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PREFACE 

Th is  species p r o f i l e  i s  one o f  a s e r i e s  on coasta l  aquat ic  organisms, 
p r i n c i p a l  l y  f i s h ,  o f  spor t ,  commercial , o r  eco log i ca l  importance. The p r o f i l e s  
are  designed t o  p rov ide  coasta l  managers, engineers, and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  t h e  b i o l o g i c a l  c h a r a c t e r i s t i c s  and environmental 
requirements o f  t h e  species and t o  descr ibe  how popu la t ions  o f  t h e  species may be 
expected t o  r e a c t  t o  environmental changes caused by coasta l  development. Each 
p r o f i l e  has sec t ions  on taxonomy, 1 i f e  h i s t o r y ,  eco log i ca l  r o l e ,  environmental 
requirements, and economic importance, i f  appl i c a b l  e. A t h r e e - r i  ng b inde r  i s  
used f o r  t h i s  se r i es  so t h a t  new p r o f i l e s  can be added as they  are  prepared. 
Th is  p r o j e c t  i s  j o i n t l y  planned and f inanced by t h e  U. S. Army Corps o f  Engineers 
and the  U.S. F i s h  and W i l d l i f e  Serv ice.  

Suggestions o r  quest ions regard ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
t he  f o l l  owing addresses. 

I n fo rma t ion  Trans fer  S p e c i a l i s t  
Nat iona l  Coastal Ecosystems Team 
U.S. F i s h  and W i l d l i f e  Serv ice  
NASA-Slidell Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 

U. S. Army Engineer Waterways Experiment S t a t i o n  
A t ten t i on :  WESER-C 
Post O f f i c e  Box 631 
Vicksburg, MS 39180 



CONVERSION TABLE 

Metric t o  U.S. Customary 

Mu1 t i p l y  

mi 11 imeters (mn) 
centimeters (cm) 
meters ( m )  
ki 1 ometers ( km) 

2 
square meters ( m  ) 10.76 
square ki 1 m e t e r s  ( km2)  0.3861 
hectares (ha )  2.471 

l i t e r s  ( 1 )  
cubic meters ( m 3 )  
cubic rneters 

To Obtain 

inches 
inches 
f e e t  
mil es 

square f e e t  
square (nil es 
acres 

gal 1 ons 
cubic f e e t  
acre-fee t  

mil 1 igra~ns (mg) 0.00003527 ounces 
g ram ( g )  0.03527 ounces 
kil  ogra~ns ( k g )  2.205 pounds 
metric tons ( t )  2205.0 pounds 
~ n e t r i c  tons 1.102 shor t  tons 
ki 1 ocal or ies  ( kcal ) 3.968 Br i t i sh  thennal uni ts  

Cel s i u s  degrees 1.8("C) + 32 Fahrenheit degrees 

U.S. Customary t o  Metric 

inches 25.40 
inches 2.54 
f e e t  ( f  t )  0.3048 
fathoms 1.829 
miles (mi) 1.609 
nautical miles ( m i )  1.852 

square f e e t  ( f t 2 )  
acres 2 
square miles (mi ) 

gal 1 ons ( gal ) 
cubic f e e t  ( f t 3 )  
acre- f e e t  

ounces ( o z )  28.35 
pounds ( l b )  0.4536 
shor t  tons ( t o n )  0.9072 
Bri t i sh  thermal uni ts  ( B t u )  0.2520 

mil 1 imeters 
centimeters 
meters 
meters 
kilometers 
ki 1 orneters 

square meters 
hectares 
square kilometers 

1 i t e r s  
cubic meters 
cubic meters 

grains 
ki 1 og rarns 
metric tons 
ki 1 ocal o r i  es 

Fahrenheit degrees 0.5556("F - 32) Cel s i u s  degrees 
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F i g u r e  1. Steelhead. 

STE ELHEAD 

S c i e n t i f i c  name . . . . . . . .  Salmo 
g a i r d n e r i  Richardson 

P re fe r red  common name . . .  Steelhead 
(F igu re  1 )  

Other common names . . . .  stee lhead 
t r o u t ,  s t e e l i e ,  ha l f -pounder,  i r o n -  
head 

Class . . . . . . . . . .  Oste ichthyes 
Order . . . . . . . . .  Salmoniformes 
Fami ly  . . . . . . . . . .  Salmonidae 

Geographic range: A t  sea, from 
no r the rn  Ba ja  C a l i f o r n i a  t o  t he  
Be r i ng  Sea and Japan. I n  t h e  
P a c i f i c  Southwest, s tee lhead en te r  
coas ta l  streams f rom t h e  n o r t h e r n  
C a l i f o r n i a  border  sou th  t o  t h e  
Ventura R i v e r  (F igu re  2 ) .  A d u l t  
s teelhead have been r e p o r t e d  i n  t h e  
Santa C l a r a  and Santa M a r g a r i t a  
R i ve rs  i n  years when w i n t e r  r u n o f f  
was h i g h  enough t o  a l l o w  upstream 

m i g r a t i o n  ( S w i f t  1975). E a r l y  i n  
t h i s  c e n t u r y  s tee lhead d i s t r i b u t i o n  
i n  t h e  P a c i f i c  Southwest was more 
widespread ( F i g u r e  3) .  S tee l  head 
r u n  up t h e  Santa Domingo R i v e r  i n  
no r the rn  Baja Cal i f o r n i a  d u r i n g  h i g h  
r u n o f f  i n  w i n t e r  (Needham and Gard 
1959 1. 

MORPHOLOGY/IDENTIFICATION AIDS 

The f o l  low ing  d e s c r i p t i o n s  were 
taken f rom McConnell and Snyder (1972) 
and F r y  (1973). 

A t  sea, s tee lhead a re  s t e e l  b l u e  
above and b r i g h t  s i l v e r  on t h e  s i des  
and b e l l y .  Sharp ly  de f ined  b lack  
spo ts  a r e  l o c a t e d  on back, head, 
s ides ,  and do rsa l  and caudal f i n s .  
The spo ts  a r e  smal l  and va ry  i n  
number. A f t e r  e n t e r i n g  f reshwater ,  
s tee lhead g r a d u a l l y  t ake  on t h e  
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Figure 2. D i s t r i b u t i o n  o f  steelhead (shaded areas) i n  P a c i f i c  Southwest region 
streams i n  1980's ( C a l i f o r n i a  Department o f  Fish and Game, pers. comm. ; Moore 
1980). 
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F igure  3 . D i s t r i b u t i o n  of steelhead. (shaded areas)  i n  the  P a c i f i c  Southwest 
reg ion  i n  1900 (Nat iona l  Council on Gene Resources 1982) .  



appearance o f  stream ra inbow t r o u t ;  
t h e  back becomes o l i v e  green and t h e  
s ides  and b e l l y  l e s s  s i l v e r y .  
Matur ing  a d u l t s  u s u a l l y  develop a 
broad p i n k  s t r i p e  a long  the  l a t e r a l  
l i n e  and p i n k  c o l o r a t i o n  on t h e  
operculum. S tee l  head l a c k  t h e  r e d  
s t reaks  beneath t h e  jaw which 
c h a r a c t e r i z e  t h e  c u t t h r o a t  t r o u t  
(Salmo -- c l a r k i ) .  J u v e n i l e  s t e e l  head i n  
streams cannot be d i  s t i  naui  shed f rom 
j u v e n i l e  r e s i d e n t  rainlbow t r o u t .  

Anal r ays  9-12, r a r e l y  13; t e e t h  
on t i p  and s h a f t  o f  vomer and on 
tongue; g i l l  r ake rs  on lower l imb  o f  
f i r s t  a rch  range f rom 17-21; scales i n  
f i r s t  row above l a t e r a l  l i n e  115-180; 
caudal f i n  s h a l l o w l y  forked;  maxi1 l a r y  
does no t  reach pas t  t h e  p o s t e r i o r  
margin o f  eye; j u v e n i l e  p a r r  marks 
small  and oval  t o  n e a r l y  round. 

Genera l l y  a d u l t  s teelhead i n  t h e  
P a c i f i c  Southwest r e g i o n  weigh l e s s  
than 4.5 kg b u t  some exceed 11 kg. 

REASON FOR INCLUSION I N  SERIES 

The steelhead i s  t h e  most 
widespread anadromous s p o r t  f i s h  i n  
t h e  P a c i f i c  Southwest region,  b u t  i t s  
abundance has dec l i ned  s ince  t h e  
1950's because of increased s p o r t  
f i s h i n g  i n t e n s i t y  and damage t o  f i s h  
h a b i t a t  through c o n s t r u c t i o n  o f  dams, 
water d i ve rs ion ,  road cons t ruc t ion ,  
and improper 1 and management 
p rac t i ces .  I n  some r i v e r s  a steelhead 
f i s h e r y  would be nonex is ten t  w i t h o u t  
hatchery stocks. 

I n  Cal i f o r n i a ,  at tempts are 
be ing  made t o  p r o t e c t  w i l d  s tocks  o f  
steelhead t o  ma in ta in  e x i s t i n g  
spawning and r e a r i n g  h a b i t a t ,  t o  
r e s t o r e  o r  enhance degraded h a b i t a t ,  
t o  use a r t i f i c i a l  p ropagat ion  w ise ly ,  
and t o  r e g u l a t e  t h e  f i s h e r y  t o  p rov ide  
qua1 i t y  ang l i ng  ( C a l i f o r n i a  Department 
of F i s h  and Game 1975). 

LIFE HISTORY 

Steelhead t r o u t  spend a p o r t i o n  
of t h e i r  l i f e  i n  t h e  ocean where most 
of t h e i r  growth occurs and sexual 
m a t u r i t y  i s  a t t a i ned ;  then they  en ter  
f reshwater  t o  spawn. Spawning gener- 
a l l y  takes  p lace  f rom February t o  l a t e  
June. The eggs are  l a i d  i n  p i t s  
( redds) ,  dug i n  t h e  g rave l  o f  t h e  
stream bot tom b y  t h e  female. Imme- 
d i a t e l y  a f t e r  t h e  eggs a re  l a i d  and 
f e r t i l i z e d ,  t hey  a re  covered w i t h  
g rave l  by  t h e  female; t h e  l e n g t h  o f  
t h e i r  s t a y  i n  t h e  g rave l  depends upon 
water temperature, d i sso l ved  oxygen 
concen t ra t i on  and s u b s t r a t e  composi- 
t i o n .  A f t e r  t h e  eggs hatch, t h e  young 
steelhead g r a d u a l l y  work t h e i r  way t o  
t h e  sur face  of t h e  stream bed. Juve- 
n i l e s  u s u a l l y  spend a year  o r  longer 
i n  f reshwater  ( l e n g t h  o f  res idence i s  
determined by  environmental and 
gene t i c  f a c t o r s )  and then  descend t o  
t h e  ocean. 

The steelhead i s  a s t r a i n  of 
rainbow t r o u t  t h a t  has a s t rong  urge 
t o  m ig ra te  t o  t h e  ocean; however, some 
i n d i v i d u a l s  may remain i n  a stream, 
mature, and even spawn w i thou t  going 
t o  sea (Shapovalov and T a f t  1954). 

The l i f e  h i s t o r y  o f  t h e  s t e e l -  
head t r o u t  v a r i e s  more than t h a t  o f  
any o the r  anadromous f i s h  rega rd ing  
t h e  l e n g t h  of t ime  spent a t  sea, t h e  
l eng th  o f  t ime  spent i n  f reshwater ,  
and t h e  t imes o f  em ig ra t i on  f rom and 
immigra t ion  t o  f reshwater .  U n l i k e  
salmon, s teelhead do no t  u s u a l l y  d i e  
j u s t  a f t e r  spawning. 

Steelhead a re  c l a s s i f i e d  i n t o  
two races ( W i t h l e r  1966; Smith 1960, 
1969; and Everest  1973): w i n t e r  
s teelhead t h a t  en te r  streams between 
November 1 and A p r i l  30, and sumner 
steelhead t h a t  en te r  streams between 
May 1 and October 30. Po r t i ons  o f  
bo th  groups may en te r  f reshwater  i n  
s p r i n g  o r  fa1 1 and are  then c a l l e d  
spr ing-  o r  f a l l - r u n  steelhead. I n  
l a r g e  r i v e r s ,  such as t h e  Klamath and 
Sacramento Rivers,  s teelhead may en te r  



d u r i n g  most o f  t h e  year .  Win te r - run  
steelhead usual l y  e n t e r  f reshwater  as 
matur ing  f i s h  t h a t  spawn r e l a t i v e l y  
soon, whereas most summer s tee lhead 
en te r  as immature f i s h  and do n o t  
mature and spawn u n t i l  severa l  months 
l a t e r .  I n  t h e  P a c i f i c  Southwest, 
sumner s tee lhead a re  n o t  abundant and 
t h e  runs  i n  many streams c o n s i s t  o f  
l e s s  than  100 f i s h  (Roe lo fs  1983). 
Degradat ion o f  h a b i t a t  i n  i n t e r -  
mi t t e n t  streams and suscep t i  b i  1  i t y  t o  
a n g l i n g  and p r e d a t i o n  p robab ly  account 
f o r  t h e  low numbers. The southernmost 
summer s tee lhead p o p u l a t i o n  i s  i n  t h e  
Midd le  Fork  Eel R i ve r .  Th i s  r i v e r  
suppor ts  t h e  l a r g e s t  r u n  o f  these f i s h  
i n  t h e  P a c i f i c  Southwest--up t o  2,000 
f i s h  i n  a  good year .  

An except ion  i s  t he  " h a l f -  
pounder" sumner s tee lhead ( t e rm ino logy  
o f  Snyder 1925) which has a  unique 
1  i f e  h i  s t o r y  descr ibed  by  Kesner and 
Barnhar t  (1972) and Everest  (1973). 
Half-pounder runs  a re  con f i ned  t o  a  
smal l  geographic range encompassing 
about 120 m i l e s  o f  t h e  southern Oregon 
and n o r t h e r n  Cal i f o r n i a  coasts,  
i n c l u d i n g  t h e  Rogue, Klamath, Mad and 
Eel R ivers .  These smal l  immature 
s teelhead (25-35 cm l ong )  annua l l y  
en te r  f reshwater  f rom l a t e  August t o  
e a r l y  October, and a r e  t h e  bas i s  o f  
impor tan t  s p o r t  f i s h e r i e s  i n  t h e  
Klamath and Rogue systems. H a l f -  
pounders spend o n l y  a  few months a t  
sea be fo re  t h e y  r e t u r n  t o  f reshwater  
and, i n  c o n t r a s t  t o  mature s teelhead,  
feed  e x t e n s i v e l y  i n  f reshwater .  H a l f -  
pounders t h a t  s u r v i v e  t h e i r  f i r s t  
upstream m i g r a t i o n  r e t u r n  t o  t h e  ocean 
t h e  f o l l o w i n g  s p r i n g  and m i g r a t e  back 
t o  f reshwater  as mature s tee lhead i n  
t h e  sumner and f a l l .  Everes t  (1973) 
repo r ted  t h a t  hal f -pounders annua l l y  
comprise about 65% o f  t h e  summer-run 
o f  s teelhead on t h e  Rogue R i v e r  and 
t h a t  97% o f  a l l  a d u l t  summer s tee lhead 
f rom t h e r e  make t h e i r  f i r s t  upstream 
m i g r a t i o n  as hal f -pounders.  

Sumner and w i n t e r  s tee lhead do 
no t  i n te rb reed ;  t hey  a re  i s o l a t e d  
t empora l l y  and s p a t i a l l y  (Smith 1969; 

Everest  1973 1. Sumner s t e e l  head spawn 
i n  January and February, whereas 
w i n t e r  s tee lhead spawn i n  A p r i l  and 
May, and summer s t e e l  head spawn i n  
sma l l e r  streams o r  f a r t h e r  upstream. 
The sex r a t i o  of s tee lhead t r o u t  
immigrants i s  about 1:l (Shapovalov 
and T a f t  1954; Kesner and Barnhar t  
1972). Female s tee lhead c o n t a i n  
about 2,000 eggs pe r  k i l o g r a m  o f  body 
we igh t  (Moyle 1976). 

Several researchers  have 
concluded t h a t  t h e  i nc i dence  o f  s t e e l -  
head spawning more than once increases 
f rom n o r t h  t o  south ( B a l i  1959; 
W i t h l e r  1966; Sheppard 1972). Wide 
v a r i a t i o n s  i n  t h e  percen t  o f  r epea t  
spawning can be due t o  gene t i c  
f a c t o r s ,  h a b i t a t  qua1 i t y ,  f i s h i n g  
i n t e n s i t y ,  and management p r a c t i c e s .  
F i s h  t h a t  have spawned t w i c e  make up 
70% t o  85% o f  r epea t  spawners, whereas 
those t h a t  have spawned t h r e e  t imes  
make up 10% t o  25% o f  a1 1  repea t  
spawners (Forsgren 1979). The few 
f i s h  t h a t  have spawned four  t imes  a re  
l i k e l y  t o  be females, which have a  
h ighe r  s u r v i v a l  r a t e  than males d u r i n g  
and f o l  l ow ing  spawning. Spawning 
males u s u a l l y  each serve more than one 
female, remain i n  t h e  stream longer  
than t h e  females ( t a g g i n g  s t u d i e s  by 
Jones (1974) i n d i c a t e d  n e a r l y  two 
weeks l onge r ) ,  and a re  exposed t o  more 
pro longed p h y s i c a l  e x e r t i o n  than t h e  
females (Meigs and Pautzke 1941). 

Steelhead spawn i n  coo l ,  c l ea r ,  
wel l -oxygenated streams w i t h  s u i t a b l e  
depth, c u r r e n t  v e l o c i t y ,  and g r a v e l  
s i z e  (Re iser  and B jo rnn  1979). Mea- 
surements made over  s tee lhead redds 
showed t h a t  s tee lhead spawn a t  depths 
o f  0.10-1.5 m, c u r r e n t  v e l o c i t i e s  of 
23-155 cm/sec, and i n  g rave l  o f  0.64- 
12.70 cm i n  d iameter  (Smith 1973; 
Hunter 1973; Bovee 1978; Wesche and 
Rechard 1980). I n t e r m i t t e n t  streams 
are  o f t e n  used by s tee lhead f o r  
spawning (Everes t  1973; K r a l i k  and 
Sowerwine 1977; C a r r o l l  1984). Most 
o f  t h e  f r y  produced emigrate t o  peren- 
n i a l  streams soon a f t e r  hatching.  



The embryology o f  t he  steelhead 
i s  s i m i l a r  t o  t h a t  o f  o the r  salmonids 
(Wales 1941). The number o f  days 
requ i red  f o r  steelhead eggs t o  hatch 
va r i es  f rom about 19 a t  an average 
water temperature o f  15 OC t o  about 80 
days a t  an average o f  5  OC. Steelhead 
f r y  u s u a l l y  emerge f rom the  grave l  2  
t o  3  weeks a f t e r  hatching.  

A f t e r  emergence, s t e e l  head f r y  
( o f t e n  i n  small  schools)  u s u a l l y  l i v e  
i n  shal low water along the  stream 
banks. As the  f r y  grow o l d e r  t he  
schools break up and t h e  i n d i v i d u a l  
f i s h  e s t a b l i s h  t e r r i t o r i e s  which they  
defend. Most s teelhead i n  t h e i r  f i r s t  
year o f  l i f e  tend t o  i n h a b i t  r i f f l e s  
bu t  some o f  t he  l a r g e r  f i s h  i n h a b i t  
pools o r  deeper f a s t e r  runs. Mor ta l -  
i t y  i s  h igh  d u r i n g  the  f i r s t  few 
months a f t e r  emergence and many 
i n v e s t i g a t o r s  have suggested t h a t  t h e  
r e l a t i v e  s i z e  o f  t h e  year  c l a s s  i s  
l a r g e l y  determined a t  t h a t  t ime 
(Chapman 1966; McFadden 1969; Burns 
1971; Everest and Chapman 1972). 

I n  recent  years, h a b i t a t  degra- 
d a t i o n  has lowered t h e  capac i t y  of 
many ftreams t o  r e a r  steelhead t o  
smolts . For example, excessive sed i -  
mentat ion has reduced food product ion,  
pool depth, and cove r - -a l l  impor tan t  
t o  j u v e n i l e  steelhead s u r v i v a l .  

Juveni le steelhead feed on a  
wide v a r i e t y  o f  aquat ic  and 
t e r r e s t r i  a1 i nsec ts .  Newly emerged 
f r y  sometimes are  preyed upon by o l d e r  
j u v e n i l e  steelhead. Young steelhead 
moving about t r y i n g  t o  f i n d  a  s u i t a b l e  
t e r r i t o r y  are  sub jec t  t o  t h e  h ighes t  
p redat ion  (Shapovalov and T a f t  1954; 
Chapman 1966 1. 

Juven i l e  steelhead l i v e  i n  
f reshwater  f o r  from 1 t o  4  years 

Ismol t :  Term app l i ed  t o  an anadromous 
j u v e n i l e  salmonid t h a t  i s  phys io log i -  
c a l l y  prepared t o  adapt t o  a  sa l twa te r  
ex istence;  steelhead smolts l ose  t h e i r  
p a r r  marks and become s i l v e r y .  

( u s u a l l y  2 years i n  t he  P a c i f i c  
Southwest) be fore  becoming smolts and 
m i g r a t i n g  t o  sa l twa te r .  Most o f  t he  
migrants  are 2  years o l d  and 18.6 t o  
21 cm long ( f o r k  l eng th )  i n  the  
K l  amath R iver  (Kesner and Barnhart 
19721, o r  14 t o  21 cm long i n  Waddell 
Creek (Shapovalov and Taf t  1954). The 
l a r g e r  t h e  smolts, t he  b e t t e r  t he  
s u r v i v a l .  Most steelhead smol ts  en ter  
t h e  sea i n  March and A p r i l .  

Steelhead l i v e  1 t o  4  years i n  
t h e  ocean ( u s u a l l y  1 o r  2  years i n  t he  
P a c i f i c  Southwest). The l eng th  o f  
res idence i n  bo th  f reshwater  and s a l t -  
water increases from south t o  n o r t h  
( W i t h l e r  1966). S tee l  head grow 
r a p i d l y  i n  t he  ocean and t h e i r  s i z e  
upon reaching m a t u r i t y  depends p r i -  
mar i  l y  on how long they  have 1  i v e d  i n  
t h e  ocean. I n  Ca l i f o rn ia ,  t h e  average 
l eng th  o f  a d u l t  s teelhead a f t e r  2  
years i n  t h e  ocean i s  58 cm ( W i t h l e r  
1966). Immature steelhead t r o u t  ( h a l f -  
pounders) increase about 30 mm i n  
l eng th  each month from t h e  t ime they  
en te r  t h e  ocean u n t i l  they  r e t u r n  t o  
f reshwater  (Kesner and Barnhart  1972). 

The d i s t r i b u t i o n  o r  m ig ra t i on  o f  
s teelhead i n  the  ocean i s  no t  w e l l  
def ined,  p a r t i c u l a r l y  i n  t he  P a c i f i c  
Southwest. As judged by tag  re tu rns ,  
most s teelhead tend t o  m ig ra te  n o r t h  
and south a long the  Cont inenta l  Shelf. 
Steelhead stocks f rom the  Klamath and 
Rogue Rivers  probab ly  mix together  i n  
a  nearshore ocean s tag ing  area along 
the  no r the rn  C a l i f o r n i a  coast  be fore  
they  m ig ra te  u p r i v e r  (Everest  1973). 

THE FISHERY 

Commercial f i s h i n g  f o r  s teelhead 
has been p r o h i b i t e d  i n  t he  P a c i f i c  
Southwest s ince  1924. The species now 
i s  managed e x c l u s i v e l y  as a  s p o r t  
f i s h e r y .  Most s teelhead are  caught i n  
r i v e r s  r a t h e r  than i n  t h e  ocean. The 
th ree  most impor tan t  s teelhead t r o u t  
r i v e r s  a re  t h e  Klamath and Eel  R i ve rs  
i n  nor thern  C a l i f o r n i a  and the  
Sacramento R ive r  which empties i n t o  



San Francisco Bay. The C a l i f o r n i a  
Department o f  F i s h  and Game (1965) i n  
i t s  F i s h  and W i l d l i f e  Plan est imated 
spawning runs  o f  221,000 s t e e l  head i n  
t h e  Klamath R ive r  and 82,000 steelhead 
i n  t h e  Eel River .  The Klamath R ive r  
s t i l l  has good runs  o f  n a t i v e  
s t e e l  head, perhaps approaching 200,000 
f i s h  i n  good years (Barnhart  1975). 
I n  t h e  upper Sacramento R ive r  from 
1953 t o  1959, t h e  average r u n  o f  a d u l t  
steelhead was 20,590 and cons is ted  o f  
bo th  n a t u r a l  and hatchery-produced 
f i s h  (Hal lock e t  a l .  1961). 

I n  t h e  C a l i f o r n i a  F i s h  and Wi ld-  
l i f e  Plan (19651, t h e  S t a t e ' s  annual 
spawning stock o f  s t e e l  head was e s t i -  
mated a t  603,000 f i s h .  The Plan a l so  
repor ted  t h a t  t h e  Sta te  conta ined 
8,402 l i n e a r  m i l e s  o f  steelhead hab i -  
t a t ,  31% o f  which was a v a i l a b l e  t o  
anglers. It was est imated t h a t  s t e e l -  
head anglers f i s h  304,000 angler-days 
per year t o  harves t  122,000 f i s h  
(about 0.4 f i s h  per angler-day) .  Many 
Cal i f o r n i a  streams support a  substan- 
t i a l  f i s h e r y  f o r  j u v e n i l e  steelhead-- 
f i s h  t h a t  have no t  y e t  migra ted t o  t h e  
ocean. These 5- t o  8 - inch  t r o u t  are 
taken i n  l a r g e  numbers, most ly  du r i ng  
t h e  so-ca l led  summer t r o u t  season. 
The f i s h i n g  pressure f o r  these t r o u t  
(about 440,000 angl er-days annual l y )  
exceeds t h a t  on a d u l t  s teelhead ( C a l i -  
f o r n i a  Department o f  F i s h  and Game 
1965 1.  

A1 though a d u l t  steelhead do no t  
commonly feed i n  freshwater, t hey  are  
r e a d i l y  taken by angl ing.  B a i t  f i s h -  
i n g  i s  popular  and e f f e c t i v e .  Salmon 
eggs o r  c l u s t e r s  o f  roe  o r  n i g h t  
crawlers are  d r i f t e d  through r i f f l e s ,  
pools, and e s p e c i a l l y  where a  t r i b u -  
t a r y  enters a  l a r g e  stream. Spinners 
and o ther  a r t i f i c i a l  l u r e s  are  a l s o  
used. When streams are  low and c lea r ,  
a r t i f i c i a l  f l i e s  are  sometimes e f f e c -  
t i v e .  Most s teelhead f i s h i n g  i s  done 
from t h e  bank o r  by wading; d r i f t i n g  
i n  boats i s  popular  i n  l a r g e r  streams. 

The decl  i n e  o f  w i  l d ,  n a t u r a l  l y  
produced steelhead i n  t he  spawning 

runs  i n  t h e  P a c i f i c  Southwest r e g i o n  
s ince  t h e  1940's has requ i red  an i n -  
crease i n  t h e  s tock ing  o f  hatchery 
reared steelhead. A t o t a l  o f  about 1.9 
mi 1  l i o n  y e a r l  i n g  steelhead f o r  p l a n t -  
i n g  are  supp l ied  annua l ly  by Coleman 
Nat iona l  F i s h  Hatchery on B a t t l e  
Creek, a  t r i b u t a r y  t o  t h e  upper Sacra- 
mento River ,  t h e  Nimbus F i s h  Hatchery 
on t h e  American River ,  t h e  Feather 
R ive r  Hatchery on t h e  Feather River, 
and t h e  Mokelumne R ive r  Hatchery on 
t h e  Mokelumne River .  The goal i s  t o  
m i t i g a t e  t h e  l oss  of steelhead t r o u t  
i n  those r i v e r s  t h a t  has been caused 
by dams and water d i ve rs ion .  

The average weight  o f  hatchery 
y e a r l i n g s  a t  t h e  t ime o f  p l a n t i n g  
(January through May) i s  about 51 
grams (9  f i s h  per pound). A t  an 
expected r e t u r n  o f  about 2% annual ly, 
p lan ted  s t e e l  head con t r i bu ted  about 
38,000 a d u l t s  t o  t h e  r u n  i n  t h e  
Sacramento R ive r  (Hal lock e t  a l .  
1961). I f  steelhead were no t  stocked, 
t h e  ca tch  i n  t h e  Sacramento R ive r  
would be much smal ler .  The C a l i f o r n i a  
Department of F i s h  and Game operates 
f o u r  ha tcher ies  on t h e  coast  t h a t  
produce about 1.5 m i l l i o n  y e a r l i n g  
s t e e l  head annual l y .  I n  add i t ion ,  
t r o u t  r e a r i n g  p r o j e c t s  sponsored by 
t h e  Cal i f o r n i a  Department o f  F i s h  and 
Game, p r i v a t e  groups, and count ies 
c o n t r i b u t e  an average o f  114,000 
y e a r l  ings  annual l y  (Boydstun 1977a). 
On t h e  Klamath system, where two o f  
t h e  coast  ha tcher ies  are  located, 
hatchery product ion  con t r i bu tes  o n l y  
an est imated 8% o f  t h e  r u n  o f  a d u l t s  
(Boydstun 1977b). Cal i f o r n i a  a l s o  
re leases n e a r l y  3 mi 11 i o n  s t e e l  head 
f i n g e r l  ings  annua l ly  (Jensen 1971). 

F ishery  r e g u l a t i o n s  are  used t o  
he lp  p r o t e c t  decl  i n i n g  s t e e l  head 
stocks from excessive f i s h i n g .  I n  
C a l i f o r n i a ,  t h e  d a i l y  bag l i m i t  i s  
t h ree  a d u l t  f i s h .  A l l  streams t r i b u -  
t a r y  t o  major coas ta l  r i v e r s  and most 
small  coas ta l  streams are  c losed t o  
ang l i ng  f rom mid-November t o  l a t e  
A p r i l .  Specia l  r e g u l a t i o n s  a l so  a re  
sometimes used. For example, a  



s e c t i o n  o f  t he  upper Midd le  Fork  Eel 
R iver  has been permanently c losed t o  
ang l i ng  t o  p r o t e c t  t h e  a d u l t  summer 
steelhead t r o u t  t h a t  concentrate t h e r e  
i n  summer and f a l l .  

The use of ha tchery  reared t r o u t  
t o  boost  popu la t ions  i s  n o t  e n t i r e l y  
b e n e f i c i a l  . Larger runs a t t r a c t  more 
fishermen, and more f ishermen f u r t h e r  
reduce t h e  abundance o f  w i l d  stocks. 
Also, t h e  genet ic  m ix ing  of ha tchery  
and w i l d  stocks cou ld  decrease t h e  
advantageous t r a i t s  i n  w i l d  stocks. 
The steelhead t r o u t  p o l i c y  o f  t h e  
C a l i f o r n i a  Department of F i s h  and Game 
1 i m i t s  a r t i f i c i a l  propagat ion and 
s tock ing  t o  reduce such i n t e r f e r e n c e  
w i t h  n a t u r a l  salmonid stocks; such 
measures a re  p e r i o d i c a l l y  reviewed t o  
assess t h e i r  e f f e c t s  on t h e  w i l d  
stocks. 

The environmental qua1 i t y  o f  
coas ta l  r i v e r s  1 a r g e l y  governs t h e  
l e v e l  o f  s teelhead product ion.  I n  t h e  
P a c i f i c  Southwest, attempts have been 
made t o  increase t h e  p r o t e c t i o n  o f  
e x i s t i n g  spawning and r e a r i n g  h a b i t a t  
and t o  rehab i  1 i t a t e  damaged h a b i t a t  
where f e a s i b l e .  C a l i f o r n i a ' s  s t e e l -  
head t r o u t  p o l i c y  i s  d i r e c t e d  toward 
th ree  goals: (1) t o  p r o t e c t  and 
improve steelhead t r o u t  hab i ta t ;  ( 2 )  
t o  develop p lans  and programs f o r  
assessment o f  h a b i t a t  cond i t i ons  and 
adverse impacts, land use p lanning,  
and a c q u i s i t i o n  o f  i n t e r e s t s  i n  
streams threatened w i t h  adverse devel- 
opments; and ( 3 )  t o  s tudy  t h e  e f f e c t s  
o f  h a b i t a t  changes caused by over- 
grazing,  g rave l  ex t rac t i on ,  logging,  
road const ruc t ion ,  u rban iza t ion ,  and 
water development. 

I n  1982-84, Cal i f o r n i a  spent 
$900,000 annual l y  on t h e  r e s t o r a t  i o n  
of salmon and steelhead hab i ta t .  A 
Salmon Restora t ion  P r o j e c t  was devel-  
oped w i t h i n  t h e  C a l i f o r n i a  Conserva- 
t i o n  Corps i n  1980, and by t h e  end o f  
1983, Corps en ro l  1 ees removed 7,447 
cords o f  wood and d e b r i s  f rom 233 
m i les  of streams used by  anadromous 
f i s h  (Kreb 1984). The Conservation 

Corps a l s o  p lan ted  streams i d e  vegeta- 
t i o n  and const ruc ted f i s h  passage 
we i r s  on some streams. I n  1981-1983, 
an a d d i t i o n a l  $1  m i l l i o n  was spent 
annua l l y  by C a l i f o r n i a  t o  enhance 
spawning g rave l s  on t h e  upper Sacra- 
mento R ive r  and t h e  Shasta and Klamath 
Rivers,  and t o  cons t ruc t  salmonid 
r e a r i n g  ponds (Rawstron and Hashagen 
1984). S i x  R ive rs  Nat iona l  Fores t  i n  
no r the rn  Cal i f o r n i  a du r i ng  t h e  pas t  5 
years has c a r r i e d  out  an ex tens ive  
program t o  r e s t o r e  o r  enhance t h e  
spawning and r e a r i n g  h a b i t a t s  o f  
anadromous f i s h  ( Overton e t  a1 . 1981; 
Overton 1984). 

ECOLOGICAL ROLE 

I n  freshwater, young s t e e l  head 
may be sympatr ic  w i t h  scu lp ins ,  r e s i -  
dent  rainbow t r o u t ,  coho salmon 
(Oncorhynchus k i su tch ) ,  and i n  some 
instances o the r  salmonids. Data a re  
l a c k i n g  on t h e  e f f e c t s  o f  i n t e r a c t i o n  
o f  j uven i  l e  s t e e l  head and r e s i d e n t  
rainbow t r o u t ,  l a r g e l y  due t o  t h e  
d i f f i c u l t y  i n  d i s t i n g u i s h i n g  between 
t h e  f i sh .  I n  t h e  P a c i f i c  Southwest, 
r e s i d e n t  rainbow t r o u t  a re  common i n  
streams above b a r r i e r s  t o  steelhead 
m i g r a t i o n  and f r y  sometimes d r i f t  
downstream over t h e  b a r r i e r s .  B jornn 
(1978) repo r ted  t h a t  s t e e l  head f r y  
tended t o  d i sp lace  j u v e n i l e  r e s i d e n t  
t r o u t  i n  t h e  Lemhi River ,  Idaho. The 
eco log i ca l  requirements o f  t h e  two 
races a re  s i m i l a r .  

Coho salmon and steelhead t r o u t  
a re  s im i  1 a r  i n  geographical  d i s t r i b u -  
t i on ,  systemat ic  c h a r a c t e r i s t i c s ,  
spawning l oca t i ons ,  food hab i t s ,  and 
t h e  l eng th  o f  t ime  t h e  young mend  i n  
f reshwater  ( M i  1 ne 1948), a1 though 
s t e e l  head normal l y  remain i n  
freshwater longer  than 1 year. 
Although bo th  species l i v e  i n  s i m i l a r  
h a b i t a t  i n  t h e i r  f i r s t  year, Hartman 
(1965) repo r ted  t h a t  i n  s p r i n g  and 
summer, most s teelhead t r o u t  l i v e  i n  
r i f f l e s  and most coho salmon l i v e  i n  
pools. Several i n v e s t i g a t o r s  have 
repor ted  t h a t  s p a t i  a1 segregat ion i s  



a l s o  v e r t i c a l l y  s t r a t i f i e d ;  coho 
salmon l i v e  near t h e  st ream su r face  
and steelhead near t h e  bot tom (Hartman 
1965; Peterson 1966; Edmundson e t  a l .  
1968; Bus ta rd  and Narver 1975). 
Although coho salmon ha t ch  e a r l i e r  and 
consequent ly  a re  l a r g e r  a t  f i r s t ,  
s teelhead f r y  grow so much f a s t e r  t h a t  
by l a t e  summer t h e  s i z e  d i f f e r e n c e  i s  
smal l .  I n t e r s p e c i f i c  c o m p e t i t i o n  i s  
p robab ly  n o t  se r i ous  because of t h e  
i n i t i a l  d i f f e r e n c e  i n  s ize,  d i f f e r -  
ences i n  h a b i t a t  preference, and t h e  
d i f f e r e n c e  i n  age a t  f i r s t  em ig ra t i on  
t o  t h e  sea (Fraser  1969). Much t h e  
same r e 1  a t i o n  was r e p o r t e d  f o r  juve-  
n i  l e  chinook salmon (Oncorhynchus 
tshawytscha) and j u v e n i l e  s t e e l  head by 
Chapman and B jo rnn  (1969). 

N a t i v e  and hatchery-reared 
s tee lhead e x h i b i t  some compet i t ion .  
Steelhead t r o u t  p l an ted  a t  t h e  wrong 
t ime  o r  a t  t h e  wrong s i z e  tend  t o  s t a y  
i n  t h e  st ream longe r  than  usual  and 
a re  more c o m p e t i t i v e  w i t h  w i l d  f i s h  
(Royal 1972). Heavy p reda t i on  by 
ha tchery - ra ised  s tee lhead smol ts  on 
chinook salmon f r y  below Coleman 
Na t i ona l  F i s h  Hatchery on t h e  
Sacramento R i ve r  was r e p o r t e d  by 
Menchen (1981 1. Wagner (1967) s t a t e d  
t h a t  i d e a l l y  t h e  st ream i s  t o  serve  
o n l y  as a highway t o  t h e  sea and n o t  
as a p o s t l i b e r a t i o n  r e a r i n g  area f o r  
ha tchery  products.  P o l l a r d  and B jo rnn  
(1973) r e p o r t e d  t h a t  t h e  s t o c k i n g  of 
ha tchery  ra inbow t r o u t  a l s o  caused a 
l o c a l  i zed temporary decrease i n  t h e  
abundance o f  j u v e n i l e  s t e e l  head. 

I n  coas ta l  streams, s tee lhead 
f r y  a re  preyed on by s c u l p i n s  (Co t tus  
spp. ), l a r g e r  steelhead, and ra inbow 
t r o u t  (Shapovalov and T a f t  1954); by  
b i r d s  such as t h e  g r e a t  b l u e  heron 
(Ardea he rod i  as), be1 t e d  k i n g f i s h e r  
(Cer l e  a lcyon) ,  American d ippe r  
(&s mex~canus) ,  and common 
mergansers 

T a f t  1954; Sheppard 1972; Cross 1975). 
I n  t he  ocean, s tee lhead are  eaten by  

f i s h  and mar ine mammals b u t  t h e  e x t e n t  
and e f f e c t  o f  p reda t i on  a re  unknown. 

I n  f reshwater ,  s tee lhead feed  
p r i m a r i l y  on immature aqua t i c  s tages 
o f  i n s e c t s  and s e c o n d a r i l y  on mature 
t e r r e s t r i a l  i nsec t s .  Ephemeroptera 
( m a y f l i e s ) ,  D i p t e r a  ( t r u e  f l i e s ) ,  and 
T r i c h o p t e r a  ( c a d d i s f  1 i e s )  a r e  usual  l y  
t h e  most impo r tan t  t a x a  i n  t h e  d i e t  
(Shapovalov and T a f t  1954; Royal 1972; 
F i t e  1973; H i ss  1984). Juven i 1 e 
s tee lhead a re  somewhat o p p o r t u n i s t i c ,  
f e e d i n g  on almost any a v a i l a b l e  i n s e c t  
( F i t e  1973). The s i z e  o f  t h e  
t e r r i t o r y  f o r  a s i n g l e  j u v e n i l e  i s  
determined 1 a r g e l y  by t h e  ava i  l a b i  1 i t y  
o f  food  and t h e  s i z e  o f  t h e  f i s h  
( A l l e n  1969). I n  t h e  ocean, s tee lhead 
f eed  on a v a r i e t y  o f  organisms 
i n c l u d i n g  j u v e n i l e  g reen l i ngs  
(Hexa rammos spp. 1, squids, and amphi- 
pods -?-- LeBrasseur 1966; Manzer 1968). 

ENVIRONMENTAL REQUIREMENTS 

Temperature 

Water temperature a f f e c t s  a l l  
me tabo l i c  and r e p r o d u c t i v e  a c t i v i t i e s  
of f i sh ,  i n c l u d i n g  such c r i t i c a l  
f u n c t i o n s  as growth, swimming, and t h e  
a b i l i t y  t o  cap tu re  and a s s i m i l a t e  food  
(Tebo 1974). Optimum temperature 
requ i rements  may vary,  depending on 
t h e  season and l i f e  stage. A 
p r o d u c t i v e  s t e e l  head stream should 
have summer temperatures i n  t h e  range 
o f  10 t o  15 OC and an upper l i m i t  o f  
20 OC. Steelhead have d i f f i c u l t y  
e x t r a c t i n g  oxygen from water  a t  
temperatures much over  21  OC 
r ega rd less  o f  t h e  amount o f  oxygen 
present  (Hooper 1973). Be1 1 (1973) 
l i s t e d  t h e  p r e f e r r e d  temperatures o f  
young s tee lhead as 7.2 t o  14.5 OC, t h e  
optimum as about 10 OC, and t h e  upper 
l e t h a l  l i m i t  as 23.9 OC. Bov ee 
(19781, who developed a p r o b a b i l i t y -  
o f -use temperature cu rve  f o r  r e a r i n g  
w i n t e r  s tee lhead j uven i l es ,  w ro te  t h a t  
optimum temperatures ranged f rom 0 t o  
24 OC and peaked a t  15 OC. I n  s tud ies  
o f  t h e  smo l t i ng  o f  c u l t u r e d  steelhead 



i n  t he  spr ing,  Wagner (1974) and 
K e r s t e t t e r  and Keeler  (1976) repo r ted  
t h a t  low temperatures extend t h e  
smol t ing  pe r iod  and h i g h  temperatures 
shorten it. They repo r ted  t h a t  smolt- 
i n g  ceased r a t h e r  a b r u p t l y  when water 
temperatures increased t o  14-18 OC. 

Dur ing t h e  spawning season a 
sudden drop i n  water temperature may 
cause a l l  salmonid spawning a c t i v i t y  
t o  cease (Reiser  and B jornn 1979). 
Reingold (1968) repo r ted  d h a t  water 
temperatures o f  2 t o  10 C impaired 
the  v i a b i l i t y  o f  eggs and delayed t h e  
r i p e n i n g  o f  a d u l t  s teelhead he ld  f o r  
51 days i n  a ha tchery  pond. Bovee 
(1978) repor ted  a spawning temperature 
ranye f o r  w i n t e r  s teelhead o f  4 t o  
13 C, and a peak o f  8 ' ~ .  B e l l  
(1973) i n d i c a t e d  t h a t  s t e e l  head 
spawning temperatures a re  genera l l y  
from 3.9 t o  9.4OC. The average 
development t ime from f e r t i  1  i z a t i o n  t o  
hatching lengthens cons iderab ly  w i t h  
decreasing temperature; f8r rainbow 
t r o u t  i t  i s  19 days a t  15 C, 31 days 
a t  10 OC, and 80 days a t  5 OC (Embody 
1934 1. Bovee (1978) gave an 
incubat  i on  temperature range f o r  
w in te r  s teelhead o f  0 t o  24 OC and an 
optimum temperature o f  about 10 OC. 

When water temperatures f a l l  
below 4 OC i n  streams o f  t h e  P a c i f i c  
Northwest, j uven i  l e  s t e e l  head become 
i n a c t i v e  and h i d e  i n  a v a i l a b l e  cover 
o r  i n  t he  subs t ra te  (Chapman and 
Bjornn 1969; Bustard and Narver 1975). 
I n  C a l i f o r n i a ' s  coas ta l  streams, 
j u v e n i l e  steelhead remain a c t i v e  year-  
round and i n  one smal l  coas ta l  stream, 
young steelhead grew throughout  t h e  
w i n t e r  (Reeves 1979). 

The v i r u l e n c e  o f  many f i s h  
diseases and the  t o x i c i t y  o f  most 
chemicals increase w i t h  i nc reas ing  
water temperatures (Lantz  1971 1. 
Removal of r i p a r i a n  vegeta t ion  can 
r e s u l t  i n  marked increases i n  sumner 
stream temperatures and sometimes i n  
reduced w in te r  temperatures (Brown 
1971 1. 

Dissolved Oxygen 

Stream-dwel 1 i n g  salmonids r e q u i r e  
h igh  d i sso l ved  oxygen i n  bo th  t h e  
water  column and i nt rag rave l  waters. 
The swimming performance o f  j uven i  1 e 
and a d u l t  salmon was impaired when t h e  
d i sso l ved  oxygen concen t ra t i on  was 
reduced below t h e  a i r - s a t u r a t i o n  l e v e l  
(Davis e t  a l .  1963). A sharp decrease 
i n  performance was noted a t  6.5-7.0 
mg/l. Re iser  and B jo rnn  (1979) wro te  
t h a t  t h e  oxygen l e v e l s  recommended f o r  
spawning anadromous f i sh ( a t  1 eas t  80% 
o f  sa tu ra t i on ,  w i t h  temporary 1 eve ls  
no lower t h a t  5.0 mg/l) should meet 
t h e  needs o f  m i g r a t i n g  salmonids. 

I n t r a g r a v e l  d isso lved oxygen 
concent ra t ion  i s  p o s i t i v e l y  r e l a t e d  t o  
s u r v i v a l  of salmonid embryos (Coble 
1961; P h i l l i p s  and Campbell 1962; 
S i l v e r  e t  a l .  1963). S i l v e r  e t  a l .  
(19631, i n  a c o n t r o l l e d  - l abo ra to ry  
experiment conducted a t  9.5 O C ,  found 
t h a t  s teelhead embryos hatched 
success fu l l y  a t  mean oxygen concen- 
t r a t i o n s  as low as 2.6 mg/l bu t  t h a t  
t o t a l  m o r t a l i t y  occurred a t  a mean 
l e v e l  o f  1.6 mg/l. I n  a f i e l d  expe r i -  
ment P h i l l i p s  and Campbell (1962) 
noted t h a t  t o t a l  mor ta l  i t y  o f  
s teelhead embryos occurred a t  mean 
oxygen concent ra t ions  of 7.2 mg/l o r  
less .  Al though i n t r a g r a v e l  oxygen 
l e v e l s  may appear adequate, t h e  amount 
of oxygen a c t u a l l y  reach ing  the  
embryos a l s o  depends on the  i n t r a -  
g rave l  water v e l o c i t y  (W icke t t  1954). 
The amount o f  i n t r a g r a v e l  oxygen 
a v a i l a b l e  t o  developing embryos i s  
sometimes reduced by  t h e  biochemical 
oxygen demand o f  o rgan ic  m a t e r i a l  i n  
t h e  g rave l  bed (Ponce 1974). Even i f  
embryos hatch  a t  low o r  moderately 
reduced oxygen l eve l s ,  t h e  i ncuba t i on  
pe r iod  i s  extended and t h e  r e s u l t i n g  
f r y  a re  l i k e l y  t o  be smal le r  and 
weaker than those reared a t  oxygen 
concent ra t ions  c lose  t o  s a t u r a t i o n  
( S i l v e r  e t  a l .  1963; Shurnway e t  a l .  
1964). Reiser  and B jornn (1979) 
concluded t h a t  a l though d isso lved 
oxygen concent ra t ions  requ i red  f o r  



success fu l  i n c u b a t i o n  depend on b o t h  
species and developmental stage, 
concent ra t ions  a t  o r  near s a t u r a t i o n  
w i t h  no temporary reduc t i ons  below 5.0 
mg/l a re  g e n e r a l l y  r e q u i r e d  by  anadro- 
mous salmonids. 

I n  salmonid nu rse ry  and r e a r i n g  
streams d i sso l ved  oxygen concentra-  
t i o n s  o f  su r f ace  waters a r e  normal l y  
near sa tu ra t i on ,  except  i n  smal l  
t r i b u t a r i e s  w i t h  l a r g e  amounts o f  
d e b r i s  f r o m  l o g g i n g  o r  o t h e r  sources 
o r  i n  la rge ,  slow-moving streams 
r e c e i v i n g  1  arge amounts of mun ic ipa l  
o r  i n d u s t r i a l  waste (Re iser  and B jo rnn  
1979). Salmonids f u n c t i o n  no rma l l y  a t  
d i sso l ved  oxygen concen t ra t i ons  o f  
7.75 mg/l ; e x h i b i t  va r i ous  d i s t r e s s  
symptoms a t  6.00 mg/l; and a r e  o f t e n  
n e g a t i v e l y  a f f e c t e d  a t  4.25 mg/l 
(Davis  1975). Low d i sso l ved  oxygen 
impa i rs  metabol i c  r a t e ,  growth, swim- 
ming performance, and o v e r a l l  s u r v i v a l  
o f  young salmonids. 

Water dep th  u s u a l l y  does n o t  
p revent  m i g r a t i o n  because a d u l t  s t e e l -  
head no rma l l y  m i g r a t e  when stream 
f l o w s  are r e l a t i v e l y  h igh .  Thompson 
(1972) wro te  t h a t  18 cm i s  t h e  minimum 
depth r e q u i r e d  f o r  success fu l  
m i g r a t i o n  o f  a d u l t  s teelhead.  The 
m i g r a t i o n  o f  a d u l t  salmonids i s  more 
commonly h indered  by excess ive  water  
v e l o c i t y  o r  obs tac les  t h a t  impede t h e  
swimming o r  jumping of t h e  f i s h .  

Water depth may be impo r tan t  i n  
t h e  s e l e c t i o n  o f  r edd  s i t e s .  
Shapovalov and Ta f t  (1954) s t a t e d  t h a t  
s tee lhead redds a r e  r a r e l y  exposed by 
f a 1  1  i n g  s t ream l e v e l s .  Bovee (1978) 
showed t h a t  s tee lhead most commonly 
spawn a t  depths averaging 36 cm 
(range, 15-61 cm). The depths o f  
Washington w i n t e r  s t e e l  head redds 
ranged f rom 12 t o  70 cm (Hunter  1973). 
C a r r o l l  (1984) measured water  depths 
o f  22 t o  29 cm ove r  s tee lhead  redds in 
a Klamath R i ve r  t r i b u t a r y .  

Steelhead tend  t o  occupy t h e  
sha l low r i f f l e  areas o f  streams, 
p a r t i c u l a r l y  d u r i n g  t h e  f i r s t  year  o f  
1  i f e  (Hartman 1965). Bovee (1978) 
presented p r o b a b i l i t y  of use curves 
showing t h a t  s tee lhead f r y  a re  most 
commonly found i n  water  8  t o  36 cm 
deep, and s tee lhead j u v e n i l e s  a re  
usual l y  l o c a t e d  i n  water 25 t o  50 cm 
deep. I n  t h e  Southwest r e g i o n  s t e e l -  
head streams a r e  annua l l y  sub jec ted  t o  
low f l ow  c o n d i t i o n s  due t o  t h e  
extended summer-fal l  d r y  season; thus,  
poo l  f requency and depth a re  impor- 
t a n t .  I n  a  2-year s tudy  a t  S ing ley  
Creek, a  smal l  coas ta l  stream j u s t  
sou th  of Cape Mendocino, Cross (1975) 
found t h a t  67%-96% o f  young-of-the- 
year  s tee lhead r e s i d e d  i n  pools .  From 
June t o  September, t h e  r i f f l e  su r f ace  
area was reduced 45% w h i l e  t h e  su r face  
area o f  poo l s  d im in ished o n l y  26%. 
Excessive sediment i n p u t s  t h a t  f i 11 
poo l s  can g r e a t l y  reduce a  s t ream's  
c a p a c i t y  t o  r e a r  s tee lhead t o  smol t  
s i ze .  

Water Movement 

S tee l  head may encounter water 
v e l o c i t y  b a r r i e r s  d u r i n g  upstream 
m ig ra t i on ,  o f t en  a t  f a l l s  o r  c u l v e r t s .  
V e l o c i t i e s  o f  3-4 m/s beg in  t o  g r e a t l y  
h inder  t h e  swimming a b i l i t y  o f  
s tee lhead and may r e t a r d  m i g r a t i o n  
(Rei se r  and B jo rnn  1979 1. Thompson 
(1972) ou t1  i n e d  methods t o  c a l c u l a t e  
minimum and maximum acceptable stream- 
f lows f o r  m i g r a t i n g  a d u l t  steelhead, 
f o r  s p e c i f i c  s t ream sec t ions .  

Bovee (1978) showed t h a t  s t e e l -  
head spawn i n  areas w i t h  water  
v e l o c i t i e s  o f  30-110 cm/s b u t  t h a t  t h e  
p r e f e r r e d  v e l o c i t y  approximated 
60 cm/s. Smith (1973) found t h a t  t h e  
p r e f e r r e d  water  v e l o c i t y  f o r  spawning 
steelhead i n  Oregon ranged f rom 40 t o  
91  cm/s. Steelhead redds were i n  
areas where v e l o c i t i e s  were 15 t o  54 
cm/s i n  a  smal l  t r i b u t a r y  o f  t h e  
Klamath R i v e r  ( C a r r o l l  1984). Since 
swimming performance improves w i t h  
s ize,  l a r g e  a d u l t  s teelhead can 



e s t a b l i s h  redds i n  f a s t e r  c u r r e n t  
areas o f  t h e  stream. 

Pe rmeab i l i t y  i s  de f i ned  as t he  
capac i t y  o f  t h e  g rave l  t o  t r a n s m i t  
water. D i f f e r e n t  spawning g rave l s  
t r a n s m i t  water a t  d i f f e r e n t  ra tes .  
Several s t u d i e s  have demonstrated t h a t  
increased i n t r a g r a v e l  v e l o c i t i e s  
improve t h e  s u r v i v a l  o f  s teelhead eggs 
and f r y  be fo re  emergence and a l s o  t h e  
c o n d i t i o n  of f r y  t h a t  emerge (Shumway 
1960; S i l v e r  1960; Coble 1961; S i l v e r  
e t  a1 . 1963; Shumway e t  a l .  1964). 
McNei 1  and Ahnel 1  (1964) concluded 
t h a t  t h e  streambeds o f  h i g h l y  produc- 
t i v e  spawning streams had g rave l s  w i t h  
h igh  permeabi 1  i t y  (24,000 cm/h) and 
had l e s s  than 5% (by  volume) sand and 
s i l t  t h a t  passed th rough a  s i e v e  o f  
0.833 mm mesh. 

Sediment 

Q u a n t i t a t i v e l y ,  sediment i s  t h e  
g rea tes t  s i n g l e  p o l l u t a n t  i n  t he  
n a t i o n ' s  water ( R i t c h i e  1972). Ander- 
son (1971) repo r ted  t h a t  sediment 
p roduc t i on  i n  no r the rn  C a l i f o r n i a  
watersheds increased markedly as a  
resu 1  t of poor 1  and management 
p r a c t i c e s  and f 1  oods. The s t e e l  head's 
environment can be impaired b o t h  by  
sediment i n  suspension and by  par -  
t i c l e s  deposi ted as bedload sediment. 
About 28% of t h e  t o t a l  spawning area 
i n  a  once impor tan t  16-mi le  s t r e t c h  o f  
t h e  upper T r i n i t y  R i ve r  has been l o s t  
due t o  t h e  d e p o s i t i o n  o f  sediment 
( C a l i f o r n i a  Resources Agency 1970). 
Stream channels of no r the rn  Cal i f o r n i  a  
markedly aggraded a f t e r  1  arge f 1  ood 
events d u r i n g  t h e  1960's and 1970's 
( L i s l e  1982). Channel widening and 
l o s s  o f  p o o l - r i f f l e  sequence due t o  
aggradat i o n  damaged spawning and 
r e a r i n g  h a b i t a t  of steelhead. The 
pool - r i f f l e  sequence and pool  qua1 i t y  
i n  some no r the rn  C a l i f o r n i a  streams 
s t i  11 had n o t  f u l l y  recovered by  1980 
f rom a  1964 r e g i o n a l  f l o o d  ( L i s l e  
1982 ) . 

For r e a r i n g  j u v e n i l e  s t e e l  head, 
deposi ted sediment reduces t h e  

c a r r y i n g  c a p a c i t y  of t h e  stream 
d i r e c t l y  by reduc ing  ava i  1  ab le  r e a r i n g  
h a b i t a t  and i n d i r e c t l y  by reduc ing  t h e  
p roduc t i on  o f  i n v e r t e b r a t e  food. 
B jo rnn  e t  a l .  (1977) found s i g n i f i c a n t  
reduc t i ons  i n  numbers o f  j u v e n i l e  
s tee lhead i n  stream channels where 
bou lders  were imbedded i n  sediment. 
Crouse e t  a l .  (1981), who devised a  
v i s u a l  s u b s t r a t e  s c o r i n g  system based 
on p a r t i c l e  s i z e  and degree of cobble 
embedment, r epo r ted  t h a t  f i s h  
p roduc t i on  was s i g n i f i c a n t l y  
c o r r e l a t e d  w i t h  subs t ra te  score. They 
r e p o r t e d  s i g n i f i c a n t  decreases i n  f i s h  
p r o d u c t i o n  i n  streams where cobbles 
were embedded 80%-100% and where 
sediment (2.0 mm o r  l ess )  composed 
26%-31% (by volume) of  t h e  t o t a l  
subs t ra te  composi t ion.  The au thors  
concluded t h a t  r e a r i n g  h a b i t a t s  o f  
j u v e n i l e  salmonids i n  streams, as w e l l  
as spawni ng g rave l  s  , r e q u i r e  
p r o t e c t i o n  f rom excessive q u a n t i t i e s  
o f  f i n e  sediments. 

The s i z e  o f  s u b s t r a t e  m a t e r i a l  
has been r e l a t e d  by  numerous i n v e s t i -  
ga tors  t o  t he  s tand ing  crops o f  i n v e r -  
t eb ra tes  (Sprules 1947; Kimble and 
Wesche 1975). Pennak and VanGerpen 
(1947) found t h a t  t h e  number o f  
ben th i c  i n v e r t e b r a t e s  decreased i n  t he  
progress ion  f rom r u b b l e  t o  bedrock t o  
g rave l  t o  sand. Re iser  and B jornn  
(1979) r e p o r t e d  t h a t  aqua t i c  i n s e c t  
p roduc t i on  was h ighes t  i n  subs t ra te  
composed 1  a r g e l y  of coarse g rave l  
(3.2-6.7 cm) and r u b b l e  (7.6-30.4 cm). 

Suspended sediment o c c a s i o n a l l y  
reaches concen t ra t i ons  h i g h  enough t o  
d i r e c t l y  i n j u r e  s tee lhead (3,000 ppm 
o r  g r e a t e r )  (Cordone and Ke l  l e y  1961). 
Phys io log i ca l  damage i nc ludes  t h e  
adhesion o f  s i l t  p a r t i c l e s  t o  t h e  
cho r i on  of salmonid ova (Cordone and 
K e l l e y  1961) and the  abrasion, 
th icken ing ,  and f u s i o n  o f  g i l l  
f i 1 aments (Herber t  and Merkens 1961 1. 
S i g l e r  e t  a l .  (1984) repo r ted  t h a t  
chron ic  t u r b i d i t y  i n  streams du r i ng  
emergence and r e a r i n g  o f  s teelhead 
a f f e c t s  t he  numbers and q u a l i t y  o f  



f i s h  produced. Turb id  water a l so  took p lace  when t u r b i d i t i e s  had 
a f fec t s  r e c r e a t i o n a l  angl i ng, f o r  decreased t o  30 Jackson T u r b i d i t y  
steelhead. A s tudy  on t h e  Eel R i ve r  U n i t s  o r  l ess ;  such low l e v e l s  o f  
by the  C a l i f o r n i a  Department o f  F i s h  t u r b i d i t y  occurred du r ing  o n l y  
and Game du r ing  two w i n t e r  s teelhead o n e - t h i r d  o f  t h e  f i s h i n g  season (Blake 
seasons showed t h a t  85% o f  a1 1  f i s h i n g  and Goodson 1969). 
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