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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 coas ta l  aqua t i c  crganisms, 
p r i n c i p a l  l y  f i s h ,  o f  spo r t ,  commercial, o r  eco log i ca l  importance. The p r o f i l e s  
a re  designed t o  p rov ide  coas ta 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 coas ta l  development. Each 
p r o f i  1  e has sec t i ons  on taxonomy, 1 i f e  h i  s t o r y ,  eco log i ca l  r o l  e l  environmental 
requirements, and economic importance, i f  appl i c a b l e .  A t h r e e - r i n g  b inde r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as they  a r e  prepared. 
Th i s  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 t h e  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 i on  Trans fe r  Specia l  i s t  
Nat iona l  Wetlands Research Center 
U.S. F i s h  and W i l d l i f e  Serv ice  
NASA-Sl idel l  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 t en t i on :  WESER-C 
Post  O f f i c e  Box 631 
Vicksburg, MS 39180 



CONVERSION TABLE 

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

M u l t i p l y  

m i l l i m e t e r s  (mm) 
c e n t i m e t e r s  (cm) 
meters (m) 
meters (m) 
k i l o m e t e r s  (km) 
k i  l ome te rs  (km) 

b! To O b t a i n  

0.03937 i nches 
0.3937 i nches  
3 .281 f e e t  
0.5468 fathoms 
0.6214 s t a t u t e  m i l e s  
0.5396 n a u t i c a l  m i l e s  

square meters  (m2) 10.76 square f e e t  
square k i  1  ometers ( km2) 0 .3861 square m i l e s  
hec ta res  (ha)  2 .471  ac res  

1  i t e r s  (1  ) 
c u b i c  meters  (m3) 
c u b i c  meters  (m3) 

m i l l i g r a m s  (mg) 
grams (g )  
k i  1  ograms (kg )  
m e t r i c  t o n s  (t) 
m e t r i c  t o n s  (t) 

k i l o c a l o r i e s  ( k c a l  ) 
Cel s i  us degrees (OC) 

0.2642 g a l  l o n s  
35.31 c u b i c  f e e t  
0.0008110 a c r e - f e e t  

0.00003527 ounces 
0.03527 ounces 
2.205 pounds 

2205.0 pounds 
1 .102  s h o r t  t o n s  

3 .968 B r i t i s h  the rma l  u n i t s  
1.8(OC) + 32 F a h r e n h e i t  degrees 

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

inches 25.40 m i l l i m e t e r s  
inches 2.54 c e n t i m e t e r s  
f e e t  ( f t )  0.3048 me te rs  
fathoms 1.829 me te rs  
s t a t u t e  m i l e s  (m i )  1 .609 k i  1  ometers 
n a u t i c a l  m i l e s  (nmi)  1 .852  k i  1  ometers 

square f e e t  ( f t 2 )  
square m i l e s  (m i2 )  
ac res  

g a l l o n s  ( g a l )  
c u b i c  f e e t  ( f t3)  
acre-  f e e t  

ounces (oz)  
ounces (oz )  
pounds ( l b )  
pounds ( l b )  
s h o r t  t ons  ( t o n )  

0.0929 square meters  
2.590 square k i  l ome te rs  
0.4047 hec ta res  

3.785 1  i t e r s  
0 .02831 c u b i c  meters  

1233.0 c u b i c  meters  

28350.0 m i l l i g r a m s  
28.35 grams 

0.4536 k i  1  ograms 
0.00045 m e t r i c  t o n s  
0.9072 m e t r i c  t o n s  

B r i t i s h  the rma l  u n i t s  (B tu )  0.2520 k i l o c a l o r i e s  
Fah renhe i t  degrees (OF) 0.5556 (OF - 32) C e l s i u s  degrees 
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F i g u r e  1. Chum salmon. 

CHUM SALMON 

NOMENCLATURE/TAXONOMY/RANGE MORPHOLOGY/IDENTIFICATION A I D S  

S c i e n t i f i c  name . . . . .  Oncorhynchus ke ta  
(Walbaum 1792) (F i gu re  1) 

P r e f e r r e d  common name . . . . . .  Chum salmon 
Other  common names . . . .  Dog salmon, f a l l  

salmon 
Class . . . . . . . . . . . . . . . . . . . . .  Os te ich thyes  
Order . . . . . . . . . . . . . . . . . . . .  Salmoniformes 
Fami ly  . . . . . . . . . . . . . . . . . . . . . .  Salmonidae 

Geographic range: Chum salmon have t h e  
w ides t  d i s t r i b u t i o n  o f  t h e  P a c i f i c  
salmon, r ang ing  f rom sou thern  
C a l i f o r n i a  ( H a l l o c k  and F r y  1967) 
nor thward th rough  Alaska, t h e  
a r c t i c  shore o f  Alaska, USSR, Japan, 
and Korea (Bakkala 1970; H a r t  1973). 
The ma jo r  r i v e r s  o f  t h e  P a c i f i c  
Nor thwest  t h a t  suppor t  chum salmon 
runs  a re  shown i n  F i g u r e  2. Centers  
o f  abundance f o r  chum salmon a r e  
sou theas te rn  A1 as ka and P r i nce  
W i l l i a m  Sound i n  B r i t i s h  Columbia 
( A t k i  nson e t  a1 . 1967). 

Dorsa l  f i n  10-13 r ays ;  ad ipose 
f i n  sma l l ,  s l ende r ,  f l e s h y ;  caudal 
f o r ked ;  anal f i n  13-17 r ays ;  p e c t o r a l s  
16 r ays ;  p e l v i c s  10 r a y s  and abdominal 
l o c a t i o n ,  each w i t h  a  f r e e - t i p p e d  
f l e s h y  appendage above i t s  i n s e r t i o n .  
G i l l  r a ke r s  on f i r s t  a r c h  18-30. Body 
e l onga te  and modera te ly  compressed 
(Ha r t  1973). 

Recognizable by t h e  absence o f  
l a r g e  b l a c k  spo ts  on t h e  body and 
f i n s ,  and by t h e  s l ende r  caudal 
peduncle; a d u l t  chum salmon a r e  unique 
i n  hav ing  w h i t e  t i p s  on p e l v i c  and 
anal f i n s ,  which d i s t i n g u i s h  them f rom 
sockeye salmon. Ma tu r i ng  f i s h  have a  
s e r i e s  o f  da rk  ba r s  and r e d  c o l o r i n g  
on s i des ,  and some have g ray  b l o t ches .  
J u v e n i l e  p a r r  marks appear as s lender  
bars ,  scarce1 y  ex tend i  ng be1 ow 1  a t e r a l  
1  i nes ; have green i r r i descence  on back 
(Ha r t  1973). 



Commonly abundant 

Occasionally present 

OREGON 

F igu re  2. Ma jo r  r i v e r s  and coas ta l  areas suppo r t i ng  chum salmon i n  t h e  P a c i f i c  
Nor thwest .  
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REASON FOR INCLUSION I N  SERIES 

The chum salmon suppor ts  a  
v a l u a b l e  commercial f i s h e r y  a l ong  t h e  
P a c i f i c  coas t  f rom Washington t o  
Alaska. Th is  f i s h  i s  t h e  main income 
producer  f o r  many v i l l a g e r s  i n  
southwestern Alaska. It occupies 
e c o l o g i c a l  n iches i n  bo th  mar ine and 
e s t u a r i n e  waters  and i s  impo r t an t  as 
b o t h  a  p r e d a t o r  and p r e y  spec ies a t  
va r i ous  1  i f e  stages. 

LIFE HISTORY 

Spawning 

Chum salmon a re  anadromous l i k e  
o t h e r  No r t h  American spec ies o f  
salmon, b u t  t h e  t i m e  spent  i n  
f reshwate r  i s  b r i e f  and p r i m a r i l y  f o r  
r e p r o d u c t i o n  (Bakkala 1970; Hale 
1981). Chum salmon m ig ra te  t o  t h e  
e s t u a r i e s  d u r i n g  t h e i r  f i r s t  s p r i n g  o r  
summer o f  l i f e  and, l i k e  p i n k  salmon, 
Oncorhynchus gorbuscha, spend min imal  
t i m e  r e a r i n g  i n  f reshwate r .  I n  t h i s  
r espec t ,  t hey  a re  cons i de rab l y  u n l i k e  
sockeye, Oncorhynchus nerka,  coho, 
Oncorhynchus k i s u t c h ,  and ch inook 
salmon, Oncorhynchus tshawytscha, 
which spend l onge r  t imes  i n  
f reshwate r .  A d u l t  chum salmon l i v e  i n  
t h e  o f f s h o r e  mar ine o r  e s t u a r i n e  
environments. 

L i k e  a l l  spec ies o f  Oncorhynchus, 
t h e  chum salmon r e t u r n  t o  t h e  stream 
i n  which t hey  hatched, and t hen  d i e  
a f t e r  spawning. Chum salmon a re  t h e  
l a s t  o f  t h e  P a c i f i c  salmon t o  r e t u r n  
t o  t h e i r  n a t a l  streams (Washington 
S ta te  Department o f  F i s h e r i e s  1959; 
Bakkala 1970), u s u a l l y  l e a v i n g  t h e  
mar ine waters  i n  summer and l a t e  f a1  1  
t o  beg in  t h e i r  upstream m i g r a t i o n .  
However, i n  Puget Sound, a d u l t  chum 
salmon e n t e r  f reshwate r  as l a t e  as 
March. Chum salmon may e n t e r  
f reshwate r  t o  spawn as 3 - ,  4 - ,  o r  
5 - yea r -o l d  f i s h  (Beacham 1984). 
Groups of f i s h  t h a t  e n t e r  t h e  r i v e r s  
e a r l y  i n  Southern B r i t i s h  Columbia 
have h i ghe r  p r o p o r t i o n s  o f  o l d e r  f i s h  

(4- and 5 -year -o lds )  t han  those t h a t  
e n t e r  t h e  streams l a t e r  (Beacham 
1984). Most chum salmon spawn above 
t h e  s a l t w a t e r  zone b u t  w i t h i n  200 km 
o f  t h e  sea, a l though  some chum salmon 
have been repo r t ed  t o  m ig ra te  up t o  
322 km upstream t o  spawn (Ha r t  1973). 

Most r i v e r s  have o n l y  a  summer 
and f a l l  r u n  o f  spawning chum salmon. 
However, i n  Pyget Sound streams, t h e r e  
a re  t h r e e  d i s t i n c t  chum salmon runs:  
e a r l y  - f rom mid-August th rough  
October;  normal - f rom November 
th rough  December; and l a t e  - f rom 
January th rough  March (J .  Ames, 1984, 
Washington S ta te  Department o f  
F i s h e r i e s  [WDF] , Olympia; pe rs .  
comm.). A d u l t  chum salmon do n o t  feed 
d u r i n g  t h e  upstream m i g r a t i o n  and 
g e n e r a l l y  t r a v e l  about  20 km p e r  day 
(Ha r t  1973). Mat tson e t  a l .  (1964) 
r e p o r t e d  t h e  t i m e  spent  by a d u l t s  i n  
f reshwate r  ( t ime  o f  stream e n t r y  t o  
death)  t o  be 11 t o  18 days. However, 
t h e  f r eshwa te r  l i f e  o f  a d u l t  chum 
salmon t h a t  spawn i n  l a r g e  r i v e r  
systems i s  sometimes t w i c e  t h a t  l ong  
(J.  Ames, 1984, WDF; pers .  comm.). I n  
Southern B r i t i s h  Columbia, t h e  average 
s i z e  o f  chum salmon t h a t  spawned i n  
smal l  streams was sma l l e r  t han  t h e  
average o f  those t h a t  spawned i n  l a r g e  
r i v e r s  (Beacham 1984). 

The female chum salmon chooses a  
nes t  s i t e  on t h e  b a s i s  o f  g rave l  
s u b s t r a t e  (Schroder and Duker 1979). 
The female chum salmon excavates t h e  
redd i n  g rave l  by t u r n i n g  t o  one s i d e  
and r a p i d l y  f l e x i n g  her  body, c r e a t i n g  
wa te r  c u r r e n t  and removing g rave l  w i t h  
t h e  caudal f i n .  A f t e r  t h e  depress ion  
i s  complete, t h e  female and dominant 
male e n t e r  t h e  redd and s imul tane-  
ous l y  ex t r ude  eggs and m i l t .  Not a l l  
eggs a re  depos i t ed  a t  one t ime ,  as 
m u l t i p l e  egg pockets  a re  made. Tautz 
and G r o t t  (1975) desc r i bed  t h e  
female chum salmon as t h e  dominant 
member o f  t h e  spawning p a i r  i n  t h e  
sense t h a t  t h e  a c t i v i t y  o f  t h e  male 
occurs i n  response t o  t h e  q u i v e r i n g  
and r eady i ng  o f  t h e  spawning a rea  by 
t h e  female. 



The a rea  o f  chum salmon redds 
ranges f rom 0.3 t o  4.5 m2 and averages 
about  2.3 mZ (Burner  1951). I t  has 
been suggested t h a t  a  spawning p a i r  
may r e q u i r e  a  t o t a l  area o f  9.2 m2 
(Burner  1951). However, s i  nce chum 
salmon t end  t o  spawn i n  groups, t h i s  
l a r g e  a d d i t i o n a l  amount o f  i n te r - r edd  
spac ing (approx imate ly  7 .0  m2)  i s  
p robab ly  unnecessary and a  r e a l  i s t i c  
optimum i s  c l o s e r  t o  2.0 m2 pe r  female 
(J. Ames, pers .  comm. ). Superimposi-  
t i o n  o f  redds by l a t e r  spawners may 
remove p r e v i o u s l y  depos i ted  eggs f rom 
t h e  g rave l .  I n  areas o f  h i g h  spawning 
d e n s i t y ,  McNeil (1962) r e p o r t e d  t h a t  
up t o  50% o f  t h e  t o t a l  egg losses  were 
a t t r i b u t e d  t o  subsequent d isp lacement .  
Thorens te in  (1965) found t h a t  a t  
d e n s i t i e s  o f  45 females pe r  m 2 ,  as 
many eggs were d i s l odged  as were 
deposi ted.  

Fecund i t y  , Eggs, and A1 e v i  ns 

Female chum salmon produce f rom 
900 t o  8,000 eggs, w i t h  t h e  f e c u n d i t y  
o f  samples f rom No r t h  America and As ia  
averag ing  2,000 t o  3,000 eggs (Bakkala 
1970). Watanabe (1955) r e p o r t e d  t h a t  
f e c u n d i t y  and s i z e  o f  eggs i nc rease  
w i t h  l e n g t h  o f  t h e  spawning female. 
Severa l  i n v e s t i g a t o r s  (Hunter  1959; 
McNeil 1962) have proposed t h a t  most 
m o r t a l i t y  t h a t  occurs between egg 
f e r t i l i z a t i o n  and t h e  e a r l y  f r y  s tage 
occurs whi 1  e  eggs a re  i ncuba t i  ng. 
Fac to rs  which i n f l u e n c e  egg s u r v i v a l  
i n c l u d e  superimposi t i o n  o f  redds by 
l a t e r  spawners, sed imenta t ion ,  low 
oxygen, p reda to r s ,  l i g h t ,  f r e e z i n g ,  
and e ros i on  o f  streambeds caused by 
f 1  oodi  ng and d rough t  (Bakkal a  1970). 
Drought can have two e f f e c t s :  (1) eggs 
o r  a l e v i n s  may be k i  1  l e d  th rough  l a c k  
o f  s t reamf low,  which can r e s u l t  i n  
i n s u f f j c i e n t  d i s s o l v e d  oxygen, 
s i  1  t a t i o n ,  o r  des i cca t i on ;  and (2) 
spawners may be f o r ced  t o  use inappro-  
p r i a t e  spawning s i t e s  because c f  low 
f lows .  

Egg d e n s i t y  d i d  n o t  a f f e c t  f r y  
s u r v i v a l  b u t  a l t e r e d  t h e  t ime  o f  
emergence, which i n  t u r n  i n f l u e n c e d  

f r y  c o n d i t i o n ,  which i s  measured by 
t h e  l eng th - t o -we igh t  r e l a t i o n s h i p  
(Kapusci n s k i  and Lannan 1983). The 
s u r v i v a l  r a t e  o f  eggs t o  f r y  i s  
t y p i c a l  l y  1  ess than  10% (Hale 1981). 
Egg s u r v i v a l  f rom f e r t i l i z a t i o n  t o  
ha t ch i ng  was h i g h e s t  f o r  eggs f rom 
smal l  females and l owes t  f o r  those 
f rom l a r g e  females a t  va r i ous  
temperatures (Beacham and Murray 
1985). Chum salmon eggs i ncuba te  i n  
t h e  g rave l  f o r  50 t o  130 days (Hale 
1981). A f t e r  ha t ch i ng ,  t h e  l a r v a e  
w i t h  yo1 k  sacs a t tached  ( a l e v i n s )  
remain i n  t h e  g rave l .  The yo1 k  sacs 
a re  f u l l y  absorbed 30 t o  50 days 
l a t e r .  A l ev i ns  produced by l a r g e r  
females had more y o l k  reserves  and 
more body t i s s u e  a t  ha t ch i ng  t han  
those produced by sma l l e r  females 
(Beacham and Murray 1985). A l e v i n s  
emerge from t h e  g rave l  as f r y  i n  t h e  
sp r i ng .  

F r y  and Smolts 

Most chum salmon f r y  beg in  t h e i r  
downstream m i g r a t i o n  t o  t h e  ocean soon 
a f t e r  emergence. I n  genera l ,  
i nc reased  f r y  emergence r e s u l t s  f rom 
inc reased  d e p o s i t i o n  o f  eggs; t h e  more 
spawning f i s h ,  t h e  more progeny t h a t  
a re  produced up t o  a  l i m i t  o f  about  
330 f r y  pe r  m2. Some f r y  remain i n  
f reshwate r  f o r  severa l  weeks-- 
e s p e c i a l l y  those t h a t  a re  hundreds o f  
m i  1  es f rom t h e  ocean. The 
o u t m i g r a t i o n  occurs ma in l y  a t  n i g h t  i n  
t h e  s p r i n g  (Hale 1981). A smal l  
percentage o f  j u v e n i  1  e  chum salmon 
r e a r  e n t i r e l y  i n  f reshwate r  (J. Ames, 
pers .  comm.). Chum salmon 80-mm l o n g  
occur  i n  t h e  streams d u r i n g  t h e  summer 
months, b u t  t hey  t y p i c a l  l y  e n t e r  
s a l t w a t e r  by t h e  end o f  t h e  summer. 
The work o f  I w a t a  and Komatsu (1984) 
i n d i c a t e d  t h a t  i t  was impo r t an t  t h a t  
some r e a r i n g  t ake  p l ace  i n  t h e  es tua r y  
because chum f r y  reared  e x c l u s i v e l y  i n  
f r eshwa te r  may be a t  a  d i s t i n c t  
d isadvantage when t hey  e n t e r  seawater. 
Severa l  researchers  have suggested 
t h a t  e s t u a r i e s  a re  impo r t an t  nursery  
areas f o r  chum salmon (Mason 1974 ; 
Simenstad and Kenny 1978; Healey 1980; 



Congleton e t  a l .  1982; Levy and 
Nor thco te  1982; Bax 1983b; Iwa ta  and 
Komatsu 1984). 

I n  t h e  S t a t e  o f  Washington, Hood 
Canal p rov i des  an impo r t an t  passageway 
and nu rse r y  area f o r  chum salmon, 
accoun t ing  f o r  about 25% o f  Washington 
S t a t e ' s  a d u l t  chum salmon r e t u r n s  
(F iscus  1969; M o r r i l l  1974; Bax e t  a l .  
1979). The p e r i o d  o f  e a r l y  mar ine 
res idence ,  t h e  e s t u a r i  ne- to-oceanic  
t r a n s i t i o n  ( a t  t 5 5  mm t o t a l  l eng th ) ,  
i s  cons idered  t h e  most c r i t i c a l  phase 
i n  t h e  l i f e  h i s t o r y  o f  t h e  chum 
salmon, and t h e  one which u l t i m a t e l y  
determines t h e  number o f  a d u l t  r e t u r n s  
(Mathews and Senn 1975; F raser  e t  a l .  
1978; Bax 1983a,b). A f t e r  t h e  salmon 
reach a  s i z e  g r e a t e r  than  55 mm, t hey  
move i n t o  t h e  o f f s h o r e  mar ine n e r i t i c  
environment.  It appears t h a t  t h e  
e s t u a r i n e  environment p rov i des  a  
r e f uge  f rom p r e d a t i o n  (Parker  1971) 
and an abundance o f  p r e f e r r e d  
e p i b e n t h i c  p rey  (Fel  l e r  and Kaczynski 
1975) u n t i l  j u v e n i l e  chum salmon reach 
a  l e n g t h  t h a t  i s  more advantageous f o r  
oceanic  s u r v i v a l .  

The f r y  e n t e r  t h e  e s t u a r i e s  i n  
schools ,  u s u a l l y  by June, and remain 
u n t i l  mid- o r  l a t e  sunimer. The young 
chum salmon f eed  ma in l y  i n  t h e  
e s t u a r i e s ,  though some go back i n t o  
f reshwate r  areas w i t h  t h e  changing 
t i d e s  t o  f eed  (Mason 1974). By mid- 
August t o  September, a l l  j u v e n i l e s  a t  
l e n g t h s  o f  150-225 mm have l e f t  t h e  
r i v e r  e s t u a r i e s  f o r  t h e  o f f s h o r e  ocean 
environment (Hale 1981). M i g r a t i o n  o f  
chum f r y  t o  s a l t w a t e r  i s  o b l i g a t o r y  
w i t h i n  t h e  f i r s t  summer a f t e r  ha t ch i ng  
and t hey  w i l l  d i e  i f  kep t  i n  
f r eshwa te r  f o r  7  t o  8  months a f t e r  
ha t ch i ng  (Houston 1961). Pro1 onged 
r e a r i  ng i n  f r eshwa te r  and extended 
r e a r i n g  c l ose  t o  t h e i r  p o i n t  o f  
s a l t w a t e r  e n t r y  may cause h i g h e r  
m o r t a l i t y  o f  t h e  j u v e n i l e  chum salmon 
t han  would o therw ise  be expected 
( Iwa ta  e t  a1 . 1982; Bax 1983a). 

A f t e r  l e a v i n g  t h e  e s t u a r i n e  
environment,  immature chum salmon 

become w i d e l y  d i s t r i b u t e d  a t  sea 
th roughou t  t h e  No r t h  P a c i f i c  Ocean t o  
a  southern l i m i t  o f  about  40' t o  44' N 
1  a t i  tude. Large numbers o f  immature 
age 2 chum salmon occur  i n  Puget Sound 
d u r i n g  t h e  summer and f a l l  months, b u t  
no immature age 3  chum have been 
observed, which would suggest t h a t  
some chum salmon spend a  y e a r  o r  more 
i n  Puget Sound and t h a t  a1 1  f i s h  
e v e n t u a l l y  e n t e r  t h e  P a c i f i c  Ocean (J .  
Ames, pers .  comm. ) .  I n  t h e  G u l f  o f  
Alaska, chum salmon were found i n  t h e  
upper 6 1  m o f  t h e  wa te r  column from 
May t o  J u l y ,  approaching t h e  su r f ace  
a t  n i g h t  (Manzer 1956). Main food  
i tems i n  t h e  o f f s h o r e  area c o n s i s t  o f  
va r i ous  i n v e r t e b r a t e s  and f i s h  
(Bakkal a  1970). 

Mature salmon range f rom age 2  t o  
age 7, a l though  age 6  and age 7  f i s h  
a re  n o t  commonly observed (Bakkala 
1970; Hale 1981). Most chum salmon 
mature a t  age 4 t o  age 5  i n  A laska and 
B r i t i s h  Columbia and a t  age 3  t o  age 4  
i n  Washington and Oregon (J .  Ames, 
pers .  comm. ). Adu l t s  range from 45 t o  
96 cm i n  f o r k  l e n g t h  and f rom 0.8 t o  
13.4 kg i n  we igh t ,  w i t h  t h e  mean s i z e  
f o r  s e x u a l l y  mature f i s h  b e i n g  60 t o  
75 cm and 4.0 t o  7.0 kg (Bakkala 1970; 
Mer re l  1  1970; Morrow 1980). Ma tu r i ng  
a d u l t s  beg in  t h e i r  m i g r a t i o n  t o  n a t a l  
streams i n  t h e  l a s t  few months of 
t h e i r  l i v e s .  L i t t l e  t ime  i s  spent  i n  
nearshore c o a s t a l  wa te rs  by a d u l t s  
b e f o r e  t hey  beg in  t h e i r  upstream 
m i g r a t i o n  t o  t h e  spawning grounds 
(Hale 1981). Most upstream m ig ran t s  
have spent  2  t o  4  years  a t  sea. 
Brannon (1982) descr ibed  salmon spawn- 
i n g  m i g r a t i o n s  toward t h e i r  n a t a l  
r i v e r s  as b e i n g  i n i t i a t e d  and depend- 
e n t  p r i m a r i l y  upon odor.  Temperature 
and r i v e r  f l o w  were p rox ima l  i n f l u -  
ences on locomot ion  and comfor t ,  b u t  
d i d  n o t  p l a y  any r o l e  i n  home stream 
r e c o g n i t i o n  (Brannon 1982). 

GROWTH CHARACTERISTICS 

'The use o f  s ca l e  annulus 
f o rma t i on  t o  determine age i n  chum 



salmon was d iscussed bv LaLanne and CALIFORNIA 
Safs ten  (1969). The l e n g t h  and we igh t  
o f  chum salmon a t  ha t ch i ng  a r e  about 
22 mm and about 0.16 g  r e s p e c t i v e l y ,  
w h i l e  a f t e r  abso rp t i on  o f  t h e  y o l k  sac 
t hey  a re  27 t o  32 mm l o n g  and weigh 
about 0.20 g  (Bakkala 1970). I n  
exper imenta l  s i t u a t i o n s ,  t h e  growth 
r a t e  of j u v e n i l e  chum salmon was 
dependent on t h e  concen t ra t i on  o f  food  
( LeBrasseur 1969). R icker  (1964) 
summarized t h e  growth o f  chum salmon 
s tocks  f rom va r i ous  areas a l ong  t h e  
P a c i f i c  Coast f rom sca le  a n a l y s i s  and 
noted t h a t  t h e  pe r cen t  we igh t  i n c rease  
d e c l i n e d  each yea r  as t h e  f i s h  grew 
o l d e r .  Beacham (1984) no ted  t h a t  f o r  
each age group o f  r e t u r n i n g  a d u l t  chum 
salmon, f i s h  f rom l a r g e  r i v e r s  were 
l a r g e r  i n  s i z e  t han  those f rom smal l  
streams. 

THE FISHERY 

The chum salmon i s  an impo r t an t  
component o f  t h e  commercial f i s h e r y  
from Washington nor thward a1 ong t h e  
P a c i f i c  Coast (F i gu re  2). The ma jo r  
chum salmon f i s h e r y  i s  cen te red  i n  
Southeast A laska and B r i t i s h  Columbia 
(F i gu re  3). The t o t a l  commercial 
salmon c a t c h  n o r t h  o f  B r i s t o l  Bay, 
Alaska, c o n s i s t s  p r i m a r i l y  o f  chum 
salmon and p rov i des  income f o r  many 
v i l l a g e r s  i n  wes te rn  Alaska (Hale 
1981). 

Chum salmon s tocks  i n  Washington 
S ta te  inc reased  g r e a t l y  i n  t h e  mid- 
1980 's  because o f  a  massive enhance- 
ment program; Hood Canal and t h e  
r i v e r s  t h a t  f l o w  i n t o  i t  were managed 
p r i n c i p a l l y  f o r  t h e  p r o d u c t i o n  o f  chum 
salmon (Bax e t  a l .  1979; Whitmus and 
01 sen 1979). Chum salmon p r o d u c t i o n  
i n  Washington S t a t e  has increased,  i n  
p a r t  due t o  ha tchery  p roduc t i on  and i n  
p a r t  due t o  inc reased  management 
e f f o r t  on t h i s  spec ies.  Chum salmon 
l and ings  i n  r e l a t i o n  t o  t o t a l  l and ings  
f o r  a l l  salmon spec ies i n  Washington 
S t a t e  a r e  shown i n  Table 1. 

The 1978 and 1980 commercial 
ha rves ts  averaged 1,150,000 f i s h ,  
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F igu re  3. Average percentages o f  t h e  
P a c i f i c  Coast S t a t e  and Prov ince  
commercial ha r ves t  o f  chum salmon, 
1920-79 ( m o d i f i c a t i o n  o f  da ta  f rom 
P a c i f i c  Mar ine F i s h e r i e s  Commission 
1983). 

which i s  e q u i v a l e n t  t o  t h e  h i g h  
harves ts  i n  Washington S ta te  d u r i n g  
t h e  1930 's  and 1940 's  (J. Ames, pers .  
comm.). N a t i v e  runs  a l s o  have bene- 
f i  t e d  f rom t h e  ha tchery  enhancement, 
and t o t a l  chum salmon r e t u r n s  t o  Puget 
Sound now i n c l u d e  a  ma jo r  p o r t i o n  o f  
n a t i v e  s tocks  a l ong  w i t h  t h e  ha tchery  
r e t u r n s  (Table 2). Odd-numbered yea rs  
a re  h i s t o r i c a l  l y  1  ow-harvest years  f o r  
chum salmon (Tables 1 and 2). Harvest  
r a t e s  determined f o r  t h e  t e rm ina l  a rea  
f i s h e r y  a re  based on preseason r u n  
s i z e  f o r e c a s t s  (minus escapement 
goa ls ) ,  and updates o f  t h e  r u n  s i z e  
th roughou t  t h e  season (Washington 
S t a t e  Department o f  F i s h e r i e s  1983). 

A l though n o t  a  p r ime t a r g e t  f o r  
s p o r t  f ishermen i n  t h e  P a c i f i c  
Nor thwest  (Haw and Buck ley 1973), chum 
salmon a r e  caught i n c i d e n t l y  by 
ang le r s  f i s h i n g  f o r  coho and ch inook 
salmon. Chum salmon s p o r t  f i s h e r i e s  
i n  Washington S t a t e  a r e  l o c a l  i z e d  p r i -  
m a r i l y  i n  sou thern  Puget Sound. I n t e r -  
e s t  i n  t h i s  spec ies as a  r e c r e a t i o n a l  



Table 1. Annual commercial l and ings  gammaridean amphipods, cumaceans, and 
o f  chum salmon i n  pounds i n  t h e  S t a t e  mysids (Gerke and Kaczynski  1972; 
o f  Washington, 1978-81 (J. Ames, WDF, F e l l e r  and Kaczynski  1975; Simenstad 
1984, pers .  comm. ). and Kenny 1978) . H a r p a c t i c o i d  cope- 

T o t a l  
salmon Chum salmon Percent  

Year 1 andings 1 andi  ngs chum 

1978 40,759,008 14,250,639 35.0 
1979 52,537,997 1,358,458 2.6 
1980 34,442,823 10,540,046 30.6 
1981 47,035,973 6,036,699 12.8 

T o t a l  174,775,801 32,185,842 18.4 

f i s h  has been growing each yea r  (J. 
Ames, pers .  comm. ). 

ECOLOGICAL ROLE 

Because most chum salmon beg in  t o  
m ig ra te  t o  mar ine waters  as j u v e n i l e s ,  
t hey  feed  ve r y  l i t t l e  i n  f reshwate r  
(LeBrasseur and Parker  1964). Bakkala 
(1970) descr ibed  b e n t h i c  organisms, 
c h i e f l y  a q u a t i c  i n s e c t s ,  as t h e i r  
p r ima ry  food  i n  f reshwate r .  Du r i ng  
t h e i r  e s t u a r i n e  ex i s t ence ,  chum salmon 
a re  s i z e - s e l e c t i v e  p reda to r s  t h a t  
p r e f e r e n t i a l  l y  feed  on e p i b e n t h i c  
organisms: h a r p a c t i c o i d  copepods, 

pods were found t o  be numer i ca l l y  
dominant as food  i tems o f  chum salmon 
f r y ,  w h i l e  a s i n g l e  p r e y  i tem,  t h e  
copepod Harpac t i cus  u n i r e v a i  s, o f t e n  
composed more than  80% o f  t h e  d i e t ,  
even though i t  was compa ra t i ve l y  r a r e  
i n  t h e  e p i b e n t h i c  fauna (Gerke and 
Kaczyns k i  1972; Heal ey 1979). 

A f t e r  reach ing  a l e n g t h  g r e a t e r  
t han  55 mm, j u v e n i l e  chum salmon m i -  
g r a t e  t o  t h e  o f f s h o r e  n e r i t i c  zone and 
feed  on l a r g e r  p l a n k t o n i c  organisms 
such as c a l a n o i d  copepods, h y p e r i i d  
amphipods , 1 arvaceans, and f i sh 1 arvae 
(Simenstad and Kenny 1978). Peterson 
e t  a l .  (1982) found t h a t  an euphau- 
s i  i d ,  Thysanoessa s p i n i f e r a ,  and a 
hype r i  i d  amphipod, Hyperoche medusa- 
rum, were t h e  p r ima ry  food  i tems o f  - 
.juven i l e  chum salmon o f f  t h e  coas t  o f  - 
Oregon. J u v e n i l e  chum salmon o f f  t h e  
sou thern  B r i t i s h  Columbia coas t  
s h i f t e d  f rom crustaceans and o t h e r  
i n v e r t e b r a t e s  t o  f i s h  as t hey  grew 
l a r g e r  than  95 mm (Shepard 1981). 
LeBrasseur (1966) suggested t h a t  
f eed ing  h a b i t s  and d i f f e r e n c e s  i n  
stomach con ten t s  o f  a d u l t  chum salmon 
i n  o f f s h o r e  areas were based on a v a i l -  
a b i l i t y  r a t h e r  t han  on p re fe rences  f o r  
c e r t a i n  k i nds  o f  organisms. Chum 
salmon d i g e s t  food  f a s t e r  than  any 

Table 2. Puget Sound chum salmon t o t a l  r u n  s i z e ,  o f  b o t h  
ha tchery  and w i l d  f i s h ,  1980-83 (J. Ames, WDF, 1984, 
pers .  comm.). 

Re tu rn  T o t a l  chum Hatchery W i l d  Percent  
yea r  r u n  s i z e  chum chum w i l d  

T o t a l  3,679,839 1,023,505 2,656,334 72.2 



o t h e r  spec ies o f  salmon and feed  
e x t e n s i v e l y  on r e a d i l y  d i ges ted  
organisms, the reby  making stomach 
a n a l y s i s  d i f f i c u l t  (Bakkala 1970). 

P reda t i on  on chum salmon f r y  i n  
t h e  f r eshwa te r  d u r i n g  t h e i r  downstream 
m i g r a t i o n  i s  a  ma jo r  source o f  
mo r t a l  i t y  (Hale 1981), where common 
p reda to r s  a r e  c u t t h r o a t  t r o u t  (Salmo 
c l a r k i ) ,  ra inbow t r o u t  (Salmo g a i r d -  
n e r i  ) , Do1 l y  Varden (Sal  v e l  i nus a- - 
ma), coho salmon smol t s  (Oncorhynchus - 
k i  su tch )  , scu l  p i n s  (Co t tus  spp. ) , 
be1 t e d  k i n g f i s h e r s  (Cery l  e  a lcyon)  , 
and mergansers (Mergus sp. ) .  Preda- 
t i o n  on j u v e n i l e  chum salmon i n  t h e  
e s t u a r i e s  by coho salmon smo l ts ,  D o l l y  
Varden, and f i s h - e a t i n g  b i r d s  i s  pos- 
s i b l y  c o r r e l a t e d  w i t h  j u v e n i l e  chum 
salmon ha tchery  r e l ease  t i m e  (Shepard 
1981). A l l e n  (1974) r e p o r t e d  p igeon  
au i  11 emots ( C e ~ ~ h u s  c o l  umba) . marbl  ed 
d - . , 
m u r r e l e t s  (Brachyramphus marmoratus), 
and p e l a g i c  cormorants  (Phalacrocorax 
p e l  ag icus )  were i n  c l o s e  a s s o c i a t i o n  
w i t h  . j u ven i l e  chum salmon i n  a  B r i t i s h  
~ o l u m b i a  es tua r y .  Cardwel l  and Fresh 
(1979) concluded t h a t  b i r d  p r e d a t i o n  
on salmon f r y  was low i n  Puget Sound. 
However, ava i  1  ab l e  ev idence i n d i c a t e s  
t h a t  t h e  m o r t a l i t y  o f  j u v e n i l e  chum 
salmon d u r i n g  e a r l y  l i f e  a t  sea i s  
h i g h  and i s  p robab l y  s i z e  dependent 
(Parker  1971; Healey 1982). The most 
impo r t an t  p reda to r s  o f  chum salmon i n  
t h e  o f f s h o r e  mar ine environment i n -  
c l  ude mar ine b i r d s ,  k i  11 e r  wtial es 
(Orc inus o r ca ) ,  sea 1  i ons  (Eumetopias 
j uba tus  and Zalophus c a l  i f o r n i a n u s )  , 
harbor  sea l s  (Phoca v i t u l i n a ) .  and .- , , 
va r i ous  p e l a g i c  f i s h e s  and sharks 
(Bakkala 1970). 

Other  P a c i f i c  salmon a re  t h e  
p r i n c i p a l  compe t i t o r s  o f  chum salmon. 
The va r i ous  spec ies i n t e r m i n g l e  i n  t h e  
mar ine env i ronment ,  e s t u a r i e s ,  and on 
t h e  spawning grounds. Parker  (1971) 
noted t h a t  j u v e n i l e  coho salmon preyed 
h e a v i l y  on j u v e n i l e  chum salmon. How- 
eve r ,  Hargreaves and LeBrasseur (1985) 
found t h a t  y e a r l i n g  coho salmon p rey  
s e l e c t i v e l y  on p i n k  salmon, even when 
chum salmon a re  bo th  s i g n i f i c a n t l y  

sma l l e r  and more abundant than  p i n k  
salmon. However, p i n k  salmon f r y ,  
a l though  abundant i n  t h e  t i d a l  chan- 
ne l  s  i n  even-numbered years ,  normal l y  
do n o t  s t a y  i n  e s t u a r i e s  a t  t h e  same 
t imes  t h a t  chum salmon f r y  a r e  abun- 
dan t  t h e r e ,  because t h e  p i n k  salmon 
m i g r a t e  q u i c k l y  th rough  t h e  marsh and 
i n t o  t h e  sea (Levy and Nor thco te  
1982). The two spec ies o f  salmon 
whose f r y  ove r l ap  most i n  e s t u a r i n e  
marsh areas a re  chum and ch inook  
(Congleton e t  a l .  1982; Levy and 
No r t hco te  1982). However, d e t r i m e n t a l  
i n t e r a c t i o n  between these two spec ies 
i s  l i m i t e d  by d i f f e r e n c e s  i n  m i g r a t i o n  
t i m i n g ,  w i t h  chum preced ing  ch inook i n  
t h e  marsh, and by d i f f e r e n t  marsh 
r es i dency  pe r i ods ,  w i t h  chum f r y  
spending a  r e l a t i v e l y  s h o r t  t ime  i n  
t h e  e s t u a r i e s  compared t o  ch inook f r y  
(Levy and No r t hco te  1982). Beacham 
and S t a r r  (1982) i n d i c a t e d  t h a t  t h e  
r e t u r n  t o  escapement r a t i o  f o r  odd- 
numbered brood years  o f  chum salmon 
was p o s i t i v e l y  s t a t i s t i c a l  l y  co r re -  
l a t e d  w i t h  (1) e a r l y  downstream 
m i g r a t i o n  o f  chum salmon f r y  r e l a t i v e  
t o  t h a t  o f  p i n k  salmon f r y  and (2) 
w i t h  inc reased  spawni ng escapement o f  
chum salmon r e l a t i v e  t o  t h a t  o f  p i n k  
salmon. 

Gerke and Kaczynski  (1972) 
r e p o r t e d  t h a t  j u v e n i l e  p i n k  and chum 
salmon school t o g e t h e r  i n  Puget Sound 
i n  odd-numbered years ,  and found no 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  s i z e  o f  
p r e y  chosen by t h e  two spec ies.  
LeBrasseur e t  a l .  (1969) found t h a t  
p i n k  and chum salmon i n  t h e  F raser  
R i v e r  Es tuary  consumed v a r y i n g  amounts 
o f  t h e  same food  i tems.  I n  n e i t h e r  o f  
these  s t u d i e s  was t h e r e  any ev idence 
t h a t  c o m p e t i t i o n  f o r  any food  i tems 
l i m i t e d  growth o r  s u r v i v a l  o f  e i t h e r  
salmonid spec ies.  

Puget Sound o f f e r s  a  un ique 
o p p o r t u n i t y  t o  examine i n t e r a c t i o n s  
between chum and p i n k  salmon because 
t h e  p i n k  salmon a r e  n o t  p resen t  d u r i n g  
even-numbered years .  I f  Puget Sound i s  
cons idered  as a  whole, approx imate ly  
h a l f  as many w i l d  chum salmon r e t u r n  



i n  t h e  odd-numbered yea rs  when p i n k  
salmon a r e  p resen t  (Ames 1981); t h e  
w i l d  chum salmon runs  average 808,000 
f i s h  i n  even-numbered years  compared 
t o  374,000 f i s h  i n  odd-numbered years  
(J. Ames, pers .  comm.). The e a r l y  
e s t u a r i n e  l i f e  o f  these  two salmon 
spec ies seems t o  be t h e  c r i t i c a l  
p e r i o d  o f  t h e i r  i n t e r a c t i o n ,  s i nce  i t  
i s  w e l l  known t h a t  no i n t e r a c t i o n  
occurs i n  f reshwate r  and open-ocean 
i n t e r a c t i o n  i s  min imal  (Ames 1981). 
I n  Puget Sound, i t  has been shown t h a t  
as t h e  number o f  w i l d  p i n k  salmon 
r e c r u i t s  (down stream m ig ran t s )  p e r  
spawning a d u l t  i nc reases ,  t h e r e  i s  a 
s i g n i f i c a n t l y  c o r r e l a t e d  dec l  i n e  i n  
escapement o f  w i l d  chum salmon (F i gu re  
4).  A s i m i l a r  impact  on chum salmon 
by p i n k  salmon has been observed by 
Beacham and S t a r r  (1982), i n  which a 
d e c l i n e  i n  downstream m i g r a t i o n  o f  
chum f r y  and spawning o f  chum salmon 
was c o r r e l a t e d  t o  an inc reased  number 
o f  p i n k  salmon. 

wide range o f  temperatures from 3 t o  
22 O C .  An optimum temperature o f  
1 0 . 1  O C  w i t h  a range o f  8.3 t o  15.6 O C  

has been noted f o r  success fu l  upstream 
m i g r a t i o n  o f  a d u l t  chum salmon ( B e l l  
1973; Re ise r  and B jo rnn  1979). Spawn- 
i n g  temperatures f o r  chum salmon range 
between 7.2 and 12.8 O C  (Re ise r  and 
B jo rnn  1979). Stream wate r  tempera- 
t u r e s  o f  0 t o  15 O C  have been noted f o r  
chum salmon i ncuba t i on ,  a1 though eggs 
a r e  though t  t o  s u r v i v e  b e s t  a t  4 . 4  t o  
14 O C  (Schroder 1973; Koski  1975; 
Re ise r  and B jo rnn  1979). Egg s u r v i v a l  
was h i ghes t  a t  8 O C  and among eggs 
produced by t h e  sma l l es t  females 
(Beacham and Murray 1985). B r e t t  
(1952) observed chum salmon f r y  t o  
p r e f e r  temperatures of 12 t o  14 O C  and 
t o  avo i d  temperatures above 15 O C .  The 
upper l e t h a l  temperature f o r  young chum 
salmon has been documented a t  23.8 O C  

and t h e  lower  l e t h a l  temperature a t  
0 O C  ( B r e t t  1952). 

S a l i n i t v  
ENVIRONMENTAL REQUIREMENTS 

S a l i n e  wa te r  can i n t e r f e r e  w i t h  
Temperature f e r t i l i z a t i o n  o f  t h e  eggs o f  chum 

Accord ing t o  Manzer e t  a1 . (1965) s~ayning in o r  near t h e  
chum salmon a t  sea a re  found th rough  a intertidal marine zone (Rockwe11 

1956). A f t e r  abso rp t i on  o f  t h e  y o l k  
sac, chum salmon can t o l e r a t e  f u l l -  
s t r e n g t h  seawater (Wei s h a r t  1978). 
Hoar. (1976) f e p o r t e d  t h a t  chum salmon 
appear s t b  have a p h y s i o l o g i c a l  
requ i rement  f o r  seawater 3 t o  4 months 
a f t e r  emergence i f  normal development 
i s  t o  proceed. Shepard (1948) 
expe r imen ta l l y  showed t h a t  chum salmon 
f r y  would p r e f e r e n t i a l l y  choose a 
seawater r u n  over  a f r eshwa te r  run ,  
r ega rd l ess  o f  f l o w  s t r eng th .  

\ o ~  
Disso lved  Oxygen 

O'J 
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F igu re  4. R e l a t i o n s h i p  o f  Puget Sound 
w i l d  chum salmon escapement t o  Puget 
Sound w i l d  p i n k  salmon r e c r u i t s  (young 
downstream m ig ran t s )  p e r  spawner 
( a f t e r  Ames 1981). 

Re ise r  and B jo rnn  (1979) r e p o r t e d  
t h a t  low concen t ra t i ons  of d i s s o l v e d  
oxygen can reduce swimming performance 
by a d u l t  salmonids and sometimes causes 
m i g r a t i o n  t o  cease. Dayk in  (1965) 
r e p o r t e d  t h a t  t h e  r a t e  o f  supp ly  o f  
d i s s o l v e d  oxygen i s  more impo r t an t  t o  
t h e  eggs o r  a l e v i n s  t han  t h e  a c t u a l  
concen t ra t i on .  Water s a t u r a t e d  w i t h  



oxygen may be regarded as an op t ima l  
c o n d i t i o n  f o r  eggs and a l e v i n s  
a1 though c o n c e n t r a t i o n  o f  oxygen i n  
f r eshwa te r  depends l a r g e l y  on 
temperature (A l de rd i ce  e t  a1 . 1958). 
C r i t i c a l  oxygen l e v e l  s  (above which 
r e s p i r a t o r y  r a t e s  a re  unmodi f ied by 
oxygen a v a i l a b i l i t y )  range f rom 1 ppm 
i n  e a r l y  embryonic stages t o  7  ppm 
s h o r t l y  be fo re  ha t ch i ng  ( A l d e r i c e  e t  
a l .  1958). W icke t t  (1954) 1  inked  h i gh  
m o r t a l i t y  o f  eggs w i t h  low d i sso l ved  
oxygen and low wate r  v e l o c i t y .  Re ise r  
and B jo rnn  (1979) summarized t h e  
e f f e c t  o f  oxygen c o n c e n t r a t i o n  on egg 
development as f o l l o w s :  (1) f r y  
r ea red  a t  low oxygen l e v e l s  were 
sma l l e r  and weaker t han  those r ea red  
a t  h i ghe r  concen t ra t i ons ;  and (2) 
reduced oxygen concen t ra t i ons  
lengthened i n c u b a t i o n  pe r i ods  and 
caused premature ha tch ing .  

Subs t ra te  

The s u i  t a b i  1  i t y  o f  subs t r a t e  
p a r t i c l e s  o f  a  p a r t i c u l a r  s i z e  depends 
mos t l y  on f i s h  s i z e  and may va r y  f rom 
1.3 t o  10 .2  cm f o r  spawning chum s a l -  
mon (Re ise r  and B jo rnn  1979). There 
i s  a  p o s i t i v e  c o r r e l a t i o n  between 
h i g h l y  permeable g rave l  s u b s t r a t e  and 
s u r v i v a l  o f  chum salmon eggs (W icke t t  
1958). D i l l  and No r t hco te  (1970) 
r e p o r t e d  t h a t  chum salmon s u r v i v a l  t o  
emergence approaches 100% i n  1  arge 
g rave l  ( 5 . 1  t o  10.2 cm), b u t  i s  o n l y  
3% i n  smal l  g rave l  (< 5.0 cm), and 
t hey  concluded t h a t  t h e  lower  s u r v i v a l  
was due t o  entrapment o f  t h e  f r y  by 
s i l t .  Rukhlov (1969) r e p o r t e d  a  
p o s i t i v e  r e l a t i o n s h i p  between i nc reas -  
i n g  sand con ten t  and egg m o r t a l i t y ,  
and cons idered sed imenta t ion  d u r i n g  
t h e  i n c u b a t i o n  p e r i o d  as a ma jo r  
source o f  egg m o r t a l i t y .  The s i z e  and 
shape o f  subs t r a t e  p a r t i c l e s  a re  
d i r e c t l y  c o r r e l a t e d  w i t h  t h e  i ncuba- 
t i o n  t i m e  o f  eggs and t h e  normal 
development o f  a1 e v i  ns (Hale 1981). 

Water Depth 

Water depth must be adequate t o  
enable a d u l t  salmon t o  m i g r a t e  up- 

stream t o  spawn. Ext remely  low water  
l e v e l s ,  espec i a l  l y  when coup1 ed w i t h  
b a r r i e r s ,  can make streams impassable 
t o  spawning a d u l t s .  The average water  
depth over  chum salmon redds i n  Oregon 
streams was 30 cm, w h i l e  i n  Washington 
streams i t  ranged f rom 23 t o  46 cm 
(Smi th  1973). 

Water V e l o c i t y  

Low stream v e l o c i t y  and h i g h  
stream v e l o c i t y  can b o t h  adverse ly  
a f f e c t  chum salmon (W icke t t  1958; 
Reiser  and B jo rnn  1979). Spawning 
a d u l t  chum salmon use wate r  w i t h  
v e . l o c i t i e s  v a r y i n g  between 46 and 101  
cm/sec (Smi th  1973; Re ise r  and B jo rnn  
1979). Tautz  and G r o t t  (1975) r e p o r t e d  
t h a t  chum salmon chose t o  spawn i n  an 
area o f  a c c e l e r a t i n g  wa te r  f l ow ,  such 
as t h a t  encountered a t  p o o l - r i f f l e  
in te rchanges .  Stream f l o w  r e g u l a t e s  
t h e  amount o f  spawning a rea  a v a i l a b l e  
(Re ise r  and B jo rnn  1979): i nc reased  
f l o w  covers more g r a v e l ,  t hus  making 
more s u i t a b l e  spawning s u b s t r a t e  
a v a i l a b l e ;  b u t  when t h e  f l o w  reaches a  
v e l o c i t y  t h a t  causes e r o s i o n  o f  t h e  
subs t r a t e ,  s u i  tab1 e  spawning i s  
decreased. 

W i c k e t t  (1958) showed a  s i g n i f i -  
c a n t  r e l a t i o n s h i p  between spawners and 
t h e  amount o f  r a i n f a l l  i n  J u l y  and 
August. T h i s  a s s o c i a t i o n  can be f a i r l y  
w e l l  dep i c t ed  by an i n v e r t e d  parabo la ,  
sugges t ing  t h a t  inc reased  r a i  n f a l  1  i s  
b e n e f i c i a l  up t o  a  p o i n t  (approx imate ly  
20 inches) ,  b u t  t o o  much r a i n f a l l  i s  
d e t r i m e n t a l  t o  spawning. 

P a c i f i c  salmon eggs r e q u i r e  
v e l o c i t i e s  o f  r unn ing  wate r  t h a t  keep 
t h e  wate r  we1 1  -oxygenated, p ro -  
t e c t  t h e  subs t r a t e  f rom f r e e z i n g  
temperatures,  and remove waste meta- 
b o l i t e s  such as carbon d i o x i d e  (Hale 
1981). Adequate wa te r  v e l o c i t y  i s  
necessary t o  p reven t  s i  1  t a t i o n  b u i l d u p  
i n  t h e  g rave l  subs t r a t e ,  which i s  a  
ma jo r  cause o f  egg and a l e v i n  mo r t a l  i t y  
(Re ise r  and B jo rnn  1979; Duker and 
C o l l e y  1981; Hale 1981). 



T u r b i d i t y  

T u r b i d i t y  t h a t  1 eads t o  sedimen- 
t a t i o n  has been r e p o r t e d  t o  be an 
impo r t an t  cause o f  egg m o r t a l i t y  
(McNeil 1962; Bakkala 1970). H igh  
t u r b i d i t y  o f  t h e  wa te r  can be i n h i b -  
i ti ng t o  a d u l t s  a t t e m p t i  ng upstream 
m i g r a t i o n  (Re ise r  and B jo rnn  1979; 
Hale 1981). Suspended sediment 

concen t ra t i ons  o f  15.8 t o  54.9 g / l  
were found t o  be t h e  96-h LDS0 va lue  
f o r  Puget Sound j u v e n i l e  chum salmon 
(Bakkala 1970), i n d i c a t i n g  t h a t  chum 
salmon t o l e r a t e  ve ry  h i g h  concentra-  
t i o n s  o f  suspended sediments. Sus- 
pended sediment i s  much more d e t r i -  
mental  t o  eggs, j u v e n i l e  s tages,  and 
i n v e r t e b r a t e s  i n  t h e  d i e t  o f  t h e  young 
f i s h  t han  i t  i s  t o  a d u l t  f i s h .  
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Species p r o f i l e s  are  1  i t e r a t u r e  summaries o f  t h e  taxonomy, morphology, range, 1  i f e  
h i s t o r y ,  and environmental  requ i rements  o f  coas ta l  a q u a t i c  species.  They a re  designed 
t o  a s s i s t  i n  environmental  impact  assessment. Chum salmon a r e  anadromous f i s h  found 
th roughout  a  l a r g e  p a r t  o f  t h e  N o r t h  P a c i f i c  Ocean and a r e  t h e  most w i d e l y  d i s t r i b u t e d  
o f  a l l  t h e  P a c i f i c  salmon. A d u l t s  r e t u r n  t o  spawn i n  l a t e  summer and f a l l .  Young 
f i s h  m ig ra te  downstream q u i c k l y  and r e a r  i n  e s t u a r i e s .  Chum salmon mature l a t e r  i n  
l i f e  i n  more n o r t h e r l y  water :  i n  Alaska and B r i t i s h  Columbia a t  age 4  t o  age 5, i n  
Washington and Oregon a t  age 3  t o  age 4. F i s h  f rom l a r g e r  r i v e r  systems grow t o  t h e  
l a r g e s t  s i ze .  The major  commercial f i s h e r y  i s  centered i n  Southeast  A laska and 
B r i t i s h  Columbia. Harvest  has increased i n  Washington t o  1,150,000 f i s h  annua l l y  due 
t o  increased ha tche ry  p roduc t i on ,  w i t h  Hood Canal r i v e r s  accoun t i ng  f o r  25% o f  a1 1  
Washington f i s h .  I n  odd-numbered years ,  t h e  a d u l t  return- to-escapement r a t i o  i n  any 
g i ven  r i v e r  system i s  p o s i t i v e l y  s t a t i s t i c a l l y  c o r r e l a t e d  w i t h  i nc reased  spawning 
escapement o f  chum salmon r e l a t i v e  t o  t h a t  o f  p i n k  salmon. 
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TAKE A PRIDE 
212 Amerzcd 

DEPARTMENT OF THE INTERIOR 
U.S. ASH AND WILDLIFE SERVICE 

As the Nation's principal conservation agency, the Department of the Interior has respon- 
sibility for most of our .nationally owned public lands and natural resources. This includes 
fostering the wisest use of our land and water resources, protecting our fish and wildlife, 
preserving thsenvironmentai and cultural values of our national parks and hlstorical places, 
and providing for the enjoyment of life through outdoor recreation. The Department as- 
sesses our energy and mineral resources and works to assure that their development is in 
the best interests of all our people. The Department also has a major responsibility for 
American Indian reservation communities and for people who live in island territories under 
U.S. administration. 




