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PREFACE 

This species p r o f i l e  i s  one o f  a  ser ies  on coasta l  aquat ic  organisms, 
p r i n c i p a l l y  f i s h ,  o f  sport ,  commerci a1 , o r  ecol og ica l  importance. The p r o f i l  es 
are  designed t o  provide coastal 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  the b i  01 og i ca l  c h a r a c t e r i s t i c s  and environmental requ i re -  
ments of t he  species and t o  descr ibe how populat ions o f  the  species may be 
expected t o  reac t  t o  environmental changes caused by coasta l  development. Each 
p r o f i l e  has sect ions on taxonany, 1  i f e  h i s t o r y ,  eco log ica l  ro le ,  environmental 
requirements, and economic importance, i f  appl i cab l  e. A t h ree - r i ng  b inder i s  
used f o r  t h i s  ser ies  so t h a t  new p r o f i l e s  can be added as they are prepared. This 
p r o j e c t  i s  j o i n t l y  planned and f inanced by the  U.S. Army Corps o f  Engineers and 
the  U.S. F ish and W i l d l i f e  Service. 

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 the  f o l l  owing addresses. 

In fo rmat ion  Trans fer  S p e c i a l i s t  
Nat ional  Coastal Ecosys tems Team 
U.S. F ish and W i l d l i f e  Serv ice 
NASA-Sl i d e l  1  Computer Compl ex 
1010 Gause Boulevard 
Sl i d e l  1  , LA 70458 

U.S. Army Engineer Waterways Experiment S ta t i on  
At ten t ion :  WESER-C 
Post O f f i c e  Box 631 
V icksbuq ,  MS 39180 



CONVERSION TABLE 

Met r i c  t o  U.S. C u s t m a r y  

m i l  1  ime te r s  (mn) 
cen t imeters  (an) 
meters (m) 
k i  1  m e t e r s  ( km) 

square meters  ( m L )  10.76 
square k i  1  m e t e r s  ( lan2) 0.3861 
hec ta res  (ha)  2.471 

1 i t e r s  ( 1 ) 
cub i c  meters  (m3) 
cub i c  meters 

To Ob ta i n  

inches  
inches 
f e e t  
m i l  es 

square f e e t  
square m i l e s  
acres 

gal  1  ons 
cub i c  f e e t  
ac re - f ee t  

m i l l i g r a m s  (mg) 0.00003527 ounces 
grams (g )  0.03527 ounces 
k i log rams ( k  ) 2.205 pounds 
m e t r i c  tans f t )  2205.0 pounds 
m e t r i c  tons  1.102 s h o r t  tons  
k i  1  ocal o r i e s  ( kca l  ) 3.968 B r i t i s h  thermal u n i t s  

Ce l s i us  degrees 1.8("C) + 32 Fahrenhe i t  degrees 

U.S. Customary t o  M e t r i c  

inch?> 25.40 
inches 2.54 
f e e t  ( f t )  0.3048 
f a t k i s  1.829 
m i l e s  (m i )  1.609 
n a u t i c a l  m i l es  (m i )  1.852 

square f e e t  ( f t 2 )  
acres 2 
square m i l e s  (mi ) 

ga l  1  ons ( ga l  ) 
cub i c  f e e t  ( f t 3 )  
ac re - f ee t  

ounces (02)  28.35 
pounds ( l b )  0.4536 
s h o r t  tons  ( t o n )  0.9072 
B r i t i s h  thermal u n i t s  (B tu )  0.2520 

m i l  1  imete rs  
cen t imeters  
meters 
meters 
k i l  ometers 
k i l  m e t e r s  

square meters 
hectares 
square k i l  ometers 

1 i t e r s  
cub i c  meters 
cubic  meters 

grams 
k i  1  ograms 
m e t r i c  tons 
k i  1  ocal  o r i  es 

Fahrenhei t  degrees 0.5556("F - 32) Cel s  i u s  degrees 
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F igu re  1. Coho salmon adults, w i t h  spawninq phase o f  male a t  bottom ( f rom Sco t t  
and Crossman 1973). 

COHO SALMON 

S c i e n t i f i c  name . . . . . Oncorhynchus 
k i su tch  (Walbaum) 

P r m  common name . . Coho salmon 
(F iaure  1 )  

Other canmon names . . S i l v e r  salmon, 
s i l v e r  t r o u t  ( i n  f reshwater) ,  coho, 
sea t rou t ,  blueback, hooknose (Haw 
and Buck1e.y 1973; Scot t  and 
Crossman 1973) 

C l  ass . . . . . . . . . . Osteichthyes 
Order . . . . . . . . . Salmoniformes 
Family . . . . . . . . . . Salmonidae 

Geographic range: Anadromous i n  n o r t h  
P a c i f i c  Ocean, and coasta l  area 
from Monterey, Cal i f o r n i  a, no r th  
t o  Po in t  Hope, Alaska, through 
the Aleutians, and from the  
Anadyr River, U.S.S.R., south t o  

Korea and Hokkaido, Japan. Most 
abundant between southern Oregon 
and southeast Alaska. Coho have 
been planted successful l y  i n  
lakes and rese rvo i r s  i n  Alaska, 
Washington, Oregon, C a l i f o r n i a  
and i n  some cases i n  Montana f o r  
many years. The f i r s t  success- 
f u l  s tocking i n  the Great Lakes 
was i n  1966, w i th  a  continued 
spo r t  f i s h e r y  s ince then. Other 
p lan t i ngs  inc lude A t l a n t i c  
States f r a n  Maine t o  Maryland 
(moderate success) p lus  Argent ina 
and C h i l e  (some success i n  C h i l e )  
and A1 ber ta ,  Canada (apparent ly  
successful : Sco t t  and Crossman 
1973). Major spawning r i v e r s  and 
areas o f  concent ra t ion  f o r  t he  
P a c i f i c  Northwest Un i ted  States 
are shown i n  F igure  2, and 



WASHINGTON 
K I L O M E T E R S  

CALIFORNIA 

F i g u r e  2. Ma jo r  P a c i f i c  Nor thwest  spawning r i v e r s  o f  coho salmon. Coho a re  
found i n  a l l  mar ine waters  o f  t h e  area ( S c o t t  and Crossman 1973). 

2 



s a l t w a t e r  m i g r a t i o n  p a t t e r n s  o f  
a d u l t  coho salmon as determined 
f rom tagged and marked ha tchery  
smol ts  a r e  shown i n  F i g u r e  3. 
Juven i l es  can m i g r a t e  t o  
southeast  A laska and f a r t h e r  i n  
t h e  f i r s t  few months a t  sea. 

g r e a t e r  t han  140 i n  chinook, accord ing  
t o  Dahl berg and Phinney (1967) .  Juve- 
n i l  e  coho have p iqmenta t ion  over  
e n t i r e  adipose f i n ,  wh i l e  j u v e n i l e  
chinook have an unpigmented adipose 
(Dahl berg and Phinney 1967). 

REASON FOR INCLUSION I N  SERIES 
M0RPH0LOGYlIDENTIFICATION AIDS 

Dorsal f i n  9-12 rays; adipose 
p resen t ;  anal  f i n  12-17 rays ;  p e c t o r a l  
f i n  13-16 rays ;  v e n t r a l  f i n  9 -11  r a y s  
w i t h  a x i l l a r y  process; l a t e r a l  l i n e  
sca les  121-148; p y l o r i c  caeca 45-83; 
ve r t eb rae  61-69; g i l l  r ake rs  18-26 on 
f i r s t  g i l l  arch; b ranch ios tega l  r ays  
11-15. Measurements as percent :  body 
depth 24 ( i n  s tandard l e n g t h ) ;  head 
l e n q t h  22 ( i n  t o t a l  l enq th ) ;  head 
l onge r  i n  spawning males (Ha r t  1973). 

Body f us i form, somewhat com- 
pressed 1  a t e r a l  ly; f o r k  l e n q t h  usual - 
l y  46 t o  6 1  cm, maximum 98 cm; and 
3.6 t o  4.5 kg, w i t h  a  maximum o f  14 
ka i n  marine popu la t i ons  ( S c o t t  and 
Crossman 1973).  

Pigmentat ion :  Juven i l es  co lo red  
b l  ue-green do rsa l  1  y, w i t h  s i  1  very  
s ides ,  and 8 t o  12 w i d e l y  spaced, na r -  
row p a r r  marks; l a t e r a l  l i n e  th rough 
c e n t e r  o f  marks; dark adipose f i n ;  
oranqe caudal f i n ;  and l a r g e  orange 
anal f i n  w i t h  t h r e e  lonq w h i t e  a n t e r i -  
o r  r ays  and b lack p o s t e r i o r l y .  Ocean- 
d w e l l i n g  a d u l t s  s t e e l - b l u e  t o  g reen ish  
do rsa l  l y ;  s i l v e r y  s ides,  and wh i t e  
v e n t r a l  s u r f  ace; smal l  b l  ac k  spots  on 
back, upper s ides ,  dorsa l  f i n  base, 
and upper l obe  o f  caudal f i n .  Before 
spawning, males acqu i re  darker ,  dusky 
b lue-green back, w i t h  b r i g h t  red  
s t r i p e  on d u l l  s ides,  q rey  t o  b lack  
v e n t r a l  s u r f  ace. 

Pale gums i n  mar ine a d u l t  coho 
d i s t i n q u i s h  i t  from chinook salmon 
( ~ n c o r h ~ n c h u s  tshawytscha),  which have 
b lack  qums. S p o t t i n g  con f i ned  t o  up- 
per  l obe  o f  caudal - f i n  ( s p o t t i n a  on 
both lobes i n  ch inook) ,  and number o f  
p y l o r i c  caeca l e s s  t han  93 i n  coho and 

Coho salmon c o n s t i t u t e  a  va lu-  
ab le p a r t  o f  t h e  commercial and s p o r t  
f i s h e r i e s  o f  t h e  west coast  f reshwater  
and marine environments. They a re  
t h e  o b j e c t  o f  ex tens ive  ha tchery  r e a r -  
i n g  and re l ease  programs. They a re  
t e r t i a r y  carn ivores ,  and a re  them- 
se lves preyed upon. 

LIFE HISTORY 

Spawning and Eggs 

Coho a re  anadromous, e n t e r i n g  
f reshwater  t o  spawn (Godfrey 1965). 
Beg inn ing  i n  J u l y ,  b u t  l a t e r  t han  
August i n  some areas such as Grays 
Harbor,  t h e y  r e t u r n  f rom t h e  open 
ocean t o  coas ta l  areas near  t h e  
o u t l e t s  o f  t h e i r  n a t a l  streams. They 
en te r  r i v e r s  on a l l  bu t  peak f loods ,  
moving upstream p r i m a r i l y  i n  d a y l i g h t .  
Runs t ake  p lace  f rom August t o  Febru- 
ary. Eames and Hino (1981) r epo r t ed  a  
November peak i n  a  Washington stream. 

Coho salmon spend 30 t o  60 days 
i n  f reshwater ,  and i n  Nor th  America, 
peak spawninq occurs from l a t e  Septem- 
ber  t o  January, and cont inues as l a t e  
as March. The f i s h  u s u a l l y  spawn i n  
smal l  streams, bu t  a lso use l a r g e  
main streams, thouqh seldom more than  
240 km above t h e  mouth. They spawn 
i n  r e l a t i v e l y  f a s t  water  (0.3 t o  0.5 
mlsec vs. 0.1 mlsec f o r  sockeye), nor -  
mal 1.y i n  r i f f l e s  o r  where ground seep- 
aqe occurs. Al thouqh numbers o f  males 
and femal er i n  a  spawninq run  a re  sim- 
i l a r  males may predominate e a r l v  i n  
t h e  run  and females l a t e r .  More males 
a re  present  o v e r a l l  due t o  jacks  (sex-  
u a l l y  precocious males t h a t  r e t u r n  
e a r l v ) ,  w h i l e  females predominate 





s l i g h t l y  i n  t h e  o l d e r  a d u l t s .  More 
than  one male o f t en  competes f o r  a  
spawning female. Spawning takes  
p l a c e  a t  temperatures o f  0.8O t o  
7.7' C i n  Kamchatka, U. S.S. R. 
(Gribanov 1948) and a t  4.4' t o  9.4' C 
on t h e  west  coas t  of  t h e  U n i t e d  S ta tes  
(Re ise r  and B j o r n n  1979). 

Fecund i t y  o f  coho salmon i s  v a r i -  
a b l e  denending on t h e  s i z e  o f  t h e  f e -  
male, qeographic area, and year .  S c o t t  
and Crossman (1973)  c i t e d  a  range o f  
about 1,440 t o  5,700 eqgs f o r  females 
44 t o  72 cm long  i n  Washington, and 
an averaqe o f  2,100 t o  2,789 egqs per  
female ( no  l ena ths  g i ven )  i n  B r i t i s h  
Columbia. Est imates i n  Kamchatka p u t  
coho salmon second t o  chinook salmon 
i n  f e c u n d i t y ,  bu t  no lena ths  were g i v -  
en. Shapovalov and T a f t  (1954) deve l -  
oped t h e  f o l l o w i n g  f e c u n d i t y  formula:  

number o f  eggs = 0.01153 x f o r k  
l eng th2  .9403.  

The female may depos i t  eggs i n  
t h r e e  o r  f o u r  redds ( nes t s ) ,  which 
she d i g s  by  l y i n g  on he r  s i d e  and 
b e a t i n g  o u t  t h e  g rave l  w i t h  he r  
t a i l .  A dominant male moves i n  and 
j o i n s  t h e  female; t h e  spawning 
a c t  c o n s i s t s  o f  v i b r a t i o n  by  b o t h  
f i s h ,  w i t h  gap ing  mouths, and 
t h e  r e l ease  o f  eggs and m i l t .  The 
eqas are covered w i t h  q rave l  d i sp l aced  
f rom t h e  uostream s i d e  o f  t h e  nes t .  
Eggs a re  demersal, l a r g e  (about  4.5 
t o  6.1) mm), and red. The female 
quards t h e  nes t  f o r  a  s h o r t  t ime,  bu t  
b o t h  pa ren t s  d i e  soon a f t e r  spawning 
( S c o t t  and Crossman 1973).  Incuba- 
t i o n  t ime  appa ren t l y  v a r i e s  i n v e r s e l y  
w i t h  temperature, as shown by t h e  
f o l  l ow ing  ohserva t ions :  

38 days a t  11"  C averaoe 
48 da.ys a t  9" C averaqe 
86-101 days a t  4.5' C. 

Larvae, F ry ,  and Smolts 

Newly hatched l a r v a e  possess a  
l a r g e  y o l k  sac, which t h e y  absorb 
w h i l e  remain ing i n  t h e  g rave l  f o r  2 
t o  3  weeks f o l l o w i n g  ha tch ing .  They 
a r e  a t  f i r s t  photonegat ive,  b u t  become 

photopos i t  i ve, and face  upcur r e n t  as 
we1 1. Newly emerged f r y  have been 
observed from March t o  Ju l y .  The f r y  
l i v e  i n  sha l l ow  q rave l  areas, a t  f i r s t  
school inq;  a f t e r  a  sho r t  t ime  the.y 
d i spe rse  up- and downstream. Optimum 
r e a r i n g  h a b i t a t  f o r  coho c o n s i s t s  o f  
a  m i x t u r e  of poo ls  and r i f f l e s ,  abun- 
dant ins t ream and hank. cover,  water  
temperatures t h a t  average between 10' 
and 15' C i n  t h e  summer, d i s s o l v e d  
oxygen near s a t u r a t i o n ,  and low 
amounts o f  f i n e  sediments (Re i se r  and 
B j o r n n  1979). 

Srnal 1  numbers o f  coho salmon may 
m iq ra te  t o  sea, but  a t  l e a s t  a  v e a r ' s  
res idence  i n  f r eshwa te r  i s  normal. 
However, t h e r e  i s  a  g rada t i on  f rom 1 
year  i n  f reshwate r  i n  Washinqton up 
t o  2 yea rs  i n  f r eshwa te r  i n  c e n t r a l  
B r i t i s h  Columbi a, w i t h  more n o r t h e r l y  
f i s h  u s u a l l y  spending 2  years  i n  
f reshwate r .  For  example, f i s h  i n  t h e  
Yukon R i ve r  dra inage spend 2  years i n  
f reshwate r  ( S c o t t  and Crossman 1973) .  
As t h e y  grow, t h e  f r y  move t o  deeper 
water,  feeding on p r o g r e s s i v e l y  l a r g -  
e r  foods. I n  w in te r  t hey  feed and 
grow l i t t l e .  The j u v e n i l e s  usual l y  
m i g r a t e  downstream f rom A p r i l  t o  
August o f  t h e  year  f o l l o w i n q  t h e i r  
hatch ing,  w i t h  peak m i g r a t i o n s  i n  May 
i n  n e a r l y  a1 1  areas. N igh t t ime  migra-  
t i o n  appears t o  be t h e  r u l e  (McDonald 
~ n ) .  

S i ze  and age o f  t h e  f i s h ,  as w e l l  
as stream cond i t i ons ,  t r i q g e r  outmi-  
g r a t i o n .  The r a d i c a l  p h y s i o l o g i c a l  
and behav io ra l  changes t h a t  occur  
du r i nq  s m o l t i f i c a t i o n  make salmon i n  
t h i s  s tage p a r t i c u l a r l y  s e n s i t i v e  t o  
env i ronmenta l  s t r e s s  f a c t o r s .  For  
oxamole, e l eva ted  water temperatures 
can acce le ra te  t h e  onset  o f  s m o l t i f i -  
c a t i o n  and sho r t en  t h e  s m o l t i n g  
p e r i o d ,  sometimes r e s u l t i n g  i n  seaward 
m i g r a t i o n  o f  smo l ts  a t  a  t i m e  when 
c o n d i t i o n s  a re  un favorab le  (Wedemeyer 
e t  a l .  1980). La rger  j u v e n i l e s  a r e  
be1 i eved  t o  be t h e  f i r s t  t o  go 
downstream, b u t  aggress ion  by  l a r g e r  
f ry  may induce  e a r l y  downstream 
movement by  s m a l l e r  ones soon a f t e r  



emergence (Chapman 1962; Mason and 
Chapman 1965). 

Ocean L i f e  

E a r l y  s t ud ies  i n d i c a t e d  t h a t  coho 
salmon d i d  no t  m ig ra te  f a r  o f f shore ,  
b u t  more recen t  high-seas research has 
shoen d i f f e r e n t 1  y. They have been 
cap tu red  as f a r  as 1,930 km away f rom 
t h e i r  p o i n t  o f  o r i g i n  on t h e  Nor th 
American west coast .  Movement o f  
these f i s h  i s  no t  random, s i nce  marked 
a d u l t  f i s h  from t h e  Columbia R i v e r  a re  
r a r e  i n  Alaska salmon catches. The 
No r th  American west coast  oceanic mi- 
g r a t i o n  p a t t e r n s  o f  a d u l t  coho salmon, 
as determined from taqqed and marked 
ha tchery  f i s h ,  a re  dep i c ted  i n  F i gu re  
3. O f fshore  m iq ra t i ons  by j u v e n i l e s  
commence i n  J u l y  and August, as e v i -  
denced by sharp dec l i nes  i n  inshore  
catches o f  j u v e n i l e s  a t  t h a t  t ime.  
There are two m i g r a t i o n  types o f  coho 
salmon i n  Washington and B r i t i s h  Co- 
1  urnbia: "ocean," o r  high-seas dwel l- 
e r s ,  m ig ra te  g r e a t  d is tances ,  whi l e  
" inshore"  f i s h  such as those l i v i n g  
as res i den t s  i n  t h e  S t r a i t  o f  Georgia 
o r  Puget Sound m ig ra te  very  l i t t l e  
and s t a y  near t h e i r  r i v e r  o f  o r i g i n .  
Four types o f  l i f e  h i s t o r i e s  occur i n  
t h e  Puget Sound-Georgi a  S t r a i t  area: 
(1) ocean migran ts  t h a t  go t o  sea i n  
t h e  s p r i n q  o f  t h e  second year; ( 2 )  
r e s i d e n t  f i s h  t h a t  qo t o  t h e  ocean i n  
t h e  f a l l  o f  t h e  second year a f t e r  
spending t h e  summer i n  i n s i d e  mar ine 
waters; ( 3 )  r e s i d e n t  f i s h  t h a t  go t o  
t h e  ocean i n  t he  s p r i n g  o f  t h e i r  t h i r d  
year a f t e r  1 year i n  i n s i d e  marine 
waters; and ( 4 )  t r u e  r e s i d e n t s  t h a t  
spend t h e i r  e n t i r e  l i v e s  i n  t he  i n s i d e  
mar ine waters. Each o f  these groups 
i s  p r o q r e s s i v e l y  smal l e r  i n  average 
s i ze ,  due t o  l e s s  t ime i n  the  open 
ocean. High-seas f i s h  o f  No r t h  
American o r i g i n  p robab ly  w i n t e r  south 
of 45' N. l a t . ,  and move n o r t h  i n  
mid- t o  l a t e  summer, l a t e r  than  do 
o t h e r  salmon. 

Coho salmon apparen t l y  concen- 
t r a t e  i n  t he  G u l f  o f  Alaska i n  t he  
summer, d i spe rs i ng  coastward from 

the re .  M i l n e  (1950) i n d i c a t e d  t h a t  
m ig ra t i ons  are mos t l y  d i r e c t  r a t h e r  
t han  alongshore. F i s h  r e p o r t e d l y  
move s lowly ,  wandering as they  mi- 
grate,  a l though t hey  have averaged up 
t o  30 m i  pe r  day over  long  d is tances.  
The delays are a t t r i b u t e d  t o  i n t e n -  
s i v e  feed ing  u n t i l  l a t e  i n  t h e i r  
journey. 

Post coho salmon, i n c l u d i n q  j uve -  
n i l e s  and adu l ts ,  are found w i t h i n  10 
m o f  t h e  sea sur face  except when cov- 
ered by a  shal low l a y e r  o f  warmer 
" tuna"  water.  Th is  zone i s  where t h e  
s p o r t  f i s h e r y  concent ra tes  i t s  e f f o r t s  
(Haw and Buckley 1973). 

As a  r u l e ,  adu l t  coho salmon 
spend two growing seasons a t  sea, ap- 
pear ing  o f f s h o r e  near t he  o u t l e t s  o f  
t h e i r  r i v e r s  o f  o r i q i n  i n  t h e  second 
summer a f t e r  t h e y  e n t e r  sa l twa te r .  I n  
southeast  A1 aska and n o r t h e r n  B r i t i s h  
Columbia, they  a r r i v e  i n  l a rge  numbers 
i n  Ju ly ,  and i n  southern B r i t i s h  Co- 
1  umbi a, Washington, and Oregon t h e i r  
a r r i v a l  i s  l a t e r ,  w i t h  a  general  t im -  
i ng  g rada t i on  t h a t  i s  p r o g r e s s i v e l y  
l a t e r  t h e  more s o u t h e r l y  t h e  run.  
They home almost e n t i r e l y  t o  t h e  
streams of  t h e i r  o r i g i n s ,  and t he  
smal l  percentages t h a t  do s t r a y  mi-  
g r a t e  p r i m a r i l y  t o  nearby streams. 

Su rv i va l  

Various s tud ies  (Sa lo  and B a y l i f f  
1958; Tagar t  1976) were used by t h e  
Washington Department o f  F i s h e r i e s  ( i n  
press)  t o  d e r i v e  a  composite l i f e  
sequence t o  p r e d i c t  average smo l t  
p roduc t i on  p e r  female coho salmon. 
From t h i s ,  an average p r o d u c t i o n  o f  75 
smol t s / fema le  was est imated. Th i s  i s  
a p p l i c a b l e  o n l y  t o  t h e  3 -year -o ld  f i s h  
t h a t  spend 2  years  a t  sea i n  t h e  
southern p a r t  o f  t h e i r  range, south o f  
c e n t r a l  B r i t i s h  Columbia. 

GROWTH CHARACTERISTICS 

Most coho salmon r e s i d e  i n  t h e  
ocean f o r  two growing seasons, r e t u r n -  



i ng  a t  t he  end o f  the  second summer. 
These are designated aqe 3, o r  4, 
upon r e t u r n  f o r  spawning ( i n t e g e r  i s  
t o t a l  age and t h e  subsc r i p t  i s  year o f  
l i f e  a t  ou tmigra t ion) .  Those t h a t  
spend 1 year i n  f reshwater  would be 
3 , ,  w h i l e  those t h a t  spend 2 years i n  
freshwater be fore  ou tm ig ra t i  ng would 
be age 4,. The precocious males 
(" jacks")  o r  females ( " j i l l s "  o r  
" jenn ies" )  t h a t  r e t u r n  t o  spawn a f t e r  
on l y  one summer a re  designated as 2,. 

C a l i f o r n i a  coho salmon averaqed 
16 cm a t  outmigrat ion,  and grew an 
average o f  about 52 cm whi le  a t  sea 
(Shapovalov and T a f t  1954). Kamchat- 
kan coho salmon were s im i l a r ,  w i t h  
ocean growth much f a s t e r  than f resh-  
water growth f o r  both 3, and 4, f i s h  
(Gribanov 1948). The Kamchatkan re-  
turnees averaged 60 cm FL (range 40- 
87 cm), and 3.5 kg (range 1.5 - 6.5 
kg). Males were l a r g e r  than females. 
The Cal i f o r n i a  re turnees '  sex, age, 
and average f o r k  l eng th  were as 
fo l l ows :  2, males, 46 cm FL; 3, 
males, 64.7 cm; 3, females, 63.9 cm. 
Males were t y p i c a l l y  l a r g e r  than 
females. 

THE FISHERY 

Coho salmon are a h i g h l y  valued 
speci es, the  ob jec t  of 1 arge commer- 
c i a l  (Table 1 )  and spo r t  (Table 2) 
f i s h e r i e s .  P.ddi t i o n a l  data demon- 
s t r a t e  t h e  value o f  coho salmon i n  
U.S. commercial f i s h e r i e s :  i n  1980, 
39.3 mi1 1 i on  pounds, worth $43.1 
m i l l i o n ,  were landed; i n  1981, 35.2 
m i l l i o n  pounds were landed, a t  $33.3 
m i l  l i o n  (U.S. Department o f  Commerce 
1982). Most commerci a1 1 andi ngs are 
c lose t o  shore (29.7 m i l l i o n  pounds 
from 0 t o  4.8 k~n out, versus 5.5 m i l -  
l i o n  pounds from 4.8 t o  322.0 km out, 
i n  1981). Coho ranked c o n s i s t e n t l y  
f o u r t h  behind sockeye salmon (Onco- 
rhynchus nerka), oink salmon 7. 
gorbuscha), chum salmon (0. ketar ,  
i n the  f i c i  f i c  coast commerc~al -=h- 
e ry  from 1968 t o  1978, and made up 8% 
t o  11% o f  t he  t o t a l  ca tch  ( In terna-  
t i o n a l  North P a c i f i c  F i she r ies  Commis- 

s ion  1971-81). The Lake Michigan coho 
salmon spo r t  f i s h e r y  i s  outproduci ng 
the  e n t i r e  U.S. P a c i f i c  Coast coho 
salmon s p o r t  f i s h e r y  (Tanner 1974). 

Coho salmon are  f i s h e d  commer- 
c i a l l y  w i t h  g i l l  nets,  s e t  ne ts  
( t r e a t y  Ind ians  only,  i n  Washington), 
purse seines, and t r o l l  i n g  gear 
(Washington Department o f  F i she r ies  e t  
a l .  1973). Sport f i s h i n g  i s  by hook 
and 1 i n e  i n  sa l twa te r  and i n  streams. 
Sal twater  angl i n g  i s  bo th  o f f - c o a s t  
and inshore,  w i t h  Puget Sound, f o r  
example, suppor t ing  a subs tan t i a l  
f i s h e r y  i n  l a t e  summer f o r  ocean and 
res iden t  f i s h .  Haw and Buckley (1973) 
discussed spo r t  f i s h i n g  techniques i n  
d e t a i  1. Salo (1974) est imates t h a t  
anglers spent between $100 and $125 i n  
1966 t o  ca tch  a coho salmon. 

Many coho salmon are reared and 
re leased from State,  Federal,  and 
o the r  hatcher ies;  about 40% t o  50% o f  
the  net-caught salmon i n  Puget Sound 
are  est imated t o  be o f  hatchery o r i -  
g in.  Coho salmon and chinook salmon 
are the  most success fu l l y  reared sa l -  
monid species. Hatcheries have become 
import  ant because o f  such devel opments 
as pel l e t - s i  zed food, b e t t e r  disease 
treatment, and the rea r i ng  o f  f i s h  t o  
the  y e a r l i n g  stage (Fu l ton  1970). Co- 
lumbi a R ive r  runs have been enhanced 
by hatcher ies s ince 1959. 

Current manapement ob jec t i ves  o f  
the Washington Departnent o f  F i she r ies  
are toward maximum sustained harvest,  
w i t h  t he  t r e a t y  I nd ian  Tr ibes  under 
t h e  Bo ld t  Decis ion (Uni ted States vs. 
State o f  Washinqton) having a lepa l  
r i g h t  t o  50% o f  the  catchable a l l oca -  
t i o n .  Preseason run s izes  f o r  each 
i n d i v i d u a l  r i v e r  are est imated and 
escapement goals f o r  each r i v e r  are 
p red i c ted  ( Z i l l g e s  1977; an escapement 
goal i s  t he  number o f  spawners 
necessary t o  main ta in  t he  run  o f  a 
g iven s ize ,  and a goal may vary from 
year t o  year. In-season r u n  
reassessments a re  a l so  made ( Z i l l g e s  
1977). From these p r e d i c t i o n s  and 
p r o j e c t i o n s  each year, t he  catchable 



Table 1. Annual canmercial landings o f  coho salmon by Sta te  o r  Province i n  
me t r i c  tons (MT) and number o f  f i s h  ( i n  thousands) f o r  the  years 1968-78. Data 
f r a n  I n t e r n a t i o n a l  North P a c i f i c  F isher ies  Canmission (1971-81). 

B r i t i s h  Columbia Alaska Washington Oregon 

Year MT F i s h  MT F i sh  MT F i s h  MT _ Fis-h 

Table 2. Estimated numbers o f  coho salmon caught i n  the  recreat iona l  f i s h e r i e s  
of f ou r  States du r ing  1970-78. As te r i sk  (*) i nd i ca tes  marine catches only. 
Data f r a n  I n t e r n a t i o n a l  North P a c i f i c  F isher ies  Canmission (1971-81). 

Year A1 as ka Washington Oregon Cal i f o r n i a  



a l l o c a t i o n  o f  coho salmon i n  each 
i n d i v i d u a l  r i v e r  i s  made w i t h  
non-Indians r e c e i v i n g  50% and t r e a t y  
Ind ians  r e c e i v i n g  .SO%. The non-Indian 
share i s  then d i v ided  between 
commerci a1 fishermen and s p o r t  
anglers. 

Management methods f o r  coho and 
o the r  salmon must inc lude f reshwater  
h a b i t a t  assessment, stock assessment 
i nc lud ing  run size, h a b i t a t  protec- 
t i o n  and improvement, and a r t  i f  i c i  a1 
propaqation. The Washington Depart- 
ment o f  F i she r ies  has been u s i  nq 
Smoker's (1953) preseason method i n  
Puget Sound t o  p r e d i c t  coho salmon 
catches from stream discharge data, 
as we l l  as the  previous year 's  jack 
run s ize .  Such f a c t o r s ,  however, as 
environmental extremes, sa l twater  
environmental va r i a t i ons ,  and f i s h i n g  
i n t e n s i t y  a lso  p lay  a r o l e  ( Z i l l g e s  
1977). Other methods are being 
developed and used i n  other  areas by 
cooperat ive e f f o r t  between State 
b i o l o g i s t s  and t r i b a l  b i o l o g i s t s .  

Wright (1951) described the  com- 
p l e x i t i e s  o f  salmon management, s t a t -  
i n g  t h a t  good run  fo recas ts  w i t h  ac- 
cura te  and t i m e l y  reassessments are 
important.  Also, runs dependent upon 
hatcher ies  cou ld  be harvested a t  a 
h iaher r a t e  than w i l d  runs because o f  
h igh  su rv i va l  o f  j uven i l es  i n  hatcher- 
ies .  Where two stocks c o e x i s t  geo- 
graphical  l y ,  maximum susta inab le  y i e l d  
should be def ined f o r  t h e  weaker 
stock, w i t h  the  surp lus  f i s h  taken 
where the  st ronger stock i s  eas ier  t o  
t a r q e t .  He argued against  depending 
on user groups, i.e., fishermen, f o r  
sound management; t he  v i t a l i t y  o f  t he  
resource should be t h e  pr imary  
c r i t e r i o n  used i n  designing management 
procedures. 

ECOLOGICAL ROLE 

Coho salmon f i l l  d i f f e r e n t  niches 
i n  freshwater and i n  sa l twater .  The 
a lev ins  l i v i n g  i n  gravel do not  feed, 
hut depend on the  yo lk  sac f o r  nour- 

ishment. Even thouqh p a r t  o f  the  
yo lk  sac may remain a f t e r  emergence, 
t h e  f r v  begin t o  feed immediately 
a f t e r  emergence (Godfrey 1965 ) . 
Johnson (1970) s ta ted  t h a t  j u v e n i l e  
salmon i n  Washinqton, dependinq on 
t h e  season and stream, a te  var ious 
1 i f e  stages o f  aquatic insec ts  (most- 
l y  a t  t he  surface), such as d ipterans,  
ephemeropterans, plecopterans and 
other  insects,  as wel l  as crustaceans 
and f i shes .  I f  t h e i r  normal food i s  
scarce, j u v e n i l e  coho w i l l  eat i nsec t  
exuviae, though t h i s  provides no nu- 
t r i t i o n  (Mundie 1969). Alaskan coho 
f i n g e r l i n g s  prey on sockeye salmon 
fry (Oncorhnchus nerka); 30% of 

__y_f coho captured be ween May and J u l y  had 
sockeye remains i n  t h e i r  stomachs 
(Roos 1960). They a te  the  sockeye 
even though s t ick lebacks  were more 
abundant. 

Fresh e t  a l .  (1981) ca tegor ized 
the  food of  coho salmon by zones i n  
Puget Sound and 0the.r Washington ma- 
r i n e  waters. Juven i le  f i s h  from sub- 
l i t t o r a l  h a b i t a t s  had stomach contents 
cons i s t i ng  main ly o f  decapod crus ta-  
cean larvae, p lus  f i s h e s  (most ly  herr-  
i ng ) ,  amphi pods, and polychaetes. I n  
t he  nearshore pelagic zone, some juve- 
n i  l es  examined had brachyuran crab 
l a rvae  as t h e i r  pr imary food item. 
Young coho from the  o f fshore  pe lag ic  
zone a te  euphausids, f i shes  (main ly  
he r r i ng )  , gammarids, and decapod 1 a r -  
vae. Fishes formed the h iahest  b io-  
mass, but occurred i n  o n l y  30% o f  t h e  
coho salmon stomachs. Of fshore i n  
the  Pac i f i c ,  near t h e  Columbia River, 
young adu l t  coho examined were l a r g e r  
than those i n  Puget Sound and a t e  
most ly  f i shes ,  i n c l u d i n g  anchovy, s u r f  
smelt,  w h i t e b a i t  smelt,  he r r i ng ,  
j u v e n i l e  chinook, and j u v e n i l e  
rock f i sh .  They a1 so f e d  on euphausids 
and crab la rvae o f f  Oregon and 
Washington ( S i l l i m a n  1941; Heg and Van 
Hynning 1951). I n  t he  Great Lakes, 
coho and o the r  salmon have confirmed 
hopes t h a t  they  would consume the  
smel t  and alewives present  t he re  i n  
abundance (Scot t  and Crossman 1973). 



Coho salmon themselves are the  
prey o f  a  v a r i e t y  o f  animals. Coho 
, juveni les are taken by o the r  f ishes, 
i n c l u d i n q  o ther  coho salmon, t r o u t ,  
squawf i sh, and scul  p i  ns ( S c o t t  and 
Crossman 1973). B i rds  t h a t  prey upon 
coho i nc lude  meraansers. k i ng f i she rs ,  
and loons.  Spawninq a d u l t s  are eaten 
by animals such as bears and eagles. 
Seals and k i l l e r  whales p rey  on ocean- 
dwe l l  i n s  salmon, wh i le  man and para- 
s i t i c  lampreys p rey  on coho i n  marine 
and f reshwater  environments. 

The ~ r e d a t i o n  by adu l t  coho on 
j u v e n i l e  sockeye salmon, chinook sa l -  
mon and coho salmon i s  i n d i c a t i v e  o f  
t h e i r  agqressiveness. Sco t t  and 
Crossman (1973) s t a t e d  t h a t  coho s a l -  
mon a lso  ea t  chum and p ink  salmon f r y .  
Mason and Chapman (1965) i nd i ca ted  
t h a t  coho fr.y a re  agqressive and t e r -  
r i t o r  i a1 soon a f t e r  emergence, and 
e s t a b l i s h  i n t r a s p e c i f i c  dominance 
h ie ra rch ies .  Where coho and chinook 
f r y  occurred toge ther  i n  streams, t h e  
coho were s o c i a l l y  dominant, defend- 
i n g  t e r r i t o r y  accessib le t o  incoming 
food (S te in  e t  a l .  1972). Coho were 
t h e  f a s t e r  growing o f  t h e  two, and 
were heavier  than chinook f r y  o f  t he  
same leng th .  

Product i o n  o f  j u v e n i l e  coho sa l -  
mon i n  t h r e e  Oregon streams averaged 
9 q/m21yr over 4  years (Chapman 
1965). Measurements were made over 
14 months o f  stream res idence t ime. 
Monthly averaqes were 1.9 t o  2.8 g/m2 
f o l l o w i n g  emergence, dropping t o  
0.2-0.3 g/m2 by w in te r .  Pearson e t  
a l .  (1970) found t h a t  coho p roduc t i on  
pe r  u n i t  area was h ighe r  i n  poo ls  w i t h  
l a r g e  r i f f l e s  upstream than i n  poo ls  
downstream o f  smal l  r i f f  1  es, because 
o f  a  g rea te r  a v a i l a b l e  food supply. 

D i l l  (1969) s ta ted  t h a t  f r y  ex- 
pand t h e i r  t e r r i t o r i e s  a t  1.5 t o  2 
months. The r e d u c t i o n  i n  dens i t y  may 
be a  r e s u l t  o f  predat ion,  which God- 
f r e y  (1965) pos tu la ted  may be a  major 
f a c t o r  i n  an observed dec l i ne  i n  num- 
bers f o l l o w i n g  t h e  peak o f  emergence. 

ENVIRONMENTAL REQUIREMENTS 

Reiser  and B jo rnn  (1979) reviewed 
t h e  h a b i t a t  needs of coho i n  streams 
which a re  summarized i n  Table 3. 
McMahon (1983) has constructed a  
Hab i t a t  S u i t a b i l i t y  Index p e r t a i n i n g  
t o  r i v e r i n e  h a b i t a t  fo r  var ious l i f e  
staqes o f  coho salmon. 

Temperature 

Preferred temperatures f o r  coho 
salmon i n  streams range between 11.8O 
and 14.6"C ( B e l l  1973), and 25.8"C i s  
t he  upper l e t h a l  l i m i t .  As s ta ted  
e a r l i e r ,  incubat ion  t ime var ies  w i t h  
temperature. The sho r tes t  t ime u iven  
by  Godfrey (1965) was 38 days a t  
11"C, and t he  longes t  was 86 t o  101 
days w i t h  a  temperature of 4.5"C. 
Godfrey (1965) l i s t e d  4.0° t o  15.2OC 
as t h e  oceanic temperature range 
where coho salmon have been taken, 
w i t h  the  best catches occu r r i ng  be- 
tween 8' and 12OC. Streamside vege- 
t a t i o n  p lays an important  r o l e  i n  
r e g u l a t i n q  t h e  stream temperatures. 

Water Depth 

Adu l t  coho salmon can spawn i n  
shal low M t e r  (0.18 m), b u t  young f i s h  
apparenfly prefer  deeper water (0.3- 
1.2 m), where most o f  the  a v a i l a b l e  
r i f f l e  area i s  submerged (Table 3) .  

Water V e l o c i t y  

Adu l t s  can swim i n  water ve loc i -  
t i e s  as h igh  as 2.44 mlsec, w i t h  even 
f a s t e r  b u r s t s  o f  speed, wh i l e  a d u l t  
spawning and j u v e n i l e  r e a r i n g  must 
take p lace i n  water v e l o c i t y  o f  we1 1  
under 1 m/sec (Table 3 ) .  Water ve lo-  
c i t i e s  p re fe r red  by i n v e r t e b r a t e  food 
i tems are i n  t h e  range o f  0.15 t o  
1.22 mlsec. 

Coho salmon, especi a1 1  y  embryos 
and j u v e n i l e s ,  p r e f e r  h i g h l y  oxygenat- 



Table 3. Summary of preferred h a b i t a t  requirements f o r  coho salmon i n  streams 
( f rom Reiser  and Bjornn 1979). 

H a b i t a t  requirements Val ue 

Temper a t  u re  
A d u l t  m i g r a t i o n  upstream 
Spawning 
Incuba t i on  
Upper l e t h a l  
P re fe r red  range 

Water depth 
Adu l t  m i g r a t i o n  upstream (minimum) 
Spawning (minimum) 
Age 0 f i s h  ( p r e f e r r e d )  
(60% o f  r i f f l e  should be submerged) 

Water v e l o c i t y  
Adu l t  m i g r a t i o n  upstream (maxmium) 
Spawni ng 
Age 0 f i s h  (p re fe r red )  
R i f f l e  v e l o c i t y  f o r  r e a r i n g  
Pool v e l o c i t y  f o r  r e a r i n g  
Adu l t  swimming speeds : c r u i s i n g  

susta ined 
d a r t i n g  

I n v e r t e b r a t e  food organisms 

02 - 
Weiqht ga in  i n  f r y  stage 

Food convers ion ( 9  mgl l  maximum tes ted )  
Juven i l e  swimming speed (maximum) 
Incubat ion  

Space (a rea)  
Averaae s i z e  of redd 
~ecomkended area per spawning p a i r  
Year 1+ f i s h  

Substrate 
Spawn i ng 

2.44 mlsec 
0.31 mlsec 
0.09 4 0 . 3 0  mlsec 
0.31 - 0.46 mlsec 
0.09 - 0.24 mlsec 
0 - 1 . 0 4 m l s e c  
1.04 - 3.23 mlsec 
3.23 - 6.55 mlsec 
0.15 - 1.22 mlsec 

4 - 9 mq l l  f o r  70% - 100% g a i n  
over 19 - 28 days 
4 - 9 mg l l  
100% s a t u r a t i o n  
Near s a t u r a t i o n  (>5 m g l l )  

2.8 m2 
11.7 m2 

2.4 - 5.5 m2 f i s h  

20% f i n e  sediment 
<6.4 mm i n  r i f f l e  subs t ra te  

S i l t  loads 
<25 mg l l  p re fe rab le  

Other 
Good overhead and submerged cover 
R i f f l e / ~ o o l  r a t i o  o f  1:l 



ed water.  Growth and food convers ion 
dec l  i n e  a t  1 evels  be1 ow about 4 m g l l  . 
Swimming a b i l i t y  of j u v e n i l e s  a lso  can 
drop i n  unsaturated water. Reduced 
oxyqen l e v e l s  i n h i b i t e d  growth and 
lengthened i ncuba t i on  t ime  f o r  coho 
embryos (Shumway e t  a l .  1964). Low 
oxygen concent ra t ions  reduced s u r v i  v- 
a1 o f  coho embryos ( P h i l  l i p s  and 
Campbell 1961). 

Space 

Spat i  a1 requirements f o r  spawn- 
i n g  and r e a r i n g  are known (Re i se r  and 
Bjornn 1979). Space requirements f o r  
j u v e n i l e s  increase as they grow and 
are  p robab ly  food r e 1  ated (Chapman 
19661, though Chapman (1962) s t a t e d  
t h a t  food was n o t  invo lved  i n  t h e  
i n t r a s p e c i f i c  agqressiveness he found 
i n  coho f r y .  Pearson e t  a l .  (1970) 
d i d  f i n d  g r e a t e r  p roduc t i on  i n  pools, 
a s i t u a t i o n  t h a t  would seem t o  m i t i -  
qa te  densi ty-dependent f a c t o r s  in -  
vo l  ved i n  agqression. 

Other Fac to rs  

A subs t ra te  ( g r a v e l )  s i z e  range 
o f  1.3 t o  10.2 cm necessary f o r  
spawning was c i t e d  by Re iser  and 
B jo rnn  (1979). D i l l  (1969) found t h a t  
coho salmon s u r v i v a l  a t  emergence was 
g r e a t e r  i n  l a r g e  g rave l  than  i n  smal l ,  
b u t  t h e i r  c o n d i t i o n  was poorer ;  he 
a t t r i b u t e d  t h e  s u r v i v a l  t o  g r e a t e r  
ease o f  water  p e n e t r a t i o n  and t h e  
poorer  c o n d i t i o n  t o  l e s s  suppor t  f o r  
t h e  a l e v i n s .  

Low s i l t a t i o n  i s  impor tan t  f o r  
s u r v i v a l  o f  eggs and j u v e n i l e s .  
Re iser  and B jo rnn  (1979) l i s t e d  
s i l t  l oads  o f  l e s s  than  25 mg/l 
as bes t .  High water  v e l o c i t i e s  
reduce depos i t i on  o f  f i n e  sediment, 
which should make up l e s s  than  
40% o f  t he  r i f f l e  subs t ra te .  Large 
amounts of d e ~ o s i t e d  s i l t  r e s t r i c t  
oxygen f l o w  t o  eggs and f r y ,  and t r a p  
f r y  at tempt inq t o  leave  t he  gravel  
(Lan tz  1976). S i g l e r  e t  a l .  (1984) 
repor ted  t h a t  chron ic  t u r b i d i t y  a f -  

f e c t e d  t h e  emergence and r e a r i n g  o f  
young coho salmon; a lower growth r a t e  
was observed i n  f i s h  sub jec ted  t o  
cont inuous c l a y  t u r b i d i  t i e s  canpared 
t o  f i s h  grown i n  c l e a r  water. Stober 
e t  a l .  (1951) s tud ied  t h e  reac t i ons  
o f  coho and chinook salmon t o  M t .  St.  
Helens, Washi ngton , vo lcan ic  ash and 
mudflow sediment i n  two r i v e r s .  I n  
f i e l d  l i v e b o x  experiments they  
ob ta ined  96-h LC5 I s a t  1,217 and 509 
m q l l  o f  suspendel mud and ash f o r  
coho presmol ts  and smolts, respect-  
i v e l y .  A comparat ive s t a t i c  b ioassay 
w i t h  ash produced 96-h LC I s  a t  
18,672 and 28,184 mg l l  f o r  pFL8smolts 
and smolts, r espec t i ve l y .  A s t a t i c  
96-h bioassay us ing  mudflow sediments 
produced m o r t a l i t y  i n  smolts a t  29,580 
m q l l  . Complete presmolt  m o r t a l i t y  
occurred i n  t he  Cow l i t z  R i ve r  i n  t h e  
summer f o l l o w i n g  t h e  18 May 1980 erup- 
t i o n  (S tober  e t  a l .  1981). As po in ted  
out  by Reiser  and B jo rnn  (1979), h i g h  
l e v e l s  o f  suspended sediments can c l og  
and abrade g i l l s ,  c u r t a i l  feeding, and 
cause avoidance o f  areas by f i s h .  
Sediment a lso  ma.y des t roy  food sup- 
p l i e s  (Cordone and Kel l e y  1961). 

Salmon abundance has been l i n k e d  
t o  a v a i l a b l e  cover i n  a stream (Reiser  
and B jo rnn  1979). Overhead cover  pro- 
vides shade and p r o t e c t i o n  f rom t e r -  
r es  tri a1 predators,  wh il e submerged 
cover prov ides s h e l t e r  f r a n  c u r r e n t  
and predators .  

A l i s t  o f  examples o f  h a b i t a t  
a l t e r a t i o n s  and how t h e y  adversely  a f -  
f e c t  salmonid popu la t ions  was repor ted  
by t h e  Washinaton Department o f  F i sh -  
e r i e s  e t  a l .  (1973). Logging, f o r  
instance, causes sedimentat ion, e l e -  
vated water  temperatures f r a n  l ack  o f  
adequate cover, stream damming, decom- 
p o s i t i o n  o f  orqanics and h i g h  b i o l o g i -  
ca l  oxygen demand (BOD), and poss ib l e  
severe eros i o n  and r a p i d  r u n o f f  (espe- 
c i a l l y  i n  c l e a r c u t s ) .  Ha l l  and Lantz 
(1969) c i t e d  d a i l y  stream temperature 
f l u c t u a t i o n s  caused by 1 ogging opera- 
t i o n s  as ser ious  t h r e a t s  t o  coho sa l -  
mon. The Washington De~artmt!!nt o f  



F i s h e r i e s  e t  a l .  (1973)  a d d i t i o n a l  l y  
l i s t e d  i r r i q a t i o n  (removina water, 
adding po l  l u t  ants, e n t r a i n i n g  juve-  
n i l e s ) ,  dammina (m ig ra t i on  de lay  o r  
prevent ion,  spawning h a b i t a t  des t r u c -  
t i o n  from r e s e r v o i r  coveraqe, t u r b i n e -  
and s p i l  lway- re la ted  m o r t a l i t i e s ,  
p o s s i b l e  increased p reda t i on  i n  res -  
e r v o i r s ) ,  i n d u s t r i  a1 p r o j e c t s  (water  
consumption, po l  l u t i o n ) ,  channel i z a -  
t i o n  (pool  and r i f f l e  e l i m i n a t i o n ,  
s i  1  t a t  i on ) ,  and r e s i d e n t i a l  devel op- 

ment ( f l o o d i n g  and e ros ion) ,  as 
de t r imen ta l  t o  salmonid hahi t a t .  
De ta i  1  ed summaries on severa l  human- 
made s t r u c t u r e s  and a c t i v i t i e s  t h a t  
n e g a t i v e l y  impact salmonid h a b i t a t  
have been pub l i shed :  paper m i l  1s 
(Schmiege 1980), f o r e s t  roads (Yee and 
Roe lo fs  1980), m in i ng  ( M a r t i n  and 
P l a t t s  1981), 1  i v e s t o c k  g raz i ng  
( P l a t t s  1981), l o g g i n g  (Chamber1 i n  
1982), and s i l v i c u l t u r e  (Everes t  and 
Ha r r  1982). 
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