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Pop l~ l a t i o l l  S t r u c t u r e s  of Indigenous S:~lmonid Sprcio of rlic Pacific Norrhwcsr 
Frccl X I .  Utter, Dollald Campton, Stcwart Grant, George hlilner, 

James Seeb, and Lisa Wishard 

Studies  a t  t h e  National  blarine F i she r i e s  
Serv ice  Northwest and Alaska F i she r i e s  
Center (NWAFC) (Hodgins 1972) t o  de f ine  t h e  
gene t i c  s t r u c t u r e  of salmonid populat ions 
had a  biochemical b a s i s  by t h e  mid-1960s. 
These e a r l y  s t u d i e s  (Ut te r  e t  a l .  1974) be- 
came t h e  foundation of more recent  appl ica-  
t i o n s  of e l ec t ropho re t i c  techniques t o  
eva lua te  gene t ic  v a r i a t i o n s  of salmonid 
p ro t e in s .  Genetic v a r i a t i o n s  defined by 
e l ec t ropho re t i c  s t u d i e s  have been reviewed 
by U t t e r  e t  a l .  (1973), U t t e r  e t  a l .  (1974), 
U t t e r  e t  a l .  (1976), and Allcndorf and 
U t t e r  (1979). 

The more recent  gene t i c  r e s e a r c l ~  a t  NWAFC 
has centered on populat ions of SaZmo and 
Oncorhgnchils sp. n a t i v e  t o  t h e  P a c i f i c  North- 
west. Although our understanding of t he  
populat ion s t r u c t u r e s  of salmon and t r o u t  
remains incomplete, our c a p a b i l i t y  t o  
examine s p e c i f i c  l o c i  f o r  gene t i c  d i f f e r ences  
is increas ing  s t e a d i l y .  This  paper summa- 
r i z e s  cur ren t  knowledge on gene t ic  va r i a -  
t i o n s  i n  na tu ra l  populat ions of sockcye 
salmon (Oncorizgnchus ner::a), pink salmon 
(0. go~huschc*), chum sa lmon (0. kc ta ) ,  
chinook salmon (0. tsha?~?, t ~ c F a ) ,  coho sa  1111orl 
(0. k i su t ch ) ,  rainbow (s tce lhcad)  t r o u t  
4Salrno gtrirdneri) and coas t a  1  cu t  thro:it 
t r o u t  (S. c l a r k i  c t a r k i ) .  

Geographic p a t t e r n s  of gene t i c  v a r i a t i o n s  
i n  p ro t e in  systems among salmon and t r o u t  
populat ions can be used t o  i d e n t i f y  d i f f e r e n t  
populat ions.  P ro t e in  systems used t o  evalu- 
a t e  d i f f e r ences  among populat ions a r e  chosen 
on t h e  b a s i s  of t h e i r  s imple inher i tance ,  
and gene t i c  d i f f e r ences  among populat ions 
a r e  evaluated s t a t i s t i c a l l y  by comparing 
t h e  f requenc ies  of genotypes o r  a l l e l e s .  . 

Elec t rophore t ic  techniques provide an  
i nves t i ga to r  with t h e  c a p a b i l i t y  t o  c o l l e c t  
l a rge  amounts of  d a t a  with r e l a t i v e  ease. 
No o the r  known method i s  a s  convenient f o r  
making gene t i c  comparisons among congeneric  
o r  conspec i f ic  populat ions.  U t t e r  e t  a l .  
(1974) and Allendorf and U t t e r  (1979) 
descr ibe  methods f o r  c o l l e c t i n g  and i n t e r -  
p r e t i ng  gene t ic  d a t a  by e l ec t ropho re s i s .  
Useful re fe rences  on histochemical s t a i n i n g  
include S i c i l i a n o  and S h a ~  (1975) and Har r i s  
and Hopkinson (1976). 

S t a t i s t i c a l  mcthods f o r  analyzing d a t a  
on gene va r i a t i ons  among l o c i ,  ind iv idua l  
f i s h ,  populat ions and spec ies  come mostly 
from procedures developed i n  s tudying 
DrosophiZa and man. The tla rdy-IVeinberg 
p r i n c i p l e  (Stern 1943) is t he  foundation 
of many of t he  a n a l y t i c a l  p rocesses .  I t  
s t a t e s  t h a t  t h e  expected genotypic propor- 
t i o n s  a t  a  polymorphic locus a r e  t h e  square  
of t he  a l l e l i c  f requencies  i n  la rge ,  random 
mating populat ions where no s e l e c t i v e  
d i f f e r ence  e x i s t s  among genotypes. S i g n i f i -  
cant  dev ia t ions  from expected Ilnrdy-Keinhcrg 
proport ions may be t h e  r e s u l t  of f a c t o r s  
such a s  drawing t he  sample from a rniuturc 
of pop1~1:ltions h;lvirlg t l i f f c r c ~ l t  ; 1 1  l c . l i c  
l'rcclucnci cs ; a ~ I ~ I : I  1 1 n111nl)cr o f  parcnt:; 
giving r i s c  t o  all i 11l)rctl 11op~rJiit ioll; 01- 

s e l e c t i o n .  

S t a t i s t i c a l  t c s t s  f o r  s i g n i f i c a n t  d i f f c r -  
ences between two groups of inclividua 1s :I r c  
made e i t h e r  from gellotypic o r  nl l c l  i c  
f rcquencics .  Tes t s  i n c l i ~ d c  measuring 
devia t ions  from expected 1 lardy-Wei nl)el-g 
propor t ions ,  chi - squsrc  t c s t s  f o r  int lcprr~~l-  
ence and measuring differences of : ~ l l r l i c  
f requencies  from normal approsirnations OF 
l~inomial  da ta .  S i g n i f i c a n t  c l i  f fc renccs  
occurr ing a t  a  s i n g l e  locus o r  a t  scvcrn l  
l o c i  can bc used t o  d i f f c r e n t i : ~ t e  popul:~- 
t i ons .  Summing thc  d i f f c r cnccs  of a l l c l i c  
f requencies  a t  severa l  l o c i  ~ ) r o v i J e s  3 
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b a s i s  t o  c a l c u l a t e  t h e  degree  o f  g e n e t i c  
s imi1 ; l r i ty  o r  d i f f e r e n c c  between two popula- 
t i o n s .  Roger-.; (1972) and Nei (1972) 
d e s c r i b e  two methods f o r  doing t h i s .  Calcu- 
l a t e d  va lues  range from 0 (complete g e n e t i c  
d i f f e r c n c e  o f  l o c i  examined) t o  1  (complete 
g e n e t i c  i d e n t i t y  o f  loci  examined). Dendro- 
grams a r e  sometimes cons t ruc ted  from 
mat r i ces  o f  such pa i rwise  comparisons anlong 
popula t ions  (Sneath and Sokal 1973). 

A1 l e l i c  f requenc ies  slust remain s t a b l e  
wi th in  a  popu la t ion  over  t ime t o  u s c  
e l e c t r o p h o r e t i c  d a t a  t o  d e f i n e  g e n e t i c  
d i f f e r e n c e s  among popula t ions  and t o '  
e s t i m a t e  c o n t r i b u t i o n s  o f  s e p a r a t e  popula- 
t i o n s  t o  mixed f i s h e r i e s .  Est imates  takcn 
a t  d i f f e r e n t  t imes may be combined t o  i n -  
c r e a s e  t h e  p r e c i s i o n  of s t a t i s t i c a l  e s t i -  
mators where f requenc ies  rc~na in  s t a b l e .  
Unstable  f requenc ies  r e q u i r e  annual 
sampling o f  spawning popula t ions  and render  
t h e  e l e c t r o p h o r e t i c  d a t a  v i r t u a l l y  u s e l e s s  
f o r  managing f i s h e r i e s  on mixed s t o c k s .  

A l l e l i c  f requenc ies  a r e  assumed t o  remain 
s t a b l c  i n  l a r g e  popu la t ions  of salmonids 
over succeeding g e n e r a t i o n s  and a~nong y e a r  
c l a s s e s .  Th i s  assumption i s  based l a r g e l y  
on d a t a  where a d u l t  and j u v e n i l e  fist1 from 
t h e  same s t ream tend t o  express  s i m i l a r  

n l l e l i c  f r e q u e n c i e s  a t  polymorphic l o c i ,  
ever1 though t h e  saotples i n c l u d e  f i s h  from 
d i f f e r e n t  y e a r  c l a s s e s .  A l l e l i c  f requency 
comparisons s u p p o r t i n g  t h i s  assunlption a r e  
p resen ted  i n  t h i s  r e p o r t  and d e s c r i b e  d i f -  
f e r e n t  ages ,  g e n e r a t i o n s  and y e a r  c l a s s e s  
o f  salmonid p o p u l a t i o n s  f o r  which r e l a t i v e l y  
e x t e n s i v e  d a t a  have been ob ta ined .  Enzymes 
used i n  t h e s e  s t u d i e s  a r e  l i s t e d  i n  Tab le  1.  

RESUI.TS AND DISCUSSION 

Comparisons o f  A l l e l i c  Frequencies  Among - 
Year Classes  and Genera t ions  

Changes i n  a i l e l i c  f r e q u e n c i e s  o f  p ink 
salmon have been observed a t  two l o c a t i o n s  
i n  Washington. T a b l e  2 p r e s e n t s  d a t a  f o r  
l o c i  (ACP-Z and MDH-3)  from f i v e  consecu- 
t i v e  genera t ions  o f  an e a r l y  run o f  p ink  
salmon a t  t h e  Dungeness R i v e r  (Aspinwall 
1974, Seeb and Gran t  1976). These d a t a ,  
along wi th  d a t a  f o r  two o t h e r  l o c i  (PGM-I 
and AAT-3) ob ta ined  front t h e  Dungeness River  
and floodsport Hatchery popu la t ions ,  p r o v i d e  
an oppor tun i ty  t o  s t u d y  changes i n  a l l e l i c  
f requenc ies .  

There were no obse rved  changes i n  a l l e l i c  
f requenc ies  f o r  t h e  common a l l e l e s  o f  AGP-2 

---- 
Table 2. Protein Enzyme Sgstems Used i n  EZectrophoretic 

Cor~arisons of Genotypes 

Enzyme Abbrev ia t ion  

Albumin 
Alcohol dehydrogenase 
Alpha glycerophosphate  dei~ydrogenase 
A s p a r t a t e  amino t r a n s f e r a s e .  
C r e a t i n e  k inase  
N-acetyl-B-D-Galactosamj n i d a s c  
Glutamir-yyruvic  t ransaminase  
I s o c i t r a t e  dchydrogenase 
Lac ta te  dehydrogenase 
blnlntc dehydrogcn:~sr 
Flalic enzyme 
I'cpt idase  
6 phosphogluconate dehydrogen:!se 
Phosphoglucose i  son~erase  
Phosphogl~rcomutase 
~ ~ h o s ~ h o m a n n o s c  isomerase 
S o r b i t o l  dehydrogenasc 
Tctrazol ium oxj  dese  
T r a n s f e r r i  n  
Glycyl l c u c i n e  pep t idnse  
Leucyl g l y c y l g l y c i n e  pcp t idnse  
Pheny la lany lpro l ine  p e p t i d a s c  

Alb  
ADH 
AGP 
AAT 
Ck 
GA 1. 
G I3'r 
Inti 
I.Dli 
t.11)11 
MI 
PIiP 
6PCD 
I'G I 
I'CM 
I'tl l 
S D l  l 
TO 
Tfn 
G L 
LGG 
I'hAP 
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Table 2. AZZetic Frequencies u i t h  ( i n  Parentheses) 95 Percent Confidence 
In tervals  Over Sequential Generations for Four Loci i77 Pink ScrZzr~n. 
Collected f r m  Two Areas o f  Washington. 

Locat ion Year 
- 

Hoodsport 1 9 7 3 ~  . 
Hoodsport 1975' 

Dungeness 196g1 
Dhngeness 1.971 I  
Dungeness 1 9 7 3 ~  
Dungeness 1975' 
Dungeness 1977 

AGP- 2 

.959 (. 027) 

.956 (. 025) 

.987 (. 067) 

.957 (. 030) 

.943( .  055) 

.932(.  054) 

.923( .  025) 

Da ta  from Aspinwall  1974. 
2  
Data  from Seeb and Grant  1976. 

and MDII-3. S i g n i f i c a n t  changes o c c u r r e d  
b o t h  w i t h i n  and between p o p u l a t i o n s  a t  t h e  
PGM-2 and AAT-3 l o c i  where f r e q u e n c i e s  i n  
t h e  Dungeness p o p u l a t i o n  approached f requen-  
c i e s  i n  t h e  t loodsport  p o p u l a t i o n  a t  b o t h  
l o c i .  These  r e s u l t s  were p u z z l i n g  a t  f i r s t .  
However, a n  examinat ion o f  Washington Depart-  
ment o f  F i s h e r i e s  r e c o r d s  i n d i c a t e d  t h a t  f r y  
from t h e  t loodsport  Hatchery  had been r e l e a s e d  
from t h e  Dungeness Hatchery  i n  1976 (1975 
brood y e a r ) .  Thus, t h e  run  r e t u r n i n g  t o  
t h e  Dungeness Hatchery  i n  1977 inc luded  
s u r v i v o r s  from t h e  r e l e a s e  o f  f r y  o r i g i n a t i n g  
from Hoodsport  p l u s  progeny from n a t u r a l  
spawners ( F o s t e r  e t  a l .  1977).  R e s u l t s  a r e  
r e a d i l y  e x p l a i n e d  by: 1) s i m i l a r  f r e q u e n c i e s  
o f  AGP-Z and MD2-3 a l l e l e s  i n  t h e  Dungeness 
and t h e  Hoodsport p i n k  p o p u l a t i o n s ,  which 
shou ld  remain s t a b l e  o v e r  g e n e r a t i o n s ;  2) 
d i f f e r e n t  f r e q u e n c i e s  o f  PGA-2 and AAT-3 
a l l e l e s  between t h e  two p o p u l a t i o n s ;  and 3) 
an  a l t e r a t i o n  of t h e  PGKZ and AAT-3 
f r e q u e n c i e s  i n  t h e  1977 brood y e a r  f o r  p i n k  
salmon r e t u r n i n g  t o  t h e  Dungeness Hatchery  
a s  a  d i r e c t  r e s u l t  of  l a r g e  p l a n t i n g s  o f  
Hoodsport p i n k  salmon i n t o  t h e  Dungeness 
R ive r .  

A second s e t  o f  d a t a  on changes i n  a l l e l i c  
f r equcnc i  c s  p e r t a i n s  t o  s t c e l h e a d .  Suaoner- 
run  s t e c l h e a t l  from t h e  Skamania Hatchery  
(Washington S t a t e  Department o f  Game) on t h e  
Washougal R i v e r  n e a r  Vancouver, Washington 
have been sampled f o r  f i v e  y e a r s  t o  s t u d y  
t h e  g e n e t i c  e f f e c t  o f  t r a n s p l a n t i n g  s t o c k s .  
F i g u r e  1 shows t h a t  most f r c q u e n c i e s  o f  t h e  
common a l l e l e  o f  a g iven  l o c u s  were no t  
s i g n i f i c a n t l y  d i f f e r e n t  (P -05 )  between 
c o l l e c t i o n s .  However, t h e  f r e q u e n c i e s  o f  
t h e  common a l l e l e  o f  MDH-3 from t h r e e  
c o l l e c t i o n s  and of t h e  common a l l e l e  o f  TO 
from one c o l l e c t i o n  l i e  o u t s i d e  o f  t h e  
c o n f i d e n c e  i n t e r v a l s  of two o r  more samples 

PGM- 2 

f o r  each o f  t h e s e  b iochemica l  sys t ems .  
These  f o u r  e x c e p t i o n a l  f r e q u e n c i e s  (ou t  o f  
37 d a t a  p o i n t s )  a r e  somewhat h i g h e r  t h a n  t h e  
one o u t  o f  20 such o b s e r v a t i o n s  t h a t  would 
b e  expec ted  from c h a n c e  a l o n e  a t  t h e  95 
p e r c e n t  conf idence  l e v e l  i n  a  s t a b l e ,  random 
mat ing p o p u l a t i o n .  But t h e  f i s h  r e t u r n i n g  
t o  t h e  Skamania t lazchery  do n o t  r e p r e s e n t  
such a  p o p u l a t i o n .  The h a t c h e r y  r u n  was 
d e r i v e d  from n a t i v e  f i s h  of t h e  Washougal 
R i v e r  and a l s o  i n c l u d e d  f i s h  from t h e  
K l i c k i t a t  R i v e r  a p p r o x i m a t e l y  50 m i l e s  up- 
s t r e a m  (pe r sona l  communjcat i o n ,  James 
Morrow, Washington S t a t e  Department o f  
Game). Each o f  t h e  founding y e a r  c l a s s e s  
comprised a  d i f f e r e n t  m i x t u r e  o f  p r o g e n i t o r  
s t o c k s .  Some d i f f e r e n c e s  among y e a r  
c l a s s e s  of such a  h e t e r o g e n e o u s  s t o c k  would 
t h e r e f o r e  b e  e x p e c t e d  d e s ~ i t e  f a c t o r s  t e n d -  
i n g  t o  r educe  t h e s e  d i f f e r e n c e s  such a s  t h e  
o v e r l a p  among y e a r  c l a s s e s  and t h e  c a p a b i l i t y  
o f  s t e e l h e a d  f o r  m u 1  t i p l e -  y e a r  spawning. 
Under t h e s e  c o n d i t i o n s  s i g n i f i c a n t l y  d i f -  
f e r e n t  f r e q u e n c i e s  between some c o l  l e c t i o n s  
a r e  t h e r e f o r e  a n t i c i p a t e d .  Evidence o f  
a l l e l i c  f r equency  s t a b i l i t y  among c o h o r t s  
o v e r  t ime  is srm i n  t h e  M D H - 3  f r e q u e n c i e s  
o f  t h e  j u v e n i l e s  sampled i n  1973 aritl 1974 
and i n  t h e  a d u l t s  of 1970 and 1977, cons i t l -  
e r i r ig  t h e  prctlo~ain;irlt t h r r e - y e a r  spar1 from 
juvcni  l e  t o  a d u l t .  'I'hese d a t a  sugges t  t h a t  
t h e  i n i t i a l  i n e q u a l i t i e s  of a l . ~ l i c  
f r e q u e n c i e s  e x p e c t e d  among y e a r  c l a s s e s  may 
b e  approach ing  a  p o i n t  o f  e q u i l i b r i u m .  

F i n a l l y ,  a t h i r d  s e t  of d a t a  e x i s t s  
conce rn ing  a 1  l e l  i c  f r e q u e n c i e s  froni t h e  
f o u r  l o c i  i n  juven i  l c  nlld a d ~ i l t  w in te r -  rtln 
s t e e l h e a d  t r o u t  f r o m  t h e  Ii'asliington I k p n r t -  
ment o f  Game Cll;~ml)ers Creek t l a t che ry  
(Tacoma, I 'lashington) (Fig .  2 ) .  Ch:~ml,crs 
Creek t la tchery  s t o c k  w : ~ s  p r i n l : ~ r i  l y  dcr ivcd 
from a n a t u r a l  run  of Chambers (:reek d u r i n g  
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~ i g u r c  1. A l l e l i c  f requencies  and 95 percent  confidcnce i n t e r v a l s  a t  f i v e  l o c i  f o r  
juveni le  and adul t  Washougal s tee lhcad  t r o u t  from t h e  Skamania Hatchery 
over a  f i v e  year  i n t e r v a l .  

t he  l a t c  1940s (personal communication, 
A r t  West rope, Iyashington S t a t e  Department 
of  Game). Only a  s i n g l e  da t a  point  (MDH-3)  
was found t o  l i e  ou t s ide  of  t he  95 percent  
confidencc i n t e r v a l s .  (A s i n g l e  aber ran t  
observation out of 30 l i e s  well within t h e  
cxpected range f o r  t h i s  l eve l  of  confidencc) .  
The data  i nd i ca t e  t h a t  t he  Oharnhers Creek 
stec1hc:id s tock presen t ly  appcilrs t o  be 
c lose  t o  :in cqui l ibr ium s t a t e  with rcgard 
t o  a l l c l i c  f requencies .  

Gcnetic S t ruc tu re s  o f  Populat ions wi th in  -- - 

This  s ec t i on  descr ibes  t h e  b e t t e r  known 
aspec ts  of  t he  gene t i c  v a r i a t i o n  among 
snlmonicls na t i ve  t o  western North America. 
Five salmon spcc ics  and two t r o u t  spec i e s  
a r c  considered. 

Tllc numlwr of c u r r e n t l y  known polymorphic 
systems in  t l ~ e s e  spec i e s  (Appendix Tablc 1)  
i s  approximntcly doublc the number of  

l'hc t h r ee  s e t s  of da ta  support t he  assump- 
t i o n  of cons is tenc ies  i n  n l l c l i c  f rcquencics  
betwecn gcncrat ions and anlong (overlapping) 
year  c l a s se s .  I t  is important t h a t  a l l e l i c  
frequency records over time be maintained, 
whcrevcr poss ib lc ,  f o r  salmonicl populat ions.  
Such da t a  a r e  necessary t o  document t he  
leve l  of gcne t i c  consis tency within popula- 
t i o n s ,  and can provide valuablc  and unique 
i n s igh t s  i n t o  t h e  causes of  changes i n  popu- 

va r i an t  s y s t c l ~ ~ s  known i n  rainbow t r o u t  f i v e  
years  ago (Ut tc r  e t  a l .  1974). This suh- 
s t n n t i a l  increasc  i n  our  knowledge O F  
gcrlctic vi i r ia t ion,  and t h c  l ikc l jhood  of 
add i t  ional va r i an t s  bcing rcvealccl, sugges t s  
t h a t  n  la rgc  r e se rvo i r  o f  gene t i c  v a r i a t i o n  
e x i s t s ,  which i s  p o t c n t i n l l y  a v a i l a l ~ l e  f o r  
exan~irli rlg genct i c  s t r u c t u r e s  oE s;ilmon ids .  

l a t i o n s  a s  they occur.  
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75t  
-a- - * - Juvenile 

Figure 2 .  A l l e l i c  f requenc ies  and 95 percent  confidence i n t e r v a l s  a t  four  l o c i  f o r '  
juveni le  and adu l t  s tee lhead  t r o u t  from t h e  Chambers Crcek Hatchery over  
s seven yes r  i n t e r v a l .  

Sockeye Salmon: Because more p r cc i s e  
knowledge was needed about t h e  o r i g i n s  o f  
sockeye salmon harvested i n  t h e  Japanesa 
high seas  f i s h e r y ,  t h i s  spec i e s  was t h e  
i n i t i a l  primary t a r g e t  of  immunologi.ca1 and 
e l ec t ropho re t i c  s t u d i e s .  

Early e l ec t ropho re t i c  da t a  on sockcye 
were not  vcry u se fu l  becausc a l l e l e s  of  two 
h i l ~ h l y  polymorphic systems (LDH-4, E'GM) 
occurrcd a t  s i m i l a r  f requenc ies  i n  both 
American and t he  ~ s i c l t i c  s tocks  (Ilodgins 
e t  a l .  1969, U t t e r  and tlodgins 1970, 
Hodgins and U t t e r  1971, Altukhov 1375). 
However, gene t i c  d i f f e r ences  among sockeye 
populat ions have subsequent ly been observed 
t o  i nc r ea se  southeastwardly from t h e  Copper 
River dra inage  i n  Alaska i n t o  rcgions wherc 
s tocks  do not  in te rmingle  s i g n i f i c a n t l y  
with A s i a t i c  s tocks .  Sampling of  sockeye 
salmon popula t ions  from t h e  Skeena 
River (northern B r i t i s h  Columbia) southward 
t o  Puget Sound and t h e  Quinault Kivcr 
(Washington c o a s t )  ind ica ted  h igher  f r e -  
quencies of  t h e  common LDH-4 and PGM 

a l l e l e s  than i n  populat ions from western 
Alaska and Asia (Ut te r  e t  a l .  1974). These 
d i f f e r ences  were a l s o  found i n  non-.tnadro- 

I mous populat ions of sockeyc (kokanee) : I t  
is now assumed t h a t  high frequencies  o f  
t h e s e  two a l l e l c s  a r e  t y p i c a l  of  sockeye 
populat ions i n  t h e  southern p a r t  o f  t h i s  
spcc ies  North American range. Subseqilen t 
samplings, however, have proven t ha t  t h i s  
;issun~ption is an ovcrsimpl i f  i c a t  iori (I'ie. 
3 ) .  Data from popillat ions s:~n~plcd bout 11u:i rd 
through the  1:rnser R ivcr  clr-a irlagc. i n to  
!\lashingtor1 ilrc cons i s t r n t  w i  tll t h c  corlccpt 
of  a s i n g l c  major popul ;~ t ion  g l -OLI~  ( U t t e r  
and tlodgins 1970, tlodgirls nrlcl I l t t c r  1971). 
flowever, two col  l c c t  ions of  nn:~tlromo~~s 
sockeyc from Colun~hia Kivrr  t l * i b u t ; ~ r i e s  
(blay and U t t e r  1974) and c o l l e c t i o n s  of 
kokanee from Issaquah Creek near  S e a t t l e  
(personal  communication, James Secb, Wash- 
ington Department o f  F i she r i e s )  have a l l e l l i c  
f requencies  t h a t  d i f f e r  from any o t h e r  known 
sockeye populat ion.  Fish from these  l a t t e r  
loca t ions  possess  high frequencies  of  PCt: 
v a r i a n t s  t y p i c a l l y  found i n  populat ions from 
western Alaska and Asia. The Issaquah Creek 
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Figure 3. Major population u n i t s  of sockeye salmon i d e n t i f i e d  through d i f f e r e n t  
f requencies  of  a l l e l i c  p ro t e in s .  

kokanee populat ion i s  a l s o  more polynlorphic 
f o r  t h e  same LDE-4 a l l e l e  t h a t  occurs i n  t h e  
more western populat ions.  Columbia River and 
Issaquah sockeye a l s o  possess  va r i an t  
a l l e l e s  t h a t  have not been observed e l s e -  
where i n  t h i s  spec ies .  MDH-3 and TO 
v a r i a n t s  were found i n  Columbia River sock- 
eye, and a very high frequency of  an LDH-2 
va r i an t  was found i n  Issaquah Creek kokanee. 

The occurrence of previously undetected 
a l l e l e s  i n  t h e  southeastern extreme o f  
t h i s  spec i e s '  na tu r a l  range is puzzling. 
One pos s ib l e  explanat ion is a d iphy le t i c  
o r i g i n  of  Washington's sockeye populMjons 
following t he  l a s t  g l a c i a l  e ra  (about 
10,000 years  ago).  One group may have 
o r i g i r ~ a t e d  from northern populat ions with 
t h e  second group descending from southern 
s tocks  t h a t  may hnvc ex i s t ed  during t h e  
l a s t  g l a c i a l  per iod.  

The s i n i i l a r i t y . o f  a l l e l i c  f requencies  
observed within a p a r t i c u l a r  region coupled 
with low average heterozygosi ty observed 
i n  sockeye when compared t o  o the r  spcc ies  
(Utter  e t  a l .  1973, Allcndorf and U t t e r  
1979) caused us t o  expect l i t t l e  va r i a t i on  
in  a l l e l i c  f requencies  among d i f f e r e n t  
spawning populat ions within a given drainage. 
Recent surveys of  sockcye populat ions in  

t h e  Cook I n l e t  region of  Alaska (Grant e t  a l .  
i n  p r e s s ) ,  t h e  Po r t  Alberni reg ion  o f  B r i t i s h  
Columbia (Allendorf and Mi tche l l  1977)) and 
t h e  Lake Washington drainage nea r  S e a t t l e  (per- 
sonal  communication, James Seeb, Washington 
Department of  F i she r i e s )  have shown considerably 
g r e a t e r  complexity o f  a l l e l i c  f requencies  
wi th in  drainages t han  expected. Hetero- 
gene i ty  among t h r e e  drainages support ing 
sockeye i n  Cook I n l e t  was lowest  i n  t h e  r i v e r  
system containing a s i n g l e  l ake  (Kasilof 
River) and h ighes t  i n  two r i v e r  systems con- 
t a in ing  a complex o f  lakes  (Kenai and Sus i t na  
Rivers) .  The Port  Alberni  i nves t i ga t i ons  
were l imi ted  t o  t h r e e  lakes  i n  a s i n g l e  
drainage where d i f f e r cnces  i n  t h e  frequcncies  
of EJGM, MDII-3 :~nd SDIl a l l e l c s  were s u f f i c i e n t  
t o  d i s t i ngu i sh  f i s h  co l l ec t ed  from each of 
t he  lakes. The most d e t a i l e d  da ta  were 
obtained from t h e  Lakc Washington drainage 
(personal communication, James Seeb , Wash- 
ington Department of F i s h e r i e s ) ,  which sup- 
p o r t s  both anadromous and non-anadromous 
populat ions inc luding  Issaquah Creek ko- 
kanee. There are. l a r g e  g e n e t i c  d i f fe rences  
among populat ions of Lake Washington sock- 
eye. Samples from two consecut ive years  
suggest t h a t  simulataneous spawning of  
anadromous and kokanee populat ions i n  Is- 
saquah Creek 'occurs without s i g n i f i c a n t  
gene flow between groups. 
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Pink Salmon: Pink salmon p o p u l a t i o n s  --- 
a r e  c h a r a c t e r i z e d  by a  s u b s t a n t i ; t l  degree  . 
o f  randomness o f  a l l e l i c  f r e q u e n c i e s  o v e r  
l a r g e  geograph ic  a r e a s .  Some g e n e t i c  d i f -  
f e r e n c e s  have been observed among odd-year  
p o p u l a t i o n s  i n  Alaska  and t h e  P a c i f i c  North- 
west ,  i n c l u d i n g  t h e  F r a s e r  R ive r .  An /OH-B 
v a r i a n t  i s  v i r t u a l l y  a l ~ s e n t  from even-year  
p o p u l a t i o n s  i n  Alaska ,  b u t  o c c u r s  a t  v a r y i n g  
f r e q u e n c i e s  i n  odd-year  p o p u l a t i o n s  (Aspinwall 
1974, Johnson e t  a l .  1976).  F requenc ies  of 
AGP v a r i a n t s  appea r  t o  be s i g n i f i c a n t l y  
lower i n  F r a s e r  R i v e r  arld Puget  Sound popu- 
l a t i o n s  than  i n  e i t h e r  even- o r  odd-year  
p o p u l a t i o n s  r e t u r n i n g  t o  Alaska .  ' 

For  a  p a r t i c u l a r  y e a r  c l a s s ,  d i f f e r e n c e s  
observed between even and odd y e a r s  w i t h i n  
a  p a r t i c u l a r  s t r e a m  a r e  g e n e r a l l y  g r e a t e r  
than  d i f f e r e n c e s  t h a t  occur  between s t r eams .  
T h i s  p e c u l i a r  d i s t i n c t i o n  h a s  been recorded  
by t h r e e  independent  i n v e s t i g a t i o n s  
(Aspinwall  1974, Seeb and Wishard 1977a, 

Johnson e t  a l .  1978) and a p p e a r s  t o  b e  a  
d i r e c t  r e f l e c t i o n  o f  t h e  r i g i d  two-year l i f e  
c y c l e  of p ink  salmon. D i f f e r e n c e s  c o n t r a s t -  
ing  ~ d d - ~ k a r  wi th  even-yea r  f i s h  i n c l u d e  
g e n e r a l  l y  h i g h e r  f r e q u e n c i e s  i n  odd-year 
f i s h  f o r  v a r i a n t  a l l e l e s  o f  t h e  MT-3, 
MDII-3 and PGM l o c i  and lower f r e q u e n c i e s  
of MDH- 2 v a r i a n t s .  

A t t r i b u t e s  o f  p ink  salmon p o p u l a t i o n s  
t h a t  d i s t i n g u i s h  them from o t h e r  salmonid 
s p e c i e s  inc lude :  1 )  r e l a t i v e l y  h i g h  amounts 
o f  g e n e t i c  v a r i a t i o n  w i t h i n  p o p u l a t i o n s  
(Al l endor f  and U t t e r  1979) ; 2) r easonab ly  
l a r g e  f l u c t u a t i o n s  o f  a l l e l i c  f r e q u e n c i e s  
among b r e e d i n g  groups  w i t h i n  l i m i t e d  geo- 
g r a p h i c  a r e a s ;  and 3 )  minimal p a t t e r n s  o f  
s i m i l a r i t y  t h a t  a r e  u s e f u l  f o r  d e f i n i n g  
b road  geograph ic  p o p u l a t i o n  u n i t s  f o r  even 
o r  odd-year  p o p u l a t i o n s .  I t  is p o s s i b l e  
t o  i n t e r p r e t  t h e s e  c h a r a c t e r i s t i c s  w i t h i n  
t h e  c o n t e x t  of t h e  s p e c i e s '  l i f e  h i s t o r y .  
Pink salmon spawn l a r g e l y  i n  t h e  lower 
r eaches  and i n t e r t i d a l  a r e a s  o f  sma l l  
c o a s t a l  s t r e a m s  t h a t  a r e  p e r i o d i c a l l y  
sub jcc te i i  t o  d r a s t i c  f l u c t u a t i o n s  i n  
tenrpera ture ,  and q u a l i t y  and q u a n t i t y  o f  
w a t e r .  Sorne s t r e a m s  a r e  a l s o  o c c a s i o n a l l y  
modif ied  through s h i f t s  o f  spawning s t r a t a  
r e s u l t i n g  from e a r t h q u a k e s  such a s  t h a t  
c e n t e r e d  i n  t h e  P r i n c e  Wil l iam Sou~ld a r e a  
of Alaska  i n  1964 (Thors t e inson  e t  a l .  1971) .  
P o p u l a t i o n  s i z e s  v a r y  d r a s t i c a l l y  under  
such d i v e r s e  c o n d i t i o n s  (Royce 1362) .  
A l l e l i c  f r e q u e n c i e s  o f  p o p u l a t i o n s  s u b j e c t e d  
t o  p e r i o d i c  "bo t t l enecks"  a r e  expec ted  t o  
f l u c t u a t e  randomly a s  observed i n  p ink  
salmon (Crow and Kimura 1970).  Thus, t h e  
r e l a t i v e l y  l a r g e  d e g r e e  o f  randoniness 
observed f o r  a l l e l i c  f r equency  d i s t r i b u t i o n s  

g r c a t  s u r p r i s e .  h%at i s  s u r p r i s i n g  a r e  t h c  
h igh  l e v e l s  o f  h e t c ~ r o z y g o s i t y  i n  pink 
salmon p o p u l a t i o n s  because  p e r i o d i c  " b o t t l r -  
necks" i n  t h e  a b s e n c e  of g e n e  i n f l u x  from 
o t h e r  p o p u l a t i o n s  a r e  e x p e c t e d  t o  r e d u c e  
l e v e l s  o f  h e t e r o z y g o s i t y  (Crow and Kimura 
1970).  I t  is p o s s i b l e  t h a t  s u f f i c i e n t  
s t r a y i n g  o c c u r s  among p ink  salmon popula-  
t i o n s  t o  ma in ta in  r e a s o n a b l y  high l e v e l s  
o f  h e t e r o z y g o s i t y ,  b u t  t h a t  t h i s  s t r a y i n g  
is i n s u f f i c i e n t  t o  overcome t h e  p e r i o d i c  
a l t e r a t i o n  o f  a1  l e l  i c  f r e q u e n c i e s  b rough t  
about  hy t h e  " b o t t l e n e c k s  . I 1  

Chum S a l e :  G e n e t i c  s t u d i e s  o f  chum 
salmon p o p u l a t i o n s  were  i n i t i a t e d  a t  t h e  
same t i m e  a s  s o c k e y e  s t u d i e s  because  t h e  
J a p a n e s e  f i s h  b o t h  s p e c i e s  e x t e n s i v e l y  on 
t h e  h i g h  s e a s  i n  t h e  same a r e a s .  Chum 
salmon have p layed  a s u b o r d i n a t e  r o l e  t o  
sockeye i n  s t u d i e s  because  t h e y  a r e  
n o t  a s  impor tan t  to  American f i shermen.  
tlowever, some g e n e t i c  d a t a  on A s i a t i c  chum 
salmori p o p u l a t i o n s  h a v e  been p u b l i s h e d  
(Numachi e t  a l .  1972,  Al tukhov 1975).  

Three  major  g r o u p s  o f  chum salmon popu- 
l a t i o n s  a r e  e v i d e n t  from t h e  a l l e l i c  d i s t r i -  
b u t i o n  o f  two polymorphic  l o c i  t h a t  bo th  
A s i a t i c  and American workers  examined. 
V a r i a n t s  f o r  LDH-Z a r e  found i n  v i r t u a l l y  
a l l  p o p u l a t i o n s  examined from s o u t h e a s t e r n  
Alaska  through J a p a n  ( U t t e r  e t  a l .  1973, 
Altukllov 1975, S e e b  and i f i s h a r d  19775).  ?!US-3  
v a r i a n t s  a r e  found a t  polymorphic  f r e q u e n c i e s  
( f r equenc ies  g r e a t e r  t h a n  .01)  i n  A s i a t i c  
c o l l e c t i o n s  (Numachi e t  a l .  1972, Altukhov 
1975, Seeb and lv ishard  1977b'). Y e i t h e r  
LDH-Z n o r  MDH-3 v a r i a n t s  have been obse rved  
from t h e  F r a s e r  R i v e r  southward d e s p i t e  
i n t e n s i v e  sampl ing of Puget  Sound p o p u l a t i o n s  
r e c e n t l y .  Thus, t h r e e  major g roups  --  
t e n t a t i v e l y  d e f i n e d  a s  A s i a t i c ,  Alaskan and 
American -- a r e  i d e n t i f i e d  on t h e  b a s i s  o f  
v a r i a n t s  a t  two l o c i  (Fig .  4). D i s c o n t i n u i t y  
o f  sampl ing p r e c l u d e s  any p r e c i s e  d e f i n i t i o n  
o f  b o ~ ~ n d a r i e s  a t  t h i s  t ime .  

Othc r  v a r i a n t s  h a v e  bccn ~ f s e f u l  f o r  
examining g e n e t i c  s t r u c t u r e s  o f  cll~lnl s a  1111on 
p o p u l a t i o n s  i n  g r e a t e r  d e t a i l .  S t u d i c s  by  
U t t c r  e t  i l l .  (1973) indicrrtcrl  :a lack o f  
g e n e t i c  v a r i a t i o n  i n  cl~um srrlri~on from 
Washingtori based o n  o b s e r v a t i o n s  o f  -70 l o c i .  
However, morc r c c c n t  s t ~ ~ d i e s  hnvc rcvca  I cd 
a t  l e a s t  s i x  polymorphic  l o c i  in W:~sl~ir,gton 
p o p u l a t i o n s  (AAT-2 ,  2, and 3; :UH; I::.'T; C:r...':rl) . 
There  a p p e a r s  t o  b e  tli st i r ~ t  ~ > o p ~ ~ l i t t  i ons  OF 
Puget  Sound clium salmon (Sccb and N i  sh;r I-d 
1377h).  D i f f e r e n t  f r cquenc i  cs of  I.!lF/ a l l c l c s  
t end  t o  s e p a r a t e  s t o c k s  from n o r t h  xnd s o ~ i t h  
Puget Sound, and an impor tan t  l a t e  r u n  O F  
f i s h  e n t e r i n g  t h e  Nisqua l  l y  R i v c r  i s  

among p i n k  salmon p o p u l a t i o n s  comes a s  no c h a r a c t e r i  zed by e x c e p t  i o n a l l  y  h igh  t 'rcqucn- 
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Chum 

Figure  4 .  Major populat io l i  u n i t s  o f  churn salrnori i d e n t i f i e d  through d i f f e r e n t  
f requenc ies  of a l l e l i c  p r o t e i n s .  

c i e s  of 6PDG v a r i a n t s .  A r e c e n t  s tudy  of c h a r a c t e r i z e d  by uniformly high f requenc ies  
chwn salmon popula t ions  of t h e  Yukon and o f  PGI-2  v a r i a t i o n  and u s u a l l y  by t h e  
Kuskokwim dra inages  ( U t t e r  1978) has i n d i c a t e d  presence o f  PGM-2 v a r i a t i o n  ( U t t e r  e t  a l .  
an  apparen t  randomness of a l l e l i c  f requenc ies  1976). Only low f r e q u e n c i e s  of PGI-2 
with in  t h e s e  two dra inages  except f o r  a  v a r i a n t s  and no PGf4 v a r i a n t s  have been 
s l i g h t  and c o n s i s t e n t l y  d i f f e r e n t  frequency observed i n  t h e  r a t h e r  e x t e n s i v e  sampling 
of PMI v a r i a n t s  between t h e  d ra inages .  of Columbia River and Puget Sound chinook 

popula t ions .  P re l iminary  d a t a  from t h e  
Chinook 

t i o n s  were 
c o l l e c t i o n  

Salmon: Chinook salmo~i  popula- 
examined i n t e r m i t t e n t l y  through 
e f f o r t s  t h a t  focused on sockeye 

and chum salmon. Th i s  work, a long wi th  
r e p o r t s  from o t h e r  workers,  r e s u l t e d  i n  a  
r e l a t i v e l y  e a r l y  awareness o f  two polymorphic 
systems i n  chinook salmon, TO and MDH-3 
(Bai ley e t  a l .  1970, U t t e r  1971). A s t r o n g e r  
cmphasis has  subsequent ly  been d i r e c t e d  
toward s tudy ing  chinook salmon popula t ions ,  
p a r t i c u l a r l y  t h o s e  of t h e  P a c i f i c  Northwest. 
These o f f o r t s  cons ide rab ly  expanded t h e  
nunibcr o f  i d e n t i f i e d  polymorphic systelns 
and a more comprehensive unders tanding o f  
t h e  g e n e t i c  s t r u c t u r e  o f  chinook salmon 
popula t ions  (Flay 1975, K r i s t i a n s s o n  and 
MacIntyre 1976, U t t e r  e t  a l .  1976, bli lner 
1978, U t t e r  1978). 

Chinook salmon popula t ions  t h a t  extend 
a t  l c a s t  from t h e  !.lad River  d ra inage  i n  
C a l i f o r n i a  through t h e  Q u i l l a y u t e  d ra inage  
i n  Washington s h a r e  s i m i l a r  g e n e t i c  
c h a r a c t e r i s t i c s .  These popu la t ions  a r e  

e a s t  and west c o a s t s  of Vancouver I s l a n d  
s u g g e s t s  t h a t  t h e s e  c h a r a c t e r i s t i c s  do no t  
extend i n t o  B r i t i s h  Columbia popu la t ions .  

Chinook salmon runs  from t h e  Columbia 
River  have been examined f o r  s e v e r a l  y e a r s .  
Unlike c o a s t a l  runs ,  no c l e a r l y  i d e n t i f i a b l e  
groups of popu la t ions  have been determined. 
Fa1 1  chinook salnlon fro111 h a t c h e r i e s  on t h e  
lower Colurr~l)i;t River  s h a r e  theC: conlinorl a1 l c l c s  
of t h c  TO ant1 I'MI l o c i .  Th i s  rnny be more a 
r c f l e c t i o r i  o f  t h e  incliscrinlinnnt exchange 
o i  cggs among h a t c h c r i c s  than a  c l o s e  
a f f i n i t y  o f  a n c e s t r a l  s t o c k s  (Simon 1972). 
Spr jng  chinook fronl t h e  lower Columbia 
River  and i t s  major t r i b u t a r i e s  t end  t o  
bc  q u i t e  d i  s t i n c t  from f a l l  chinook r e t ~ l r n i l i g  
t o  t h i s  r e g i o n ,  p r i n c i p a l l y  through con- 
s i d e r a b l y  h i g h e r  f  r cquenc ies  o f  t h e  common 
7'0 a l l e l e .  

Chinook popula t ions  o f  t h e  upper Columbia 
and Snake r - ivc r s  a r e  t e n t a t i v e l y  i d e n t i f i a b l e  
e i t h e r  through d i s t i n c t i v e  f requenc ies  of 
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PPVI and TO a l l e l e s  o r  t h e  p r c s c n c e  of  low 
f r equency  v a r i a n t s  a t  o t h e r  l o c i  t h a t  have  
n o t  been seen  i n  o t h e r  p o p u l a t i o n s .  l ' he se  
d i f f e r e n c e s  must b e  r e g a r d e d  a s  p r o v i s i o n a l  
because  t h e y  a r e  g e n e r a l l y  based  on s i n g l e  
o b s e r v a t i o n s  s e p a r a t e d  by l a r g e  d i s t a n c e s .  

A few chinook salmon popula  t i ons  have 
a l s o  been examined i n  t h e  Yukon ant1 
Kuskokwim r i v e r s  i n  Alaska .  I 'herc  a p p e a r s  
t o  b e  g e n e t i c  s i m i l a r i t y  c h a r a c t e r i z e d  by 
h i g h  f r e q u e n c i e s  o f  t h e  common a l l e l e  of 
polyntorphic l o c i  among t h e  p o p u l a t i o n s  
from t r i b u t a r i e s  o f  bo th  r i v e r s .  These  
p o p u l a t i o n s  were d i s s i m i l a r  from a l l ,  o t h e r  
chinook p o p u l a t i o n s  examined e x c e p t  f o r  
p o p u l a t i o n s  i n  t h e  uppe r  Snake R i v e r  d r a i n a g e .  

I t  is i n t e r e s t i n g  t o  compare g e n e t i c  
v a r i a t i o n  w i t h i n  and among chinook salmon 
p o p u l a t i o n s  r e l a t i v e  t o  t h e  o v e r a l l  d i s t r i -  
b u t i o n  o f  t h e  s p e c i e s .  The Columbia R ive r  
i s  i n  t h e  c e n t e r  o f  d i s t r i b u t i o n  w i t h  
major  p o p u l a t i o n s  bo th  nor thward  and s o u t h -  
ward. The Yukon and Kuskokwim r i v e r s ,  on 
t h e  o t h e r  hand, a r e  n e a r  t h e  n o r t h e r n  
e x t r e m i t y  of t h e  r a n g e  of chinook salmon 
i n  North America (Atkinson e t  a l .  1967). 
I t  h3s  long  been p o s t u l a t e d  t h a t  p o p u l a t i o n s  
n e a r  t h e  c e n t e r  o f  t h e  r a n g e  shou ld  have  
h i g h e r  l e v e l s  o f  g e n e t i c  v a r i a t i o n  than  
p o p u l a t i o n s  n e a r  t h e  p e r i p h e r y  because  of  
t h e  g r e a t c r  p o t e n t i a l  gene  f low (Mayr 1970). 
G e n e t i c  d a t a  from chinook salmon s u p p o r t  
such a  h y p o t h e s i s .  The Kuskokwim R i v e r  
and Yukon R ive r  p o p u l a t i o n s  a r e  g e n e r a l l y  
d i s t i n g u i s h e d  from t h o s e  o f  t h e  Columbia 
R i v e r  by lower  amounts o f  g e n e t i c  v a r i a t i o n  
among i n d i v i d u a l s  and p o p u l a t i o n s .  Only 
t h o s e  p o p u l a t i o n s  a t  t h e  i n l a n d  e x t r e m i t i e s  
of t h e  Columbia R ive r  d r a i n a g e  (which them- 
s e l v e s  a r e  p e r i p h e r a l  p o p u l a t i o n s  w i t h i n  a  
l a r g e  r i v e r  sys tem)  r e semble  t h e  Alaskan 
p o p u l a t i o n s  w i t h  r e g a r d  t o  reduced l e v e l s  
o f  g e n e t i c  v a r i a t i o n .  

Coho Salmon: The coho salmon lies t h e  -- - - - 
lowest  a v e r a g e  h e t e r o z y g o s i t y  vn l u c  oF ttl, 
f i v e  P a c i f i c  salmon s p e c i e s  i n  North An1eric.a 
(Al l endor f  and U t t e r  1979) wi th  o n l y  :I 

s i n g l e  h i g h l y  polymorphic l o c u s  - t r a n s f c r -  
r i n  - among 24 l o c i  examincd i n  a b road  
s u r v e y  o f  p o p u l a t i o n s  from C a l i f o r n i a  through 
Alaska .  P o p u l a t i o n s  from t h e  Columbia and 
F r a s e r  r i v e r s  can b e  d i s t i n g u i s h e d  from 
o t h e r  p o p u l a t i o n s  on t h e  b a s i s  of  a  s i n g l e  
a l l e l e  o c c u r r i n g  i n  h igh  f r e q u e n c i e s  i n  
t h e  fo rmer  group c o n t r a s t e d  w i t h  v a r y i n g ,  
b u t  somewhat equal , .  f r e q u e n c i e s  o f  t h r e e  
a l l e l e s  i n  t h e  l a t t e r  group ( U t t e r  e t  a l .  
1970, U t t e r  e t  ak .  1973, May and IJtter 1974, 
Hay 1975, S e i d e l  1976, U t t e r  e t  a l .  1976, 
Suzumoto e t  a l .  1977). Exper imenta l  d a t a  
s u g g e s t  t h a t  t h e  d i s t r i b u t i o n  o f  t r a n s f e r r i n  

a l l c l c s  may b e  more a r e f l e c t i o n  of conlplex 
bacteriostatic p r o p e r t i e s  o f  d i f f e r e n t  
t r a r l s f c r r i r l  a l l e l e s  t h a n  of a n c e s t r a l  r e l a -  
t i o n s h i p s  (Suzumoto e t  a l .  1977, I ' r a t s chne r  
1978).  

Most o t h e r  l o c i  s c r e e n e d  from c o l l c c t i o n s  
o f  coho salmon t a k e n  th roughou t  t h e  P a c i f i c  
Northwest  a r e  mollornorphic. A v a r i a n t  a 1  l c l e  
o f  LUH-4 o c c u r s  a t  modera te  f r e q u e n c i e s  (up 
t o  . l o )  i n  s t r e a n s  i n  s o u t h  Puget  Sound and  
tlood Canal ,  b u t  is v i r t u a l l y  a b s e n t  i n  
c o l l e c t i o n s  f r o n  o t h c r  P a c i f i c  Nor thwest  
s t r e a m s  (Play 1975).  Two unusua l  v a r i a n t s  
a t  t h e  PGM and LDH-2 l o c i  o c c u r r e d  a t  
polymorphic f r e q u e n c i e s  ( g r e a t e r  t h a n  - 0 5 )  
a t  t h e  F e a t h e r  R i v e r  Hatchery ,  C a l i f o r n i a  
( U t t e r  u n p u b l i s h e d  data, Flay 1975).  Both 
o f  t h e s e  v a r i a n t s  may o c c u r  w i d e l y  i n  t h e  
s o u t h e r n  r a n g e  of  coho.  A t  l e a s t  some 
coho p o p u l a t i o n s  from t h e  F r a s e r  R i v e r  a n d  
Puget Sound have  polymorpll ic f r e q u e n c i e s  
o f  v a r i a n t  a l l e l e s  f o r  AGPD-3, ASPD-4 and 
two p e p t i d a s e  l o c i  (Seeb u ~ p u b l i s h e d  data, 
U t t e r  u n p u b l i s h e d  d a t a ) .  P r e s e n t  d a t a  a r e  
i n s u f f i c i e n t  t o  d e f i n e  any g e o g r a p h i c  
p a t t e r n s  f o r  t h e s e  v a r i a n t s .  Coho sa lmon 
p e r s i s t  a s  t h e  s p e c i e s   wit,^ t.>e l o w e s t  
i n c i d e n c e  of d e t e c t e d  polymorphism i n  s p i t e  
o f  t h e s e  a d d i t i o n a l  polymorphic  l o c i .  fluch 
o f  t h e  developmenta l  work on methods t o  
d e t e c t  polymorphism h a s  been d i r e c t e d  a t  
t h i s  s p e c i e s  because  of  i t s  a p p a r e n t  h i g h  
i n c i d e n c e  o f  monomorphism. 

The low l e v e l s  o f  g e n e t i c  v a r i a t i o n  
observed among coho p o p u l a t i o n s  c a n  b e  
r e a d i l y  e x p l a i n e d  i f  t h i s  s p e c i e s  had 
d i s c o n t i n u o u s  d i s t r i b u t i o n  and r e s t r i c t e d  
h a b i t a t s .  These  f a c t o r s  would c o n t r i b u t e  
t o  reduced gene  f low among p o p u l a t i o n s  ;is 
i n  sockeye  salmon, \%.hich h a s  a  s i m i l a f  lor< 
a v e r a g e  h e t e r o z y g o s i t y  (.A1 l e n d o r f  and U t t e r  
1978) .  However, coho salmon, more t h a n  any 
o f  i ts  congene r i c  s p e c i e s .  o c c u p i e s  n  
contin~runi o f  p o p u l a t i o n s  i n  d i v e r s e  h:ll>i t a t s  
o v e r  a  broild gcogl-;tl)hic r a n g e  (:\ro and 
Shepard 19h7).  'Thc s p e c  i c s  has  1.c;itli l y  
adapted t o  t r a r l sp ln r i t ;~ t  i or1 ant1 tin tcllel-y 
cont l i t ior t s  (prr-sorlal comrrrcrnirat i o n ,  I t .  
I ' rcsscy ,  Nntj  on:^ 1 .\Inrille I : i s t i e r i c s  Scl-vice) 
and is p r e s e n t  1 y  mol-c abutid:int t h n t ~  
h i s t o r i c a l l y  o v e r  m~rcli o f  i t s  r;lrigc clue t o  
h a t c h e r y  propngat  ion .  I t  a~pe : i t - s  ;~rlon;~lo:is  
t h a t  such an u b i q u i t o u s  and a d ; i p t ; ~ b l c  s p c c i c s  
a s  t h e  coho sl lould c x p r c s s  l i t t  lc g c n e r i c  
v a r i a t i . o n  i n  r e l a t  i on  t o  o t h c r  sri lmon s p c ~ :  i.cs. 
Two opposing poss i  b i  1 i t .  i c s  a r c  s u g g c s t c d :  
1 )  t h e  l e v e l  o f  g c n c t  i c  v a r i a t i o n  c t ~ r r e ~ l t  l y  
i n d i c a t e d :  by p r o t e i n  l o c i  i s  no t  ;I v a l i d  
r e f l e c t i o n  of  g c n e t i c  v a r i a t i o n  o v r r  t h e  
remainder  o f  t h e  coho salmon gcnome; and 
2) t h e  coho salmon h:~s c v o l v e ~ l  n gcnomc 
p o s s e s s i n g  l i t t l e  g c n c t i c  v ; i r i a t i o l l  h u t  a 
h?gh l y  a d a p t a b l e  nhenotypc .  
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Rainbow Trout: The gene t ic  c o n s t i t u t j  on 
of rainbow t rou t  has been s t ~ r d i e d  more 
in tens ive ly  than any otlier snlmonid spec ies .  
Considcr;lbly g r ea t e r  gene t ic  va r i a t i on  of 
p ro te ins  has been reported f o r  rainbow 
t rou t  than f o r  Pac i f i c  salmon (Utter and 
Hodgins 1972, Ut te r  e t  a l .  1973). !lore 
recent  s t ud i e s  of anadromous populations 
(s teelhend)  i n  Washington involving more 
than 30 l oc i  (Allendorf 1975) have supported 
t h i s  coriclusion. Continuirig s t ud i e s  of 
rainbow t r o u t  p lace  emphasis on more prec ise  
de f in i t i on  of Columbia River popula t io r~s  
(hlilner 1977, 1979). A more extended geo- 
graphic survey of t he  gross  population 
s t r u c t u r e s  of s teelhead populations hosed 
on da t a  from two polymorphic loc i  (LDH-4 
and TO) has recent ly  been published (Ut te r  
and A1 lelidorf 1977). 

northern Cal i forn ia .  Moderate t o  low 
frcqucncies of LDH-4 varial i ts  and moderate 
i'rccluencics of 7'0 va r i an t s  typ i fy  t h i s  
group. An inland group, found exc lus ive ly  
i n  t he  Fraser  arid Columbia r i v e r  d ra inages  
e a s t  of t he  Cascade range is  i d e n t i f i e d  through 
very high frequencies  of LDH-4 v a r i a n t s  
and low frequencies of 70 va r i an t s .  This  
major d iv i s ion  presumably r e f l e c t s  two 
d i s t i n c t  l i n e s  da t ing  i n t o  t he  l a s t  g l a c i a l  
e r a  (Allendorf 1975). The inland group i s  
postulated t o  havc descended from f i s h  
migrating i n t o  a  l a rge  freshwater impound- 
ment r e su l t i ng  from the  g l a c i a l  d ivers ion  
of t he  upper drainages of t he  Columbia 
and Fraser  r i v e r s .  The coas ta l  group 
presumably descended from As ia t i c  o r  
American s tocks t h a t  ex is ted  ou t s ide  tl te 
g l a c i a l  mass. 

The cur ren t  da ta  f o r  frequencies of LDH-4 Neither t he  tendency toward anadrolny nor 
and TO va r i an t s  de f ine  a t  l e a s t  two major t he  timing of  upstream migration appear t o  
geographic un i t s  of rainbow t r o u t  popula- be c h a r a c t e r i s t i c s  of d i s t i n c t  evolut ionary 
t i ons  (Fig. 5 ) .  A coas ta l  group t e n t a t i v e l y  l i ne s .  A l l e l i c  f requencies  of both r e s iden t  
extends a t  l e a s t  from Kodiak I s land  south- and migratory populations of a  p a r t i c u l a r  
ward through the  Plad River drainage of region were invar iab ly  s imi l a r  (e-g.  s t e e l -  

Major Sf ee/heud 
Popu/af/bn 

Groups 

Figure 5. Major geographic u n i t s  of rainbow t r o u t  popt~ la t ions  dcfincd I)y 
frequencies  of LDff -4  and TO va r i an t s .  (From Ut t e r  and Allcndorf 1977)- 
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head o f  t h e  upper F r a s e r  River  and "Kamloops" 
rainbow t r o u t ) ,  whi le  summer and winter-run 
s t e e l h e a d  o f  a  p a r t i c u l a r  d ra inage  tended t o  
resemble one ano ther  more t h a n  they  resembled 
p o p u l a t i o n s  o f  a d j a c e n t  d r a i n a g e s  (Allendorf 
1974; Thorgaard 1977a, 19773. Thus, t h e  
terms "s tee lhead ,  "summer-ruri," and 
"winter-run" a r e  u s e f u l  f o r  t h e  d e s c r i p t i o n  
o f  l i f e  h i s t o r y  p a t t e r n s  o f  a  p a r t i c u l a r  
popu la t ion ,  bu t  a r e  no t  an i n d i c a t i o n  o f  
c l o s e  e v o l u t i o n a r y  r e l a t i o n s h i p s  among 
p o p u l a t i o n s  o f  d i f f e r e n t  a r e a s .  

The high frequency o f  LDH-4 v a r i a n t s  i n  
t h e  i n l a n d  rainbow t r o u t  group s e p a r a t e s  
it  from the. golden t r o u t  (SaZmo aqunboni ta)  
and red-band t r o u t .  P r e s e n t  ev idence  
i n d i c a t e s  t h a t  t h e s e  in land  t r o u t  groups 
a r e  c l o s e l y  r e l a t e d  t o  rainbow t r o u t  (Gold 
19771, but  t h e  absence o f  LDH-4 v a r i a t i o n  
( U t t e r  and Allendorf  1977) i n d i c a t e s  a  
d ive rgence  from t h e  i n l a n d  rainbow t r o u t  
p o p u l a t i o n s  t h a t  p r e d a t e s  a t  l e a s t  t h e  l a s t  
p e r i o d  o f  g l a c i a t i o n . '  

The boundar ies  o f  t h e  c o a s t a l  group a r e  
u n c e r t a i n  because o f  t h e  absence of sampling 
a t  t h e  nor the rn  and sou thern  extremes o f  
d i s t r i b u t i o n .  The a b e r r a n t  chromosome 
counts  Tliorgaard (19773) observed i n  s t e e l -  
head from t h e  Elad River  i n  C a l i f o r n i a  i n d i -  
c a t e s  a  d i v i s i o n  a t  t h i s  p o i n t  t h a t  was 
n o t  r e f l e c t e d  i n  t h e  p r o t e i n  d a t a .  Non- 
anadromous ha tchery  s t r a i n s  Al lendorf  (1975) 
examined showed d i f f e r e n c e s  between i n l a n d  
and c o a s t a l  groups.  These p o p u l a t i o n s  
presumably descended from f i s h  t aken  from 
t h e  PlcCloud River  d ra inage  of C a l i f o r n i a  
d u r i n g  t h e  l a s t  c e n t u r y  (LlacCrimmon 1971) 
and appear  t o  r e f l e c t  a  t h i r d  major group 
o f  rainbow t r o u t  popu la t ions  t h a t  may 
converge wi th  sou thern  p o p u l a t i o n s  of t h e  
c o a s t a l  group. 

The major popu la t ion  groups o f  rainbow 
t r o u t  d e s c r i b e d  t o  t h i s  p o i n t  a r e  v i r t u a l l y  
c e r t a i n  t o  have a c o n s i d e r a b l e  degree  of 
i n t e r n a l  s t r u c t u r i n g  t h a t  w i l l  become 
apparen t  a s  more populat iol ls  and loci.  a r e  
cxamined, and a s  complementary d a t a  a r c  
c o l l c c t e d  by o t h e r  methods. Such s t r - u c t u r i ~ i g  
has  n l rcady  been i n d i c n t r d  i n  t h e  c o a s t a l  
group through t h e  c y t o g e n e t i c  s t u d i e s  of 
Tliorgaard (1977a, 197731, and t h e  presence 
o f  a p p a r e n t l y  unique p r o t e i n  v a r i a n t s  i n  
c e r t a i n  d r a i n a g e s  (Al lendorf  1975). D i r e c t  
evidence f o r  a  s u b s t r u c t u r e  o f  t h e  i n l a n d  
group was r e c e n t l y  found i n  a  comparison 
o f  t h r e e  c o l l e c t i o n s  from widely  s e p a r a t e d  
a r e a s  o f  t h e  upper Columbia River  d r a i n a g e  
through d i f f e r i n g  f r e q u e n c i e s  o f  p e p t i d a s e  
v a r i a n t s  (kf i lner  1977). The p a t t e r n  o f  
v a r i a t i o n  s u g g e s t s  a c l e a r  s e p a r a t i o n  o f  
popu la t ions  from t h e  Columbia River  above 

i ts  conf luence with  t h e  Snake River and 
some poptr la t ions  o f  t h e  Snake River 
d ra inage .  

C u t t h r o a t  Trout :  Data have been c o l l c c t c d  --- 
s p o r a d i c a l l y  over  a number o f  y e a r s  from 
c o a s t a l  c u t t h r o a t  t r o u t ,  p r i m a r i l y  i n  con- 
j u n c t i o n  14i t h  ongoing s t u d i e s  o f  rainbow 
t r o u t .  Most of t h e s e  obse rva t ions  were 
d i r e c t e d  toward determining biochemical 
d i f f e r e n c e s  between c u t t h r o a t  t r o u t  and 
rainbow t r o u t  (Ut te r  e t  a l .  1973, U t t e r  
e t  a l .  1976, Campton 1980).  C u t t h r o a t  
and rainbow a r e  ve ry  c l o s e l y  r e l a t e d ,  o c c u r  
s y m p a t r i c a l l y  i n  many waters  and a r e  
morphological ly  i n d i s t i n g u i s h a b l e  i n  e a r l y  
s t a g e s  o f  l i f e  h i s t o r y .  The a b i l i t y  t o  
e l e c t r o p h o r e t i c a l l y  i d e n t i f y  i n d i v i d u a l s  :of 
t h e  two s p e c i e s  and t h e i r  hybr ids  h a s  
proven t o  be a  v a l u a b l e  a s s e t  in.  s t r eam 
surveys  where bo th  s p e c i e s  occur  syrilpatric- 
a l l y ,  and i s  r o u t i n e l y  used by t h e  
Washington S t a t e  Department o f  Game (WSDG) 
f o r  t h i s  purpose (Burns e t  a l .  1977).  
Although we have s t u d i e d  c o a s t a l  c u t t n r o a t  
t r o u t  a t  t h e  s p e c i e s  l e v e l  f o r  a  number o f  
yea rs ,  v i r t u a l l y  nothing was known about  
t h e  g e n e t i c  s t r u c t u r e  o f  popu la t ions  of  
t h i s  s p e c i e s  p r i o r  t o  1976 when a  f o r n a l  
i n v e s t i g a t i o n  was i n i t i a t e d '  t o  examine 
t h i s  q u e s t i o n  i n  con junc t ion  with  t h e  
es tab l i shment  of d i f f e r e n t  ha tchery  l i n e s .  
These s t u d i e s  have been desc r ibed  by 
Campton (1980), and have now reached t h e  
p o i n t  where some i n t e r e s t i n g  f a c t s  have 
emerged c o ~ ~ c e r n i n g  t ~e popula t ion  s t r u c t u r e  
o f  c o a s t a l  c u t t h r o a t ' t r o u t .  

Although c u t t h r o a t  t r o u t  occur  from 
n o r t h e r n  C a l i f o r n i a  through P r i n c e  W i  1  l iam 
Sound, Alaska, t h e  p r e s e n t  d a t a  a r e  r e s t r i c t -  
ed  t o  two proximal r e g i o n s  of x e s t e r n  
Washington -1lood Canal and nor the rn  Yuget 
Sound. These two r e g i o n s  have  been examined 
i n  c o n s i d e r a b l e  d e t a i l .  Some c o l l e c t i o n s  
included t r i b u t a r y  s t reams  w i t h i n  minor 
d ra inages  and a d j a c e n t  a r e a s  i n  a  g iven  
s t ream.  Coas ta l  c u t t h r o a t  t r o u t  have 
prove11 t o  h c  t l ic  most polylnorphir s;i ln~onid  
s p c c i c s  stutl ictl  t o  t latc.  O\+r 50 pe rcen t  
o f  more tli:~ri -30 l o c i  cx:~lninctl WCI-c poly-  
nrorpl~ic i n  one o r  more o f  tlie popular i on5 
exanlincd. Averiige l ir tcroxygos i t y  \,;I l ucs  

. i l l  t h i s  group of pupu1:ltions a r e  we1 1 i n  
excess  o f  . l o .  

Th i s  d e t a i l e d  sampling and t e s t i n g ,  
couplerl wi th  known uniquc a s p e c t s  o f  t h o  l i f c  
h i s t o r y  r c l a t i v c  t o  o t h c r  inctigcnous ss1n1o11- 
i d s ,  has  l ed  t o  new knowledge o f  t h i s  
s p c c i c s '  b io logy  t h a t  has d i r e < - t  imp1ic:t- 
t i o n s  f o r  i ts  nlan;igolacnt. ,I major- f i n d i n g  
from t h e  p r o t e i n  d a t a  \<:IS ;I gelieral  l ln i ty  
of popu la t ions  wi th in  cnrh I-cgion c o r ~ t i - ; ~ s t c ~ I  
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with a  c l i f ference between reg ions  of  a  
magnit~rde s i m i l a r  t o  t h a t  s e p a r a t i n g  t h e  
c o a s t : ~ l  and in land  groups o f  rainbow t r o u t .  
The l i n e a r  d i s t a n c e  s e p a r a t i n g  t h e  two 
reg ions  is smal l ,  bu t  t h e  c o a s t a l  d i s t a n c e  
is l a r g e  because of t h e  hundreds of  miles  
of c o a s t l i n e  s e p a r a t i n g  t h e  S t i l l a g u a n i s h  
River d ra inage  a t  t h e  sou thern  extreme of 
the  nor th  Puget Sound reg ion  and tlood Canal 
Tagging s t u d i e s  show t h a t  c o a s t a l  c u t t h r o a t  
t r o u t  avoid open, deep water  a r e a s  such a s  
those  s e p a r a t i n g  lfood Canal and nor th  Puget 
Sound (Johnston and Mercer 1976). This  
c h a r a c t e r i s t i c  is c o n s i s t e n t  with t h e  
g e n e t i c  d i f f e r e n c e  s e p a r a t i n g  p o p ~ ~ l a t i o n s  
of  t h e  two reg ions .  

The apparent  absence of gene flow between 
Hood Canal and nor th  Puget Sound popula t ions  
i s  s u f f i c i e n t  evidence t o  preclude t h e  u s e  
of  a  s i n g l e  ha tchery  s tock  de r ived  from 
e i t h e r  r eg ion  t o  enhance f i s h i n g  i n  bo th  
regions .  In te rb reed ing  of  n a t i v e  and 
s t r o n g l y  diverged exogenous f i s h  c a r r i e s  
t h e  r i s k  o f  d i s r u p t i n g  h i g h l y  adapated g?ne 
poo l s ,  g iv ing  r i s e  t o  subopt imal ly  adapted 
progeny, and an a r t i f i c i a l  dependence on 
cont inued hatchery supp len~en ta t ion  t o  
support  t h e  f i s h e r y  ( see  Re i senb ich le r  and 
blclntyre 1976). . 

One c o l l e c t i o n  o f  y e a r l i n g  f i s h  from Howe 
Creek of t h e  Hood Canal r eg ion  d i d  no t  con- 
form t o  t h e  above p i c t u r e  of much g r e a t e r  
g e n e t i c  s i m i l a r i t y  w i t h i n  a  reg ion  than 
between reg ions .  In  f a c t ,  t h e  c o l l e c t i o n  
formed a  s e p a r a t e  c l u s t e r  from t h e  remainder 
of  t h e  Hood Canal popu la t ions  and t h e  c l u s t e r  
of  nor th  Puget Sound popula t ions  (Campton 
1980). Th i s  popu la t ion  was a l s o  c h a r a c t e r i z e d  
by a  low average he te rozygos i ty  va lue  r e l a t i v e  
t o  a l l  o t h e r  anadromous c o a s t a l  c u t t h r o a t  
t r o u t  popu la t ions  examined. These p e c u l i a r i -  
t i e s  were c o n s i s t e n t  wi th  a  hypo thes i s  of  
one o r  more popu la t ion  "bot t lenecks"  
a f f e c t i n g  t h e  a l l c l i c  f requenc ies  and l e v e l s  
of g e n e t i c  v a r i a t i o n  o f  t h i s  populat ion 
couplcd with  an absence of gene flow from 
ad jacen t  p o p l ~ l a t i o n s  . Such a  s i t w i t i o n  
would be expected i n  non-:lnsdro~nous ( r r s i d e n t )  
popu la t ions  i n  a  small  stream possessing a 
small  p o p ~ i l a t i o n  and exper iencing l i t t l e  o r  
no o u t s i d e  gene flow i n t o  t h e  popu la t ions .  
Campton (1980) postulated t h a t  c u t t h r o a t  
r e s i d i n g  i n  Howe Creek r e p r e s c n t r d  such an 
i s o l a t e d  populat ion.  Th i s  hypothesis  was 
v e r i f i e d  i n  3 group of  o l d e r  f i s h  from Howe 
Creek, t h a t  had t h e  same g e n e t i c  c h a r a c t c r i s -  
t i c s  a s  young of  t h e  ycar .  

A q u e s t i o n  concerning t h e  sys temat ic  
s t a t u s  of  c u t t h r o a t  t r o u t  n a t i v e  t o  d i f f e r e n t  
a r e a s  of  t h e  western  United S t a t e s  has a r i s e n  
a s  a  r e s u l t  of  c y t o g e n e t i c  and recen t  b io -  

chemical g e n e t i c  examinations of t h e s e  f i s h e s  
(Cold 1977, Cnrnpton 1980). SaZrno cZarki 
p r e s e n t l y  inclucles a  r a t h e r  broad assor tment  
o f  populat ion u n i t s  t h a t  a r e  bound t o g e t h e r  
through morl)hological s i m i l a r i t i e s  but  a p p e a r  
t o  be r a t h e r  widely diverged on t h e  b a s i s  of 
c y t o l o g i c a l ,  biochemical and geographical  
evidence. Althougl) i t  is beyond t h e  scope  
of  t h i s  paper t o  review t h i s  s i t u a t i o n  i n  
d e t a i l ,  i t  i s  irnportarrt t o  emphasize t h a t  t h e  
c o a s t a l  c u t t h r o a t  t r o u t  i s  a  d i s t i n c t  taxo-  
nomic u n i t  from a l l  o t h e r  groups of Satrno 
indigenous t o  western North America, inc lud-  
ing  o t h e r  groups of  SaZmo c ta rk i .  The 
d i p l o i d  chrolnoson~e n~unber (2N = 65) (Gold 
1977) i s  f o u r  higher  than any o t h e r  c u t t h r o a t  
t r o u t  group. Coasta l  c u t t h r o a t  a r e  r e s t r i c t e d  
t o  c o a s t a l  dra inages  from Alaska through 
C a l i f o r n i a  and a r e  l a r g e l y  sympatr ic  wi th  
c o a s t a l  s t e e l h e a d  t r o u t  popu la t ions .  A com- 
par i son  of t h e  g e n e t i c  s i m i l a r i t i e s  (measured 
by about 30 p r o t e i n  l o c i )  among c o a s t a l  
c u t t h r o a t  t r o u t ,  "west-slope" c u t t h r o a t  t r o u t  
(from P a c i f i c  d ra inages  of t h e  Columbia 
River  e a s t  of t h e  Cascade C r e s t ) ,  "Yellow- 
s tone"  c u t t h r o a t  t r o u t  and c o a s t a l  s t e e l h e a d  
t r o u t  i s  p a r t i c u l a r l y  i n t e r e s t i n g .  Each o f  
t h e s e  f o u r  groups a r e  about equa l ly  diverged 
from one ano ther ,  i n d i c a t i n g  a  s i m i l a r  time 
i n t e r v a l  s i n c e  comnlon a n c e s t r y  (Campton, 
1980). I t  appears,  then,  t h a t  a t  l e a s t  
some c u t t h r o s t  t r o u t  l ineages  have d ive rged  
t o  t h e  s p e c i e s  l e v e l ,  and t h a t  a  thorough 
m u l t i d i s c i p l i ~ l a r y  reexamination of t h e  
sys temat ics  of  P a c i f i c  s p e c i e s  of  SaZmo is 
a p p r o p r i a t e  a t  t h i s  t ime. 

GENERAL CONSIDERATIONS REGARDING DATA 
AND BREEDING STRUCTURE 

The p r e s e n t  d a t a  ampli fy  e a r l i e r  conclu- 
s i o n s  from a  l e s s  e x t e n s i v e  survey of t h r e e  
s p e c i e s  (coho and chinook salmon and r a i n -  
bow t r o u t )  where a uniqueness of  popu la t ion  
s t r u c t u r i n g  wi th in  a  s p e c i e s  was noted 
(Al l rndorf  and U t t c r  1979). I t  has  become 
i11crc;is ing ly  cvi dent  t h a t  g c n e t i c  d a t a  
de r ived  f o r  one s p e c i e s  a r e  i !~suFf ic ien t  
f o r  drawing i n f e r c n c c s  regard ing  s t r u c t u r e s  
of  c l o s e l y  r c l a t c d  s;~lmonid s p c c i c s .  D i f -  
f c rcnces  in  g e n e t i c  s t r u c t l l r e  becon~e more 
ev iden t  frorn t h e  d a t a  presented f o r  seven 
s p e c i e s  i n  t h i s  rcpor t ,which a l s o  d i s c u s s e s  
p o s s i b l c  causes  and p r ; l c t i cn l  i m p l i c a t i o n s  
o f  g c n e t i c  d i f f c r e n c e s .  In  t h i s  s e c t i o n  w e  
w i l l  d i s c u s s  four  q u e s t i o n s  r e l a t e d  t o  
gcnera l  a s p e c t s  of  g c n e t i c  d i f f e r e n c e s .  

What a r e  t h e  p r i n c i p a l  cadses  o f  t h e s e  
d i f G r e n t  p a t t e r n s  o f  v a r i a t i o n  i n  g e n e t i c  -- 
s t r u c t u r e ?  This  qucs t ion  l i e s  a t  t h e  c e n t e r  --- 
of  one of  t h e  fundamental c o n t r o v e r s i e s  o f  
modern biology,  i . c . ,  is such e e n e t i c  v a r i a -  
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t i o n  predominant ly  a  r e f l e c t i o r ~  of p rocesses  
o f  n a t u r a l  s e l e c t i o n  t h a t  d i r e c t l y  a f f e c t  
t h e  p r o t e i n  l o c i  examined, o r  i s  most of 
t h i s  g e n e t i c  v a r i a t i o n  more an echo o f  
random e v e n t s  such a s  g e n e t i c  d r i f t  o r  
migra t ion?  The con t roversy  is  p r e s e n t l y  
unresolved,  i n  s p i t e  of t h e  i n t e n s e  e f f o r t  
and thought t h a t  has  been d i r e c t e d  toward 
a s o l u t i o n  f o r  more than a  decade, mainly 
because o f  t h e  d i f f i c u l t i e s  i n  o b t a i n i n g  
r e l i a b l e  e s t i m a t e s  o f  s i z e s  o f  n a t u r a l  
popu la t ions  (Lewontin 1974). 111 l a r g e ,  
random breed ing  popu la t ions ,  t h e  e f f e c t s  
o f  n a t u r a l  s e l e c t i o n  a r e  much more 
apparen t  f o r  l o c i  where d i f f e r e n t  c o e f f i c i -  
e n t s  of s e l e c t i o n  e x i s t  f o r  a  s e t  o f  geno- 
types ,  whi le  random f a c t o r s  t end  t o  pre-  
dominate i n  t h e  d i s t r i b u t i o n  o f  genotypes 
i n  smal l  p o p u l a t i o n s  (Nei 1975). The 
l i m i t e d  f e c u n d i t y  and reasonably smal l  
popu la t ion  s i z e s  o f  salmonids p l a c e s  t h i s  
group o f  organisms among those  where geno- 
t y p i c  d i s t r i b u t i o n s  o f  n a t u r a l  popu la t ions  
would be p r i n c i p a l l y  a  r e f l e c t i o n  o f  random 
f a c t o r s .  The above argument does n o t  
r e s o l v e  t h e  i s s u e  o f  s e l e c t i o n  vs .  n e u t r a l -  
i t y  o f  polymorphic p r o t e i n  l o c i ,  b u t  does 
p rov ide  a  f u n c t i o n a l  framework f o r  i n t e r -  
p r e t i n g  most o f  t h e  a l l e l i c  f r e q u e n c i e s  
observed i n  n a t u r a l  p o p u l a t i o n s  o f  sa lmonids .  
Thus, t h e  d i s t r i b u t i o n  o f  p r o t e i n  v a r i a n t s  
desc r ibed  i n  t h i s  r e p o r t  f o r  seven salmonid 
s p e c i e s  (with t h e  p o s s i b l e  excep t ion  o f  
t r a n s f e r r i n  v a r i a n t s  o f  coho salmon) has  
been i n t e r p r e t e d  t o  r e s u l t  predominantly 
from random processes .  Th i s  i n t e r p r e t a t i o n  
is  suppor ted  by t h e  fo l lowing  obse rva t ions :  
1) t h e  major p a t t e r n s  o f  d i s t r i b u t i o n  
a p p a r e n t l y  r e f l e c t  geographic  r a t h e r  than  
environmental v a r i a b l e s ;  2) d i s t i n c t  a l l e l i c  
f r e q u e n c i e s  a r e  observed i n  even and odd- 
y e a r  pink salmon from t h e  same s t ream; 3) 
c o n s i s t e n t  a l l e l i c  f r e q u e n c i e s  a r e  observed 
among age  groups,  y e a r  c l a s s e s  and genera-  
t i o n s  i n  "closed" popu la t ions ;  and 4) 
s u c c e s s f u l l y  t r a n s p l a n t e d  f i s h  obv ious ly  
i n f l u e n c e  gene f requenc ies  o f  t h e  next  
g e n e r a t  ion i n  "open" popu la t ions '  (see  Table  
2) - 

I t  is apparen t  t h a t  n l l c l i c  frequency 
d a t a  a r e  h igh ly  u s e f u l  i n d i c a t o r s  o f  t h e  
g e n e t i c  s t r u c t u r e s  o f  salmonid s p e c i e s  and 
t h a t  t h e  s t r u c t u r e  o f  each s p e c i c s  i s  
unique. T h i s  d i s t i n c t  s t r u c t u r i n g  p rec ludes  
g e n e r a l i z i n g  from one s p e c i c s  t o  a n o t h e r .  
Based on p r o t e i n  d a t a  c o l l e c t e d  from d i f -  
f e r e n t  popu la t ions  o f  American e e l s  (Anguilla 
r o s t m t a ) ,  Williams c t  a l .  (1973) s t a t c d  
". . .the r e c o g n i t i o n  of s e p a r a t e  Mendelian 
p o p u l a t i o n s  on t h e  b a s i s  o f  s i g n i f i c a n t l y  
d i f f e r e n t  a l l e l i c  f r e q u e n c i e s  i n  a number 
o f  o t h e r  commercially important  s p e c i e s  is 
h i g h l y  q u e s t i o n a b l e .  .'I Our f i n d i n g s  

i n v a l i d a t e  t h i s  broad g e n e r a l i z a t i o n  f o r  
salmonids and sugges t  t h a t  i t  may b e .  
g e n e r a l l y  i n a p p r o p r i a t e .  

What a r c  t h e  u l t i m a t e  limits o f  popul?- 
l a t i o n  d e f i n i t i o n  based on g e n e t i c  v a r i a -  
t i o n s  o f  p r o t e i n s ?  Th is  r e l a t e ' ;  
d i r e c t l y  t o  t h e  preceding q u e s t i o n .  The 
major f a c t o r s  i n f  lucncing t h e  f requenc ies  
o f  s i n g l e  gene v a r i a n t s  i n  a  popu la t ion  
i n c l r ~ d e  1) t h e  number of breccling indiviclu- 
a l s  i n  a p a r t i c u l a r  g e n e r a t i o n ;  2 )  t h e  d c y r c c  
o f  g e n e t i c  i s o l a t i o n  from o t h e r  p o p u l a t i o n s ;  
3) t h e  amount of t ime  elapsed s i n c e  gene 
exchange occurred from o t h e r  p o p u l a t i o n s ;  
and 4)  t h e  d i f f e r e n t i a l  i n f  lucncc  o f  
n a t u r a l  s e l e c t i o n  on v a r i a n t s  o f  a  p a r t i c u -  
l a r  p r o t e i n .  

We have a l r e a d y  exp la ined  t h a t  t h e  f i r s t  
t h r e e  f a c t o r s  probably account  f o r  most o f  
t h e  v a r i a t i o n  observed among salmonid 
p o p u l a t i o n s .  Each f a c t o r  i s  i n t e r r e l a t e d  
and v a r i e s  from s p e c i e s  t o  s p e c i e s  and, t o  
some degree; among p o p u l a t i o n s  w i t h i n  
s p e c i e s .  

Pink salmon p o p u l a t i o n s  a r e  a  good 
example of t h e  apparent  complexi ty  of t h o s e  
g e n e t i c  i n t e r a c t i o n s .  Pinks  may b e  i n f l u -  
enced s u f f i c i e n t l y  by p e r i o d i c  r e s t r i c t i o n s  
o f  popu la t ion  s i z e  w i t h i n  l o c a l  b reed ing  
u n i t s  t o  o v e r r i d e  t h e  p o t e n t i a l l y  s t a b i l i r -  
ing  e f f e c t s  of gene flow between u n i t s  from 
p o s s i b l e  s t r a y i n g .  Th i s  combination o f  
genet ic 'dynamics  could e x p l a i n  t h e  r e l a t i v e l y  
high amount o f  g e n e t i c  v a r i a t i o n  observed i n  
pink salmon popula t ions  and t h e  minimal d e g r e e  
o f  geographic  s t r u c t u r i n g .  The e f f e c t s  of 
t ime s i n c e  gene exchange a r e  a p p a r e n t  through 
t h e  l a r g e r  d i f f e r e n c e s  seen b e t l ~ e e n  ycar  
c l a s s e s  than a r e  g e n e r a l l y  observed w i t h i n  
them. The c o n s i s t e n c y  over  g e n e r a t i o n s  o f  
gene f requenc ies  of Wasliingtorl pink salmon 
popula t ions  (excep t ing  changcs brought about  
by t r a n s p l a n t a t i o n )  occurrecl w i t h i n  :> p c r i o ~ l  
when none of t h c s c  popu la t ion% were a f f e c t e d  
by d r a s t i c  r c d ~ r c t i o r ~ s  of h r c c c l i ~ ~ g  i n~l ivi t lua  1s. 
'rhe p o t e n t i a l  i l ~ s t a b i  1 i t y  of ; \ lnskan pinh 
salmor~ p o p u l ; ~ t i o a s  mi n i m i  :cs- tlre v ~ ~ l u r  o f  
gene freq~rcrlcy c[a t i~  f o r  c s t  inlat i I I ~  ; r n r c . h t  r ; ~ l  
rc1:l t ionships among p o p u l a t i o n s  o r  dcf  i ni ng 
broad geographic  popu la t ion  u n i t s .  I l o ~ ~ c v c r ,  
s t a b l e  l o c a l  d i f f e r e n c e s  anlong ~ > o l x ~ l a t  ions .  
r e g a r d l e s s  of c:lirsc , a r c  st11 1  p o t c l l t i a l  l y  
u s e f u l  f o r  measuring i n t e r a c t  ions  ;inlong 
t h e s e  popu la t ions  ( s c e  Tab le  2 ) .  

Anaciromous popu la t ions  of c o a s t a l  c u t -  
t h r o a t  t r o u t ,  i n  c o n t r a s t  t o  pink salmon, 
tend t o  form d i s t i n c t  p o p u l a t i o n  u n i t s  on a 
reg iona l  b a s i s  t h a t  appear  t o  rc f l c . c t  
a n c e s t r a l  r c l a t  ionsh ips .  'I'h i s  c o n t r a s t  i s  
s u r p r i s i n g  a t  f i r s t  g lance  bcc;l~rse of lift 



h i s t o r y  s i m i l a r i t i e s  of t h e  two s p e c i e s .  
Both s p e c i e s  spawn i n  smnl lc r  c o a s t a l  
stl-ealns and, in  a  given genera t ion ,  a r e  
p o t e n t i a l l y  a f f e c t e d  by d r a s t i c  retiirctions 
i n  t h e  number o f  spawning i n d i v i d u a l s .  
However, a ni~niber of  d i f f e r e n c e s  e x i s t  be- 
twecrl t h e  l i f e  h i s t o r i e s  o f  t h e  two s p e c i e s  
t h a t  appear t o  in f luence  t h e i r  g e n e t i c  
s t r u c t u r e s .  Coastal  c u t t h r o a t  t r o u t  a r c  
capable  of breeding niore than once and f i s h  
of d i f f e r e n t  ages p a r t i c i p a t e  i n  the  breeding 
a c t i v i t i e s  o f  a  given year .  Thus, an 
apparent  "hottleneck" f o r  c o a s t a l  cu t t l l roa t  
t r o u t  i s  not n e a r l y  as  d r a s t i c  an event fl-om 
the  p o i n t  of  view o f  gcne frequency , s t a b i l i t y  
a s  i t  i s  f o r  pink salmon. A secon,l major 
d i f f e r e ~ l c c  i s  t h a t  c o a s t a l  c u t t h r o a t  t r o u t  
never ven ture  i n t o  deeper s a l t w a t e r  and 
t h e  p o t e n t i a l  f o r  gene flow over l a r g e  
d i s t a n c e s  i s  t h e r e f o r e  much more r e s t r i c t e d .  
Both o f  t h e s e  l i f e  h i s t o r y  d i f f c r e n c c s  a r e  
c o n s i s t e n t  with t h e  gene frequency p a t t e r n s  
observed i n  c o a s t a l  c u t t h r o a t  t r o u t .  

These two examples demonstrate t h a t  
knowledge o f  t h e  u l t i m a t e  reso lv ing  powers 
of gcne frequency d a t a  i n  n a t u r a l  popula- 
t i o n s  i s  dependent upon knowledge o f  t h e  
s p e c i e s '  l i f e  h i s t o r y  i n  ques t ion .  This  
dependency does not reduce t h e  va lue  o f  
gene frequency d a t a  f o r  de f in ing  populat ion 
s t r u c t u r e s .  Rather,  t h e  dependency works 
i n  both d i r e c t i o n s .  A s  more i s  known about 
t h e  g e n e t i c  s t r u c t u r e  of a  s p e c i e s ,  more 
can be dcduced about i t s  l i f e  h i s t o r y  
p a t t e r n s  and v i c e  versa .  

How much d a t a  a r e  requ i red  b e f o r e  a  
p a t t e r n  of  v a r i a t i o n  among populat ions  of  
a  s p e c i e s  becomes ev iden t?  Again, t h e r e  is 
no s i n g l e ,  s imple  answer t o  t h i s  ques t ion  
any more than t o  t h e  more genera l  ques t ion  
o f  t h e  number of p o i n t s  requ i red  t o  r e s o l v e  
t r e n d s  from graphic  p r o j e c t i o n s  o f  any s e t  
of d a t a .  A l o g i c a l  approach is t o  i n i t i a l l y  
c o l l e c t  samples over a s  broad a  geographic 
range a s  p o s s i b l e  and t o  subsequent ly  focus  
with  more i n t e n s e  sampling on rnore r e s t r i c t e d  
a r e a s .  S i n g l e  da ta  p o i n t s  a r e  insufficient 
t o  d e f i n e  major populat ion groups because 
o f  t h e  p o s s i b i l i t y  t h a t  d i f f e r e n c e s  observed 
from a  p a r t i c u l a r  group o f  f i s h  may be  
l o c a l i z e d  a b e r r a t i o n s  from t h e  e f f e c t s  of  
g e n c t i c  d r i f t .  Two c o l l e c t i o n s  from 
proximal populat ions  of  a  spec ies  having 
s i m i l a r  f requenc ies  a t  one o r  more l o c i  
t h a t  d i f f e r  s i g n i f i c a n t l y  from frequencies 
of  t h e s e  l o c i  i n  o t h e r  popula t ions  a r e  the ro-  
f o r e  regarded a s  t h e  a b s o l u t c  minimum f o r  
p o s i t i v e  i d e n t i f i c a t i o n  o f  a  d i s t i n c t  group 
o f  populat ions .  

Will p r o t e i n  d a t a  r e p l a c e  t r a d i t i o n a l  
methods -- f o r  s t u d y i n g  l ~ o p u l a t i o n  struct=? 
'1'11e nnique proper t  i & of g e n e t i c  v a r i a n t s  
of  p r o t e i n s  ( i . e .  s i m p l e  i n h e r i t a n c e  coupled 
with case  of d e t e c t i o n )  permit  g e n e t i c  
d e f i n i t i o n s  a t  t h e  i n d i v i d u a l ,  populat ion 
and s p e c i e s  l e v e l  t h a t  were previol ts ly  
i r ~ ~ p o s s i b l e  t o  o b t a i n .  These c a p a b i l i t i e s  
have opened up a  new dimension i n  t h e  s t u d y  
and unders tanding o f  n a t u r a l  populat ions .  
'rllese exprrndecl c a p t b i  1 i t  i e s  a r e  general  l y  
cornplementary t o  e x i s t i n g  nlethodologies. 
Extcrnal  marks and t a g s  remain ind i spensab le  
t o o l s  because of  t h e i r  v i s i b i l i t y .  Coded 
wire  t a g s  combine r e l a t i v e  e a s e  of  a p p l i c a -  
t i o n  and d e t e c t i o n  with a  h igh  p o t e n t i a l  
information c o n t e n t .  I n t r i n s i c  d i f f e r e n c e s  
such a s  those  observed i n  s c a l e  c h a r a c t e r s  
(Anas and Flurai 1969) and t r a c e  element 
composition ( C a l a p r i c e  1971) a r e  p r i m a r i l y  
i n d i c a t o r s  of environmental  d i f f e r e n c e s  
and, a s  such, a r e  completely  complementary 
t o  g e n e t i c  v a r i a n t s  of p r o t e i n s .  Genet ic  
v a r i a n t s  of p r o t e i n s  a r e  t h e r e f o r e ,  j u s t  
one of t h e  v a l u a b l e  t o o l s  a v a i l a b l e  f o r  
ob ta in ing  in format ion  about s t r u c t u r e s  
and movements of f i s h  popula t ions .  I t  is  
important  t h a t  b o t h  t h e  c a p a b i l i t i e s  and 
l i m i t a t i o n s  of a  p a r t i c u l a r  t o o l  be p r o p e r l y  
understood s o  t h a t  t h e  a p p r o p r i a t e  s e t  o f  
rncthods can be  implemented i n  a  p a r t i c u l a r  
s tudy.  Never the less ,  g e n e t i c  d a t a  based 
on p r o t e i n  v a r i a t i o n  remain s i n g u l a r l y  
s u p e r i o r  t o  any o t h e r  e x i s t i n g  method f o r  
de f in ing  t h e  g e n e t i c  s t r u c t u r e s  o f  popula t ions .  

General c o n s i s t e n c i e s  of  a l l e l i c  and 
phenotypic , f requenc ies  a t  many e l e c t r o -  
p h o r e t i c a l l y  d e t e c t e d  l o c i  have been 
observed wi th in  c l o s e d  salmonid popula t ions  
1) throughout l i fe cyc les ;  2) over succes- 
s i v e  genera t ions ;  and 3) among y e a r  c l a s s e s  
where over lap  o c c u r s .  These d a t a  support  t h e  
assi~lnption chat p a t  t e r n s  of  g e n e t i c  v a r i n -  
t i o n  .observed among popula t ions  o f  t h e s e  
s p e c i e s  tend t o  r e f l e c t  l i f e  h i s t o r y  r a t h e r  
than environmental v a r i a b l e s  : This assump- 
t i o n  is t h e  b a s i s  f o r  i n t e r p r e t i n g  known 
p a t t e r n s  of v a r i a t i o n  i n  sever] saImonid 
s p e c i e s  irldigenous t o  t h e  I'ac i f  i c  Northwest 
(sockeye, churn, p i n k ,  chinook and coho 
salmon,nnd rainbow ;ind c o a s t a l  ctrtthroiit 
t r o u t ) .  Each s p e c i c s  h:is a c h a r a c t e r i s t i c  
and irnique p a t t e r n  of v a r i a t i o n  arid i t  is 
t h e r c f o r c  i n a p p r o p r i a t e  t o  genera l  i z c  wi th  
rcgard t o  popirlat i o n  s t r u c t u r e  between even 
such c l o s e l y  r e l a t e d  forms a s  the  two t r o u t  
spec ies .  A major f a c t o r  a f f e c t i n g  t h e  
p a t t e r n s  and amounts o f  g e n e t i c  v a r i a t i o n  
i s  t h e  e f f e c t i v e  popula t io l l  s i z e .  This  
parameter is, i n  t u r n ,  a f f e c t e d  by a  number 
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o f  v a r i a b l e s  such a s  d i s c r e t e  o r  v a r i a b l e  
y e a r  c l a s s e s ,  s i n g l e  o r  m u l t i p l e  spawnings, 
p r e f e r r e d  spawning h a b i t a t ,  dcgree  of 
anadromy, degree  o f  immigration and emigra- 
t i o n ,  popu la t ion  s t a b i l i t y ,  l o c a t i o n  o f  
popu la t ion  r e l a t i v e  t o  c o n s p e c i f i c  popula- 
t i o n s  and t ime  s i n c e  divergence of two 
popula t ions .  The tcndency t o  form d i s t i n c t  
popu la t ions  i n  a  p a r t i c u l a r  d ra inage  appears  
t o  b e  s t r o n g e s t  i n  t h c  c o a s t a l  c u t t h r o a t  
and weakest i n  t h e  pink salmon. 

The o u t s t a n d i n g  t e c h n i c a l  a s s i s t a n c e  of 
Paul Aebersold and David Tee1 i s  g r a t e f u l l y  
acknowledged. The v a l u e  o f  t h e i r  e f f o r t s  
extended wel l  beyond t h e  c o l l e c t i o n  and 
a n a l y s i s  o f  d a t a .  They have been j o i n t l y  
r e s p o n s i b l e  f o r  procedures  t h a t  produce 
r e l i a b l e  i d e n t i f i c a t i o n  o f  p r e v i o u s l y  un- 
d e t e c t e d  polymorphic l o c i  and an o v e r a l l  
i n c r e a s e  i n  t h e  e f f i c i e n c y  o f  d a t a  c o l l e c -  
t i o n .  

LITERATURE CITED 

Al lendor f ,  F. W. 1975. Genet ic  v a r i a b i l i t y  
i n  a  s p e c i e s  possess ing  e x t e n s i v e  gene 
d u p l i c a t i o n :  Gene t i c  i n t e r p r e t a t i o n  o f  
d u p l i c a t e  l o c i  and examination o f  g e n e t i c  
v a r i a t i o n  i n  popu la t ions  o f  rainbow 
t r o u t .  Ph.D. Thes i s .  Univ. o f  Wash., 
S e a t t l e .  

Al lendor f ,  F. W. and N.  M i t c h e l l .  1977. 
Gene t i cs  of Alberni  I n l e t  sockeye salmon 
p o p u l a t i o n s .  Report  t o  P a c i f i c  Biologi-  
c a l  S t a t i o n ,  Nanaimo, B r i t i s h  Columbia. 

Al lendor f ,  F. W . ,  and F. kt. Utter. 1973. 
Gene d u p l i c a t i o n  w i t h i n  t h e  fami ly  
Salmonidae: Disomic i n h e r i t a n c e  of two 
l o c i  r e p o r t e d  t o  b e  t e t r a s o m i c  i n  r a i n -  
bow t r o u t .  Gene t i cs  74: 647-654. 

Al lendor f ,  F. W . ,  and F. M .  U t t e r .  1976. 
Gene d u p l i c a t i o n  i n  t h e  fami ly  Salmonidae. 
111. Linkage between two d u p l i c a t e d  
l o c i  coding f o r  a s p a r t a t e  amino t rnns fe rnsc  
i n  t h e  c u t t h r o a t  t r o u t  (Salmo c t a r k i l .  
H e r e d i t a s  82:19-24. 

Al lendor f ,  F.  W . ,  and F. M .  U t t e r .  1979. 
Popula t ion  g e n e t i c s .  Pages 407-454 i n  
tloar, W. S. and D. J .  Randall  (eds . ) ,  
F i s h  physiology.  Uol. VI1. Academic 
P r e s s ,  N.Y.  

and determination of t h e  g e n e t i c  c o n t r o l  
o f  d u p l i c a t e  l o c i  through i n h e r i t a r ~ c e  
s t u d i e s  and the  examination o f  popula- 
t i o n s .  Pagcs 415-432 in Plarker t ,  C .  L.  
(ed . ) ,  Isozymes, Volume 4: G e n e t i c s  
and evo lu t ion .  Academic P r e s s ,  N . Y .  

Altukhov, Y.  P.  1975. Popula t ion  g e n e t i c s  
o f  f i s h e s .  T r a n s l .  Fish .  blar. Se rv .  
Trnns l .  S e r .  Lo. 3548. 

Anas, K .  E . ,  and S. Murai. 1969. Usc o f  
s c a l e  c h a r a c t e r s  and a d i s c r i m i n a n t  
f u n c t i o n  f o r  c l a s s i f y i n g  sockeye salmon 
(Oncorhynchus nerka) by c o n t i n e n t  o f  
o r i g i n .  I n t .  North Pac. F i s h  Conlm. 
Bul l .  26: 157- 192. 

Aro, K .  V . ,  and Ef. P. Shepard. 1967. 
P a c i f i c  salmon i n  Canada. I n t .  North 
Pac. F i sh  Comm. Bul l .  23:225-327. 

Aspinwal l ,  N.  1974. Gene t i c  a n a l y s i s  o f  
North American populat - ions  of t h e  p ink  
salmon, Oncorhynchus gorbusciza, p o s s i b l e  
evidence f o r  t h e  n e u t r a l  muta t ion-  
random d r i f t  hypo thes i s .  Evol. 28:295- 
305. 

Atkinson, C. E . ,  H. J .  Rose, and T. 0. 
Duncan. 1967. P a c i f i c  salmon i n  t h e  
Uni ted S t a t e s .  I n t .  North Pac. F i s h  
Comm. Bul l .  23:43-224. 

Bai ley,  C. S . ,  A. C. l f i l son ,  J .  E .  H ~ l v e r ,  
and C.  L. Johnson. 1970. M u l t i p l e  
forms of superna tan t  mala te  dehydrogenasc 
i n  salmonid f i s h e s .  J .  Biol .  Chem. 245: 
5927- 5940. 

Burns, D . ,  W. Young, and D .  Hanson. '1977. 
P rogress  r e p o r t  f o r  t h e  F i s h  Flanagement 
Div i s ion ,  Itash. S t a t e  Dept. Came, 
Sep t .  30. 

C a l a p r i c e ,  J .  R .  1971. X-ray s p e c t r o m e t r i c  
and multivariate a n a l y s i s  o f  sockcye 
salmon (&~.~14~pnc::zus i l t ? l ' i c ~ )  from 
d i  f f e r e n t  gcogl-:~phic rcg i tms .  . I .  1:i > I ) .  
Kes. Bd. Can. 26:369-377. 

Cnn~pton, D.  E .  1950. Gcnet i c  s t r ~ ~ c  t u r c  
o f  sen-run cut  t h r o a t  t r o u t  (.?23n;o 
c tark i  clar*;?:) p o p u l a t i o n s  in t h e  I'ugrt 
Sound region.  P1.S. I ' h r s i s .  Univ. o f  
Wash., S e n t t l c .  

Crow, J .  F . ,  and !I. kimura. 1970. .-In 
in t rodr lc t  ion t o  populnt i on gcnct i c s  
theory .  I l :~rper,  N.Y. 

Allcndor f ,  F. W . ,  F. PI. U t t e r ,  and B. P. Engel,  W . ,  J .  Op't Ilof. and U .  \Self. l!I;O. 
May. 1975. Gene d u p l i c a t i o n  wi th in  Gedupl ikat ion durch p o l y p l o i d e  
t h e  fami ly  Salmonidae. 11. Detec t ion  Evolut ion:  ' d i e  Isocnzy-c dcr S o r b i t -  

-- - - - .. . . - .. .- .. . . ~-" ---. . -.-- ~ ~ . . ~. . . ~ ~ . .- 



3 0 0  SALMONID ECOSYSTEMS OF THE NORTH P A C I F I C  

dchydrogenase b e i  herings-und l a c h s a r t i -  
gen Fi schen ( Isospondyl i )  . tluo~angenetik 
9:157-163. 

Fos te r ,  B . ,  V.  F l e t c h e r ,  and B. Kiser.  1977. 
1376 h a t c h e r i e s  s t a t i s t i c a l  r e p o r t  of 
product ion and p l a n t i n g s .  Wash. Dep. 
F i s h .  Prog. Rep. No. 30.. 

Gold, J. R .  1977. Systemat ics  o f  western 
North American t r o u t  (SaZmol, with n o t e s  
on t h e  redband t r o u t  o f  Sheepheaven 
Creek, C a l i f o r n i a .  Can. J .  Zoo. 

Grant,  W. S . ,  G .  B. Milner ,  P. ~ ras r iowsk i ,  
and F.  M. U t t e r .  In  press. Biochemical 
g e n e t i c  v a r i a t i o n  i n  sockeye salmon, 
(Oncorhynchus nerka):  t h o  u s e  of b io -  
chemical markers f o r  s tock  i d e n t i f i c a -  
t i o n  i n  Cook I n l e t ,  Alaska. J. Fish.  
Res. Bd. Canada. 

H a r r i s ,  l i . ,  and D .  A .  Hopkinson. 1976. 
Handbook of enzyme e l e c t r o p h o r e s i s  i n  
human g e n e t i c s .  American E l s e v i e r ,  N . Y .  

Hodgins, H. 0. 1972. S e r o l o g i c a l  and bio-  
chemical s t u d i e s  i n  r a c i a l  i d e n t i f i c a t i o n  
of f i s h e s .  Pages 199-208 i n  Simon, R .  C . ,  
and P. A .  Larkin ( e d s . ) ,  The s t o c k  
concept i n  P a c i f i c  salmon, H. R .  Machiillan 
l e c t u r e s  i n  f i s h e r i e s .  Univ. B r i t i s h  
Columbia. 

Hodgins, H. O . ,  W. E. Ames, and F. M. U t te r .  
1969. Var ian t s  of l a c t a t e  dehydrogenase 
isozymes i n  s e r a  o f  sockeye salmon 
(Oncorhynch7~s nerkal .  J. F i sh .  Res. Bd. 
Can. 26: 15-19. 

iiodgins, H. O . ,  anu F. hi. U t t e r .  1971. 
Lac ta te  dehydrogenase polymorphism of  
sockeye salmon (Oncorhynchus nerka). 
Cons. I n t .  Explor.  Mer., Rapports e t  
p roces  verbaux; 161:lOO-101. 

Johnson, K .  R . ,  R. F. Donelly, V. K .  
t iershberyer,  and D. E .  Bevan. 1978. 
l d e ~ i t i f i c a t i o n  o f  Kodiak I s l a n d  pink 
salmon popula t ions  based on biochemical 
g c n e t i c  v a r i a t i o n .  Univ. !Vash. Col l  . 
Fish .  Rep. FRI-UW-7801. 

Johnston,  J. M . ,  and S. P .  Mercer. 1976. 
Sea-run c u t t h r o a t  i n  s a l t w a t e r  pens: 
Broodst. -k development and extended 
j u v e n i l e  r e a r i n g  (with a  l i f e  h i s t o r y  
compendium). Wash. S t a t e  Game Dep. 
Fish.  Rep. P r o j c c t  AFS-57-1. 

Kr i s t i ansson ,  A. C . ,  and J. D. McIntyre. 
1976. Genet ic  v a r i a t i o n  i n  chinook 
salmon (Oncorhynchus t shmy tschal from 
t h e  Columbia River  and t h r c c  Oregon 

c o a s t a l  r i v e r s .  Trans .  Am. F i sh .  Soc. 
105: 620-623. 

1,ewontin. R .  C. 1974. The g c n e t i c  b a s i s  
o f  evo lu t ionary  change. Columbia Univ. 
Press ,  N . Y .  

MacCrimmon, H. R .  1971. World d i s t r i b u t i o n  
o f  rainbow t r o u t  (SaZmo gairdner i l .  J. 
F i sh .  Res. Bd. Can. 28:663-704. 

May, B. 1975. E l e c t r o p h o r e t i c  v a r i a t i o n  i n  
t h e  genus Oncorhynchus: The methodology, 
g e n e t i c  b a s i s ,  and p r a c t i c a l  a p p l i c a t i o n s  
t o  f i s h e r i e s  resea rch  and management. 
M.S. Thes i s .  Univ. o f  Wash., S e a t t l e .  

May, B.,  and F. M. U t t e r .  1974.. Biochemi- 
c a l  g e n e t i c  v a r i a t i o n  o f  t h e  genus 
Oncorhynchus i n  P a c i f i c  Northwest popula- 
t i o n s :  A p rogress  r e p o r t  and program 
summary. In te r im r e p o r t  of c o n t r a c t u a l  
work t o  Wash. Dep. Fish.  

May, B. ,  F. M. U t t e r ,  and F. W. A l l endor f .  
1975. Biochemical g e n e t i c  v a r i a t i o n  i n  
pink and chum salmon: I n h e r i t a n c e  o f  
i n t r a s p e c i e s  v a r i a t i o n  and apparen t  
absence of i n t e r s p e c i e s  i n t r o g r e s s i o n  
fol lowing massive h y b r i d i z a t i o n  o f  
ha tchery  s t o c k s .  J. Hered. 66:227-232. 

Elayr, E. 1970. Popula t ions ,  s p e c i e s  and 
evo lu t ion .  Belknap Press ,  Cambridge, 
Mass. 

Mi l n e r ,  G. B. 1977. Biochemical g e n e t i c  
v a r i a t i o n :  I t s  u s e  i n  mixed f i s h e r y  
a n a l y s i s .  Pages 10-15 i n  Hass le r ,  T. J . ,  
and R .  R. VanKirk (eds . ) ,  Gene t i c  
i m p l i c a t i o n s  of s t e e l h e a d  management. 
Spec. Rep. 77-1. 

Milner,  G.  B. 1978. F i n a l  r e p o r t ,  Columbia 
River  s tock  i d e n t i f i c a t i o n  s tudy .  Sub- 
mi t t ed  t o  U.S. F i s h  and Widl. Serv.  

Milner,  G .  B. 1979. Biochemical g e n e t i c  
v a r i a t i o n  i n  Columbia Hivcr s t e e l h e a d  
t r o u t  (Salmo gairdneri r i chardson)  
popu la t ions  and i t s  u s e  i n  mixed f i s h e r y  
a n a l y s i s .  Ph.D. Thes i s .  Univ. o f  Wash., 
S e a t t l e .  

Nei, P I .  1972. Genet ic  d i s t a n c e  between 
populat ions .  Anicr. Natur. 106: 283-29-7. 

Nei, M. 1975. Molecular  p o p u l a t i o n  gene t -  
i c s  and evolut iol i .  Nort-t lolland, 
A n i s t  crdam. 

Numachi, K . ,  Y. Pfatsumiya. and R.  Sa to .  
1972. Duplicate g e n e t i c  l o c i  and 
v a r i a n t  forrns o f  mala te  dchydrogen:~se 



FRED M. UTTER, DONALD CARPTON, STEWART GRANT, GEORGE F I L N E R ,  J?.!LS SEEB AND L I S A  WISHPPD 301 

i n  chum salmon and rainbow t r o u t .  Bi111. 
.rap. Soc. S c i .  F i s h .  3,9:699-706. 

P e r r i a r d ,  J . ,  A .  S c h o l l ,  and H .  Eppenherger.  
1972. Comparative s t u d i e s  on c r e a t i n e  
k i n a s e  isozymes fro111 s k e l e t a l - m ~ ~ s c l e  
and stomach of. t r o u t .  J .  Exp. Zoo. 182: 
119-126. 

P r a t s c h n e r .  G A. 1977. Rcla t  i v e  
r e s i s t a n c e  o f  s i x  t r a n s f e r r i n  phenotypes  
o f  coho salmon t o  c y t o p h a g o s i s ,  
f u r u n c u l o s i s  and v i b r i o s i s .  M.S. T h e s i s .  
Univ. o f  Wash., S e a t t l e .  

Royce, W .  F. 1962. Pink salmon f l u t t u a -  
t i o r ~ s  i n  Alaska.  Pages  15-34 i n  
Wilimovsky, N .  J .  l e d . ) ,  H. R .  MacMillan 
l e c t u r e s  i n  f i s h e r i e s ,  Symposium on 
p ink  salmon: 

Rogers ,  J .  S .  1972. Fleasures o f  g e n e t i c  
s i m i l a r i t y  and g e n e t i c  d i s t a n c e .  Univ. 
Texas Publ .  7213: 1.45-153. 

R e i n s e n b i c h l e r ,  R .  R . ,  and J .  D .  McIntyre .  
1977. Gene t i c  d i f f e r e n c e s  i n  growth and 
s u r v i v a l  o f  j u v e n i l e  h a t c h e r y  and w i l d  
s t e e l h e a d  t r o u t ,  Sa Zmo gairdneri. J . 
F i s h .  Res. Bd. Can. 34:123-128. 

R e i n i t z ,  G. L. 1977. I n h e r i t a n c e  of muscle 
and l i v e r  t y p e s  o f  s u p e r n a t a n t  NADP- 
dependent  i s o c i t r a t e  dehydrogenase i n  
rainbow t r o u t  ( S a h o  guirdrceri). Bio- 
chem. G e n e t i c s  15:445-454. 

Seeb,  J . ,  and I V .  S. Gran t .  1976. Biochemi- 
c a l  g e n e t i c  v a r i a t i o n  i n  coho, chinook,  
chum and p i n k  salmon: The u s e  o f  e l c c t r o -  
p h o r e t i c  markers i n  s t o c k  i d e n t i f i c a t i o n .  
Wash. Dep. F i s h .  F i n a l  r e p .  s e r v i c e  
c o n t r a c t  711. 

Seeb,  J .  and L. N. Wishard. 1977a. G e n e t i c  
c h a r a c t e r i z a t i o n  o f  p r i n c e  Will iam Sound 
pink salmon p o p u l a t i o n s .  Report  t o  
Alaska  Dep. F i s h  Game. 

Seeb,  J . ,  and L. N .  Wishard.  1977b. 771e 
u s e  of' biocbemicc~l g e n e t i c s  i n  t h c  
management o f  P a c i f  i c s a  lmorr s t o c k s  : 
Gene t i c  marking and mixed f i s h e r y  
a n a l y s i s .  Wash. Dep. F i sh .  F i n a l  r e p .  
s e r v i c e  c o n t r a c t  792. 

S e i d e l ,  P. R .  1977. E a r l y  l i f e  h i s t o r y  
s t u d y  o f  t h r e e  Washington Department o f  
F i s h e r i e s  coho salmon (Oncorhgnchus 
k i su tch)  p o p u l a t i o n s  by i n t e r r a c i a l  
h y b r i d i z a t i o n .  M.S. T h e s i s .  Univ. o f  
Wash., S e a t t l e .  

S i c i l i a n o ,  PI. J . ,  and C. R .  Shaw. 1976. 
S e p a r a t i o n  and v i s u n l i z a t j o n  o f  enzymes 
on g e l s .  I'dges 185-209 1:rl Smith ,  I .  
( c d . ) ,  Chromatographic and c l e c t r o p h o r e t i c  
t echn iques ,  Vol . 2,  Zone e l e c t r o p h o r e s i s  . 
Ileinemann, London. 

Simon, R .  C. 1972. Gene f r equency  and t h e  
s t o c k  problcm. Pages 161-196 i n  Simon, 
R .  C . ,  and P. A .  Larkin ( cds . ) ,  l 'he 
s t o c k  concept  i n  P a c i f i c  salmon. I r r s t .  
F i s h .  Urriv. B r i t i s h  Columbia, l rancouver .  

Snea th ,  P. tl . ,  and K. R .  Soka l .  1973. 
Numerical taxonomy. Freeman, San 
F r a n c i s c o .  

S t e r n ,  C. 1943. The Hardy-1Seinberg l a w  
S c i .  97:137-138. 

Suzumoto, R.  K . ,  C. B. Schreck,  and J .  D. 
F4cIntyre. 1977. R e l a t i v e  r e s i s t a n c e s  
o f  t h r e e  t r a n s c e r r i n  genotypes  o f  coho 
salmon IQncorhynchus k isutch)  and t h e i r  
gemato log ica l  r e sponses  t o  b a c t e r i a l  
k idney d i s e a s e .  J .  F i s h .  Res. Bd. Can. 
34: 1-8 .  

Thorgaard ,  G . H .  1977a. Chromosome 
s t u d i e s  o f  s t e e l h e a d .  Pages 20-25 i n  
Mass le r ,  T .  J .  , and R .  R .  VanKirk ( eds  .) , 
Gene t i c  i m p l i c a t i o n s  o f  s t e e l h e a d  
mar~agement. C 3  l i f .  Coop. F i s h .  Res. 
U n i t .  Spec.  Rep. 77-1. 

Thorgaard ,  G .  H.  1977b. Chromosome r e -  
ar rangements  and s e x  chromosomes i n  t h e  
rainbow t r o u t  and sockeye salmon. Ph.D. 
T h e s i s .  Univ. o f  i tash. ,  S e a t t l e .  

' r ho r s t e inson ,  F. V . ,  J. H .  H e l l e ,  and D.  G .  
Bi rkhol  z. 1971. Salmon s u r v i v a l  i n  
i n t e r t i d a l  zones o f  t h e  P r i n c e  Viilliam 
Sound s t r eams  i n  u p l i f t e d  and subs ided  
area::. Pages 194-219 ir, The g r e a t  
Alaska ea r thquake  o f  1964: Biology. 
Nat.  Acad. S c i .  STRN 0-309-01604-5. 

U t t e r ,  F .  M.  1971. Tc-trnzol iunr o x i ~ I : ~ s e  
pllcnotypes of r;l i nhow tl.otrt f:itr ( ~ ! c - J  

grc.irdnt.r~i) and I ' : I ~  i f ic  s :~  1 mon (ilni:,rll- 
hynchu~ s p .  ) Camp. Uioctlem. I'lrysiol . 
398: 891-895. 

U t t e r ,  F. h i .  1978. G c ~ r e t i c  v a r i a n t s  o f  
p r o t e i n s  i n  churn and cllirrook salmon 
from t h e  Bering Sea  ;ind t h c  Yukon and  
Kuskokwinl r i v e r s :  Rcport  o f  an; l Iyscs  
o f  1976 collections. Rrp. t o  R.E.F.N. 
Div., Nort'h~ccst and .\l:lska I'isll; C c ~ r t c r  
2nd t h e  Alaska Pep.  Fish  .11rd (;:lnrc. 



3 0 2  SALMONID ECOSYSTEMS OF THE NORTH PACIF IC  

U t t e r ,  F .  P I . ,  and F .  W.  Al lendorf .  1977. 
Detol-nlination of  the  brced ing s t r u c t u r e  

-of s t ee lhead  popula t ions  tllrough gene 
frequency a n a l y s i s .  Pages 10-15 i n  
Hass le r ,  7'. J.  and R .  K. VanKirk ( c d ~  .) . 
Genetic i lnpl icat ions  of s t ee lhend  
management. C a l i f  . Coop. Fish.  Res. 
Unit .  Spec. Rep. 77-1. 

U t t e r ,  P. H . ,  F. #. Allendorf ,  and M. 0. 
Hodgins. 1973. Genetic v a r i a b i l i t y  
and r e l a t i o n s h i p s  i n  P ; ~ c i f i c  salmon and 
r e l a t e d  t r o u t  based on p r o t e i n  var ia -  
t i o n s .  Syst  . Zoo. 22: 257-270. 

U t t e r ,  F .  P I . ,  F .  W. Allcndorf ,  and B. May. 
1970. The use o f  p r o t e i n  v : ~ r i a t i o n  i n  
t h e  rnnnagenlent o f  salmonid populat ions .  
Pages 373-384 i n  Taber,  R .  C . ,  and F.  
Runnel1 (eds . ) ,  Proceedings of  the  41st  
North American Wi ld l i fe  Conference. 

U t t e r ,  F. t.f., F.  W .  Al lendorf ,  and B.  May. 
In  preparation. The g e n e t i c  b a s i s  of 
c r e a t i n e  k inase  isozymes . in  s k e l e t a l  
muscle of salmonid f i s h e s .  

Ut te r ,  F. M . ,  W. E .  Ames, and 11. 0. Hodgins. 
1970. T r a n s f e r r i n  polymorphism i n  coho 
salmori IOr,corhynchus k i su t ch ) .  J. Fish.  
Res. Bd. Can. 27:2371-2373. 

U t t e r ,  F .  M., and 11. 0. Hodgins. 1970. 
Phosphoglucomutase polporphisrn i n  
sockeye salmon. Comp. Biochem. Physiol 
36: 195-199. 

U t t e r ,  F. b l . ,  and H. 0. Ilodgins. 1972. 
Biochemical g e n e t i c  v a r i a t i o n  a t  s i x  
l o c i  in  f o u r  s t o c k s  of rainbow t r o u t .  
Trans.  Am. F i sh  Soc. 101:494-502. 

U t t e r ,  F .  b l . ,  H. 0. Hodgins, and F .  W. 
Al lendorf .  1974. Biochemical g e n e t i c  
s t u d i e s  o f  f i s h e s :  p o t e n t i a l i t i e s  and 
l i m i t a t i o n s .  Pages 213-237 i n  Biochemi- 
c a l  and biophysical  p e r s p e c t i v e s  i n  
marine biology, Vol. 1 .  Academic Press ,  
N . Y .  

U t t e r ,  F .  b l . ,  11. 0. Hodgins, F, W .  A l lendor f ,  
A .  G .  Johnson, and J .  L.  Mighell .  1973. 
Biochemical v a r i a n t s  i n  P a c i f i c  salmon 
and rainbow t r o u t :  Their i n h c r i t a n c c  
and a p p l i c a t i o n  i n  populat ion s t u d i e s .  
Pages 329-339 i n  Schroder,  J .  ti. ( ed . ) ,  
Genet ics  and mutagenesis of f i s h .  
Spr in te r -Ver lag ,  Berl in .  

Ut te r .  F.  M . ,  H. 0. Hodgins, and A.  G .  
Johnson. 1972. Biochemical of g e n e t i c  
d i f f e r e n c e s  among s p e c i e s  and s t o c k s  of  
f i s h .  Pages 98-101 i n  Annual Report 
f o r  1970. I n t .  North Pac. F i sh .  Comm. 

!~lilli:tms, C. C . ,  R .  K. Kochn, and J .  B. 
bli t ton. 1973. Genet ic  d i f f e r e n t i a t i o n  
without i s o l a t i o n  i n  t h e  American e e l ,  
ArzguiLla ros tra ta .  Evol . 27: 192-204. 

Wright, J. E., J. R .  Heckman, and L .  M. 
Athertor). 1975. Genet ic  and develop- 
mental : ~ n a l y s e s  of  LDIl isozymes i n  t r o u t .  
Pages -375-401 i n  Isozymes, Vol. 111. 
Academic Press ,  N . Y .  

APPENDIX 

Symbols Used i n  Appendix Table  1 

A -no v a r i a n t s  seen  
B - in f requen t  v a r i a n t s  seen  
C -polymorphic above one percen t  a l l e l i c  

frequency 
. . . . -no d a t a  a v a i l a b l e  

E -eye 
G -gut  
H - h e a r t  
L - l i v e r  
M - s k e l e t a l  muscle (WH-M i s  presumed t o  

be mitochondria1 locus i n  s k e l e t a l  
muscle) 

S -serum 

Abbreviated p r o t e i n  systems inc lude :  

ALL, -albumin 
ADH -a lcohol  dehydrogenase 
A@ -alpha glycerophosphate dehydrogenase 
AAT - a s p a r t a t e  amino t r a n s  f e r a s e  
CK - c r e a t i n e  k inase  

GAL -M-acetyl-B-D-Galactosaminidase 
GPT -glutamic-pyruvic t ransaminase 
I D H  - i s o c i t r a t e  dehydrogenase 
LDH - l a c t a t e  dehydrogenase 
MDH -malate dehydrogenase 

ME -malic enzyme 
PEP -pept idase* 

GPGD -6 phosphogluconate dehydrogenase 
PGI -phosphoglucose isomerase 
PGM -phosphoglucomutase 
P M I  -phosphomannose isomerase 
SDH - s o r b i t 0 1  dehydrogenase * 

TO - t e t r a s o l i u m  ox idase  ( a l s o  commonly 
c a l l e d  superoxide dismutase-SOD) 

Tfn - t r a n s f e r r i n  

* d i f f e r e n t  p e p t i d a s e  f o r  PEP i n c l u d e  
g lycy l  l euc ine  (GL), l c u c y l  g lycy ig lyc ine  
(LGG) , and phenyla lany lpro l ine  [PhAP) . T h i s  
summary cxcludcs  e s t e r a s e  and hemoglobin 
v a r i a n t s ,  which we do no t  r e g u l a r l y  examine 
because of problems invo lv ing  r e p e a t a b i l i t y  
and i n s t a b i l i t y .  



Appendix Table 1. Smczry of Variant Protein Systenis in Seven Salmonid Species. 

Tissue Sock- -?&- Rain- Cut- 
Locus Distribution eye Pink Chum Coho nook bow throat Reference Sources 

Alb S,E ... ... C A ... C . . . Altukhov 1975, unpublished deta of G. A. E. Gall 
and B. Bentley. 

ADH L A A A B C  C C Allendorf et al. 1976, Milne 1978, Campton 1980. 

Seeb and Wishard 1977b, Utter and Hodgins 1972, 
Aspinwall 1974, May et al. 1975, Utter 1978, 
unpublished data of Seeb, Aebersold and Wishard. 

May 1975, Allendorf and Utter 1976, May et al. 1975, 
Allendorf 1975, Seeb and Wishard 1977a. 

Utter et al. in preparation, Perriard 1972. CK-A1,Z 

- C 1 , 2  

GAL Aebersold and Wishard unpublished data. . . . . . . . . .  C . . .  ... 
GPT- 2  Grant et al. in preparation, Canpton 1980. 

Allendorf and Utter 1973, Seeb and Wishard 1977a. 
Campton 1980, Flay 1975, Milner 1978, Reinitz 1977. 

Utter and Hodgins 1972, Utter et al. 1973, Wright 
et al. 1975, Play 1975, Campton 1980, Jol~nson ct nl. 
1978, Hilncr 1978, Sech and \Vish;n.d 197%. 

C I: 

C C Bailey et al. 1970, Uttcr and Hodgins 1973, Numachi 
ct 31. 1972, Aspinwall 1974, Altuhl~ov 1975, May 

C C 1975, Seeb and Wishard 1977~1, Compton 19SO, blilncr 
1976, 'reel and Mi l n c r  ur~pub2isi:ctf t o .  . . . . . 



Appendi~ Table 2 .  S m a r y  of Variant Pro te in  Systems i n  Seven Salmonid Species-continued. 

Tissue Sock- Chi- Rain- Cut- 
Locus Distribution eye Pink Chum Coho nook bow throat  Rcferencc Sources. 

... FIE- I hl A C A A A A Seeb and Wishard 1977a, Johnson e t  a l .  1978, 
Campton 1980, Milner 1978, Gall and Bentley 

... - 2 M A A A C C B unpublished data.  

PEP- 1 (GL) M, L ,E  A .A A C C C C Milner 1977, Campton 1980, unpublished da t a  of a l l  
authors of t h i s  paper. 

- 2 (GL) E A A A C A A A 

... ... - 3 (LGG) M,L,E A A C B C 

... -4(PhAP) M,L .E  ... . . . . . .  B . . .  .., 
6PGD M.L,E A C C A A A C May 1975, Seeb and Wishard 1977a, 1977b; Campton 

1980. 

PGT- 1,2 M A C A B C B C May 1975, Allendorf 1975, Ut ter  e t  a l .  1976, Seeb 
and Wishard 1977a, Campton 1980. 

- 5 !.I, E , L A A A B A C B 

POI- 1 M C C A B C C C Ut te r  and Hodgins 1970, 1972; May 1975, Seeb and 
Grant 1976, Kristiansson and McTntyre 1976, Campton . . . .  ... - 2  L , E  C A B C C 1980, unpublished da ta  of a l l  authors of t h i s  paper. 

P;lI FI, L , E  A C C B C B C May 1975, Seeb and Grant 1976, Milner 1978, Campton 
1980. 

SDH- 1 , 2 L A A A B C B C Engel e t  a l .  1970. 

TO- 1 L ,!1 B A A A C C C Ut te r  1971, May and Ut ter  1974, Campton 1980. 

... - 2 H ... . . . . . . . . . .  C . . .  Utter 1978. b 

Tfn S, E A A A C A C C Utter  e t  a l .  1970, Utter  and Hodgins 1972, Campton 
1980. 


