UCT I O N


Habi t a t needs of anadromous

salmonids ( sea-run salmon and

t r ou t )  i n  stream s vary with t h e

season of t h e  yea r and t h e  s t age 

o


of t h e i r  l i f e  cycle . Upstream

migra t ion of adu l t s ,  spawning,

incuba t ion , juveni le r e a r i ng ,

and seaward migrat ion of smolts

a r e  t h e  major l i f e  s t a g e s  f o r

most anadromous salmonids .


I n s of a r  a s  pos s ib l e , we have

def ined t h e  range of h a b i t a t

condi t ions f o r  each l i f e  s t age

t h a t  w i l l  al low a popula t ion t o

t h r i ve .  Throughout t h i s  paper ,

we have included da t a f o r  s a l -

monids t h a t  a r e  not anadromous

because they i l l u s t r a t e  t h e

range of temperatures , veloc-

i t i e s ,  and depths of waters

p r e f e r r ed by salmonids, and

t h e s e spec i e s a r e  gene ra l l y

s im i l a r  t o  t h e  anadromous ones.



UPS T R E AM


- - -  \

MIGR AT I O N O F AD ULT S 


Adul t sa lmonids r e t u r n i n g

t o  t h e i r  n a t a l  s t r e ams must

a r r i v e  a t  t h e  p rope r t i m e  and i n

good h e a l t h  i f  spawning i s  t o  be

s u c c e s s f u l .  U nfavorable di s -

c h a rg e s , t empe ra t u r e s , t u r -

b i d i t y ,  and wa te r q u a l i t y  cou ld

de l a y  o r  p r eve n t  f i s h  from

comple t ing t h e i r  m ig r a t i on .

T E MPE R AT UR E 


S e l e c t e d salmonid f i s h e s

have s u c c e s s f u l l y  m ig ra ted

ups t ream i n  wa te r t empe ra t u r e s

r a ng ing from 3O t o  20°C ( t a b l e

1 ) .  Tempera tu res above t h e

uppe r l i m i t s  have been know


s t op  t h e  m ig r a t i on of f i s h . -

Unusual s t ream tempe ra t u r e s

c a n l e a d t o  di s e a s e  ou t b r e a k s  i n

m ig r a t i n g f i s h ,  a l t e r e d t im ing

of  m ig r a t i on ,  and a c c e l e r a t e d o r

r e t a r de d ma tu r a t i on . M ost

-  Unpublished r epor t ,  "F i she r i e s

handbook of engineer ing requirements

and b iolog i c a l  c r i t e r i a .  U seful

f a c t or s  i n  l i f e  h i s t or y of most common


spec i e s , " by M. C. Bel l .  S ubmitted t o

Fish.-Eng. Res. Prograin, Corps of

Eng ,  ,  North Pac. D iv., P or t l and,

O reg., 1973.

s t oc k s  of anadromous sa lmonids

have evolved wi th t h e  temper-

a t u r e  p a t t e r n s  of t h e i r  home


s t r e ams , and s i g n i f i c a n t  a b r u p t

de vi a t i on s  from t h e  normal

p a t t e r n  cou ld adve r s e l y  a f f e c t

t h e i r  s u r vi va l .

D I S S O LVE D  O XYGE N


R educed di s s o l ve d oxygen

c on c e n t r a t i on s  can adve r s e l y

a f f e c t  t h e  swimming performance

o f  m ig r a t i n g sa lmonids . Maximum


s u s t a i n e d swimming speeds of

j u ve n i l e  and a du l t  coho salmon

a t  t empe ra t u r e s of lo0-20°C were


a dve r s e l y  a f f e c t e d when oxygen

was reduced from a i r - s a t u r a t i on

l e ve l s  (D avi s e t  a l . 1963) .  A


s h a r p  de c r e a s e  i n  performance

was noted a t  6.5-7.0 mg/ l f o r

a l l  t empe ra t u r e s t e s t e d .  A


s im i l a r  r e l a t i o n  h a s  been ob-

s e rved by Graham (1949) f o r

brook t r o u t .  Low di s s o l ve d

oxygen may a l s o  e l i c i t  avoidance

r e a c t i on s  a s  noted by W hitmore

e t  a l .  (1960 ) and may c a u s e

m ig r a t i on t o  cea se . The oxygen

l e ve l s  recommended f o r  spawning

f i s h  ( a t  l e a s t  80 p e r c e n t  of

s a t u r a t i o n ,  wi t h  temporary

l e ve l s  no lower t h a n 5.0 mg / l )

s hou ld p rovide t h e  oxygen needs

o f  m ig r a t i n g f i s h .

T UR BI D I T Y


M ig ra t ing salmon w i l l  avoid

o r  c e a s e  m ig r a t i on i n  wa t e r s

wi t h  h igh s i l t  l oa ds  (Cordone

and K e l l ey 1961, B e l l ,  see

f oo t n o t e  1 ) .  B e l l  c i t e d  a s t u dy

i n  which salmonid f i s h  would n ot

move i n  s t r e ams where t h e  s e di -

ment c on t e n t  was more t h a n  4 000

mg/ l . The t u r b i d wa t e r r e s u l t e d

from a l a n ds l i de ,  Turb id wa t e r

w i l l  ab sorb more r a d i a t i o n  t h a n

c l e a r  water and t h u s  may i n -

d i r e c t l y  r e s u l t  i n  a the rma l

b a r r i e r  t o  m ig r a t ion .

BAR R I E R S 


W a t e r f a l l s ,  de b r i s  jams,

and e x c e s s i ve ve l o c i t i e s  may


a l s o  impede m ig r a t i n g f i s h .

F a l l s  t h a t  a r e  i n su rmoun tab le



Table 1 -Water temperature, depth, and velocity criteria for successful upstream


migration of adult salmon and trout.


Species of

f i sh

Temperature

1 /


range- 

Minimum Maximum


depth- velocity- 2/

1
 I 1


"C- Meters Meters/second

Fal l chinook salmon

Spring chinook salmon

Summer chinook salmon

Chum salmon

Coho salmon

Pink salmon

Sockeye salmon

Steelhead t rout

Large t rout

Trout

1/ From Bel l (see t ex t footnote 1).

-

2/ From Thompson (1972).

-

3/ Basedonf i shs i z e.

-

a t  one t i m e  of t h e  y e a r  may bye


pa s s ed by m ig r a t i n g f i s h  a t 

o t h e r  t im e s when f lows have

changed. S t u a r t  (1962) de t e r -

mined i n  l a b or a t or y  s t u d i e s  t h a t

i d e a l  l e a p i n g c on di t i on s  f o r

f i s h  a r e  ob t a i n ed wi t h  a r a t i o

o f  a h e i g h t  of f a l l s  t o  dep th of

pool of 1:1.25. F i g u r e  1  from

Eiserman e t  a l .  (1975) de p i c t s

t h e  l e a p i n g behavior of sa lmonids

obse rved by S t u a r t .  Given

s u i t a b l e  c on di t i on s ,  salmon and

s t e e l h e a d can g e t  p a s t  many


ob s t a c l e s  t h a t  appe a r t o  be

b a r r i e r s .  Both J on e s  (1959) and

S t u a r t  (1962) observed salmon

jumping 2-3 m.

D eb r i s  jams, whether na t -

u r a l  o r  caused by human a c t i v-

i t i e s ,  can p r eve n t  o r  de l a y

ups t ream m ig r a t i on .  Chapman


(1962) c i t e d  a s t u dy i n  which a

75-pe rcen t de c r e a s e  i n  spawning

salmon i n  one s t ream was a t t r i b -

u t e d t o  de b r i s  b lockage . D eb r i s

b a r r i e r s  o f t e n  form l a r g e  pool s

and sediment t r a p s  t h a t ,  i f 

r e l e a s e d ,  cou ld adve r s e l y  a f f e c t

downstream spawning a r e a s .

Some log s ,  l e ave s ,  dams,

and s o on, i n  s t r e ams a r e

b e n e f i c i a l  a s cove r f o r  a du l t

and j u ve n i l e  f i s h .  A l l  de b r i s

jams shou ld be eva l u a t e d ca re -

f u l l y  b e f or e  t h e y a r e  removed.

W ater ve l o c i t i e s  may ex ceed

t h e  swimming a b i l i t y  of m ig r a t i n g

f i s h  a t  channe l c on s t r i c t i on s

du r i n g snow m e l t  and s torm

ru nof f .  M ig ra t ion resumes when


s t re amf lows and a s s oc i a t e d

ve l o c i t i e s  have dec r e a s ed. The

swimming a b i l i t i e s  of f i s h  a r e

u s u a l l y  de s c r i b e d i n  term s of

c r u i s i n g  speed--the speed a f i s h

c a n swim f o r  an ex tended p e r i od

o f  t i m e  (h ou r s ) ,  u s u a l l y  rang ing

from 2 t o  4 body l e n g t h s  p e r

second;  s u s t a i n e d speed--the

speed a f i s h  can ma i n t a i n  f o r  a

p e r i od of s e ve r a l  m inu te s ,

r a ng ing from 4 t o  7 body l e n g t h s

p e r  second;  and da r t i n g  o r  b u r s t

speed--the speed a f i s h  can swim

f o r  a few seconds , r ang ing from

8 t o  12 body l e n g t h s  p e r  second

(B e l l ,  see f oo t n o t e  1;  W at ts

1974;  t a b l e  2) .  According t o 

B e l l ,  c r u i s i n g  speed i s  used



Figure 1-Leaping ability of salmonids(from Eisermanet


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 trout use its

upward thrust in leaping. Plunge-pooldepth 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, but pool depth is less. The standing wave is

formed too far from the ledge to be useful to leaping


trout. C. Flow down a gradual incline is slow enough to

allow passage of ascendingtrout. D. Flow over a steeper


incline is more than trout can swim against for much


distance. Trout may even be repulsed in the standing


wave at the foot of the incline. They sometimes leap


futilely from the standing wave. E. A shorter barrier with

outflow over steep incline may be ascended by trout


with difficulty.

FLO W (CUBIC FEE T PER S E CO ND )


Figure 2-Salmonid passage flow determination (from


Thompson 1972).


du r i ng mig ra t ion , s u s t a i n e d

speed f o r  passage through di f -

f i c u l t  a r e a s ,  and da r t i n g  speed

f o r  escape and feeding . V elo-

c i t i e s  of 3- 4 m/ s approach t h e

upper swimming a b i l i t y  of salmon

and s t e e l h e a d and may r e t a r d up-

s t ream mig ra t ion .

S T R E AMFLO W


M igra t ion can a l s o be

hampered by t oo l i t t l e  s treamflow

and r e s u l t i n g  sha l low wate r .

Thompson (1972) e s t a b l i s h e d

passage c r i t e r i a  f o r  va r iou s

sa lmonids based on minimum dep th

and maximum ve l o c i t i e s  ( t a b l e

1 ) .  S tream di s ch a rg e s t h a t  w i l l 

p rovide s u i t a b l e  dep t h s and

ve l o c i t i e s  f o r  a du l t  passage

( f i g u r e  2) can be determined

from t h e  c r i t e r i a  and techn ique s

de s c r i b ed by Thompson (1972) :



1/


Table 2-Swimming abilities of average size adult salmonids-

Species of

f i sh 

I 1 I


_--_______________ Meters per second---------------

I


Cruising speed 

Chinook

Coho


Sockeye

Steelhead

Trout

Brown t rout

1/ From Bel l (see tex t footnote 1).

-  

Sustained speed

. . . s h a l l ow b a r s  most c r i t -

i c a l  t o  pas s age of a du l t

f i s h  a r e  l oc a t e d and a

l i n e a r  t r a n s e c t  marked

which £01 lows t h e  s h a l -

l owe s t cou r s e  from bank t o 

bank. A t  each of s e ve r a l

f lows , t h e  t o t a l  width and

l on g e s t  con t i n uou s p or t i on

o f  t h e  t r a n s e c t  mee t ing

minimum dep th and maximum


ve l o c i t y  c r i t e r i a  a r e

measured. For each t r a n -

s e c t ,  t h e  f low i s  s e l e c t e d

t h a t  meets t h e  c r i t e r i a  on

a t  l e a s t  25 p e r c e n t  of t h e

t o t a l  t r a n s e c t  width and a


Darting speed

con t i n uou s p or t i on  equa l -

l i n g  a t  l e a s t  10 p e r c e n t  of

i t s  t o t a l  width .

The mean s e l e c t e d f low from a l l 

t r a n s e c t s  i s  recommended a s  t h e

minimum f low f o r  pas s age .

Thompson (1972) noted t h a t

maximum a c c e p t a b l e  pas s age f lows

cou ld t h e o r e t i c a l l y  be de f i n e d,

b u t  we have n o t  a t t emp t ed t o  do

s o  i n  t h i s  paper . B ax t e r (1961)

r e p o r t s  t h a t  salmon need 30-50

p e r c e n t  of t h e  ave rage annua l

f low f o r  pas s age through t h e

lower and middle r e a c h e s  i n 

S c o t t i s h  r i ve r s  and up t o  70

p e r c e n t  f o r  headwate r s tre am s .




Cover, s u b s t r a t e  composi-

t i o n ,  and wate r q u a l i t y  and

q u a n t i t y  a r e  impor tan t h a b i t a t

e l emen t s f o r  anadromous s a l -

monids be fore and dur ing spawning.

CO VE R 


Cover f o r  f i s h  can be

provided by overhanging vege-

t a t i o n ,  undercut banks, sub-

merged veg e t a t i on ,  submerged

objec ts - -e .g . l og s and rocks ,

f l oa t i n g  de b r i s ,  and water depth

and tu rbu l ence (G iger 1973) .

Cover can p r o t e c t  t h e  f i s h  from

di s t u r b a n c e and p r eda t i on and

a l s o provide shade. Some anad-

romous fish--chinook salmon and

s t e e l h e ad,  f o r  example--enter

f r e shwa t e r stream s months b e for e

t h ey spawn, and cover i s  essen-

t i a l  f o r  f i s h  wai t ing t o  spawn.

Many spawning a r e a s  a r e  r e l a -

t i ve l y  open segments on s t reams

where f i s h  a r e  vu lne r ab l e t o 

di s t u r b a n c e and p reda t ion dur ing

redd (n e s t )  con s t r u c t i on and

spawning. Nearness of cover t o

spawning a r e a s  may be a f a c t o r

i n  t h e  a c t u a l  s e l e c t i on  of

spawning s i t e s  by some spec i e s .

J ohnson e t  a l .  (1966) and

R e i s e r  and W esche (1977) noted

t h a t  many spawning brown t r ou t

s e l e c t e d a r e a s  adj a c e n t  t o 

undercu t banks and overhanging

veg e t a t i on .  R e i s e r and W esche

(1977) specu l a t ed t h a t  t h e  e a r l y

spawners and l a r g e  dominant f i s h

may s e l e c t  a r e a s  by cover. As

t h e s e  a r e a s  become occupied, t h e

l a t e  spawners and smal l f i s h  a r e

forc ed t o  us e r e l a t i ve l y  un-

p rot e c t ed s i t e s .  Given a choi c e

between two spawning a r e a s ,  one

wi th cover and one wi thou t , t h e

f i s h  would s e l e c t  t h e  a r e a  wi th

cover .

T E MPE R AT UR E 


S ucces s fu l spawning of

salmonids h a s occur red i n  water

t empera tu re s ranging from 2.2

t o  20. O°C ( t a b l e  3 ) . A sudden

drop i n  tempera tu re may cause

a l l  spawning a c t i v i t y  t o  cea s e ,

r e s u l t i n g  i n  lowered n e s t  bu i ld-

i n g a c t i v i t y  and reduced pro-

du c t i on (s e e  foot not e 1 ) .

S UBS T R AT E  CO MPO S I T I O N


The s u i t a b i l i t y  of a p a r t i -

c u l a r  s i z e  g rave l s u b s t r a t e

depends most ly on f i s h  s i z e .

L arge f i s h  can b u i l d redds i n

l a r g e  s u b s t r a t e .  To determine

t h e  s u b s t r a t e  composit ion

p r e f e r r e d by va r i ou s salmonids ,

many i n ve s t i g a t o r s  (B urner 1951,

Cope 1957, W arner 1963, O r c u t t

e t  a l .  1968, Hunter 1973, R e i s e r

and W esche 1977) c ol l e c t e d

g rave l samples from a c t i ve  redds

and graded them through a s e r i e s

of s i eve s .  The s u b s t r a t e  compo-

s i t i o n  s e l e c t e d i n  a r t i f i c i a l

spawning channe l s r e f l e c t s  t h e

judgment of t hos e who determined

t h e  p a r t i c l e  s i z e s  b e s t  s u i t e d

f o r  s e l e c t e d spec i e s . I n  t h e

R obertson Creek spawning channe l s ,

g r ave l  ranging from 2 t o  10 cm


was used f o r  pink , coho, and

s p r i n g chinook salmon (L ucas

1959) . I n  t h e  J one s Creek

spawning channel , g rave l ranged

from 0.6 t o  3.8 cm (M acK innon e t 

a l .  1961) . The Tehama-Colusa



1/


T able 3-R ecommended temperatures for spawning and incubation of salmonid fishes-

Fal l  chinook

Spring chinook

Summer chinook

Chum


Coho


Pink

Sockeye

KO kanee

Steelhead

Rainbow

Cutthroat

Brown

Species 

11 From Be1 1 (see tex t footnote 1).  

-

J'


21 

The higher and lower values are threshold temperatures a t  which

-  

mortal i t y wi l l  increase i f  exceeded. Eggs wi l l  survive and

develop normal l y  a t  1 ower temperatures than indicated, provided

i n i t i a l  development of  the embryo has progressed t o a stage

that i s  tolerant of  colder water.

31 From Hunter (1973). vfl


-  

T able 4-Water depth, velocity, and substrate size criteria for anadromous and other


salmonid spawning areas


Spawni ng temperature 

Incubation temperature- 2/

Fal l chinook 

Spring chinook 

Summer chinook 

Chum 

Coho 

Pink salmon 

soc key&/


Kokanee 

Steelhead 

Rainbow t rout 

Cutthroat 

Brown t rout 

Species of

f i sh 

Thompson (1972)

Thompson (1 972)

~ e i  serg/

Smith (1973)

Thompson 11 972)

Col l in s4

smi th-(1973)

Smith (1973)

Smith (1973)

Hunter (1973)

Thompson (1972)

1/ 

From Be1 1 (see tex t footnote 1).  J


-  

2/ 

Unpublished data of  D. W. Reiser, Idaho Coop. Fish Res. Unit, J


-  

Moscow. 1978.

31 Estimated from other cr i t er ia .

-47 -  

See tex t footnote 3.

51 No speci f ic cr i t e r i a established.

-  

61 From Hunter (1973). 1/


-

Meters Cm/s Centimeters

Source 

Depth Velocity Substrate size



spawning channe l s c on t a i n  g r ave l

t h a t  range s from 1.9 t o  15.2 cm


(P ol l oc k  1969) . B e l l  ( s e e

f oo t n o t e  1 )  s t a t e s  t h a t ,  i n

g e n e r a l ,  t h e  spawning bed i n

a r t i f i c i a l  channe l s shou ld be

composed of 80 p e r c e n t  1.3- to

3 -8-cm g r a ve l  wi t h t h e  b a l a n c e

up t o  10.2 cm. Accep tab le

r a n g e s of s u b s t r a t e  s i z e  f o r

va r i ou s  sa lmonids a r e  summarized

i n  t a b l e  4.

R E D D  AR E A


Area of g r a ve l  s u b s t r a t e

r e q u i r e d f o r  a spawning p a i r

va r i e s  wi th t h e  s p e c i e s  ( t a b l e

5 ) .  B urner (1951) proposed t h a t

a c on s e rva t i ve  e s t im a t e  of t h e

number of salmon a s t ream cou ld

accommodate cou ld be ob t a i n ed by

di vi d i n g  t h e  a r e a  s u i t a b l e  f o r

spawning by f ou r  t im e s t h e

ave rage redd a r e a .  R edd a r e a

c a n  be computed by measuring t h e

t o t a l  l e n g t h  of t h e  redd (upp e r

edge of p i t  t o  lower edge of

t a i l s p i l l )  and t h e  ave rage of

s e ve r a l  e q u i d i s t a n t  widths .

WAT E R  D E PT H AND  VE LO CI T Y


P r e f e r r e d wa te r dep th s and

ve l o c i t i e s  f o r  va r i ou s  spawning

sa lmon ids have been de te rm ined

by measuring wa t e r dep th and

ve l o c i t y  ove5,ac t ive redds (S ams

and Pearson,- Thompson 1972,

S mith 1973, Hooper 1973, Hunter

1973, R e is e r and W esche 1977) .

These measurements were u s u a l l y

t a k e n  a t  t h e  upstream edge of

t h e  redd because t h a t  p o i n t  most

c l o s e l y  approx ima tes c on di t i on s

b e f o r e  redd c on s t r u c t i on  and

r e f l e c t s  t h e  dep th s and ve lo-

c i t i e s  s e l e c t e d by t h e  f i s h .

P r e f e r r e d dep th and ve l oc i t y

c r i t e r i a  have been va r i ou s l y

-2/  

Unpublished r epor t ,  "A s tudy

t o  develop methods f o r  determining

spawning flows f o r  anadromous sa l -

monids," by R. E. Sams and L . S.


Pearson. O reg . Fi sh Comm., P or t l and,

1963.

de f i n e d:  Thompson (1972) used a

90- to 95-percent con f iden c e

l i m i t ;  Hunter (1973) used t h e

middle 80-90 p e r c e n t  of t h e

measurements ;  S mith (1973) used

a two-sided t o l e r a n c e  l i m i t 

wi t h i n  which t h e r e  was 95-

p e r c e n t  con f iden c e t h a t  80

p e r c e n t  of t h e  measurements

would oc cu r wi th a normal d i s -

t r i b u t i o n ;  o t h e r s  have s imply

l i s t e d  r a ng e s of dep th and

ve l oc i t y .  W ater dep th and

ve l oc i t y  c r i t e r i a  f o r  sa lmon ids

a s  de f i n e d by d i f f e r e n t  i n ve s t i -

g a t o r s  a r e  found i n  t a b l e s  4 and

Riffle

Riffle

-  Riffle

Figure 3-Longitudinal sections of spawning areas (from

Reiser and Wesche 1977): A. Convexity of the substrate

at pool-riffle interchange induces downwelling of water


into the gravel. Area likely to be used for spawning is

marked with an X. B. Redd construction results in

negligible currents in the pit (facilitating egg deposition)

and increased currents over and through (downwelling)


the tailspill. C. Egg-covering activity results in the

formation of a second pit which may also be used for


spawning, as well as covering the eggs in the first pit.

Increased permeability and the convexity of the tailspill

substrate induces downwelling of water into the gravel,


creating a current past eggs, bringing oxygen to them


and removing metabolic wastes.




T able 5-Average area of salmonid redds and area recommended per spawning


pair in channels2

Species 

Source

------ Sauare meters-----

Average area

of  redd

Spring chinook

Fal l chinook

Summer chinook

Coho


Chum


Sockeye

Pink

Area recommended


per spawning pai r

Pink

Steelhead

Steelhead

Rainbow

Cutthroat

Brown


Burner (1951 ) 3.3


Burner (1951 ) 5.1


Burner (1951 ) 5.1


Burner (1951 ) 2.8


Burner (1951) 2.3


Burner (1 951 ) 1.8

Hourston and .6

MacKinnon (1957)

Wells and .6-.9


McNei 1 (1970)

Orcutt e t  al .  (1968) 5.4

Hunter (1973) 4.4


Hunter (1973) .2

Hunter (1973) .09-. 9

Reiser and .5


Wesche (1977)

1/ Modified from Clay (1961).

-  

/


Many salmonids p r e f e r  t o 

spawn a t  t h e  p oo l - r i f f l e  i n t e r -

change (Hazzard 1932, Hobbs

1937, Smith 1941, S t u a r t  1953,

B r iggs 1953) . Tautz and Groot

(1975) r e por t e d t h a t  chum salmon

chose t o  spawn i n  an acc e l e r -

a t i n g  flow, such a s  t h a t  found

a t  a p oo l - r i f f l e  in t e rchange .

By p l a c i n g c r y s t a l s  of potass ium

permanganate on t h e  g r ave l

s u r f a c e ,  S t u a r t  (1953) demon-

s t r a t e d t h e  pre sence of a down-

we l l i n g c u r r e n t  a t  t h e s e  i n t e r -

change a r e a s  and sugges ted t h a t

t h e  c u r r e n t  may a s s i s t  t h e  f i s h

i n  ma in t a jn ing i t s  p os i t i on  wi th

a minimum of e f f o r t .  The g r ave l

i n  t h e s e  a r e a s  was ea sy t o 

ex cava t e and r e l a t i ve l y  f r e e  of

s i l t  and de b r i s .  The n a t u r e

of c u r r e n t s  be for e ,  du r i ng , and

a f t e r  spawning i s  shown i n

f i g u r e  3.

S T R E AMFLO W


S treamflow r e g u l a t e s  t h e

amount of spawning a r e a  ava i l -

a b l e .  D. H. Fry i n  Hooper

(1973) summarizes t h e  e f f e c t  of

di s c h a r g e on t h e  amount of

spawning a r e a  i n  a stream .

As  f lows i n c r e a s e ,  more and

more g r ave l i s  covered and

becomes s u i t a b l e  f o r

spawning. As  f lows con-

t i n u e  t o  i n c r e a s e ,  ve l o c i t i e s

i n  some p l a c e s  become t oo

h i gh f o r  spawning, t h u s

c ance l i ng ou t  t h e  b e n e f i t

of  i n c r e a s e s  i n  u s ab l e

spawning a r e a  nea r t h e

edges of t h e  s t ream.

Even tua l l y , a s  f lows i n -

c r e a s e ,  t h e  l os s e s  beg in t o 

outweigh t h e  g a i n s ,  and t h e

a c t u a l  spawning c a p a c i t y  of

t h e  s t ream s t a r t s  t o  dec rea se .



wide variat ion of

hydraulic characteristics

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

salmonids


Smith (1973) 2.24 30-76 

Spring chinook Chambers e t  a1.I' .46-. 53 53-69 

Sams and pearso&' L. 18 .08- .85 

Thompson ( 1 9 7 2 ) ~  2.24 30-91 

Remarks


Species 

Smith (1973) 

~ e i s e d '  >. I5 14-69 

Sumner chinook Reiser 1'  8' .30- .85 25-109 

Chum salmon Thompson (1972) 2.18 46-97 

Meters Cm/s Centimeters

- -

Chinook salmon Hamilton and >O. 24 31 - - Oregon-Coquille River

Remington (1962)

Fal l chinook warned/ .12-1.22 15-107 California-American, and Consumnes


westgat&/ Rivers

K ier (1964) 2.24 31-92 California-Feather, Eel, and Mad


Rantz (1964) River Systems


Horton and ~ o g e r s ~  2.21 37-107 California-Van Ouzen River

Chambers e t  a1 .q 

-

.30-.46 30-69 Washington-Columbia River and V a t  0.4 f t  above bed


t r ibutar ies

Sams and ~ears.06' 2-18 .27-94 Oregon - 4 streams i n  Willamette 107 redds sampled; V at

River Basin 

0.63 depth or 0.2 f t  and


0.8 depth from surface

Thompson (1 97216' 2.24 30-91 90-958 confidence interval ;  Oregon, 440 redds sampled;


wide range of streams 

streams represented a

Coho salmon 

Source 

Smith (1973)~ ' 2.18 46-101 

~ o l  1 ings 91 

.15-.53 21-101 

Chambers e t  a1 .g .30-. 38 37-55 

Depth 

Sams and Pearson (1963)5/,. 15 14-93 

Tolerance interval ; Oregon, 7 streams 

50 redds sampled; V a t

with varying hydraulic conditions 

0.4 f t  above bed


-

Washington-Columbia River and 

V a t  0.4 f t  above bed


Velocity 

t r ibutar ies

Range; Oregon, 3 streams i n  

270 redds sampled; V a t

Willamette River Basin 

0.6 f t  depth or 0.2 f t  and


0.8 f t  depth from surface.

90-95% confidence interval ;  Oregon, 

158 redds sampled ; 


wide range of streams 

streams representative

o f  a wide variat ion of

hydraulic characteristics

Tolerance interval ; Oregon, 7 streams 

142 redds sampled; V a t

Substrate 

with varying hydraulic conditions 

0.4 f t  above bed


Range; Idaho, 5 small streams 

58 redds sampled; V a t

0.6 f t  depth from surface

Range; Idaho, Salmon River 

50 redds sampled; V a t

0.6 f t  depth from surface

90-952 confidence interval ;  Oregon, 

177 redds sampled;


on a wide range of streams 

streams represented a

wide variat ion of

How and where developed 

hydraulic characteristics

Tolerance interval ;  Oregon, 5 

214 redds sampled; V a t

streams with varying hydraulic 

0.4 f t  above bed.


conditions

-- 

Vmeasured 0.4 f t  above bed


Washington, Columbia River and 

Redds measured 0.4 f t  above


tributaries 

Range; Oregon, 4 streams 

bed

123 redds sampled; V a t

0.6 f t  depth or 0.2 f t  and


0.8 f t  depth from surface



T able 6-Water depth, velocity, and size of substrate measured in spawning areas of


salmonids-(Continued)


Meters Cm/s Centimeters

Coho salmon Thompson ( 1 9 ~ 2 ) ~ '  20.18 30-91 -- 

Species

90-958 confidence interval ;

Oregon, 10-12 streams with varying

hydraulic conditions

251 redds sampled;


streams represent

wide variat ion of

hydraulic characteristics

128 redds sampled; V


measured 0.4 f t  above bed


Source 

Smith (1973) 

Tolerance interval ; Oregon, 7

streams with varying hydraulic

conditions

Depth 

Pink salmon 

~ o l  1 ings 61 91


Sockeye salmon Chambers e t  a1.4'


Clay (1961 )


Kokanee Thompson (1972)

-

V measured 0.4 f t  above bed


-

V a t  0.4 f t  above bed


-

V a t  0.4 f t  above bed


106 redds sampled;


streams represent wide

variat ion o f  hydraulic

characteristics

106 redds sampled; V a t 

0.4 f t  above bed


Washington

Remarks
Velocity 

90-95% confidence interval ; Oregon,


wide range of streams

Smith (1973161

Substrate 

Tolerance interval ; Oregon, 3

streams with varying hydraulic

How and where developed

conditions

Middle 80% of range; Washington,


flow 2-30 f t3 /s

95% confidence interval ; Oregon


177 redds sampled; V a t

0.4 f t  or 0.25-0.30 above bed


51 redds sampled


115 redds sampled; V a t

0.4 f t  above bed

Steelhead t rout 

Winter steelhead Smith (1973)c' 

Tolerance interval ; Oregon, 11


streams with varying hydraulic

conditions

Range; Washington 

Middle 90% of range; Washington, 19 

streams with varying hydraulic 

~ngma@/ 

Hunter (1973) 

62 redds sampled


114 redds sampled; V a t 

0.4 f t  or 0.25-0.30 f t  above


bed


19 redds sampled; V a t

0.4 f t  or 0.25-0.30 f t  above


bed


30 redds sampled; V a t

0.4 f t  or 0.25-0.30 f t  above


bed

4 redrls sampled; V a t

0.4 f t  or 0.25-0.30 f t  above


conditions _ 

Range; Washington Hunter (1973) 

Range; Washington, on streams 

of 180 ft3 /s 

Range; Washington, Satsop River 

bed

90 redds sampled; V


83 redds sampled D; V


a t  0.4 f t  above bed


54 redds sampled; V

measured a t  the surface

Sumner steelhead Smith (1973) 2.24 43-97 - - 

Tolerance interval ;  Oregon, 

Deschutes River 

Orcutt e t  al .  (1968) .21-21.52 24-55 1.27-10.16 Range; Idaho, 6 streams i n  Clearwater 

and Salmon River watersheds 



T able 6-Water depth, velocity, and size of substrate measured in spawning areas of


salmonids-(Continued)


Meters Cm/s Centimeters

- - -

Sumner steelhead ~ e i se&  0.12-.41 38-100 -- Range; Idaho, 3 streams 46 redds sampled; V


measured a t  0.6 f t  depth

from surface

Rainbow t rout Smith (1973 )g > .18 48-91 0.64-5.18 Tolerance interval ;  Oregon, 

51 redds sampled; V a t

Deschutes River 0.4 f t  above bed


Hooper (1973) .21-.33 43-82 .64-7.62 Range; California, Feather River 10 redds sampled; V a t

0.21 above bed


Remarks


.  .  -

(resident) 

(sea-run) 

Brown t rout 

Bovee (1974) 

Waters (1976) 

Hartman (1969) 

Cutthroat t rout Hooper (1973) 

Cedarholm 

( i n Hunter 1973)


Hunter (1973) 

Species 

Brown t rout 

Depth Source 

Hunter (1973) 

Smith (1973) 

(Hunter 1973) 

Velocity 

- - 

Estimated from 1 i terature

- - California, P i t  River

- - Br i t i sh Columbia, Kootenay Lake


.16-.64 Range; Cal ifornia

- - Range; Washington 3 redds sampled


.64-5.08 Range; Washington, streams 23 redds sampled; V a t

0.5-2.0 f t3 /s 

0.4 f t  or 0.25-0.30 f t  from bed


.64-10.16 Range; Washington, streams 16 redds sampled; V a t

5.0-15.0 ft3/s 

0.4 f t  or 0.25-0.30 f t  from bed


.64-7.62 Tolerance interval ; Oregon, 5 

115  redds sampled; V a t

streams with varying hydraulic 

0.4 f t  from bed


Substrate 

conditions

Thompson (1972)g 2.24 21-64 - - 90-95% confidence interval ;  Oregon, 115  redds sampled


How and where developed 

on a wide range of streams

Hooper (1973) -- 

30-91 .64-7.62 Range; Cal ifornia

Bovee (1974) 2.15 

40-52 - - Estimated from l i terature

Reiser and Wesche (1977) 2.09 

14-46 .64-7.62 Middle 80% of range; Wyoming, 

121 redds sampled; V a t

5 small streams 0.6 f t  depth from surface

L1unpublished report, "The relationship between flow and available salmon spawning gravel on the American River below Nimbus Dam," by


K. Warner. Cal if .  Dep. Fish and Game Admin., Sacramento, 1953.


l /~ npubl ished report. "The relationship between flow and usable salmon spawning gravel, Consumnes River, 1956," by J. Westgate. 

Calif .  Dep.


Fish and Game, Inland Fish. Admin. Rep. 58-2, Sacramento, 1958.


/unpublished report, "The optimum stream flow requirements for k ing salmon spawning i n  the Van Duzen River, Humboldt County, California," by

J. L. Horton and D. W. Rogers. 

Cal if .  Dep. Fish and Game, Water Proj. Branch Admin. Rep. 69-2, Sacramento, 1969.


'unpublished report, "Research relat ing to study of spawning grounds i n  natural areas," by J. S. Chambers, G. H. Allen, and R. T. Pressey.

Wash. Dep. Fish., Olympia, 1955.


5 / ~ e e  tex t footnote 2.


g~ecormnended spawning cr i ter ia.

L1unpublished data o f  D. W. Reiser, Idaho Coop. Fish. Res. Unit, Moscow, 1977


/see footnote 2, table 4.


y ~ e e  text footnote 3.


X1unpublished progress report, steelhead redd study, by R. G. Engman. 

Wash. State Dep. Game, Olympia, 1970.


u ~ e r s o n a l  comnunication, J. W. Hunter, Wash. Dep. Game, Olympia, 1976.




I f  spawning a r e a  i s  p l o t t e d

a g a i n s t  s t r e amf low, t h e

c u rve w i l l  u s u a l l y  show a

r i s e  t o  a r e l a t i ve l y  wide

p l a t e a u  fol lowed by a

g r adua l de c l i n e .

U sing t h e  c r i t e r i a  de s c r i b e d,

methods have been deve loped f o r

recommending stream di s c h a r g e s

f o r  spawning. F i g u r e s  4 and 5,

t a k e n  from Col l i n g s  (1972),

ex emp l i fy t h e  p roc e s s  of dep t h

and ve l oc i t y  con tou r i ng t o 

de t e rm in e t h e  a r e a  s u i t a b l e  f o r

spawning a t  a g iven di s ch a rg e .

Another method (Thompson 1972)

u s e s  c r o s s  channe l t r a n s e c t s  on

spawning b a r s  and c on s i s t s  of

q u a n t i f y i n g  t h e  width af t h e

s t r e am a t  d i f f e r e n t  f lows t h a t

meet dep th and ve l oc i t y  c r i t e r i a

( f i g .  6 ) . When measurements

have been t ak en ove r a wide

r ange of f lows , a g raph i s

p l o t t e d of f low ve r s u s  s u i t a b l e

spawning a r e a s  (Col l i n g s  1972,

and f i g .  7 )  o r  u s a b l e  width

(Thompson 1972, and f i g .  8 ) . The

optimum spawning f low i s  de f i n e d

a s  t h e  di s c h a r g e  a t  which t h e

l a r g e s t  spawning a r e a  o r  u s a b l e

widt h occu r s . D e t a i l e d de s c r i p -

t i o n s  of spawning flow method-

o l og i e s  a r e  de s c r i b e d by Sams

and P earson (s e e  f oo t n o t e  2 ) ,

on (1972) ,  Col l i n g s  (1972, 

TRf'),
W aters (19761, and

S t a l n a k e r  and A rn e t t e  (1976 ) .

-  3' Unpublished r epor t .  " ~ e n e r -

a l i z a t i on  of spawning and r e a r i ng

di s cha rges f o r  s eve r a l  P a c i f i c  salmon

spec i e s i n  western W ashington," by M.

R. Col l ings . U.S. Geol. S urv., open

f i l e  r epor t .  1974.
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Figure 4-Example of water depth and velocity contouring

for one river discharge in a study reach of the North

Nemah River (from Collings 1972).
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AR E A PR E FE R R E D  FO R  S PAWNI NG: 726 f t2

Figure 5-Determining area of study reach that is

preferred for spawning by fall chinook salmon at one


river discharge, North Nemah River (from Collings 1972).
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SPAWNING BAR CROSS SECTION


Spawninq flow criteria

Minimum depth = 0.6ft

Velocity = less than 3.0 but greater


.7 1 .9 than 1.0 ftls

Flow = width x mean depth x mean velocitv

Flow = 25ft x 0.75ft x 1.93ft/s


= 36 h3/s


Stream width usable for spawning


Usable wid th = ' t 'e a m  width usable


10 stations


- -- 25ftx 6

10


= 15.0ft


 all Chinook


loo0 4

Greatest

spawnable------1-

10 0 


0  10  20  50  10 0  2 0 0 


DISCHARGE (CUBIC FEET PER SECOND)


Figure6-Transect method of determining


stream width usable for spawning(from


Thompson 1972).


FLOW (CUBIC FEET PER SECOND)


Figure8-Method (usable width technique) for determining


spawning flow (fromThompson 1972).


Figure7-Method (usablearea technique) for selecting


preferredspawning discharge,North Nemah River (from


Collings 1972).




I NCUBAT I O N


Although incuba t ion i s

i n e x t r i c a b l y  t i e d  t o  spawning,

t h e  h a b i t a t  requ i remen t s of

embryos dur ing in cuba t ion a r e

d i f f e r e n t  from t h os e  of a du l t s

wh i l e spawning and war ran t a

s e p a r a t e  di s c u s s i on .  When an

a du l t  f i s h  s e l e c t s  a spawning

s i t e ,  t h e  in cuba t ion environment

i s  a l s o being s e l e c t e d.  Suc-

c e s s f u l  i n cuba t ion and emergence

of f r y ,  however, i s  dependent on

both e x t r a g r ave l  and i n t r a g r a ve l

chemica l , phy s i c a l ,  and hydr a u l i c

parameters - -dis solved oxygen

(DO ), wate r tempera tu re , b io-

chemical oxygen demand (BOD) of

ma t e r i a l  c a r r i e d i n  wate r and i n

s u b s t r a t e ,  s u b s t r a t e  s i z e

(pe r c en t age f i n e s )  ,  channel

g r a di e n t ,  channel con f i g u r a t i on ,

wa t e r dep th (h e a d) ,  s u r f a c e

wa t e r di s cha rg e and ve l oc i t y ,

p e rmeab i l i t y , p or os i t y ,  and

appa r en t ve l oc i t y  i n  g r ave l .

S UR FACE  S T R E AM.


INT R AGR AVE L R E LAT I O N


In t e rchange of wate r i n  a

stream with t h a t  i n  streambed

g r a ve l s  h a s  been demons t ra ted by

S t u a r t  (1953) , S he r idan (1962) ,

V aux (1962) . V aux (1962) s t a t e d

t h a t  t h e  i n i t i a l  sou rc e of

oxygen i n  i n t r a g r a ve l  wa te r i s

t h e  atmosphere and l i s t e d  t h e

fol lowing t h r e e  s t e p s  f o r  t r a n s -

p o r t  of oxygen t o  t h e  i n t r a -

g r ave l  environment:

D i s s ol u t i on of oxygen

through a i r -wa t e r i n t e r f a c e

i n t o  stream wate r .

T r an spor t of oxygenated

wa t e r t o  t h e  s t ream bottom.

In te rchange of oxygenated

wa t e r from t h e  s t ream i n t o

t h e  porous g r ave l  i n t e r i o r .

F a c t or s  t h a t  c on t r o l  t h e

wa t e r in t e r change between

stream  and g r ave l  bed a r e :

stream s u r f a c e  p r o f i l e ,  g r ave l

p e rme ab i l i t y ,  g r ave l  bed dep th ,

and i r r e g u l a r i t y  of t h e  stream -

bed s u r f a c e  (V aux 1962, 1968) .

S he r idan (1962) noted i n  salmon

spawning a r e a s  i n  sou t h e a s t

A laska, t h a t  ground wate r con-

t a i n e d very l i t t l e  oxygen and

t h a t  t h e  oxygen con t e n t  of

i n t r a g r a ve l  wa te r dec rea sed wi th

g r ave l  depth ;  t h u s  t h e  major

sou rc e of oxygen i n  i n t r a g r a ve l

water i s  t h e  stream i t s e l f ,

W e l l s  and McNei l  (1970) a t t r i b -

u t e d high i n t r a g r a ve l  oxygen i n

p ink salmon spawning beds t o 

h igh pe rmeab i l i t y of t h e  sub-

s t r a t e  and s t ream g r a di e n t ,

I n t r a g r a ve l  wa t e r temper-

a t u r e s  a r e  s i m i l a r l y  in f l u enced

by tempera tu re s of t h e  s t ream.

R ing l e r (1970) and R i n g l e r  and

Hal 1 ( 1975 ) observed t h a t  temper-

a t u r e s  of i n t r a g r a ve l  wa te r

lagged 2-6 h behind t hos e of

s u r f a c e  wate r s i n  a t t a i n i n g

di u r n a l  maximum--a f u n c t i on of

t h e  in t e r change r a t e  of s u r f a c e

and i n t r a g r a ve l  wa te r .

Apparent ve l oc i t y  (ve l oc i t y

of water moving through g r ave l  )




i s  a f u n c t i on  of t h e  h y dr a u l i c

head and t h e  p e rme a b i l i t y  of t h e

S u r f ace f low 3.5 ft3/s

g r a ve l  (Coble 1961) . Thus, a s

de p t h  of s u r f a c e  wa t e r i n c r e a s e s ,

a cor re sponding i n c r e a s e  i n

a p p a r e n t  ve l oc i t y  can be ex -

p e c t ed. W icke t t (1954) found a

d i r e c t  r e l a t i o n  between gage

h e i g h t  r e a di n g s  i n  a s t r e am and

s u b s u r f a c e  f low ( f i g .  9)  .


R educ t ion i n  p e rme a b i l i t y  from

f i n e  sediment de p os i t i on  w i l l 

r educ e both t h e  i n t e r c h a n g e of

s u r f a c e  and i n t r a g r a ve l  wa t e r

and t h e  appa r en t ve l o c i t y  of t h e

i n t r a g r a ve l  wa t e r (Gangmark and

B akkala 1960, W icke t t 1962,

Cooper 1965 ) .


I  I  I I  I  I
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Figure 9-Relation between subsurface water flow 30 cm


(12 in) in a controlled-flow side channel and main stream


C r i t i c a l  c on c e n t r a t i on s  of

gage readings.The subsurface flow varied with changes
 di s s o l ve d oxyqen have been

in discharge of the main stream adjacent to the


controlled-flow side channel (fromWickett  1954, courtesy


of the Journal of the Fisheries Research Boardof

ex pe r imen ta l i ;  de te rmined f o r

sa lmonid embryos a t  d i f f e r e n t

Canada).


Table 7-Critical levels of dissolved oxygen for salmonid embryos at various stages of

development


Wickett (1954) Chum salmon Pre-eyed

Pre-eyed

Pre-eyed

Faint ly eyed

A1 derdice Chum salmon - -

e t  a1 . (1958) 

--

cr i t i ca l  value of

dissolved oxygen

L indroth (1942) At1 ant ic Doomed


salmon

Nearly hatching

Hatching

Temperature


units- 1 1


Hayes e t  al .  

At lant ic 

Eyed 25
 - -

(1951 ) salmon Hatching 50 - -

Source 

11 

A temperature uni t  equals 1 OF above freez ing (32°F) f or a period of 24 h.

-  

21 From Wickett (1954).

-  

Stage of

development 

Species

Days




deve lopmenta l s t a g e s  (L i n drot h

1942, Hayes e t  a l .  1951, W icke t t

1954, A lde rdi c e e t  a l .  1958) .

C r i t i c a l  oxygen l e ve l s  de f i n e d

by A lde rdi c e e t  a l .  (1958) a r e

t h os e  t h a t  b a r e l y  s a t i s f y  re s -

p i r a t o r y  demands ( t a b l e  7 ) .

D oudoroff and W arren (1965)

b e l i e ve  t h e  c r i t i c a l  l e ve l s  i n 

t a b l e  7 a r e  u n r e l i a b l e ,  because

t h e y found t h a t  embryos ex posed

t o  di s s o l ve d oxygen l e ve l s  below

s a t u r a t i o n  th roughou t develop-

ment were sm a l l e r  and t h a t

h a t c h i n g was de layed o r  occu r r ed

p rema tu re ly . From l a b or a t or y

t e s t s  wi t h coho, chum, and

ch inook , and s t e e l h e a d eggs by

A lde rdi c e  e t  a1 . ( 1958 ) ,  S i l ve r

e t  a l .  (1963) ,  and Shumway e t

a l .  (1964) ,  t h e  fol l owing sum-

mary of oxygen c on c e n t r a t i on  and

egg development h a s  been p re -

pared:

S ac f r y  from embryos i n -

cuba t ed i n  low and i n t e r -

media t e oxygen concen t r a -

t i o n s  were sm a l l e r  and

weaker t h a n s a c  f r y  r e a r e d

a t  h i g h e r  con c e n t r a t i on s ,

and t h u s  t h e y may n o t

s u r vi ve  a s  we l l  a s  l a r g e r

f r y  ( S i l ve r  e t  a1 . 1963, and

f i g s .  10 and 1 1 ) .

R educed oxygen concen t r a -

t i o n s  l e a d t o  sm a l l e r  newly

ha t c h ed f r y  and a leng thened

i n c u b a t i on p e r i od (Shumway


e t  a l .  1964, and f i g s .  12

and 13 ) .

a Low oxygen c on c e n t r a t i on s

i n  t h e  e a r l y  s t a g e s  of

development may de l a y

h a t c h i n g ,  i n c r e a s e  t h e

i n c i de n c e of anomalies , o r

both . Low oxygen concen-

t r a t i o n  du r i n g t h e  l a t t e r

s t a g e s  of development may


s t i m u l a t e  p rema tu re ha tch-

i n g  (A lde rdi c e  e t  a l .

1958 ) .
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(MILLIGR AMS  PER LIT E R )


Figure 10-R elation between mean lengths of steelhead


trout sac fry when hatchedand dissolved oxygen


concentrations at which the embryos were incubated at


differentwater velocities and at 95°C (from S ilver et al.


1963).


Water velocity


1350 cm/h


A 580cm/h


92cm/h


18
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(MILLIGR AMS  PER LIT E R )


Figure 11-R elation between mean lengthsof chinook


salmon sac fry at hatching and dissolved oxygen


concentrations at which the embryos were incubated at


different water velocities and at 11 "C (from S ilver et al.


1963).




"IPl DISSOLVED OXYGEN CONCENTRATION


(MILLIGRAMS PER LITER)

Figure 12-Three-dimensional diagram of effect of oxygen


concentration and water velocity on the mean dry weights


of newly hatched coho salmon fry. The two broken lines


(curves)delimit  the reduced oxygen concentrations at


different water velocities, and also the reduced velocities


at different oxygen concentrations that resulted in

reductions of the dry weights of fry to less than 80


percent (upperbroken line) and less than 67 percent


(lower broken line) of the mean weight of fry that hatched


at the highest oxygen concentration and water velocity


tested (from Shumway et al. 1964).


' *o&&, DISSOLVED OXYGEN CONCENTRATION


(MILLIGRAMS PER LITER)

Figure 13-Three-dimensional diagram of "hatching delay"


(medianhatching time, in days, minus 44) of coho salmon


fry in relation to both oxygen concentration and water


velocity (from Shumway et al. 1964).


I n  f i e l d  s t u d i e s ,  Coble

(1961) found a p o s i t i ve  c o r r e l -

a t i o n  between s t e e l h e a d embryo

s u r vi va l  and i n t r a g r a ve l  di s -

s olved oxygen con t e n t  ( f i g  . 14 ) .


A s i m i l a r  r e l a t i o n  was r e p or t e d

by P h i l l i p s  and Campbell (1961)

f o r  coho salmon and s t e e l h e a d

( f i g .  15 ) .  Based on t h e i r  f i e l d

ex pe r imen t s , P h i l l i p s  and

Campbell concluded t h a t  i n t r a -

g r a ve l  oxygen con c e n t r a t i on  must

ave rage 8 mg/ l f o r  h igh s u r vi va l

of  coho salmon and s t e e l h e a d

embryos. B rannon (1965) com-

pa red newly ha tched sockeye

salmon f r y  developed a t  t h r e e

d i f f e r e n t  oxygen l e ve l s ,  and

found l e n g t h  and o t h e r  ana-

tom ica l d i f f e r e n c e s  i n  t h e  t h r e e

g roup s ( t a b l e  8 ) ;  however, t h os e

r a i s e d i n  low oxygen concen-

t r a t i o n s  e ve n t u a l l y  a t t a i n e d

n e a r l y  t h e  same weigh t by t h e

f r y  s t a g e  a s  d i d t h os e  in cub a t ed

J


O  2 3 4 5 6 7 8 9 1 0 

DISSOLVED OXYGEN CONCENTRATION


(MILLIGRAMS PER LITER)

Figure 14-Relation between dissolved oxygen


concentration and embryo survival (from Coble 1961).


MEAN DISSOLVED OXYGEN CONCENTRATION


(MILLIGRAMS PER LITER)

Figure 15-Relation of mean dissolved oxygen to survival


of coho embryos, Needle Branch, December 20,1960, to

February 28, 1961 (from Phillips and Campbell 1961).




Table 8-Characteristics of alevins at hatching after being incubated in three


oxygen concentrations(from Brannon 1965)


Temperature units t o 50%

hatching 1200 1200 1200

Description 

Length i n  mi 11 imeters 

16.3 

18.6 19.7

Yolk sac shape 

Spherical Longitudinal Longitudinal

Pigmentation 

Light l y on On head and On head and

head star t ing on back

back

O2 concen t r a t  i on (mg/ 1 )


V is ibi l i t y of  the Not vis ibl e Distinguish- Readily vis ibl e

dorsal and anal f i n  rays able

3.0 

Caudal f i n  development Forming Forming We1 1 advanced

i n  water f u l l y  s a t u r a t e d wi t h

oxygen. Although di s s ol ved

oxygen concen t r a t i on s r e qu i r e d

f o r  s u c c e s s f u l  i n cuba t i on depend

on both s p e c i e s  and develop-

mental s t a g e ,  con c e n t r a t i on s  a t 

o r  nea r s a t u r a t i on  wi t h tem-

por a ry r edu c t i on s  no lower t h a n

5.0 mg/ l a r e  recommended f o r

anadromous salmonids.

6,O 

T E MPE R AT UR E 


11.9


There a r e  upper and lower

t empera tu re l i m i t s  ( t h r e s h ol ds )

f o r  s u c c e s s f u l  i n cuba t i on of

salmonid eggs ( t a b l e  3 ) .  Combs


and Burrows (1957) and Combs


(1965) noted t h a t  pink and

chinook salmon eggs cou ld t o l e r -

a t e  long p e r i ods  of low temper-

a t u r e ,  provided t h e  i n i t i a l

t empe ra tu re was above 6.0°C and

embryogenes is had proceeded t o  a

p a r t i c u l a r  developmental s t a g e .

Combs and Burrows (1957) be-

l i e ve d salmon eggs depos i t ed i n

water c ol de r  t h a n 4.5OC would

n o t  produce a s  vi a b l e  a f i s h  a s

egg s spawned i n t o  warmer wa te r .

I n  many streams con t a i n i ng

i n cuba t i ng salmonid eggs , wa te r

t empera tu re s a r e  c ol de r  t h an

4.5OC du r i ng t h e  win t e r ;  eggs

develop normal ly and success -

f u l l y ,  however, because spawning

and i n i t i a l  embryo development

occu r when tempera tu re s a r e

warmer.

Zx tremely cold wate r and

a i r  tempera tu re can cause

mor t a l i t y  among incuba t i ng eggs

and f r y  by t h e  forma t ion of

f r a z i l  o r  anchor i c e  t h a t  reduces

wa te r in t e rchange . Anchor i c e

normal ly forms i n  sha l low wate r

t y p i c a l  of spawning a r e a s  and

may comple te ly b l a n k e t  t h e

s u r f a c e  of t h e  s u b s t r a t e  and

the r eby p r even t wa te r i n t e r -

change between stream and g r ave l .

I n  addi t i on ,  i c e  dams may form

t h a t  can impede f low o r  even

dewater spawning a r e a s ,  Sub-

s equen t me l t i ng of t h e  dam may


cau s e f l oodl i k e  condi t i on s

r e s u l t i n g  i n  t h e  disp lacement

and scour ing of redds , I n  an

egg p l a n t i n g  experiment , R e is e r

and W esche (1977) found eggs i n



V ib e r t  boxes comple te ly f roz en

even though bu r i ed 15 cm i n  t h e

s u b s t r a t e  and covered wi th more

t h a n  13 cm of wate r . Anchor i c e

had formed a t  l e a s t  twice dur ing

t h e  incuba t ion pe r iod. Neave

(1953) and M cNeil (1966) a l s o

noted t h e  problems of f r e e z i n g

on egg s u rviva l .

BI O CHE MICAL O XYGE N D E MAND 


The oxygen demand of organ i c

ma t t e r  i n  t h e  s t ream may reduce

t h e  oxygen concen t r a t i on , p a r t i c -

u l a r l y  i n  t h e  i n t r a g r a ve l  envi-

ronment. The impact of organ i c

ma t t e r  i n  a stream depends on

t h e  chemica l , phy s i c a l ,  and

hydr a u l i c  c h a r a c t e r i s t i c s  ( f o r

example, di s s olved oxygen con-

t e n t ,  tempera tu re , and reae r -

a t i o n  c a p a b i l i t y )  of t h e  stream.

Ex cess ive re c ru i tmen t of organ i c

ma t e r i a l  t o  a s t ream may r e s u l t

i n  reduced oxygen concen t r a t i on s

and de t r imen t a l impacts on eggs.

APPAR E NT  VE LO CI T Y


The s i n g l e  most impor tan t

h ydr a u l i c  component i n  t h e

i n t r a g r a ve l  environment used f o r

egg incuba t ion i s  appa ren t

ve l oc i t y ,  de f i n ed a s  t h e  r a t e  of

seepage and ex pressed a s  t h e

volume of l i q u i d flowing pe r

u n i t  t ime through a u n i t  a r e a

normal t o  t h e  d i r e c t i on  of flow

(Terhune 1958, Coble 1961, V aux


1968) . Apparent ve l oc i t y  i s

impor tan t i n  b r i ng ing di s s olved

oxygen t o  t h e  eggs and removing

metabol i c waste produc t s .

High oxygen l e ve l s  do not ,

i n  themselves , gua ran t e e h igh

egg s u r vi va l .  I n  two redds wi th

s im i l a r  di s s olved oxygen con-

c e n t r a t i on s  bu t d i f f e r e n t  appa ren t

ve l oc i t i e s ,  embryonic develop-

ment may be b e t t e r  i n  t h e  redd

wi th t h e  h ighe r r a t e  of wate r

exchange (Coble 1961) . Coble

s t a t e s  t h a t ,  i n  g en e r a l ,  when


appa ren t ve l o c i t i e s  a r e  low,

oxygen concen t r a t i on s will he

low and, when they a r e  h igh ,

oxygen l e ve l s  a r e  u s u a l l y high .

O the rs have found egg s u rviva l

r e l a t e d t o  appa ren t ve loc i ty - -

f o r  example, Pyper ( i n  Cooper

1965) i n  sockeye eggs ( f i g .  16 ) ,

Coble (1961) i n  s t e e l h e ad ( f i g .

17 ) ,  Gangmark and Bakkala (1960)

i n  chinook, W icke t t (1962) i n

p ink salmon, and P h i l l i p s  and

Campbell (1961) i n  coho and

s t e e l h e ad.  I n  t h e  l a s t  s tudy ,

h igh egg s u r vi va l s  were asso-

c i a t e d wi th appa ren t ve l o c i t i e s

o f  more t h a n 20 cm/h. W icke t t

(1962) found low s u rvi va l  i n

a r e a s  where appa ren t ve l o c i t i e s

were 0.5-1.5 cm/h and h igh

s u r vi va l s  where ve l o c i t i e s  were


more than 7 cm/h. S i l ve r  e t  a l .

(1963) and Shumway e t  a l .  (1964)

r e l a t e d appa ren t ve l oc i t y  t o 

s i z e  of f r y  a t  a ha tche ry .

S i l ve r  e t  a l .  found t h a t  s i z e  of

s t e e l h e ad and chinook f r y  de-

pended on appa ren t ve l oc i t i e s ,

even a t  ve l o c i t i e s  a s  h igh a s

740-1350 cm/h. Shumway e t  a l .

found t h a t  reduced ve l o c i t i e s

(3-10 cm/ h) r e s u l t e d i n  de-

c r e a s ed s i z e  of f r y  a t  a l l

oxygen l e ve l s  t e s t e d (2.5-11.5

mg/ l)

APPAR E NT  VE LO CI T Y

(CE NT I ME T E R S  PE R  S E CO ND )

Figure 16-R elation between rate of flow of water through a


gravel bed and the survival of eyed sockeye eggs in the


gravel (from Cooper 1965).
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ME AN APPAR E NT  VE LO CI T Y

(CE NI IME T E R S  PER HO UR )

Figure 17-R elation betweenapparent velocity and embryo


survival (from Coble 1961).


S UBS T R AT E  MAT E R IALS 


Spawning bed ma t e r i a l s  a1 s o

i n f l u e n c e t h e  development and

emergence of f r y .  ~ e r m e a b i l i t y

o f  t h e  s u b s t r a t e  ( t h e  a b i l i t y  of

a ma t e r i a l  t o  t r a n sm i t  f l u i d s )

s e t s  t h e  range of subsu r f ace

wa te r ve l oc i t i e s  (W icke t t 1962) .

Low pe rme a b i l i t i e s  r e s u l t  i n

lower apparen t ve l oc i t i e s  and

reduced oxygen de l i ve r y t o  and

me t abol i t e removal from t h e

eggs . W icket t (1958) found t h a t

s u rvi va l  of p ink and chum


salmoc eggs was r e l a t e d t o 

pe rmeab i l i t y ( f i g .  18 ) .  McNei l

and Ahnell (1964) concluded t h a t

h i g h l y  p roduc t ive spawning

stream s had g r ave l s  wi th h igh

pe rmeab i l i t y . P e rmeab i l i t y was

h igh (24,000 cm/ h) when bottom

ma t e r i a l s  had l e s s  t h an 5 pe r c en t

(by volume) sands and s i l t s  t h a t

passed through a 0.833 mm s i e ve

and was r e l a t i ve l y  low ( l e s s

t h a n 1 300 cm/ h) when f i n e

sediments made up more than 15

p e r c e n t  of t h e  bottom ma t e r i a l .

S ucce s s fu l f r y  emergence i s

hindered by ex c e s s ive amounts of

sand and s i l t  i n  t h e  g r ave l .

Even though embryos may ha t ch

and develop, s u rvi va l  w i l l  be

poor i f  t h ey cannot emerge.

K oski (1966) examined redds

PE R ME ABI LI T Y O F S T R E AMBE D  GR AVE LS

(CE NT IME T E R S  PE R  MI NUT E )

Figure 18-O bserved relation reported by Wickett (1958)


between permeability of spawning beds and survival of


pink and chum salmon to the migrant fry stage (from


McNeil and Ahnell 1964).
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PE R CENTAGE  FINE  S E D IME NT 


Figure 19-Percentage emergence of fry from newly


fertilized eggs in gravel-sand mixtures. Fine sediment was


granitic sand with particlesless than 6.4 mm.


where eggs had developed nor-

mal ly bu t  t h e  hatched f r y  were


unab le t o  emerge because of

sediment. P h i l l i p s  e t  a1 .


(1975) found an i nve r s e  r e l a t i on

between qu a n t i t y  of f i n e  sedi -

ments and f r y  emergence. B jornn

(1969) and McCuddin (1977)

demonstra ted t h a t  s u rvi va l  and

emergence of chinook salmon and

s t e e l h e ad embryos were reduced

when sediments l e s s  t h an 6.4 mm

i n  diamete r made up 20-25 per-

c e n t  o r  more of t h e  s u b s t r a t e

( f i g s .  19 and 20) .



Biornn (1969)
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Figure 20-Percentage emergence of swim-up fry placed in


gravel-sandmixtures. S ediments were 1- to 3-mm


particles in the study by Phillipset al. (1975), less than 2


mm in the study by Hausle and Coble (1976), and less


than 6.4 mm in studies by Bjornn (1969) and McCuddin


(1977).


S T R E AMFLO W


S treamflow requ i rement s of

i ncuba t i ng salmonid eggs a r e

l a r g e l y  unknown p a r t l y  because

of  t h e  l a ck of in forma t ion on

i n t e r a c t i on s  of s u r f a c e  f lows

and t h e  i n t r a g r a ve l  environment.

According t o  S t a l n ak e r and

A rne t t e (1976) , most agenc i e s

t h a t  a r e  concerned wi th f i s h

h a b i t a t  do not  a t t emp t t o  dea l

s p e c i f i c a l l y  wi th s t reamflows

f o r  i n cuba t i on bu t  on ly f o r

spawning, on t h e  assumption t h a t

f lows s u i t a b l e  f o r  spawning w i l l 

be s u i t a b l e  f o r  incuba t ion .

U.S. F i s h and W i l dl i f e  S e rvi c e

personne l a t  t im es have re -

commended an i n c r e a s e  i n  flow

f o r  incuba t ion ove r t h a t  p r e s e n t

a t  spawning (Hale i n  Hooper

1973) .  O regon D epartment of

T able 9. General habitat guidelines for incubation of salmonid embryos


Di ssolved oxygen 

At or near saturation;

lower threshold - 5.0 mg/l


Water temperature 

1 1


4"-14°C- 

Parameter 

Permeabi 1 i ty 

More than 1 300 cmlh


Recommended limit

Sediment composition 

Less than 25% by volume of fines 26.4 mm


Surface flow 

Sufficient to a1 low fry to emerge


Surface velocity 

Velocities should be 1 ess than those

that scour the redds and displace

spawning bed materi a1 s

Apparent velocity 

More than 20 cmlh


Biochemical oxygen 

demand 

Should not diminish or deplete the

dissolved oxygen content below stated

1 eve1 s


11 Upper and lower values are threshold temperatures. Eggs will

-  

develop normal ly a t  lower temperatures provided initial development

has progressed to where they become tolerant of cold.



F i s h  and W i l d l i f e  pe r sonne l u s e

f i e l d  ob s e rva t i on s  t o  judge

recommended i n c u b a t i on f lows

t h a t  a r e  o f t e n  e q u i va l e n t  t o 

abou t two- th i rds of t h e  spawning

f low. Thompson (1972) ,  however,

p oi n t e d ou t  t h a t  t h e  two- th i rds

r u l e  does n o t  a lways hold,  and

adequa t e f low depends l a r g e l y  on

t h e  p a r t i c u l a r  stream . R esearch

i s  c u r r e n t l y  underway i n  Idaho

and A laska t o  q u a n t i f y  t h e

i n s t r e am flow needs f o r  suc-

c e s s f u l  i n c u b a t i on and h a t c h i n g

o f  salmonid eggs .

F or e s t  p r a c t i c e s ,  such a s

r oadbu i l di n g and c l e a r c u t

logg ing , may i n c r e a s e  t h e  wa t e r

y i e l d  from a wate rshed and

sometimes c on t r i b u t e  t o  t h e

f l oodi n g i n  a stream (R othache r

1971) . R apid f l u c t u a t i on s  i n 

s t reamf low can de c r e a s e  egg

s u r vi va l  by di s t u r b i n g  redds and

t h e r e b y  c r u s h i n g and di s l odg i n g

eggs . Gangmark and B road (1956)

a t t r i b u t e d comple te m or t a l i t y  o f

p l a n t e d chinook eggs t o  stream 


f lows t h a t  i n c r e a s e d 100 tim es

du r i n g egg p l a n t i n g .  O the r

i n ve s t i g a t o r s  have a l s o  noted

t h e  de l e t e r i ou s  e f f e c t s  of

f l oodi n g on egg s u r vi va l  (Hobbs

1937, Neave 1953, Gangmark and

B akkala 1960, S he r idan and

McNei l  1968) . As  noted by

Chapman (1962) , abnormal ly h igh

f low a t  t h e  wrong t i me c a u s e s

i n c r e a s e d m or t a l i t y .  M odera te ly

h i g h f lows a r e  b e n e f i c i a l  i n

a s s u r i n g  adequa t e i n t e r c h a n g e of

i n t r a g r a ve l  and s u r f a c e  wa t e r s

and improving t h e  oxygen supp ly

t o  embryos.

B ecause s p e c i e s - s p e c i f i c

i n c u b a t i on  c r i t e r i a  have n o t

been deve loped, g e n e r a l i z a t i on

i s  needed t o  de f i n e  s u i t a b l e

i n c u b a t i on  f o r  anadromous s a l -

monids. General g u i de l i n e s  f o r

sa lmonid i n c u b a t i on based on t h e ,

p r e c eding i n form a t i on a r e

p r e s e n t e d i n  t a b l e  9.



JUVE NI LE  R E AR ING

Hab i t a t  r equ i r emen t s of

j u ve n i l e  anadromous f i s h  i n 

s t r e ams va ry wi t h  s p e c i e s ,  s i z e ,

and t i m e  of y e a r .  The r e a r i n g

p e r i od ex t e nds from f r y  emer-

gence t o  seaward m ig r a t i on and

c a n range from a few days f o r

chum and p ink salmon t o  3 o r  4


y e a r s  f o r  s t e e l h e a d t r o u t .  For

f i s h  t h a t  spend an ex tended t i m e 

i n  f r e s h  wa t e r , t h e  q u a n t i t y  and

q u a l i t y  of t h e  h a b i t a t  s e t s  t h e

l i m i t s  on t h e  number of f i s h

t h a t  can be produced. Impor tan t

h a b i t a t  components f o r  j u ve n i l e

salmon and t r o u t  a r e  f i s h  food

p rodu c t i on a r e a s ,  wa t e r q u a l i t y

and q u a n t i t y ,  c ove r ,  and space .

The i n t e r a c t i o n  of some of t h e s e

h a b i t a t  components wi th b io-

l og i c a l  f e a t u r e s  of t h e  envi -

ronment have been s t u di e d

(G i g e r 1973, Hooper 1973) , b u t

s p e c i f i c  c r i t e r i a  f o r  r e a r i n g

h a b i t a t  have n o t  been comple te ly

de f i n e d f o r  anadromous sa lmonids

i n  s t r e ams , We w i l l  di s c u s s

f e a t u r e s  of s t re am h a b i t a t  and

r e l a t e  them t o  salmonid pro-

du c t i on  where war ran ted by t h e

d a t a  a va i l a b l e .

FI S H FO O D  PR O D UCT I O N AR E AS 


D ens i ty of  j u ve n i l e  anad-

romous sa lmonids may be regu-

l a t e d by t h e  abundance of food

(p e r h a p s  ex p r e s s ed a s  competi-

t i o n  f o r  s p a c e ) i n  some s t r e ams

(Chapman 1966 ) . Food f o r  t h e s e

sa lmon ids comes p r im a r i l y  from

t h e  su r rounding l a nd and from

t h e  s u b s t r a t e  wi t h i n  t h e  stream ;

t h e  r e l a t i v e  impor tance of

t e r r e s t r i a l  and a q u a t i c  i n s e c t s

va r i e s  wi t h  stream s i z e ,  loca -

t i o n ,  r i p a r i a n  ve g e t a t i on ,  and

t i m e  of y e a r ,

VE LO CI T Y


According t o  S c o t t  (1958)

and A l l e n (1959) ,  ve l o c i t y  i s

t h e  most impor t a n t  pa rame te r i n

de t e rm in ing t h e  d i s t r i b u t i o n  of

a q u a t i c  i n ve r t e b r a t e s  i n  s t reams .

M ost a q u a t i c  i n ve r t e b r a t e s  l i v e

i n  a ve r t i c a l  boundary l a y e r  on

t h e  s t ream s u b s t r a t e  where

ve l o c i t i e s  a r e  n e a r z e ro. W ater


ve l o c i t i e s  j u s t  above t h e  bound-

a r y  l a y e r ,  however, a r e  t y p i c a l

of  r $ F f l e  a r e a s  (P e a r s on e t

a ,  Needham and U s inger 1956,

D e l i s l e  and E l i a s on  1961, A r thu r

1963, R uggles 1966, K imble and

W esche 1975, and t a b l e  10 ) .

D E PT H


The i n f l u e n c e  of wa t e r

de p t h  on a q u a t i c  i n s e c t  pro-

du c t i on  i s  poor l y unde r s tood,

b u t  Needham and U singer (1956)

and K ennedy (1967) found t h e

l a r g e s t  numbers of organ isms i n

sh a l low a r e a s  t y p i c a l  of r i f f l e s .

I n  a s t u dy by K imble and W esche

(1975) ,  m a y f l i e s  (Ephemerop-

t e r a ) ,  s t o n e f l i e s  (P l e c op t e r a ) ,

and c a dd i s f l i e s  (T r i c h op t e r a )

were found i n  dep t h s  l e s s  t h a n

-  

41 Unpublished r e por t ,  "Factors

a f f e c t i n g  t h e  n a t u r a l  r e a r i ng of


juven i l e coho salmon during t h e  summer


low flow season," by L . S. Y earson, K.

R. Conover, and R. E. Sams. Fish .

Comm. O reg., P or t l and, 1970.



Table 10-Water velocity criteria for aquatic invertebrates


Kennedy (1 967),

Pearson e t  a1.- 

Surber (1951 )


Del isle and Eliason (1961)

Hooper (1973)

Giger (1973)

Needham and Usinger (1956)

K imble and Wesche (1975)

Thompson (1972)

Source 

1/ See tex t footnote 4.


-  

Velo ci t y  range

0 .3 m. Hooper (1973) r e p or t e d 

(1947) r e p or t e d t h a t ,  i n  g e n e r a l ,

t h a t  a r e a s  of h i g h e s t  i n ve r t e -  

t h e  d i ve r s i t y  of a va i l a b l e  cove r

b r a t e  p r odu c t i vi t y  u su a l l y  occu r f o r  bottom fauna de c r e a s e s  a s

i n  s t r e ams a t  dep t h s  between t h e  s i z e  of i n e r t  s u b s t r a t e

0.15 and 0.9 m i f  s u b s t r a t e s  and p a r t i c l e s  de c r e a s e s .  R ubble

ve l o c i t i e s  a r e  s u i t a b l e .  

seems t o  be t h e  most p rodu c t i ve

s u b s t r a t e .  L arge r u b b l e  sub-

Meters per second

S UBS T R AT E 


S tream s u b s t r a t e  compo- 

s i t i o n  i s  a not h e r f a c t o r  t h a t  

r e g u l a t e s  t h e  p roduc t ion of

i n ve r t e b r a t e s ;  h i g h e s t  pro- 

du c t i on  i s  from g r ave l  and 

ru b b l e - s i z e  m a t e r i a l s  (Needham 

1934, L induska 1942, S mith and 

M oyle 1944, S p r u l e s  1947, 

R u t t n e r 1953, Cummins 1966, 

Thorup 1966, K ennedy 1967, 

Corning 1969, Hynes 1970 ) . 

S u b s t r a t e  s i z e  i s  a f u n c t i on  of 

wa t e r ve l oc i t y ,  wi th l a r g e r

m a t e r i a l s  (r u b b l e  and bou lde r )  

a s s oc i a t e d wi th f a s t  c u r r e n t s  

and sm a l l e r  m a t e r i a l s  ( s i l t  and 

s and) wi t h  slow-moving wa te r .

Pennak and V an Gerpen 

(1947) noted a de c r e a s e  i n  

number -of b e n t h i c  i n ve r t e b r a t e s  

i n  t h e  p rog r e s s i on rubb l e - 

bedrock-grave l -sand. A s im i l a r  

de c r e a s e  was noted by K imble and

W esche (1975) i n  t h e  s e r i e s

rubb l e - coa r s e g rave l - s and and 

f i n e  g r a ve l - s i l t .  S p r u l e s  

s t r a t e  p rovide s  i n s e c t s  wi t h  a

f i rm s u r f a c e  t o  c l i n g  t o  and

a l s o  p rovide s  p r o t e c t i on  from

t h e  c u r r e n t .

The importance of i n s e c t s

produced i n  r i f f l e s  a s  food f o r

f i s h  i s  documented by W aters

(196 9) ,  and P ea rson e t  a l .  (s e e

f oo t n o t e  4 )  r e p or t e d h i g h e r  coho

p rodu c t i on p e r  u n i t  a r e a  i n 

p ool s  wi th l a r g e  r i f f l e s  up-

stream t h a n  i n  pool s wi th sma l l

r i f f l e s  ups t ream.

V e l oc i t y ,  dep th , and sub-

s t r a t e  c r i t e r i a  f o r  optimum f i s h

food p rodu c t i on 

a r e :

V e l oc i t y  0.46-1.07 m/ s

D epth 0.46-0.91 m


S u b s t r a t e  Composed l a r g e l y  of

c oa r s e  g r a ve l

(3.2-7.6 cm) and

ru b b l e  (7.6-30.4 cm)

R I PAR IAN VE GE T AT I O N


T e r r e s t r i a l  i n s e c t s  a r e

a l s o  impor t a n t food i t ems  f o r



sa lmon ids . They may e n t e r

s tream s by f a l l i n g  o r  be ing

blown o f f  r i p a r i a n  ve g e t a t i on

and by be ing washed i n  from

s h o r e l i n e  a r e a s  by wave a c t i o n

o r  r a p i d flow f l u c t u a t i o n s

(M undie 1969, F i s h e r  and LaVoy


1972) . O nce i n  t h e  s t r e am ,

t h e s e  organ isms a r e  e n t r a i n e d by

t h e  c u r r e n t ,  become a p a r t  of

t h e  d r i f t ,  and a r e  f ed upon by


f i s h  S u rb e r 1936, K e l l ey e t

a1. ,?' D e l i s l e  and E l i a s on 1961,

-  5/  

Unpublished repor t ,  "A method

K ennedy 1967, A l l e n 1969) .

P l a n t  m a t e r i a l  t h a t  f a l l s  i n t o

t h e  s t r e am from r i p a r i a n  vege-

t a t i o n  may be a n impor t a n t

s ou r c e  of food t o  a q u a t i c  i n -

ve r t e b r a t e s .  S eku l i c h and

B jornn (1977) found t h a t  t e r -

r e s t r i a l  i n s e c t s  were second

on l y  t o  ch i ronomids (m idges ) i n

impor tance a s  food f o r  j u ve n i l e

anadromous sa lmon ids i n  t h e

s tream s t h e y s t u di e d .  Groups of

i n s e c t s  and o t h e r  a r t h ropods

t h a t  may become a p a r t  of t e r -

r e s t r i a l  d r i f t  i n c l u de :  D i p t e r a

( f l i e s ) ,  O r t hop t e r a (g r a s s -

hoppers and c r i c k e t s ) ,  Coleop-

t e r a  ( b e e t l e s ) ,  Hymenoptera

(b e e s ,  wasps, and a n t s ) ,  L epi-

dop t e r a  ( b u t t e r f l i e s  and moth s ) ,

Homoptera ( l e a f  h op p e r s ) ,  and

A rane ida ( s p i d e r s ) .

t o  determine t h e  volume of flow requi red

by t r ou t  below dams: a proposal f o r

i nves t i ga t i on , " by D. W. K el ley, A. J .

Cordone, and G. D e l is le . Ca l i f .  Dep.

F i s h and Game, S acramento, 1960.



WAT E R  QUALI T Y


T emperature


S almonids a r e  c ol d wa t e r

f i s h  wi th d e f i n i t e  t empe ra t u r e

r e qu i r emen t s du r i n g r e a r i n g .

W ater t empe ra t u r e i n f l u e n c e s

growth r a t e ,  swimming a b i l i t y ,

a va i l a b i l i t y  of di s s o l ve d

oxygen, a b i l i t y  t o  c a p t u r e  and

u s e food, and a b i l i t y  t o  with -

s t a n d di s e a s e  ou tb r e ak s . B r e t t 

(1952) l i s t s  t h e  upper l e t h a l

t empe ra t u r e f o r  ch inook , p ink ,

sockeye , chum, and coho salmon

a s  25.1°C. The upper l e t h a l

t empe ra t u r e f o r  rainbow t r o u t

l i e s  between 24' and 29.5OC


depending on oxygen concen-

t r a t i o n ,  f i s h  s i z e ,  and a c c l i -

ma t ion t empe ra t u r e (M cAfee

1966 ) . S l i g h t l y  lower temper-

a t u r e s  can be t o l e r a t e d b u t  a r e

s t r e s s f u l .

B e l l  (s e e  f oo t n o t e  1 )

s t a t e d t h a t ,  i n  g e n e r a l ,  a l l

c o l d wa t e r f i s h  c e a s e  growth a t 

t empe ra t u r e s above 20.3OC be-

c au s e of i n c r e a s e d me t abol i c

a c t i v i t y .  Fa1 1 chinook f i n g e r -

l i n g s  had i n c r e a s i n g  pe r c en t a g e

weigh t g a i n s  a s  t empe ra t u r e was

i n c r e a s e d from 10.O O  t o  15.7OC,


and t h e n  weigh t dec r e a s ed wi t h

a f u r t h e r  i n c r e a s e  i n  temper-

a t u r e  t o  18.4OC (B urrows i n 

B e l l ,  see f oo t n o t e  1 ) .  B aldwin

(1956) noted a s i m i l a r  r e l a t i o n

f o r  brook t r o u t ,  wi t h  i n c r e a s e s

i n  pe r c en t a g e weigh t g a i n  wi th

i n c r e a s e d t empe ra t u r e from 9.1

t o  13.1°C and a subsequen t

de c r e a s e  i n  pe r c en t a g e we igh t

g a i n  wi th t empe ra t u r e s ex ceeding

17.1°C. A t  17.1°C,brook t r o u t

f e e di n g dec r e a s ed and, when


t empe r a t u r e  reached 21.2 OC, t h e

f i s h  on l y  a t e  0.85 p e r c e n t  of

t h e i r  body weigh t p e r  day. 

By


compar ison , a 100-mm-long s a l -

monid t h a t  weighs 10 g would

need t o  e a t  abou t 1.8 p e r c e n t  of

i t s  body weigh t each day t o 

ma i n t a i n  i t s e l f  and 2.5 p e r c e n t

t o  grow r a p i d l y  i n  15OC wate r .

S almonids p r e f e r  a r a t h e r

narrow range of t empe ra t u r e i n

which t o  l i v e  ( t a b l e  11) ,  and

t empe ra t u r e may h e l p  r e g u l a t e

de n s i t y .  I n  l a b or a t or y  stream

ch anne l s , Hahn ( 1977 ) found

twi c e a s  many s t e e l h e a d f r y

remained i n  channe l s wi th d a i l y

f l u c t u a t i n g  (8O -19OC) o r  con-

s t a n t  13.5 OC wa te r t empe ra t u r e s

t h a n  i n  a channe l wi th c on s t a n t

18.5OC wa te r . Fry de n s i t y  i n  a

channe l wi t h  c on s t a n t  8.5 OC


wa t e r was doub le t h a t  i n  chan-

n e l s  wi th c on s t a n t  13.5OC o r

f l u c t u a t i n g  t empe ra t u r e s . W ater

t emp e r a t u r e s  i n  a p a r t i c u l a r

stream va ry s e a sona l l y ,  tem-

p or a l l y ,  and s p a t i a l l y  ( f o r

ex ample, between f o r e s t e d and

non for e s t e d a r e a s ) .  S ea sona l

and tempora l changes a r e  l a r g e l y

ou t  of human c on t r o l ;  c e r t a i n

land-use p r a c t i c e s  ( f o r  example,

c h a n n e l i z a t i on  o r  removal of

s h ade t r e e s ) ,  however, c a n

change t h e  t empe ra t u r e i n  sec-

t i o n s  of s t r e ams . I f  r i p a r i a n

ve g e t a t i on  i s  removed, ex pos ing

t h e  stream  t o  d i r e c t  s u n l i g h t ,

wa t e r  t emp e r a t u r e s  u s u a l l y

i n c r e a s e  i n  summer (Greene 1950,



I I I


---------------------"C-----------------------  

Chinook 7.3-14.6 q12.2 25.2

Coho 11.8-14.6 3'20.0 25.8

Chum 11.2-14.6 y13.5 25.8

Pink 5.6-14.6 10.1 25.8

Sockeye 11.2-14.6 y15.0 24.6

Steelhead '7.3-14.6 10.1 24.1

Cutthroat 9.5-12.9 

-- 23.0

Brown 3.9-21.3 

-- 24.1

Table I1 -Preferred, optimum, and upper lethal temperatures of various


salmonids 

(from Bell 1973 unless otherwise noted)


1/ From Bell (see text footnote 1).

/ -  

From an unpubl ished report, "Fish health and Management: concept

and methods of aquaculture," by G. W. Klontz, Univ. Idaho,

Moscow, 1976.

31 From Brett e t  al . (1958).

/ -  

From Garside and Tai t (1958).

Chapman 1962, Gray and Edington

1969, Meehan 1970, Narver 1972,

M oring and L antz 1974, M oring

1975 ) . Colder win t e r temper-

a t u r e s  may r e s u l t  from l o s s  of

canopy and adve r s e ly a f f e c t  egg

incuba t ion (Greene 1950, Chapman


1962) .

r  

Species 

D I S S O LVE D  O XYGE N


Preferred

temperature 

range 

I


The concen t r a t i on of di s -

solved oxygen i n  s t reams i s

impor tan t t o  salmonids dur ing

r e a r i n g .  A t  t empera tu res above

15OC, concen t r a t i on s of di s -

solved oxygen r e g u l a t e  t h e  r a t e

of a c t i ve  metabolism of j uven i l e

sockeye salmon (s e e  f oot not e 1 ) .

Fry (1957) proposed t h a t  where

t h e  oxygen con t en t became un-

s u i t a b l e ,  t h e  a c t i ve  metabol ic

r a t e  decreased. Rainbow t r o u t

swimming speeds were reduced 30

and 4 3 pe r c en t when oxygen was

reduced t o  50 pe r c en t of sa tu -

r a t i on  a t  tempe ra tu re s of

21'-23OC and 8'-10°C, respec-

t i ve l y  (J one s 1971). Growth

Optimum 

temperature 

r a t e ,  food consumption r a t e ,  and

t h e  e f f i c i e n c y  of food u t i l i -

z a t i on  of j uven i l e coho salmon

a l l  dec l i n ed when oxygen was 4

o r  5 mg/ l (Herrmann e t  a l .  1962,

and f i g s .  21, 22, and 23) .

Upper lethal

temperature

J u ve n i l e  chinook salmon

avoided wate r wi th oxygen

concen t r a t i on s ne a r 1.5-4.5

mg/ l i n  t h e  summer, bu t r e a c t ed

l e s s  t o  low l e ve l s  i n  t h e  f a l l

when tempera tu res were lower

(W hitmore e t  a l . 196 0 ) .

I n  a review paper , D avis

(1975) examined in forma t ion on

i n c i p i e n t  oxygen response th re sh -

o l ds  f o r  salmonids ( t a b l e  12) ,

and developed oxygen c r i t e r i a

wi t h t h r e e  concen t r a t i on s

( t a b l e  13) .  A t  t h e  h i g h e s t

conc en t r a t i on ,  f i s h  had ample

oxygen and could f u n c t i on with-

ou t  impairment. A t  t h e  middle

conc en t r a t i on ,  t h e  average

member of a s p e c i e s  beg ins t o 

e x h i b i t  symptoms of oxygen
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Figure 21-Weight gains (or losses) in19 to 28 days among


frequently fed age-class 0  coho salmon, expressed as


percentages of the initial weight of the fish, in relationto

dissolved oxygenconcentration. The curve has been


fitted to only the results of tests performed in 1956. All


of the 1956 positiveweight-gain values are results of


21-day tests (from Herrmann et al. 1962).
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Figure 22-Grams of food (beach hoppers) consumedby


frequently fed ageclass 0  salmon per day per gram of


initial weight of the fish, in relationto dissolved oxygen


concentration. The curve has been fitted to only the


1956 data (from Herrmann et al. 1962).


d i s t r e s s ;  a t  t h e  lowes t concen-

t r a t i on ,  a l a r g e  por t i on of t h e

f i s h  popu la t ion may be a f f e c t e d.

D issolved oxygen concen-

t r a t i o n s  a r e  normally nea r

0  O r  1956 Tests

06 1955 Tests

Surviving fish

A A  Only or mostly

dy ing fish

OXYGEN CONCENTRATION


(MILLIGRAMS PER LITER)

Figure23-Food conversion ratios for frequently fed age-

class 0  coho salmon, or their weight gains in grams per


gram of food (beach hoppers) consumed, in relationto

dissolved oxygen concentration. A food conversion ratio


of zero (not a ratio having a negativevalue) has been


assigned to each group of fish that lost weight. The curve


has been fitted only to the 1956 data (from Herrmann


et al. 1962).


s a t u r a t i on ,  ex cep t i n  small

s t r e ams wi th l a r g e  amounts of

de b r i s  from logging o r  ot h e r

sou r c e s (Ha l l  and L antz 1969) o r

i n  l a r g e r ,  slow-moving s t reams

r e c e ivi ng l a r g e  amounts of

munic ipal o r  i n du s t r i a l  waste.

S US PE ND E D  AND 


D E PO S I T E D  S E D IME NT 


S uspended and depos i t ed

f i n e  sediment can adve r s e l y

a f f e c t  salmonid r e a r i n g h a b i t a t

i f  p r e s e n t  i n  ex c e s s ive amounts.

High l e ve l s  of suspended s o l i d s

may abrade and c log f i s h  g i l l s ,

reduce feeding , and cause f i s h

t o  avoid some a r e a s  (Trautman

1933, Pautzke 1938, Smith 1939,

Kemp 1949, W allen 1951, Cooper

1956, Bachman 1958, Cordone and

K el ley 1961). According t o  B e l l

( see foot not e I ) ,  s t reams wi th

s i l t  l oads averag ing l e s s  t h an

25 mg/ l can be ex pec ted t o

suppor t good f re shwa te r f i s h -

e r i e s .  S t a t e  t u r b i d i t y  s t a nda rds

f o r  Colorado, Wyoming, M ontana,

and O regon a r e  s e t  a t  no more



T able 12-I ncipient oxygen response thresholds for various salmonids (modified from


D avis 1 975)"


Arct ic char

Brown t rout

Brook t rout

Species 

Rainbow t rout

Rainbow t rout

Holeton (1973)

I r v ing e t  al .  (1941)

I rving e t  al .  (1941)

Graham (1949)

, I 0,


I 


Beamish (1964)

I rving e t  al .  (1941)

Response

Randall and 120-250 g 8.5-15 5.18-7.34

Smith (1967)

Downing (1954) 13.3 + 1.4 17 + .5 9.74


Source

cm


Jones (1971) 20 mo. ol d 8-10 5.94-5.67

, I  I  

20 mo. ol d 21-23 4.50-4.34

I tazawa (1970) 235-510 g 2.3-13 8.73-6.74

Size Temperature 

K utty (1968) -- 15 5.08


Randall and - - 15 5.18-6.47

Smith (1967)

Hughes and Saunders 400-600 g 13.5 5.35

(1970)

Cameron (1971 ) 300 g 

10, 15, 20 4.71-5.75

Lloyd (1961) 1-11 g 

17.5 5.78

Oissolved oxygen

Sockeye salmon Bret t (1964) 5 0 g  20-24 9.17-8.53


Concentration 

Coho salmon 

Saturation 

Davis (1973) 

1 5 7 9 g 13 6.74

Randall and 1.5-1.7 kg 15 5.07

Smith (1967)

Whitmore e t  al .  (1960) 6.3-11 cm -- 4.5


Hicks and 5.1-14.8 m 12 + 1 9.0

DeWitt (1971)

Daviset al . (1963 ) Juvenile 10-20 11.33-9.17

Oahlberg e t  al .  (1968) " 20 9.17


Herrmann (1958) 

I

8.0-4.0

Chinook salmon Whitmore e t  al .  (1960) 6.3-11 cm summer temp. 4.5


" 6-3-11 cm f a l l  temp. 4.5


Davis e t  al .  (1963) Juvenile 10-20 11.33-9.17

At lant ic salmon K utty and 87-135 g 15 4.5


Saunders (1973)

Percent

15.8 

Signs o f  asphixia and loss of equil ibrium

50 

Blood not f ul l y  saturated with O2 below t hi s level

50


, I

63.2 Onset of 02-dependent metabolism

50.7 Reduced cruising speed

98.8 Onset o f  02-dependent metabolism

7 5 Reduced act i v i t y a l l  temperatures

Standard oxygen uptake reduced below this level

Below this level , blood i s  not f ul l y  saturated

wi th oxygen

Circulatory changes occur, including a slowing

of  the heart

Any reduction i n oxygen led t o more rapid death

i n  cyanide

43 percent reduction i n maximum swimming speed

30 percent reduction i n maximum swimming speed

Blood not f ul l y  saturated with O2 below

this level

Altered respiratory quotient, l i t t l e  capacity

f or anaerobic metabolism below this level

Changes i n  oxygen transfer factor and

effectiveness of  O2 exchange occur

Breathing amplitude and buccal pressure elevated

Blood not f ul l y  saturated with O2 below this level

Toxicity o f  zinc, lead, copper, phenols increased

markedly below t hi s level

Available oxygen level appears t o l imi t  act ive

metabolism and maximum swimming speed

63.6 

Blood not f ul l y  saturated with O2 below t hi s level

50 Elevated blood and buccal pressure, breathing

rate increased

-- Errat ic avoidance behavior

83.1 

Acute mortal i t y i n  k r a f t  pulpmil l ef f l uent increased

below this level

100 

Reduction o f  O2 below saturation produced some


lowering of  maximum sustained swimning speed

100

I , I

87.2-43.6 Growth rate proportional t o oxygen level wi th

best growth a t  8.0 mg/l, lowest a t  4.0 mg/l

Marked avoidance of  t hi s level i n  sumner


L i t t l e  avoidance of  t hi s level i n  f a l l

100 

Reduction of  O2 below saturation lowered maximal

sustained swimning speed

44-33 

Salmon stop swimning a t  a speed of  55 cm/s at  O2 levels

below this; faster swimming requires more oxygen

1'courtesy o f  the Journal of the Fisheries Research Board of Canada.




Table 13-Response of freshwater salmonid populations to three concentrations of

dissolved oxygen (modified from Davis 1975, courtesy of the Journal of the Fisheries


Research Board of Canada)


Function without impairment 7.75 76 76 76 76 85 93

Response


I n i t i a l  distress symptoms 6.00 57 57 57 59 65 72

Most f i sh affected by lack 4.25 38 38 38 42 46 51

o f  oxygen

Mg/l

---------- Percent----------

Oxygen


t h a n  10 J TU, 10 NTU, 5 JTU and 5

NTU ove r background l e ve l s ,

r e s p e c t i ve l y .  g/

Saturation a t

given temperatures ( "C)

0 5 10 15 20 25


Cordone and K e l l ey (1961)

s u g g e s t  t h a t  i n d i r e c t  r a t h e r

t h a n  d i r e c t  e f f e c t s  of t oo much


f i n e  sediment damage f i s h

popu l a t i on s .  I n d i r e c t  damage t o 

t h e  f i s h  popu l a t i on by de s t r u c -

t i o n  of t h e  food supp ly , lowered

egg o r  a l e vi n  s u r vi va l ,  o r

changes i n  r e a r i n g  h a b i t a t

p robab ly oc cu r s  long b e f or e  t h e

a du l t  f i s h  would be d i r e c t l y

7/ 

harmed ( E l l i s  1936, Cor f i t z e n , -  , 


- -

-  

JTU =  J ackson t u r b i di t y un i t s .

NTU =  Nephelome t r i c  t u r b i di t y

un i t s .

-  7/ Unpublished mimeographed

repor t ,  "A s tudy of t h e e f f e c t  of s i l t

on absorbing l i g h t  which promotes 

t h e

growth of a l gae and moss i n  canals , " by

W. D. Corf i t z en . U.S. Dep. I n t . ,  Bur.

R eclam., 1939.

Sumner and ~ r n i t h , g /  Tebo 1955,

1957, 1974, Tarzwe1194957,

Z i e b e l l  1957, Casey,- B a r t s c h

1960, Cordone and P e n n oy e r , s /

Chapman 1962, B jornn e t  a l .

1977 ) .

-  8/ Unpublished mimeographed

repor t ,  "A b iolog i ca l s tudy of t h e

e f f e c t s  of mining deb r i s  dams and

hydrau l i c mining on f i s h  l i f e  i n  t h e .

Yuba and American R ivers i n  Cal i forn ia , "

by F. H. Sumner and 0. R. Smith.

S ubmitted t o  t h e  U. S. D i s t r i c t ,  Eng.

O f f i c e ,  S acramento, Ca l i forn i a ,  from

S tanford Univ., 1939.

-  Unpublished mimeographed

repor t ,  "The e f f e c t s  of p l ace r mining

(dredging) on a t r ou t  stream," by 0. E.

Casey. Annu. Prog . Rep. ,  P roj .


F-34-R-1. W ater Qual i ty Inves t i ga t i ons ,

Federal Aid i n  Fi sh R es tora t ion , Idaho

Dep. Fi sh and Game, Boise, 1959.

-l o /  Unpublished mimeographed

r epor t ,  

"  Notes on s i l t  pol l u t i on i n

t h e  Truckee R iver drainage," by A. J .

Cordone and S. Pennoyer. Cal i f . Dep.
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D epos i ted sediment may


r educ e a va i l a b l e  summer r e a r i n g

( f i g .  24) and wi n t e r  holdi ng

( f i g .  25) h a b i t a t  f o r  f i s h

(S t u eh r enbe rg 1975, K lamt 1976,

B jornn e t  a l ,  1977 ) -  B jornn e t

a l .  (1977) added f i n e  sediment

( l e s s  t h a n  6 - 4  mm i n  di ame t e r )

t o  n a t u r a l  s t r e am channe l s  and

found j u ve n i l e  salmon abundance

de c r e a s ed i n  a lmos t d i r e c t

p r op or t i on  t o  t h e  amount of pool

volume l o s t  t o  f i n e  sediment

( f i g  . 2 6 ) . Because sediment

budge t s  a r e  d i f f i c u l t  t o  de t e r -

mine f o r  each s t r e am , B jornn e t

a l e  recommended u s i ng t h e  pe r -

c e n t a g e of f i n e  sediment i n

s e l e c t e d r i f f l e  a r e a s  a s  a n

i ndex  of t h e  "sediment h e a l t h "

o f  s t r e ams . They rea soned t h a t

i f  t h e  r i f f l e s  con t a i n ed neg-

l i g i b l e  amounts of f i n e  s edi -

ment, t h e n t h e  pool s and i n t e r -

s t i t i a l  s p a c e s between t h e

bou l de r s  of t h e  stream s u b s t r a t e

would a l s o have n e g l i g i b l e

amounts of sediment .

Contro l I without sediment \
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Figure24-Densities of fish remaining in artificial stream


channels after 5 days during winter tests, 1975: W =  wild;


H =  hatchery; 1/2 =  boulders in pools 1/2 imbedded with

sediment; F =  fully imbedded; CK, =  age 0  chinook


salmon, S H, =  age 0  steelhead trout; CT, =  age 0 


cutthroat trout, CT ,.2 =  age 1 cutthroat trout (from Bjornn


et al. 1977).


Contro l (w i tho u t
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Figure 25-Densities of fish remaining in the Hayden Creek


artificial stream channels after 5 days during the summer


tests, 1974 and 1975: S H, =  age 1 steelhead; CKo age 0


chinook; 1/3 =  key boulders in pools 1/3 imbedded with


sediment; F =  key boulders in pools fully imbedded(from


Bjornn et al. 1977).
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Figure 26-Fish numbers in upper test pool versus


percentage pool area deeper than 0.30 m, during the


sediment additions into Knapp Creek, 1973 and 1974.


Arrows denote observations not used in fitting the


regressionline. P =  prior to addition of sediment; 1 = 


after first addition; 2 =  after second addition; 3 =  after


third addition(from Bjornn et al. 1977).




CO VE R 


Cover i s  pe rhaps more

impor t a n t t o  anadromous s a l -

monids du r i n g r e a r i n g  t h a n a t 

any o t h e r  t i me ,  f o r  t h i s  i s  when

t h e y a r e  most s u s c e p t i b l e  t o 

p r e da t i on  from o t h e r  f i s h  and

t e r r e s t r i a l  animal s . Cover

needs of mixed popula-kions of

sa lmonids a r e  n o t  e a s i l y  de t e r -

mined (G ig e r 1973) . S h e l t e r

needs may va ry d i u r n a l l y  (K a l l e -

b e rg 195 8 ,  Edmundson e t  a1 .


1968, A l l e n 1969, Chapman and

B jornn 19691, s e a s on a l l y  (Hartman

1963, 1965, Chapman 1966, Chap-

man and B jornn , 1969) ,  by

s p e c i e s  (Hartman 1965, R uggles

1966, A l l e n 1969, Chapman and

B jornn 1969, L ewi s  1969, P earson

e t  a l .  (s e e  f oo t n o t e  4 ) ,  W esche

1973, Hanson 1977) ,  and by f i s h

s i z e  (B u t l e r  and Hawthorne 1968,

A l l e n  1969, Chapman and B jornn

1969, Eve r e s t  1969, W esche 1973,

Hansori 1977) .

O verhead cove r - - r i p a r i a n

ve g e t a t i on ,  t u r b u l e n t  wa t e r ,

l og s ,  o r  unde rcu t banks-- is used

by most sa lmonids (Newman 1956,

W ickham 1367, B u t l e r  and Haw-

t h o r n e  1968, B a lde s and V incen t

1969, B jornn 1969, Chapman and

B jornn 1969, L ewi s  1969, L i s t e r

and Genoe 1970, W esche 1973) .

B e s ide p rovidi ng s h e l t e r  from

p r e da t or s ,  overhead cove r pro-

duce s a r e a s  of shade n e a r  s t r e am

marg ins . These a r e a s  a r e  t h e

p r e f e r r e d h a b i t a t  of many juve-

n i l e  sa lmonids (Hartman 1965,

Chapman 1966, A l l e n 1969,

Eve r e s t  1969, M undie 1969,

Eve r e s t  and Chapman 1972) .

S ubmerged cove r - - l a rge

r oc k s  i n  t h e  s u b s t r a t e ,  a q u a t i c

ve g e t a t i on ,  l og s ,  and s o on-- is

a l s o  used by r e a r i n g  sa lmonids .

Hoar e t  a l .  (1957) and Hartman

(1965) obse rved t h a t  newly

emerged sa lmonids t e nd t o  h i de

under s t on e s .  S im i l a r  behavior

i s  t y p i c a l  of ove rwin t e r i n g

j u ve n i l e  s t e e l h e a d and chinook

t h a t  seek r e fug e wi t h i n  rock and

r u b b l e  s u b s t r a t e  i n  Idaho s t r e ams

(Chapman 1966, Chapman and

B jornn 1969, Eve r e s t  1969,

M o r r i l l  and B jornn 1972) .

The r e l a t i ve  impor tance of

cove r i s  i l l u s t r a t e d  by e x p e r i -

ments i n  which salmonid abun-

dance de c l i n e d when cove r was

reduced (Boussu 1954, P e t e r s  and

Alvord 1964, E l s e r  1968) and i n

ex pe r imen t s where salmonid

abundance i n c r e a s e d when cove r

was added t o  a s t r e am (Ta r zwe l l

1937, 1938, S h e t t e r  e t  a l .  1946,

W arner and P or t e r  1960, S aunders

and Smith 1962, Chapman and

B jornn 1969, Hunt 1969,1976,

Hahn 1977, Hanson 1977) .

S T R E AMFLO W


Recommended s t r e am f lows f o r

r e a r i n g  h a b i t a t  have u s u a l l y

been based on t h e  i n di vi du a l

components (s u ch a s  food, c ove r )

o f  h a b i t a t  r a t h e r  t h a n numbers

o r  biomass of f i s h .  Thompson

(1972) l i s t e d  g u i de l i n e s  f o r

deve lop ing s t reamflow recom-

menda t ions i n  r e a r i n g  h a b i t a t :

e 

adequa t e dep t h ove r r i f f l e s

r i f f l e / p oo l  r a t i o  n e a r

50:50

app rox ima te ly 60 p e r c e n t  of

r i f f l e  a r e a  covered by f low

r i f f l e  ve l o c i t i e s  of 0.31-

0.46 m/ s

e 

pool ve l o c i t i e s  of 0.09-

0.24 m/ s

s t r e am cove r a va i l a b l e  a s

s h e l t e r  f o r  f i s h .

S uch g u i de l i n e s  a r e  obviou s l y

based on t h e  food p roduc t i on ,

c ove r ,  and m i c r oh a b i t a t  needs of

f i s h ,  r a t h e r  t h a n t h e  r e l a t i o n

between s t r e amf low and f i s h

p roduc t i on .



S treamflow h a s  been r e l a t e d

t o  cove r (K r a f t  1968, 1972,

W esche 1973, 1974, and f i g s .  27,

28, and 29) ;  s t reamflow and

pool a r e a  t o  s t a ndin g c rop of

f i s h  (K r a f t  1968, 1972, Nlckel-

son and R e i s e n b i c h l e r  1977, and

f i g  . 30 ) ;  s t a ndin g c rop t o  cove r

(W esche 1974, N icke lson and

R e i s e n b i c h l e r  1977, and f i g s .  31

and 32) ;  and s t a ndin g c rop t o  a

h a b i t a t  q u a l i t y  index  (N icke l son

1976, and f i g .  33) .  S uch s t u d i e s

s u g g e s t  a  d e f i n i t e  r e l a t i o n

between s t ream c a r r y i n g  c a p a c i t y

f o r  f i s h  and di s c h a rg e .

0  0  :


PE R CE NT AGE  BAS E  FLOW

Figure27-Comparison of percentage reductions of fish


numbers and cover in three runs in BlacktailCreek,


Montana (data from K raft 1968, from White 1976).
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Figure 29-Comparison of percentage of habitat reduction


with percentage decrease in average daily flow and


hypothetical percentage decrease in fish population(data


from Wesche 1974, from White 1976).
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POOL VOLUME (CUBIC ME T E R S )


Figure30-Relation between pool volume and juvenile coho


standing crop (from Nickelsonand Hafele 1978).


Figure28-Changes observed in the mean trout-cover


ratingas flow was reducedat the Douglas Creek No. 1,7,


and Hog Park Creek study areas (from Wesche 1974).




COVER X AREA


Figure31-Relation between mean trout cover ratingsand


standing crop estimatesof trout at eleven study areas


(from Wesche 1974).
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ME AN CO VE R  R AT I NG

Figure32-Relation between cover times area and cutthroat


trout standing crop in two Oregon coastal streams (from


Nickelson and Reisenbichler 1977).


HABIT AT  QUALIT Y IND E X

Figure33-Relation between a habitat quality index and


coho salmon biomass in six Elk Creek study sectionsat


flows of 3.00, 2.25, and 1.50 ft3/s (from Nickelson 1976).


S PACE 


S pace requ i r emen t s of

j u ve n i l e  sa lmonids i n  s t r e ams

va r y wi th s p e c i e s ,  age , and t i m e 

o f  t h e  y e a r  and a r e  p robab ly

r e l a t e d t o  abundance of food

(Chapman 1966) . The i n t e r -

a c t i on s  and r e l a t i o n  between

cove r , food abundance, and

m i c r oh a b i t a t  p r e f e r e n c e s  of t h e

va r i ou s  s p e c i e s  of sa lmonids a r e

n o t  we l l  unders tood;  u n t i l  t h e y

a r e ,  s p a t i a l  needs of t h e  f i s h

w i l l  be l e s s  t h a n  adequa t e l y

de f i n ed.

From measurements of f i s h

d e n s i t i e s  i n  s t r e ams , we have

some i de a  of s p a t i a l  r e q u i r e -

ments of j u ve n i l e  sa lmonids .

P ea r son e t  a l .  (s e e  f oo t n o t e  4 )

Nicke l son and R e i s e n b i c h l e r

(1977 ) ,  and Nicke l son and Ha fe l e

(1978, and f i g .  30 )  found t h a t

coho s t a ndi n g c rop was d i r e c t l y

r e l a t e d t o  pool volume. B jornn

e t  a l .  (1977) found a s im i l a r

r e l a t i o n  f o r  chinook salmon i n

sm a l l  s t r e am s ( f i g .  26 ) . P ear-

son e t  a l .  found a c l o s e

r e l a t i o n  between t o t a l  stream 


a r e a  and coho numbers--perhaps



a n  example of t h e  i de a  t h a t  more

s p a c e  e q u a l s  more food e q u a l s

more f i s h .  Food and spa c e a r e

t hough t t o  be t h e  most impor t a n t

f a c t o r s  i n f l u e n c i n g  f i s h  de n s i t y

i n  s t r e ams (L a r k i n  1956, Chapman


1966 ) .  S t u d i e s  i n  C a l i f o r n i a  by

Burns ( 1971) r eve a l e d s i g n i -

C i c a n t  c o r r e l a t i on s  between

l i v i n g  s p a c e and salmonid.biomass ;

de c r e a s ed l i v i n g  sp a c e r e s u l t e d

i n  i n c r e a s e d f i s h  mor t a l i t y .

Not s u r p r i s i n g l y ,  t h e  h i g h e s t

m or t a l i t y  was a s s oc i a t e d wi t h

t h e  summer low f low p e r i od.  The

s t u d i e s  of K r a f t  (1968, 1972

and f i g .  27) and W esche (1974,

and f i g .  29) l e nd s u p por t  t o  t h e

conc ep t t h a t  r e du c t i on s  i n 

di s c h a r g e  de c r e a s e  l i v i n g  s p a c e

and t h u s  de c r e a s e  numbers and

biomass of sa lmonids .

Changes i n  s t r e amf low

i n f l u e n c e  ve l o c i t i e s  and a r e a  of

r i f f l e s  more t h a n a r e a  of pool s .

G ige r (1993) sugge s t ed t h a t  i f 

s e t  s p a t i a l  demands a r e  t h e

p r ima ry r e g u l a t o r s  of f i s h

de n s i t y  i n  pool s ,  t h e n  i n c r e a s -

i n g  t h e  f low i n  s t r e ams may n ot

l e a d t o  i n c r e a s e d abundance. He

a c c e p t s  t h e  l og i c  of Chapman's

(1965) i de a  t h a t  s p a t i a l  r e q u i r e -

ments of f i s h  c on t r o l  t h e i r

de n s i t y  below c e i l i n g s  s e t  by

t h e  s c p p l y  of food. Chapman

(1966 ) sugges t ed t h a t  sa lmonids

have a minimum s p a t i a l  r e q u i r e -

ment t h a t  h a s  been f i x e d ove r

t i m e  by t h e  minimum food supp ly .

S pace needed by f i s h  i n -

c r e a s e s  wi t h  age and s i z e .

A l l e n  (1969) assembled da t a  on

d e n s i t i e s  of sa lmonids i n

s t r e ams and found p o s i t i ve

c o r r e l a t i on s  between a r e a  p e r

f i s h  and age o r  l e n g t h  ( f i g s ,  34

and 35) .  Addi t i on a l da t a  on

d e n s i t i e s  of salmon and t r o u t

wi t h  age , s i z e ,  and l o c a l i t y  a r e

p r e s e n t e d i n  t a b l e  14 and f i g u r e

36. A l l e n conc luded from t h e

da t a  he examined t h a t  de n s i t i e s

o f  10-cm salmonid9 averaged2

abou t 0.17 f i s h / m (1.7 g/m ) .

R e s id en ts M ig r a n t s

A C hum  an d  p in k sa lm o n A


v C o ho  sa lm o n v


0 A t la n t ic  sa lm o n


8  B r o w n  tro u t


o R a in b o w  tro u t


B ro o k tro u t


0  O b s e r v e d  t e r r i t o r y

Figure 34-Average area per fish (on a logarithmic scale)


against age (fromAllen 1969).


B ro o k tro u t


0O bse rved te r r i t o r y

LE NGT H (C E NT I M E T E R S )


Figure 35-Average area per fish against length on


logarithmic scales (from Allen 1969).




T able 14-D ensities of salmon and trout in streams


Yr/cm M~ M~


egg-alevin 0.001 1000 

Species

Pink salmon

B.C.


Washington

A1 aska

Age/


siz e

Hunter (1959)

B l i ss and Heiser (1967)

Hoffman (1965)

B.C.


Alaska

B.C.


B.C.


Washington

B.C.


B.C.


Oregon

Oregon

Areal

f ish

Hunter (1959)

Merrel l (1962)

M c k e t t  (1958)

Hunter (1959)

Bl iss and Heiser (1967)

Hunter (1959)

Wickett (1958)

Chapman (1965)

Chapman (1965)

0+/ 2 .33 3.0


egg-alevin .001 1000


Fish/

area

Chum salmon

Coho salmon

alevin

Weight/area 

Hunter (1959)B.C. 

B.C. Wickett (1951)

Oregon Hal l and Lantz (1969)

Reference

Stream siz e or

f low rate 

2.9 .37 - - Avg. flows: range, 41.6-183 f t 3  

(1.92-4.28) (.26-.52)

.74 1.35 12.9 Median 4-5 m

1.69 .59 5.4 6-10 m

Comnents 

Chinook salmon

Idaho, est .  o f  

summer rearing

capacity

4 streams i n

Idaho

Idaho 

4 streams i n  Idaho 

Idaho, est. o f  

summer rearing

capacity

Bjornn (1978)

(.59-3.301) (1.70-.30) (6.4-.86) Flows range 0.107-1.3 m3/s 

Sekulich and Bjornn (1977)

Bjornn e t  al .  (1977)

Bjornn e t  al .  (1974)

Bjornn (1978)

Chinook salmon 

Steelhead t r out  

.93 1.08 6.1 Medium, width about 4-5 m 

1.43 .70 3.2 " 

1.92 .52 3.0 Medium, width about 6-10 m 

16.67 .06 4.3 Medium, 4-5 m

5.88 .17 13.0 Medium, 6-10 m

4 streams i n  Idaho Bjornn e t  al .  (1974)

) I  ,,


" Hanson (1977)

, I  4 ,


I ,  I , 


6.67 

.15 " - -

3.88 

.258 " " Small

4.35
 .23
 -- Medi urn


14.49 .069 - -

I I  I !


Idaho average Graham (1977)

26.14 .038 -- Large

(m/fi
sh) (fis
h/m)

(Lochsa River) 

densit ies f o r

three sections; low

densit ies resul t

from low spawning

escapements



T able 14-D ensities of salmon and trout in streams -(Continued)


Yr/cm


Steelhead salmon I+

Species

At lant ic salmon


Brown t  roo t 


M~


-

109.89


(m/f ish)

60.06


(m/fish)

23.47


(m/fish)

17.84


Reference

Age/


size 

Large (Lochsa River) (cont. from previous page) Graham 1977


Large (Selway River) "


I ,  , I

Area/

f i sh

Small tributaries Idaho, t r ib.  of Lochsa R. "


"  Idaho, t r ib.  of Selway R. "


Fish/

area 

a 

Small 

I ,  , I  I ,  I ,  I 4

, 


Idaho, densities are those " ) I 


present i n  the f a l l  af ter

stocking i n  early spring

Large (Lochsa River) Idaho, avg. density for "


Comnents 

Weight/area

" 3 sections

Stream size or

flow rate 

Small ( t r ib.  streams)

8, L, $8


Flow - 0.27--.56 cms Densities are those present "


during July-August 

i n  the f a l l  af ter stocking

i n  early spring

Flow - 0.59-0.95 cms


I ,  , I  8, , I

Small streams Scotland, densities are Mi l l s (1969)

those present i n  the f a l l  

"


$ I  " af ter stocking i n  early "  I , 


" spring

I ,  I I 1, I ,  I I 


Small streams

I , 


, I 


0,


$1

I ,

a,


Scotland, densities are

those present i n  the f a l l

af ter stocking i n  early

spring

I , 


Mi l l s (1969)

I  I t

I  , I 


I l  40


I  I , 


I ,  , I 


Mean width 0.9 m England, small, headwater LeCren (1969)

2.2 m streams

I ,  , I

3.0 m


I  I ,  I I  I

3.7 m 

, I , ,,
 , I

I  

2.5 m

I ,  I ,  

, I 

6.6 m

I ,  I ,  0,

I 1 

.9 m


, I  I ,

,I 

2.2 m

I ,  1,

I ,  

3.0 m


I  8, ( I  $1 

# 

3.7 m

, I  I ,

I ,  

2.5 m 

I ,  I ,  I ,  I , 


I ,  

6.6 m


I ,  I ,  I *  00

Small, widths range 0.6- 

Densities are averages of Mil 1s (1969)

1.5 m, avg. 1.0 m 4 stream sections

I ,

I ,  0 0, 

, I  9, I , 


, I  

Scot1 and I # 


) I  lo England 

LeCren (1965)

I  a, 

England Horton 1961


I ( I t  

Cal ifornia Needham, e t  al .  (1945)

, I  , I  

New Zealand Allen (1951)

On , 

England Horton (1961 )


) I  I  

New Zealand Allen (1951)

a, In 

New Zealand Allen (1951)



D e n s i t i e s  of age-0 t r o u t

and salmon a t  t h e  end of t h e i r

f i r s t  summer (70-120 mm iq

l e n g t h )  ave rage abou t 5 m of

s t re am p e r f i s h  (mode abou t 2

m ) .  

A f t e r  2 y e a r s  of r e 3r i n g ,

d e n s i t i e s  averaged 2-16 m / q i s h ,

and f o r  l a r g e r  f i s h ,  15-27 m /


f i s h  ( f i g .  3 6 ) .  The sp r e ad i n

d e n s i t i e s  por t r a y ed i n  f i g u r e  36


r e s u l t s  p a r t l y  from di f f e r e n c e s

i n  n a t u r a l  o r  a r t i f i c i a l  s tock -

i n g  r a t e s ,  s i z e  of s tream , and

h a b i t a t  q u a l i t y .

J u ve n i l e  sa lmonids u s u a l l y

occupy s i t e s  i n  s t r e ams r e f e r r e d

t o  a s  " f oc a l  p oi n t s "  from which

t h e y ven t u r e  ou t  t o  perform

o t h e r  f u n c t i on s  (W ickham 1967 ) .


C h a r a c t e r i s t i c s  of t h e s e  f oc a l

p o i n t s  i n  wa te r ve l o c i t i e s ,

wa t e r  dep th s , s u b s t r a t e ,  and

cove r r e p r e s e n t  t h e  m i c roh a b i t a t

p r e f e r e n c e s  of t h e  f i s h  ( t a b l e

15 )  t o  remain or i e n t e d i n t o  t h e

a S tee lhead - ra inbow

r Brown trout


o Coho


Chinook


x A t lan t ic salmon


A A A

.. 

Figure 36-Densities of age 0, I, II, and older salmon and


trout in streams usuaily after 1, 2, 3, or more summers of


growth, respectively (see table 14 for sources of data).


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


Species Reference Age Depth Velocity Substrate

Steelhead 

Everest and Chapman (1972)

, I  11


Hanson (1977)

1, I ,

Stuehrenberg (1975)

I ,  I , 


Chinook 

Thompson (1972)

Everest and Chapman (1972)

Stuehrenberg (1975)

I ,  11


Coho 

Thompson (1972) '


Pearson e t  a1 .y


Thompson (1972)

Nickelson and

Reisenbichler (1977)

Cutthroat Thompson (1972)

Hanson (1977)

# I  I4


M


-  

<0.15


.60-. 75


.51 mean


.58 "


.60 "


<.30

>. I5

.18-.67

.15-.30

<.61

<.61

.30-1.22

--

.30-1.22

7.30

.40-1.22

.51 mean


.56 "


.57 "


.54 "


M/
s

-

10.15

.15-.30

.10 mean


.15 "


.15 "


.14 (range .03-.26)

.16 (range .05-.37)

.6-. 49


<. I5

.09 (range .O-.21)


.17 (range .05-.38)

.06-.24

.09-.21

.05- .24

<. 30

Cm


-

Rubble

Rubble

10-30

10-30

10-30

S i l t

.6- .49 -- 

.10 mean 

5-20

.14 " 5-30

.20 " 5-30

.14 " 30


See text footnote 4.
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c u r r e n t  (B a lde s 1968 ) . H a b i t a t

s e l e c t e d by f i s h  i s  i n f l u e n c ed

by t h e i r  a b i l i t y  and t h e  a va i l -

a b i l i t y  of food (K a l l e b e rg 1958,

M ason and Chapman 1965, Chapman


1966, Chapman and B jornn 1969,

Eve r e s t  and Chapman 1972) .

I n  summary, good r e a r i n g

h a b i t a t  f o r  anadromous sa lmonids

consists of a m ix tu r e of pool s

and r i f f l e s ,  adequa t e cove r ,

wa t e r  t empe ra t u r e s t h a t  ave rage

between lo0 and 15OC du r i n g t h e

summer, di s s o l ve d oxygen u s u a l l y

a t  s a t u r a t i on ,  suspended s edi -

ment l e s s  t h a n  25 mg/ l , and

r i f f l e s  wi t h  l e s s  t h a n 20 pe r -

c e n t  f i n e  sediment ( l e s s  t h a n

6.4 mm i n  di am e t e r ) .  The op t i -

mum combina t ion of stream a r e a s

u sed by a q u a t i c  i n ve r t e b r a t e s

and a l l  ag e s of f i s h  cannot be

de s c r i b e d u n t i l  t h e  i n t e r r e -

l a t i o n s  between t h e  components

a r e  b e t t e r  unde rs tood.
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The mission of  the PACIFIC NORTHWEST FOREST AND

RANGE EXPERIMENT STATION is to provide the knowl-

edge, technology, and alternatives for present and future

protection, management, and use of forest, range, and related

environments.

Within this overall mission, the Station conducts and

stimulates research t o facilitate and to accelerate progress

toward the following goals:

1. Providing safe and efficient technology for inventory,

protection, and use of resources.

2. Developing and evaluating alternative methods and levels

of resource management.

3. Achieving optimum sustained resource productivity

consistent with maintaining a high quality forest

environment.

The area of research encompasses Oregon, Washington.

Alaska, and, in some cases, California, Hawaii, the Western

States, and the Nation. Results o f  the research are made

available promptly. Project headquarters are at:

Anchorage, Alaska La Grande, Oregon

Fairbanks, Alaska 

Portland, Oregon

Juneau, Alaska 

Olympia, Washington

Bend, Oregon 

Seattle, Washington

Corvallis, Oregon 

Wenatchee, Washington

Mailin g address: Pacific Northwest Forest an d Ran ge

Experimen t Station

8 09 N. E. 6th Ave.


Portlan d, Oregon  9723 2
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