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ABSTRACT: A  b i o c h e m i c a l  g e n e t i c  s c r e e n i n g  was c a r r i e d  o u t  on 1 6  
c o l l e c t i o n s  of  s o c k e y e  s a l m o n  (Oncorh_ynchus n e r k a )  f r o m  s o u t h e a s t -  
e r n  A l a s k a  t h r o u g h  t h e  C o l u m b i a  R i v e r  d r a i n a g e  t o  d e t e r m i n e  i f  
p o p u l a t i o n s  w i t h i n  t h i s  a r e a  w e r e  s u f f i c i e n t l y  d i v e r g e d  g e n e t i -  
c a l l y  t o  b e  i d e n t i f i a b l e  i n  f i s h e r i e s  i n v o l v i n g  h a r v e s t s  o f  mixed 
s t o c k s .  N i n e t y  l o c i  w e r e  s c r e e n e d  and  3 4  w e r e  found  t o  h a v e  i d e n -  
t i f i a b l e  g e n e t i c  v a r i a t i o n s .  F u l l  d a t a  s e t s  c o l l e c t e d  f r o m  1 2  
p o l y m o r p h i c  and  38  monomorphic l o c i  w e r e  a n a l y z e d  by h i e r a r c h i c a l  
and c l u s t e r i n g  p r o c e d u r e s .  T h e s e  a n a l y s e s  i n d i c a t e d  a  m o d e r a t e  
s t r u c t u r i n g  of  p o p u l a t i o n s  of  t h i s  r e g i o n ,  w i t h  a p p r o x i m a t e l y  10% 
o f  t h e  t o t a l  g e n e t i c  v a r i a t i o n  b e i n g  a t t r i b u t a b l e  t o  g e n e t i c  d i f -  
f e r e n t i a t i o n  a t  v a r i o u s  h i e r a r c h i c a l  l e v e l s .  A l l  c o m p a r i s o n s  
among p o p u l a t i o n s  w i t h i n  a r e a s  i d e n t i f i e d  s i g n i f i c a n t  d i f f e r e n c e s  
e x c e p t  b e t w e e n  t h e  two c o l l e c t i o n s  f r o m  t h e  m a i n l a n d  of  s o u t h e a s t -  
e r n  A l a s k a .  A  marked  d i s t i n c t i o n  b e t w e e n  Che Q u i n a u l t  R i v e r  and 
a l l  o t h e r  a r e a s  was f o u n d .  The c l u s t e r  a n a l y s i s  a l s o  s u g g e s t e d  
d i v e r g e n c e  of  t h e  two l o w e r  F r a s e r  R i v e r  s a m p l e s  f rom t h e  o t h e r  
f o u r  c o l l e c t i o n s  of t h a t  d r a i n a g e  and a  p o s s i b l e  a s s o c i a t i o n  
b e t w e e n  t h e  Columbia  R i v e r  and u p p e r  F r a s e r  R i v e r  c o l l e c t i o n s .  
The m a g n i t u d e  of  t h e  g e n e t i c  d i s t i n c t n e s s  w i t h i n  t h i s  r e g i o n  i s  
s i m i l a r  t o  t h a t  o b s e r v e d  among c h i n o o k  s a l m o n  (2. t s h a w y t s c h a )  
p o p u l a t i o n s  sampled  o v e r  a s i m i l a r  r a n g e .  T h u s ,  a  s i m i l a r  p o t e n -  
t i a l  f o r  i d e n t i f i c a t i o n  of  s t o c k s  i n  mixed f i s h e r i e s  a p p a r e n t l y  
e x i s t s  f o r  s o c k e y e  s a l m o n  p o p u l a t i o n s  i n  t h i s  r a n g e .  



INTRODUCTION 

The un ique  l i f e  h i s t o r y  and commercial importance 
of t h e  sockeye salmon (Oncorhynchus n e r k a )  have 
r e s u l t e d  i n  c o n s i d e r a b l e  i n t e r e s t  i n  t h e  popula- 
t i o n  s t r u c t u r e  of t h i s  s p e c i e s  by f i s h e r y  b i o l o -  
g i s t s  and managers.  The magni tude of t h i s  i n t e r -  
e s t  is r e f l e c t e d  by sockeye salmon b e i n g  t h e  
f o c a l  s p e c i e s  of t v o  i n t e r n a t i o n a l  conmiss ions  
( I n t e r n a t i o n a l  North  P a c i f i c  F i s h e r i e s  Commis- 
s i o n ,  I n t e r n a t i o n a l  P a c i f i c  Salmon F i s h e r i e s  Com- 
m i s s i o n )  i n v o l v i n g  e x t e n s i v e  o p e r a t i o n s  and 
r e s e a r c h  over  t h e  p a s t  t h r e e  decades .  The main 
g o a l  of bo th  commissions has  been t o  d e t e r m i n e  
t h e  geograph ic  o r i g i n  of sockeye salmon s t o c k s  on 
t h e  h igh  s e a s  i n  o r d e r  t o  make d e c i s i o n s  concern-  
i n g  f i s h e r y  a l l o c a t i o n s  i n  mixed f i s h e r i e s .  More 
r e c e n t l y ,  i n t e r e s t  i n  t h e  d e s t i n a t i o n  of sockeye 
salmon h a r v e s t e d  in  t h e  Alaskan-Canadian boundary 
a r e a  h a s  i n t e n s i f i e d ,  a s  c o n s i d e r a b l e  u n c e r t a i n t y  
e x i s t s  conce rn ing  t h e  n a t i o n a l  o r i g i n s  of sockeye 
salmon h a r v e s t e d  i n  t h i s  a r e a .  

Methods t o  de te rmine  n a t i o n a l  o r  c o n t i n e n t a l  o r i -  
g i n s  of sockeye  salmon i n i t i a l l y  i n c l u d e d  t a g g i n g  
( H a r t t  19621,  r e f l e c t i o n s  of env i ronmenta l  d i f -  
f e r e n c e s  such as  s c a l e  a n a l y s e s  (Mosher 19631, 
and s e a r c h e s  f o r  g e n e t i c  d i f f e r e n c e s  th rough  
s e r o l o g i c a l  methods (Ridgway e t  a l .  1962) .  A11 
t h r e e  approaches  t o  s e p a r a t e  s t o c k s  were 
a t t empted  i n  t h e  l a t e  1 9 5 0 ' s  wi th  a p p a r e n t  suc- 
c e s s .  However, s e r o l o g i c a l  methods were u l t i -  
ma te ly  abandoned because  t h e  g e n e t i c  b a s i s  f o r  
d e t e c t e d  v a r i a t i o n s  became d o u b t f u l  (Hodgins 
1972) and s a t i s f a c t o r y  answers  were b e i n g  
o b t a i n e d  by o t h e r  p rocedures  (Anas and Murai 
1969) .  

The s e a r c h  f o r  g e n e t i c  v a r i a n t s  t h a t  could iden-  
t i f y  b r e e d i n g  u n i t s  and measure c o n t r i b u t i o n s  i n  
mixed s t o c k s  has  p e r s i s t e d  t o  the  p r e s e n t  t ime.  
Two s i g n i f i c a n t  developments  i n  t h i s  s e a r c h  were  
( 1 )  t h e  a p p l i c a t i o n  of  e l e c t r o p h o r e t i c  methods 

which provided a  r e l i a b l e  g e n e t i c  b a s i s  f o r  exam- 
i n i n g  p o p u l a t i o n  s t r u c t u r e s  ( U t t e r  e t  a l .  1974;  
A l l e n d o r f  and U t t e r  19791, and ( 2 )  t h e  develop-  
ment of s t a t i s t i c a l  and d a t a  p r o c e s s i n g  proce-  
d u r e s  f o r  e s t i m a t i n g  c o n t r i b u t i o n s  of known 
g e n e t i c  u n i t s  i n  s t o c k  m i x t u r e s  (Grant  et  a l .  
1980; Milner  e t  a l .  1981;  M i l l e r  e t  a l .  1983) .  
These c a p a b i l i t i e s  have given f i s h e r y  managers a  
power fu l  a l t e r n a t i v e  t o  t r a d i t i o n a l  methods of 
mixed s t o c k  i d e n t i f i c a t i o n .  

T h i s  s t u d y  examines t h e  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  16 c o l l e c t i o n s  of sockeye salmon from P r i n c e  
of  Wales I s l a n d ,  Alaska  southward through t h e  
Columbia River  d r a i n a g e .  Our purpose i s  t o  
d e t e r m i n e  t h e  f e a s i b i l i t y  of u s i n g  g e n e t i c  meth- 
ods f o r  s t o c k  i d e n t i f i c a t i o n  a s  a  h a r v e s t  manage- 
ment t o o l  i n  mixed f i s h e r i e s  i n v o l v i n g  popula-  
t i o n s  from t h i s  r e g i o n .  S u f f i c i e n t  g e n e t i c  d i f -  
f e r e n c e s  a r e  i d e n t i f i e d  among r e g i o n s ,  a r e a s ,  and 
i n d i v i d u a l  s i t e s  t o  j u s t i f y  c o l l e c t  i o n  of f u r t h e r  
d a t a  towards  t h e  u l t i m a t e  a p p l i c a t i o n  of g e n e t i c  
methods f o r  mixed s t o c k  i d e n t i f i c a t i o n .  

1JlATERlALS AND METHODS 

Sampling l o c a t i o n s  ( f i g .  1 ;  t a b l e  1 )  ranged from 
Salmon Bay on P r i n c e  of Wales I s l a n d ,  Alaska i n  
t h e  n o r t h  southward th rough  t h e  Q u i n a u l t  River  of  
t h e  Washington c o a s t  t o  two t r i b u t a r i e s  of t h e  
Columbia R ive r ,  Lake Wenatchee and t h e  Okanogan 
Rive r .  T i s s u e s  and gametes  of a d u l t  f i s h  were 
c o l l e c t e d  a t  t h e  F u l t o n  Rive r  i n  t h e  Skeena R i v e r  
d r a i n a g e .  F e r t i l i z e d  eggs  from t h e s e  c o l l e c t i o n s  
were r a i s e d  on s i t e  through t h e  eyed egg s t a g e  
then  t r a n s f e r r e d  t o  t h e  S t a n l e y  Ha tche ry  i n  I d a h o  
f o r  subsequent  r e a r i n g ;  t h e s e  progeny were 
randomly sampled t h e  f o l l o w i n g  y e a r .  L i v e r ,  
h e a r t ,  musc le ,  and eye of  a d u l t  f i s h  and i n t a c t  
j u v e n i l e  f i s h  were f r o z e n  a t  t h e  t ime of 
c o l l e c t i o n  and remained f r o z e n  th rough  
p r e p a r a t i o n  f o r  e l e c t r o p h o r e s i s .  

Figure 1. Southeastern range of sockeye salmon sampling 
locations. 



Table  1 - -Co l l ec t ion  d a t a  f o r  sockeye salmon samples .  

Locat  i o n  
Sampling 

M a t u r i t y  d a t e  - No. 

Salmon Bay Creek 

K a r t a  R ive r  

Kegan Creek 

McDonald Lake 

Hugh Smith Lake 

F u l t o n  ~ i v e r  

F u l t o n  River  

S t u a r t  Lake 

C h i l k o  Lake 

Adams Rive r  

Lower Shuswap Lake 

Birkenhead Lake 

Weaver Spawning Ch. 

Q u i n a u l t  R ive r  

Wenatchee Lake 

Okanogan Rive r  

Adul t  

Adul t  

Adul t  

Adul t  

Adul t  

Adul t  

J u v e n i l e  

Adul t  

Adul t  

Adul t  

Adult  

Adul t  

Adul t  

Adul t  

Adul t  

Adul t  

Sampling agencya 

NMFS, ADFG 

NMFS , ADGG 

NUFS, ADFG 

NMFS, ADFG 

NMFS, ADFG 

NMFS, FO Canada, IDFG 

NKFS, IDFG 

IPSFC 

IPSFC 

IPSFC 

IPSFC 

IPSFC 

IPSFC 

NHFS, QIN 

NMFS 

NMFS 

a /  Sampling agency codes:  - 
NMFS - N a t i o n a l  Marine  F i s h e r i e s  S e r v i c e  
ADFG - A l a s k a  Department of F i s h  and Game 
FO Canada - Canadian Department of F i s h e r i e s  and Oceans 
I DFG - Idaho  Department of F i sh  and Game 
IPSFC - I n t e r n a t i o n a l  P a c i f i c  Salmon F i s h e r y  Commission 
Q I N  - Q u i n a u l t  I n d i a n  Nat ion 

E x t r a c t i o n  p rocedures  and e l e c t r o p h o r e t i c  methods 
fo l lowed  Hay et a l .  (1979) .  Four b u f f e r  sys tems  
were used:  RW - a  d i s c o n t i n u o u s  T r i s ,  c i t r i c  
a c i d  ( g e l  pH 8.151,  l i t h i u m  h y d r o x i d e ,  b o r i c  a c i d  
( t r a y  pH 8.0)  b u f f e r  sys tem (Ridgway e t  a l .  
1970) ;  AC - an amine c i t r a t e  b u f f e r  sys tem,  pH 
6.5 ( C l a y t o n  and T r e t i a k  1 9 7 2 ) ;  KF - a  T r i s ,  
b o r i c  a c i d ,  EDTA b u f f e r ,  pH 8 .5  (Marker t  and 
Fau lhaber  1965) ;  TC - a  T r i s ,  c i t r i c  a c i d  b u f f e r  
sys tem,  pH 7.3 (Shaw and Prasad  1970) .  Ge l s  con- 
s i s t e d  o f  a p p r o p r i a t e  b u f f e r s  and 13% hydro lyzed  
s t a r c h  ( E l e c t r o s t a r c h , l /  Madison, Wisconsin .  
Lot 8307) .  Methods f o r  v i s u a l i z i n g  enzyme a c t i v -  
i t y  fol lowed d e s c r i p t i o n s  of  S i c i l i a n o  and Shaw 

( 1 9 7 6 ) ,  H a r r i s  and Hopkinson (19761, Al l endor f  e t  
e l .  (1977)  o r  o r i g i n a t e d  wi th  t h i s  i n v e s t i g a t i o n  
( t a b l e  2 ) .  A system of nomenclature  sugges ted  by 
A l l e n d o r f  and U t t e r  (1979) was used t o  d e s i g n a t e  
l o c i  and a l l e l e s .  

T e s t s  f o r  d e p a r t u r e s  of genotypes  from t h e  ex- 
pec ted  b inomia l  d i s t r i b u t i o n  (Hardy-Weinberg 
e q u i l i b r i u m )  used a  log  l i k e l i h o o d  r a t i o  t e s t  
( ~ o k a l  and Rohl f  1969) wi th  df e q u a l i n g  t h e  
number of geno types  minus t h e  number of a l l e l e s .  
Average h e t e r o z y g o s i t i e s  were c a l c u l a t e d  on t h e  
b a s i s  o f  Hardy-Weinberg e x p e c t a t i o n s  of polymor- 
p h i c  l o c i  averaged over  a l l  l o c i .  



Table 2--Summary monomorphic and polymorphic loci examined. 

Abbre- Enzyme No. of 
viate Com.No. Ref.a Loci Locus Buffer Tissue observationb Enzyme Name 

Aconitase ACO 4.2.1.3 H 3 1.2 AC H 3 

Adenosine deaminase ADA 3.5.4.4 H 2 1 HF M 1 

Adenylate kinase AK 2.7.4.3 H 1 1 AC M 1 

Aldolase ALD 4.1.2.13 H 4 1,2 TC M,H 6 

Aldono-lactonase ALL 

Aspart ate 
aminotransferase AAT 2.6.11 

Creatine kinase CK 2.7.3.2 

Enolase 

Esterase 

EN0 4.2.1.11 

EST 3.1.1.1 

Fructose 
diphosphat ase FDP 

Fumarase FUM 4.2.1.2 

N-Acetyl-B- 
galactosaminidase GAM 

N-Acetyl-B- 
glucoseaminidase HEX 3.2.1.30 

Glucose phosphate 
isomerase GPI 5.3.1.9 

a-Glucosidase GLU 3.2.1.20 

Glutamate dehydrogenase GLllD 1.4.1.3 

Glutamate pyruvate 
transaminase GPT 2.6.1.2 

Gli~tathione reductase GR 1.6.4.2 H+ 

20 



Abbre- Enzyme NO.  o f  
v i a t e  Comrn.No. Ref .a  L o c i  Locus  B u f f e r  T i s s u e  o b s e r v a t i o n b  

I G l y c e r a l d e h y d e p h o s p h a t e  
dehyd r  o g e n a s e  GAP 1.2.1.12 S 5 1,2 TC M , H  6 

G l y c y l l e u c i n e  
p e p t i d a s e  

G l y o x y l a s e  I 

G l y o x y l a s e  I1 

Guanine  d e a m i n a s e  

Hexok ina se  

I n o s i n e  t r i p h o s p h a t a s e  

I s o c i t r a t e  
d e h y d r o g e n a s e  

GL 3.4.11. H 2 1 MF E  

2 MF E 

GLO I 4.4.1.5 H 1 1  RW L  

GLO I1 3.1.2.6 H+ 1  1 MF,AC L  

GDA 3.5.4.3 H+ 2 1 MF L  

2 MF H 

HK 2.7.1.1 H 1  2 AC L  

I TP 3.6.1.19 H 2 1 9 2  RW M 

IDH 1.1.1.42 H 4 1 AC M ,  H 

2 AC H,M 

I 3 AC L,E 1 

I 4 AC L,  E 3 1 
i L a c t a t e  d e h y d r o g e n a s e  LDH 1.1.1.27 H  5 1,2 AC,RW M 1 

I 3 RW,AC H 2 

4 AC L  3 

L e u c y l g l y c y l g l y c i n e  
pep t  i d a s e  LGG 3.4.11. H 1 1 MF E  1 

I 
L e u c y l t y r o s i n e  

p e p t  i d a s e  LT 3.4.11 H  1 1 RW M 2 

M a l a t e  d e h y d r o g e n a s e  MDH 1.1.1.37 H 4 1.2 AC L  2 

M a l i c  enzyme 

Mannose p h o s p h a t e  
i s o m e r a s e  HPI 5.3.1.8 H 1 1 AC H 1 

a-Mannos idase  MAN 3.2.1.24 H+ 1 1 AC L 6 



Table  2--cont.  

Enzyme Name 
Abbre- Enzyme No. o f  
v i a t e  Com.No. Ref .a  Loc i  Locus B u f f e r  T i s s u e  o b s e r v a t i o n b  

Nuc leos ide  
phosphory l a s e  NF 2.4.2.1 H  2  

P h e n y l a l a n y l p r o l i n e  
p e p t i d a s e  PHP 3.4 .11.  

Phosphoglucomutase  PGM 2.7.5 .1  

6-Phosphogluconate  
dehydrogenase  6PG 1.1.1.44 H  1  

Phosphog lyce ra te  
k i n a s e  PGK 2.7.2.3 H  2  

Pyruva te  k i n a s e  PK 2.7.1.40 H 2 

Superox ide  d i s m u t a s e  SOD 1.15.1.1 H  2 

Tr i o k i n a s e  TK 0 1  

T r i o s e  phosphate  
i somerase  TP I 5.3.1.1 H 3  

a /  H  - H a r r i s  and Hopkinson (1976) ;  A  - A l l e n d o r f  e t  a l .  (1977) ;  S  - S i c i l i a n o  and Shaw (1976) ;  0  - - 
procedure  o r i g i n a t e d  wi th  t h i s  s t u d y ;  +- modi f i ed  from o r i g i n a l  d e s c r i p t i o n .  

b /  1  - monomorphic, 2  - polymorphic ,  f r equency  a t  0 .01  o r  l e s s  over  a l l  p o p u l a t i o n s ,  3 - polymorphic ,  - 
f r equency  a t  0 .05  or l e s s  over  a l l  p o p u l a t i o n s ,  4 - polymorphic ,  f r equency  g r e a t e r  t h a n  0 .05 over  a l l  
p o p u l a t i o n s ,  5  - presumed g e n e t i c  v a r i a t i o n  obse rved  bu t  model u n c e r t a i n  o r  r e s o l u t i o n  poor ,  6 - presumed 
absence  of  g e n e t i c  v a r i a t i o n  but  model u n c e r t a i n  o r  r e s o l u t i o n  poor .  

Two h i e r a r c h i c a l  a n a l y s e s  were used t o  i d e n t i f y  HT = HS + D G ~  + DsA + D A ~  + 
t h e  amount of s t r u c t u r i n g  occur  r i n g  among popula- D  RT 
t i o n s  w i t h i n  t h e  geograph ic  r ange  of t h i s  inves -  where HT = t h e  d i v e r s i t y  of s i t e s  v i t h i n  a r e a s ,  
t i g a t  i o n .  A  n e s t e d  gene d i v e r s i t y  a n a l y s i s  which Hs = t h e  d i v e r s i t y  w i t h i n  s i t e s ,  
fo l lowed  p r o c e d u r e s  d e s c r i b e d  by Nei (1973) and D G ~  = t h e  d i v e r s i t y  ove r  g e n e r a t  i o n s  
Chakrabor ty  (1980)  examined t h e  d e p a r t u r e  o f  w i t h i n  r e g i o n s .  
o v e r a l l  a l l e l i c  v a r i a t i o n  from t h a t  expected of a  DSA ' t h e  d i v e r s i t y  of s i t e s  w i t h i n  
s i n g l e  panmic t i c  u n i t ,  and measured t h a t  p ropor -  a r e a s ,  
t i o n  o f  t h e  t o t a l  v a r i a t i o n  a t t r i b u t a b l e  t o  d i f -  DAR = t h e  d i v e r s i t y  of a r e a s  w i t h i n  
f e r e n t  h i e r a r c h i c a l  l e v e l s  ( o u t l i n e d  i n  f i g .  2)  r e g i o n s ,  and 
a c c o r d i n g  t o  t h e  f o l l o w i n g  model: D R ~  = t h e  d i v e r s i t y  between r e g i o n s .  
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Figure 2. Hierarchy used in gene diversity analysis of sockeye 
salmon. Percentages in right column are proportions of total 
genetic variation occurring a t  different levels. 

The same h i e r a r c h y  was used i n  a  nes ted  c o n t i n -  
gency t a b l e  a n a l y s i s  which measured h e t e r o g e n e i t y  
among a l l e l i c  f r e q u e n c i e s  a t  d i f f e r e n t  l e v e l s  by 
a  l o g  l i k e l i h o o d  (GI s t a t i s t i c  wi th  df e q u a l i n g  
a l l e l i c  c l a s s e s  minus one t imes  s i t e s ,  a r e a s ,  or  
r e g i o n s  minus one. S i g n i f i c a n c e  l e v e l s  of the  
t e s t s  were modif ied by d i v i d i n g  t h e  s i g n i f i c a n c e  
l e v e l  by t h r e e  ( t h e  number of l o c i  used i n  t h i s  
a n a l y s i s )  t o  account  f o r  t h e  i n c r e a s e  i n  type  I 
e r r o r  when m u l t i p l e  t e s t s  of t h e  same comparison 
a r e  made (Cooper 1968) .  T o t a l  h e t e r o g e n e i t y  was 
p a r t i t i o n e d  i n t o  w i t h i n  and among a r e a  and r e g i o n  
components i n  a  manner analogous t o  a n a l y s i s  of 
v a r i a n c e  (Smouse and Ward 1978) .  Th i s  a n a l y s i s  
was r e s t r i c t e d  t o  t h o s e  t h r e e  l o c i  hav ing  mean 
a l l e l i c  f r e q u e n c i e s  of t h e  common a l l e l e  l e s s  
t h a n  0.95 t o  avoid low expected f r e q u e n c i e s ;  r a r e  
a l l e l e s  were pooled wi th  more f r e q u e n t  a l l e l i c  
c l a s s e s  f o r  GPT-2 and PGM-2 l o c i  t o  ach ieve  
adequa te  expec ted  f r e q u e n c i e s .  A s t a n d a r d i z e d  
measure c a l c u l a t e d  by d i v i d i n g  t h e  log l i k e l i h o o d  
s t a t i s t i c  summed over  a l l  l o c i  by the  summed 
d e g r e e s  of freedom was used t o  r ank  t h e  
h e t e r o g e n e i t y  of i n d i v i d u a l  components of t h e  
h i e r a r c h y  i n  an o v e r a l l  comparison ( L a n c a s t e r  
1969) .  

G e n e t i c  i d e n t i t y  v a l u e s  (Nei  1972) were c a l c u -  
l a t e d  f o r  each p a i r  of c o l l e c t i o n s  based on t h e  
12 polymorphic and 38 monomorphic l o c i  where d a t a  
were a v a i l a b l e  f o r  a l l  c o l l e c t i o n s .  A  dendrogram 
was c o n s t r u c t e d  u s i n g  t h e  unweighted pair -group 
method (Snea th  and Soka l  1973) based on a  
s i m i l a r i t y  m a t r i x  of t h e s e  p a i r e d  v a l u e s .  

ALLELIC VARIANTS 

The r e l a t i v e l y  low f requency  of polymorphisms 
r e p o r t e d  i n  p rev ious  e l e c t r o p h o r e t i c  s t u d i e s  o f  
sockeye  salmon ( U t t e r  e t  e l .  1973;  Al l endor f  and 
U t t e r  1979) l ed  t o  an e x t e n s i v e  s e a r c h  f o r  new 

polymorphisms i n  t h e  p r e l i m i n a r y  phases  of t h i s  
i n v e s t i g a t i o n .  A  summary of t h e s e  r e s u l t s  i s  
o u t l i n e d  below, a l t h o u g h  most t e c h n i c a l  d e t a i l s  
w i l l  be p r e s e n t e d  i n  ano the r  paper .  Th i s  sc reen-  
i n g  r e s u l t e d  i n  t h e  d e t e c t i o n  of 90 p u t a t i v e  l o c i  
( t a b l e  2) of which 68 were a d e q u a t e l y  r e s o l v e d  
f o r  p o p u l a t i o n  s t u d i e s .  

A l l e l i c  v a r i a t i o n  (observed i n  t h i s  s t u d y )  which 
h a s  been p r e v i o u s l y  r e p o r t e d  f o r  sockeye salmon 
i n c l u d e s  GPT-2; LDH-4; MDH-1,2; MDH-3,4; GF'I-1,2; 
GPI-3, PGM-2, and IDH-4 (Hodgins e t  a l .  1969; 
U t t e r  and Hodgins 1970; Grant e t  a l .  1980;  
Wishard 1981) .  Data  fo r  f i v e  of t h e  a d d i t i o n a l  
polymorphic systems involved i n  subsequent  ana l -  
y s e s  i n  t h i s  paper do not warrant  d e t a i l e d  
d e s c r i p t i o n  h e r e .  Each of t h e s e  systems i s  
e x p r e s s e d  i n  a  codominant f a s h i o n ;  v a r i a n t s  
i n c l u d e  t y p i c a l l y  monomeric phenotypes fo r  ACO-3 
and ADA-2, d i m e r i c  v a r i a t i o n  f o r  GL-2, and t e t r a -  
mer ic  e x p r e s s i o n  f o r  LDH-3 and ME-1. 

-One newly observed polymorphic system t h a t  
r e q u i r e s  f u r t h e r  d e s c r i p t i o n  i s  PGM-1. Th i s  sys -  
tem i s  i d e n t i f i e d  by t h e  p resence  or absence of 
t h e  most c a t h o d a l  bands expressed  i n  h e a r t  
e x t r a c t s  on an AC b u f f e r  sys tem ( f i g .  3 ) .  T h i s  
e x p r e s s i o n  i s  presumably the  r e f l e c t i o n  of a  n u l l  
o r  i n a c t i v e  a l l e l e  wi th  the  absence of banding 
b e i n g  i t s  homozygous form. The banded phenotype 
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Figure 3. PGM-1 and PGM-2 phenotypes from heart extracts of 
50 sockeye salmon from the Adams River, B.C. 



shows no c o n s i s t e n t  d i f f e r e n c e s  of i n t e n s i t y  as a  
r e f l e c t i o n  of dosage,  t h u s  Hardy-Weinberg e s t i -  
mates  ( t h a t  a r e  dependent  on t h e  e x p r e s s i o n  of 
a l l  t h r e e  geno types )  cannot  be o b t a i n e d .  R a t h e r ,  
Hardy-Weinberg d i s t r i b u t i o n  had t o  be assumed; 
t h e  a l l e l i c  f r equency  of t h e  n u l l  a l l e l e  
(PGM-l(N)) was t h e r e f o r e  e s t i m a t e d  by t h e  s q u a r e  
r o o t  of  i t s  pheno typ ic  f r equency ,  and t h e  e s t i -  
mated f r equency  of  t h e  a c t i v e  a l l e l e  ( P a - L ( 1 0 0 ) )  
was one minus t h e  f r equency  o f  PGM-1(N). The 
e s t i m a t i o n  procedure  i s  r ega rded  as  v a l i d  i n  most 
i n s t a n c e s  i n  t h i s  s t u d y  because of t h e  good f i t  
( r e p o r t e d  below) i n  codominant ly  expressed  l o c i  
f o r  Hardy-Weinberg e x p e c t a t  i o n s ,  coupled wi th  t h e  
p resence  of  n u l l  phenotypes i n  s u b s t a n t i a l  num- 
b e r s  i n  most p o p u l a t i o n s .  

t h e  a r e a s  of t h i s  Study a r e  r e v e a l e d  by examin ing  
t h e  d a t a  i n  d i f f e r e n t  ways. An i n i t i a l  s t e p  
i n v o l v e s  look ing  a t  the  geno typ ic  and a l l e l i c  
f r e q u e n c i e s  themse lves .  Only f o u r  of t h e  geno- 
t y p i c  f r e q u e n c i e s  among 9  l o c i  and 16 c o l l e c t i o n s  
l i s t e d  i n  t a b l e  3  d e v i a t e d  s i g n i f i c a n t l y  from 
t h o s e  expec ted  i n  random mat ing  p o p u l a t i o n s  
( i . e . ,  Hardy-Weinberg e q u i l i b r i u m ) .  S i n c e  each 
of t h e s e  d e v i a t i o n s  was of b o r d e r l i n e  s i g n i f i -  
cance and such a  number would be expec ted  a t  t h e  
5% l e v e l  of  s i g n i f i c a n c e ,  t h e s e  d a t a  a r e  c o n s i s -  
t e n t  w i t h  t h e  o v e r a l l  d a t a  s e t  be ing  drawn from 
i s o l a t e d  and random mat ing  p o p u l a t i o n s .  Average 
h e t e r o z y g o s i t i e s  among t h e s e  p o p u l a t i o n s  ( t a b l e  
3) d i s p l a y e d  no apparen t  geograph ic  p a t t e r n  and 
ranged from 0.0412 i n  t h e  Salmon Bay c o l l e c t i o n  
t o  0.0211 i n  t h e  Q u i n a u l t  River  sample. 

Nul l  phenotypes  were absen t  on ly  i n  t h e  Q u i n a u l t  
p o p u l a t i o n ,  and t h e  assumption of f i x a t i o n  of t h e  A l l e l i c  f r e q u e n c i e s  f o r  t h e  n i n e  most polymorphic 
a c t i v e  a l l e l e  probably o v e r e s t i m a t e s  i t s  a c t u a l  l o c i  ( t a b l e  3 )  r e v e a l  a  broad d i v e r s i t y  among 
f requency .  Under Hardy-Weinberg c o n d i t i o n s ,  t h e  c o l l e c ~ i o n s .  The r a n g e  exceeds  0.50 f o r  GPT-2 
f requency  of  t h e  a c t i v e  a l l e l e s  would have t o  be and GM-1, and 0.25 f o r  PGM-2 and GL-2. The 
0.85 w i t h  a  sample s i z e  of 50  b e f o r e  a  n u l l  phe- v a r i a t i o n  f o r  t h e s e  f o u r  l o c i  a p p e a r s  t o  be s c a t -  
no type  would be expec ted .  N e v e r t h e l e s s ,  i t  i s  t e r e d  i n  a  somewhat random f a s h i o n  th roughou t  t h e  
e v i d e n t  ( t a b l e  3 )  t h a t  even  0.85 i s  s t i l l  sub- sampl ing  range .  However, it i s  of i n t e r e s t  t h a t  
s t a n t i a l l y  h i g h e r  than  t h e  next  h i g h e s t  v a l u e  f o r  t h e  s u b s t a n t i a l  ex t remes  of f r equency  of t h e  com- 
t h e  a c t i v e  a l l e l e  of  PGM-1. mon a l l e l e  occur  i n  t h e  Q u i n a u l t  sample f o r  t h r e e  

of t h e s e  systems.  V a r i a t i o n  f o r  LDH-4 predomi- 
n a t e s  i n  more n o r t h e r l y  c o l l e c t i o n s  ( c o n s i s t e n t  

POPULATION STRUCTURING w i t h  p r e v i o u s  s t u d i e s ,  e .g . ,  U t t e r  e t  a l .  1974) ,  

P e r t i n e n t  f e a t u r e s  of g e n e t i c  s t r u c t u r i n g  among 

Table 3 A l L e l i c  frequenciesa for the niw m s t  plymrphic loci, ad average heterozygosit~ 
values based on 12 p p p q h i c  a d  38 rmcxoqhic loci. 

&us (a l le le  ard &r of fish) 

GT-2 PQSl R X 2  GL-2 LM4 
Regim s i t e  (100) (91) (108) (86) (95) N (100) N (-100) (-77) (-93) (-20) N (100) N (100) (115) (85) N 

Southeastern Alaska 

S a h n  Bay 

Karta 

Kegan 

*bid 

Hugh smith 

Skeena River 

Fulton (adult) 

Fulton (juvenile) 

Fraser River 

S t w t  

Chilko 

Adam 

LoKr Shu~wap 



Birkehead .310 .%3 0 0 .127 71 .253 72 .826 .174 0 0 72 1.000 72 1.000 0 0 72 

Weaver olannel .457 .495 0 0 .048 94* .151 99 .800 .195 .005 0 99 1.000 97 1.000 0 0 100 

Washingtm Coast 

Q u i w l t  .690 -270 0 0 .040 50 1.000 50 .960 .040 0 0 50 .740 48 1.000 0 0 50 

C o l d i a  River 

Wenatchee .813 .187 0 0 0 40 .423 34 .705 .295 0 0 39 1.000 40 .986 .014 0 35 

b o g a n  .590 . ~ 5 . 1 1 8  .007 o n .493 71 .782 .218 o o 71 1.000 61 1.000 o o 72 

GPI-2 IDH-4 LDH-3 ADA-2 Average 
Region s i t e  (100)  (132)  (143)  N (100)  (162)  ( 7 2 )  N (100)  N (100)  N Hetero .  

S o u t h e a s t e r n  Alaska 

Salmon Bay 1.000 0 0 69 .978 0 .022 69 .920 69 1.000 69 .0412 

K a r t a  1 .OOO 0 0 50 1.000 0 0 50 1.000 49 1.000 50 .0285 

Kegan 1.000 0 0 100 1.000 0 0 100 1.000 100 1.000 100 .0381 

McDonald 1 .OOO 0 0 50 1.000 0 0 50 .990 50 1.000 50 .0213 

i 
i Hugh Smith 1.000 0 0 50 1 . O O O  0 0 50 .990 50 1.000 50 .0237 

I 
I 

Skeena Rive r  

F u l t o n  ( a d u l t )  1.000 0 0 99 .965 0 .035 99 1 .000 99 .985 99 .0386 

I F u l t o n  ( j u v e n i l e )  1.000 0 0 111 1.000 0 0 111 1.000 111 - - .0368 

I F r a s e r  R ive r  

I S t u a r t  .980 .020 0 100 1.000 0 0 100 1.000 98 - .970 100 .0285 

I C h i l k o  .990 .010 0 100 .995 .005 0 100 1.000 100 .955 100 .0322 

I Ad ams .960 .040 0 100 1.000 0 , 0 100 1.000 100 .980 100 .0238 
I 
I Lower Shuswap .990 .010 0 100 .990 .010 0 100 1.000 100 .908 100 .0278 

I Bihkenhead .777 .216 .007 72* .R89 . I11  0 72 1.000 72 .990 72 .0399 
i 

i Weaver Channel 1 .OOO 0 0 98 1.000 0 0 100 1 .000 100 .980 98 .0281 

I Washington Coast  

I Q u i n a u l t  1.000 0 0 50 1.000 0 0 - 50 1.000 50 1.000 50 .0211 

I Columbia River  

i Wenatchee 1.000 0 0 40 .986 .014 0 35 1 .OOO 40 - - .027 1 

1 Okanogan .993 .009 0 70 .986 .014 0 72 1.000 50 - - .0326 
I 

I 
I a /  Only f r equency  o f  common a l l e l e  g i v e n  f o r  two a l l e l e  sys tems .  - 
f * S i g n i f i c a n t  d e v i a t i o n  of  genotype f r e q u e n c i e s  from Hardy-Weinberg e x p e c t a t i o n s  0.05 > p >0.01. 

- No d a t a .  i 25 . 



and t h e  F r a s e r  and F u l t o n  R i v e r  samples  a r e  d i s -  
t i n g u i s h a b l e  from o t h e r  c o l l e c t i o n s  by t h e  p res -  
ence of ADA-2 v a r i a t i o n .  The F r a s e r  R i v e r  samples  
a r e  f u r t h e r  d i s t i n g u i s h e d  by t h e  p r e s e n c e  o f  GPI-2 
v a r i a t i o n  i n  f i v e  of t h e  s i x  a r e a s ,  c o n t r a s t e d  
wi th  t h e  v i r t u a l  absence of v a r i a t i o n  a t  t h i s  
l o c u s  i n  o t h e r  d r a i n a g e s .  The a l l e l i c  f r e q u e n c i e s  
of the  j u v e n i l e s  of t h e  F u l t o n  River  and t h o s e  of 
t h e  a d u l t  f i s h  g i v i n g  r i s e  t o  t h i s  c o l l e c t i o n  were 
g e n e r a l l y  v e r y  s i m i l a r ;  however,  i t  is  n o t a b l e  
t h a t  uncommon a l l e l e s  were p o s s i b l y  l o s t  i n  t h e  
j u v e n i l e s  f o r  t h r e e  l o c i :  PGM-2, LDH-4, and 
IDH-4. 

The h i e r a r c h i c a l  a n a l y s e s  g i v e  a d d i t i o n a l  i n s i g h t s  
i n t o  p o p u l a t i o n  s t r u c t u r i n g .  The gene d i v e r s i t y  
a n a l y s i s  ( t a b l e  4)  e x p e c t e d l y  i n d i c a t e d  t h a t  t h e  
t h r e e  most polymorphic l o c i  (GPT-2, PGM-1, PGM-2) 
c o n t r i b u t e d  t h e  g r e a t e s t  s h a r e  of t h e  t o t a l  
g e n e t i c  d i v e r s i t y .  However, o t h e r  l o c i  made sub- 
s t a n t i a l  c o n t r i b u t i o n s  t o  t h e  a c t u a l  s t r u c t u r i n g  
a t  d i f f e r e n t  h i e r a r c h i c a l  l e v e l s .  Approx imate ly  
90% o f  t h e  t o t a l  g e n e t i c  v a r i a t i o n  occur red  v i t h i n  

s i t e s  ( a l l  of t h e  v a r i a t i o n  would occur  w i t h i n  
s i t e s  i n  t h e  absence of any s t r u c t u r i n g ) .  The 
l o c u s  making by f a r  the  g r e a t e s t  c o n t r i b u t i o n  t o  
s t r u c t u r i n g  was PGM-1, where o n l y  75% o f  i t s  
v a r i a t i o n  was common t o  a l l  p o p u l a t i o n s .  Only a  
n e g l i g i b l e  amount of the  t o t a l  v a r i a t i o n  was 
a t t r i b u t a b l e  t o  d i v e r s i t y  between g e n e r a t i o n s  
w i t h i n  r e g i o n s ,  a r e s u l t  t h a t  would be expec ted  
from a  s i n g l e  o b s e r v a t i o n  based on comparisons  o f  
p a r e n t s  and t h e i r  progeny. The LDN-3 l o c u s  was 
t h e  g r e a t e s t  c o n t r i b u t o r  t o  t h e  1 .5% of t h e  t o t a l  
d i v e r s i t y  observed among s i t e s  v i t h i n  a r e a s ,  con- 
f i r m i n g  p r e v i o u s  o b s e r v a t i o n s  made from t a b l e  3. 
The s t r o n g  i n f l u e n c e  of t h e  PGM-1 l o c u s  i n  
s t r u c t u r i n g  was apparen t  i n  b o t h  t h e  2 . 3 %  of t h e  
t o t a l  d i v e r s i t y  among a r e a s  v i t h i n  r e g i o n s  and t h e  
5 .8% of t h e  d i v e r s i t y  among r e g i o n s .  The GL-2 
l o c u s  a l s o  c o n t r i b u t e d  s u b s t a n t i a l l y  t o  t h e  
d i v e r s i t y  i n  the  l a t t e r  h i e r a r c h i c a l  l e v e l .  
Approximately  10% of  t h e  t o t a l  d i v e r s i t y  a t t r i -  
b u t a b l e  t o  s t r u c t u r i n g  l i e s  w i t h i n  a  modera te  
r ange  of p o p u l a t i o n  s t r u c t u r i n g  based on s i m i l a r  
measurements from d i v e r s e  organisms ( H a r t  1 1980) .  

Tab le  4 - - D i s t r i b u t i o n  of 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 a b l e  gene d i v e r s i t y  among 16  c o l l e c t i o n s .  
The a v e r a g e  r e f e r s  t o  12 polymorphic and 38 monomorphic l o c i .  

Abso lu te  
Locus - gene d i v e r s i t y  R e l a t i v e  Gene D i v e r s i t y  

Between Be tween Between 
Wi th in  y e a r s  s i t e s  a r e a s  

T o t a l  s i . t e s  Wi th in  w i t h i n  w i t h i n  w i t h i n  Between 
(HT) (HS) s i t e s  r e g i o n s  a r e a s  r e g i o n s  r e g i o n s  

- -- - - - - 

Average 0.0347 0.0313 0.9037 0 .0001 0.0151 0 .0228 0.0582 

S tandard  
e r r o r  0.0178 0.0162 0 .0410 0.0001 0 .0043 0.0122 0.0405 



A  s i m i l a r  h i e r a r c h y  used i n  c o n t i n g e n c y  t a b l e  
a n a l y s e s  of a l l e l i c  d i s t r i b u t i o n s  of  t h e  t h r e e  
most polymorphic l o c i  ( t a b l e  5) gave a  more 
focused  view of s p e c i f i c  a s p e c t s  of p o p u l a t i o n  
s t r u c t u r i n g .  It i s  u s e f u l  t o  f i r s t  examine t h e  
s t a n d a r d i z e d  measures  ( i . e . ,  t h e  summed G s t a t i s -  
t i c  d i v i d e d  by d f )  i n  o r d e r  t o  r a n k  the  r e l a t i v e  
amounts of h e t e r o g e n e i t y  a t  d i f f e r e n t  h i e r a r c h i c a l  
l e v e l s .  C o n s i d e r a b l e  h e t e r o g e n e i t y  was observed 
a t  a l l  l e v e l s  w i t h  by f a r  t h e  g r e a t e s t  be ing  i n  
t h e  compar ison of t h e  Q u i n a u l t  sample wi th  t h e  
combined r e g i o n a l  d a t a .  I t  i s  n o t a b l e  t h a t  
s i m i l a r  l e v e l s  of h e t e r o g e n e i t y  were observed f o r  

compar i sons  among r e g i o n s ,  among a r e a s  w i t h i n  
r e g i o n s ,  and among s i t e s  w i t h i n  one of t h e  a r e a s  
( P r i n c e  of Wales I s l a n d ) .  Among the  c o n t i n g e n c y  
t e s t s ,  o n l y  t h e  two samples from mainland A l a s k a  
f a i l e d  t o  r e f l e c t  any s i g n i f i c a n t  h e t e r o g e n e i t y  
e i t h e r  a t  i n d i v i d u a l  l o c i  o r  t h e i r  surmned G 
v a l u e s .  Highly  s i g n i f i c a n t  v a r i a t i o n  was found 
f o r  a l l  o t h e r  compar isons  among l o c a t i o n s  f o r  t h e  
GPT l o c u s  and f o r  t h e  summed G v a l u e s .  The PGM 
l o c i  were more homogeneous w i t h i n  a r e a s ,  b u t  
h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  were c o n s i s t e n t l y  
found a t  h i g h e r  l e v e l s .  

Tab le  5--Contingency t a b l e  a n a l y s i s  of a l l e l e s  of t h e  t h r e e  most polymorphic 
l o c i .  Major e l e m e n t s  of h i e r a r c h y  a r e  i n  f i g u r e  2. 

Standard ized  
GPT-2 PGM- 1 PGM-2 S  um Measure 

Source  of V a r i a t i o n  d f a  G~ d  f  G d  f  G d  f  G (G/d f )  

Regions  + Q u i n a u l t  2 14.9** 1 201.4*** 1 28.5** 4 259.7*** 64.9 

Among r e g i o n s  6 101.5** 3 194.0** 3 39.0** 12 334.5** 27.8 

With in  r e g i o n s  24 368.2*** 12 304.2*** 12 87.7*** 48 1128.3*** 23.5 

Columbia River  2 21.6** 1 0.8 1 1.6 4 24.0*** ' 6.0 

F u l t o n  R i v e r  2 1.2 1 0.9 1 0.0 4 2.1 ' 0.5 

T o t a l  a r e a s  20 345.4** 10 302.5"" 10 86.1*** 40 734.0** 18.3 

Among a r e a s  w i t h i n  
r e g i o n s  8 140. I*** 4 280.7*** 4 39.7*** 16 460.5** 2R. 7 

With in  a r e a s  12 205.3** 6 21.8** 6 46.4*** 24 273.5** 11.3 

P r i n c e  of Wales 
I s l a n d  

Alaska Mainland 2 3.4 1 4.3 1 0.0 4 7.7 1.9 

Upper F r a s e r  R i v e r  2 39.4*** 1 1.8 1 8.7** 4 49.9** 12.5 

Thompson Rive r  2 27.9** 1 0.7 1 0.1 4 28.7** 7.2 

Lower F r a s e r  R i v e r  2 11.4** 1 3.6 1 0.3 4 15.3** 3.9 

Tot  a 1  3 2 484.6** 16 699.6*** 16 155.2**64 1339.4** 20.9 

a /  Degrees  of  freedom. - 
b /  G s t a t i s t i c .  - 
** S i g n i f i c a n t  a t  t h e  0.01 l e v e l .  

*** S i g n i f i c a n t  a t  t h e  0.001 l e v e l .  



A  f i n a l  a n a l y s i s  invo lved  a  w r i x  ( t a b l e  6 )  of 
i d e n t i t y  v a l u e s  ( r a n g i n g  from 0 t o  1)  based on 
p a i r s d  comparisons  of  a l l e l i c  f r e q u e n c i e s  f o r  a l l  
c o l l e c t i o n s .  A phenogram ( f i g .  4 )  c o n s t r u c t e d  
from t h i s  m a t r i x  d e p i c t s  g roup ings  among c o l l e c -  
t i o n s  based on v a r y i n g  d e g r e e s  of g e n e t i c  iden-  
t i t y .  The most d i s t i n c t  f e a t u r e  of t h e  phenogram 
i s  t h e  c l e a r  d i v e r g e n c e  of t h e  Q u i n a u l t  sample 
from a l l  o t h e r  c o l l e c t i o n s .  A  second f e a t u r e  i s  

t h e  f o r m a t i o n  of two c l u s t e r s  a t  a  c o n s i d e r a b l y  
h i g h e r  l e v e l  of i d e n t i t y .  Each of t h e s e  c l u s t e r s  
h a s  some geograph ic  c o n s i s t e n c y .  C l u s t e r  A con- 
t a i n s  f o u r  of t h e  f i v e  s o u t h e a s t e r n  Alaska  c o l l e c -  
t i o n s  p l u s  t h o s e  of t h e  F u l t o n  River  and lower 
F r a s e r  R i v e r .  C l u s t e r  B c o n t a i n s  t h e  r o l l e c t i o n s  
from t h e  upper  F r a s e r  R ive r ,  Thompson R i v e r ,  and 
Columbia R i v e r ,  p l u s  t h e  Kegan R i v e r  c o l l e c t i o n  of 
s o u t h e a s t e r n  Alaska a s  an apparent o u t l i e r .  

Table 6--M3trix of genetic similarity arrng collectims based m 12 plymrphic  ad 38 marorph ic  loci 

Pap la t  ion 

Waver Chan. 4  0.989 0.991 0.955 

Stuart 9 0 . 9 9 9  0.998 0.983 0.985 0.982 0.998 0.999 0.995 

Fultcn 
(juvenile) 10 0.985 0.987 0.946 0.998 0.996 0.974 0.972 0.989 0.979 

Fultm 
(edult) 11 0.984 0.988 0.946 0.998 0.996 0.977 0.973 0.990 0.979 0 .99 
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Figure 4. Phenogram based on measurements of genetic similarity 
(taken from data of Table 6). 

RELATIONSHIPS AMONG POPULATIONS 

The a n a l y s e s  and d e s c r i p t i o n s  of t h e  p r e c e d i n g  
s e c t i o n  g i v e  some i n s i g h t  i n t o  p o s s i b l e  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 .  The c l e a r e s t  f e a t u r e  i s  
t h e  d i s t i n c t i v e  n a t u r e  of t h e  Q u i n a u l t  c o l l e c t i o n .  
The p o s s i b i l i t y  t h a t  much o f  t h i s  d i f f e r e n c e  may 
n o t  be a  r e f l e c t i o n  o f  l ong - t e rm i s o l a t i o n  f rom 
o t h e r  p o p u l a t i o n s  o f  t h i s  s t u d y  must f i r s t  be 
c o n s i d e r e d .  The ex t r eme  f r e q u e n c i e s  o f  common 
a l l e l e s ,  r educed  numbers o f  r a r e  a l l e l e s ,  and t h e  
lowes t  a v e r a g e  h e t e r o z y g o s i t y  o f  a l l  p o p u l a t i o n s  
examined a r e  a l l  s u g g e s t i v e  o f  one  o r  more popu la -  
t i o n  " b o t t l e n e c k s "  o r  a  c h r o n i c a l l y  r educed  e f f e c -  
t i v e  p o p u l a t i o n  number ( H a r t 1  1 9 8 0 ) .  S i m i l a r  
a t t r i b u t e s  coup led  w i t h  c o n s i d e r a b l e  g e n e t i c  
d i v e r g e n c e s  from r e c e n t  a n c e s t r a l  s t o c k  have  b e e n  
i d e n t i f i e d  i n  some sa lmon id  h a t c h e r y  s t o c k s  
( A l l e n d o r f  and P h e l p s  1980;  Ryman and  S t a h l  1 9 8 0 ) .  
Thus t h e  e f f e c t  o f  t h e  h a t c h e r y  o p e r a t i o n  on t h e  
Q u i n a u l t  sockeye  sa lmon run  s i n c e  1915  must be 
examined ( Q u i n a u l t  I n d i a n  N a t i o n ,  1 9 8 1 ) .  T h i s  
o p e r a t i o n  h a s  been s u p p l e m e n t a l  r a t h e r  t h a n  
p r imary  i n  t h e  m a i n t e n a n c e  o f  t h e  r u n ,  and t h e  
sample we o b t a i n e d  was from t h e  w i l d  segment (L.  
G i l b e r t s o n ,  b i o l o g i s t ,  Q u i n a u l t  I n d i a n  N a t i o n ,  
p e r s .  commun.). F u r t h e r m o r e ,  t h e  o v e r a l l  r u n  s i z e  
h a s  remained c o n s i s t e n t l y  above a  l e v e l  t h a t  would 
c o n s t i t u t e  a  b o t t l e n e c k ,  a l t h o u g h  t h e  c u r r e n t  r u n  
a v e r a g e s  abou t  one q u a r t e r  t h e  number of h i s t o r -  
i c a l  r u n s  ( Q u i n a u l t  I n d i a n  N a t i o n  1 9 8 1 ) .  T h u s ,  . 
b o t t l e n e c k s  d u r i n g  h i s t o r i c a l  t i m e s  a r e  e x c l u d e d  
a s  a n  i n f l u e n c e  i n  t h i s  d i v e r g e n c e ,  a l t h o u g h  
e a r l i e r  e v e n t s  o f  t h i s  t y p e  r ema in  p o s s i b i l i t i e s .  
Whatever t h e  c a u s e  of t h i s  d i v e r g e n c e ,  t h e  

Q u i n a u l t  p o p u l a t i ~ n  i s  c l e a r l y  d i s t i n c t  f rom o t h e r  
p o p u l a t i o n s  i n  t h i s  s t u d y .  

On t h e  o t h e r  hand ,  t h e  l o s s  o f  a l l e l e s  n o t e d  above 
i n  t h e  j u v e n i l e  c o l l e c t i o n  of t h e  F u l t o n  R ive r  i s  
most  l i k e l y  r e l a t e d  t o  a  founde r  e v e n t .  A  f u l l  
r e p r e s e n t a t i o n  of a l l e l e s  was e x p e c t e d  b e c a u s e  t h e  
j u v e n i l e s  were  descended  o n l y  from t h e  i n d i v i d u a l s  
o f  t h e  a d u l t  c o l l e c t i o n .  However, c o n s i d e r a b l e  
m o r t a l i t y  o c c u r r e d  d u r i n g  i n c u b a t i o n  and subse -  
q u e n t  r e a r i n g  t o  t h e  t ime  of s ampl ing  (R. Wahle,  
Env i ronmen ta l  and T e c h n i c a l  S e r v i c e s  D i v i s i o n ,  
NOAA, NMFS, P o r t l a n d ,  Oregon, p r r s .  cormnun.). It 
i s  a p p a r e n t  t h a t  t h e  j u v e n i l e  samples  a r e  no t  - 

f u l l y  r e p r e s e n t a t i v e  of t h e  a d u l t  c o l l e c t i o n s ,  and 
t h a t  m o r t a l i t y  may have  d i f f e r e n t i a l l y  a f f e c t e d  
s p e c i f i c  c r o s s e s  r a t h e r  t h a n  a c t i n g  randomly on 
a l l  c r o s s e s .  

L i n e s  of d i s t i n c t i o n  e x c l u s i v e  o f  t h e  Q u i n a u l t  
c o l l e c t i o n  a r e  l e s s  c l e a r  among t h e  r e m a i n i n g  pop- 
u l a t i o n s .  U t t e r  e t  a l .  ( 1980)  s u g g e s t e d  t h a t  
sockeye  salmon p o p u l a t i o n s  of t h e  Columbia Riwer 
a r e  d e r i v e d  from a  l i n e a g e  t h a t  i s  d i s t i n c t  from 
more no r thward  p o p u l a t i o n s .  But t h e  c l u s t e r i n g  i n  
f i g u r e  4 o f  t h e  Columbia d i v e r  c o l l e c t i o n s  w i t h  
t h o s e  o f  t h e  uppe r  F r a s e r  R ive r  does  no t  s u p p o r t  
such  a  c l e a r  s e p a r a t i o n .  R a t h e r ,  a  compar i son  of 
C l u s t e r s  A and B  s u g g e s t s  t h a t  t h e  p o s s i b l e  popu- 
l a t i n g  o f  t h e  lower  F r a s e r  R i v e r  w i t h  s e p a r a t e -  
a n c e s t r a l  s t o c k s  from t h o s e  o f  t h e  upper  F r a s e r  
R i v e r  and t h e  Columbia R i v e r .  Such s u g g e s t i o n s  
must a w a i t  c l a r i f i c a t i o n  w i t h  a d d i t i o n a l  d a t a  from 
o t h e r  l o c i ,  p o p u l a t i o n s ,  and p e r h a p s ,  complemen- 
t a r y  me thods .  R e g a r d l e s s  o f  a n c e s t r a l  r e l a t i o n -  
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s h i p s ,  t h e  o v e r a l l  d i s t i n c t n e s s  of t h e  F r a s e r  
River  c o l l e c t i o n s  from one a n o t h e r  should encour -p  
age expanded use  of p r o t e i n  d a t a  i n  i d e n t i f y i n g ,  
m o n i t o r i n g ,  and managing t h e  sockeye salmon popu- 
l a t i o n s  of t h i s  d r a i n a g e .  

It i s  not s u r p r i s i n g  t h a t  a  more u n i f i e d  p i c t u r e  
of p o p u l a t i o n  s t r u c t u r i n g  f a i l e d  t o  m a t e r i a l i z e .  
The dependence of both j u v e n i l e  and a d u l t  sockeye 
salmon on a  l a k e  i n  t h e  environment  coup led  wi th  
s t r o n g  homing r e s u l t i n g  from long f r e s h w a t e r  l i f e  
h i s t o r i e s  (Okazaki  1982) h a s  a p p a r e n t l y  r e s u l t e d  
i n  a b r u p t  d i s c o n t i n u i t i e s  among p o p u l a t i o n s  of 
sockeye  salmon i n  t h i s  r e g i o n .  I n  t h e  absence of 
e q u a l i z i n g  e f f e c t s  of m i g r a t i o n ,  the  i s o l a t i n g  
f o r c e s  of d r i f t  and d i r e c t  o r  i n d i r e c t  s e l e c t i o n  
a r e  magn i f i ed .  

POTENTIAL FOR APPLICATION I N  MIXED STOCK 
FISHERIES 

Three c o n d i t i o n s  r e q u i r e d  f o r  e f f e c t i v e  a p p l i c a -  
t i o n  of d a t a  i n  the  a n a l y s i s  of mixed s t o c k  f i s h -  
e r i e s  i n c l u d e  (1) i d e n t i f y i n g  a  s u i t a b l e  number of 
e l e c t r o p h o r e t i c  v a r i a n t s  having a  g e n e t i c  b a s i s ,  
( 2 )  o b t a i n i n g  a  r e p r e s e n t a t i v e  sampling of popula- 
t i o n s  c o n t r i b u t i n g  t o  f i s h e r i e s  of i n t e r e s t ,  and 
( 3 )  i d e n t i f y i n g  s u f f i c i e n t  d i f f e r e n c e s  i n  f r equen-  
c i e s  of e l e c t r o p h o r e t i c  v a r i a n t s  among p e r t i n e n t  
management u n i t s  t o  permit  e s t i m a t i o n s  of t h e i r  
c o n t r i b u t i o n s  w i t h  r e a s o n a b l e  p r e c i s i o n  and p rac -  
t i c a l  sample s i z e s  (Mi lne r  1977; Milner  e t  a l .  
1980 ,  1981;  M i l l e r  e t  a l .  1983) .  

Cond i t ion  ( 1 )  h a s  c l e a r l y  been met. The ave rage  
h e t e r o z y g o s i t y  of sockeye salmon remains  i n  t h e  
lower range r e p o r t e d  among salmonid s p e c i e s  
(Al l endor f  and U t t e r  1979) .  N e v e r t h e l e s s ,  t h e  
t o t a l  number of polymorphic  l o c i  i d e n t i f i e d  i n  
t h i s  and o t h e r  s t u d i e s  of sockeye salmon p r o v i d e s  
an ample amount of g e n e t i c  v a r i a b i l i t y  t o  ade- 
q u a t e l y  c h a r a c t e r i z e  t h e  b r e e d i n g  s t r u c t u r e  of t h e  
s p e c i e s .  

Cond i t ion  ( 2 )  i s  p a r t i a l l y  m e t .  The geograph ic  
r ange  of sampling i s    rob ably i n c l u s i v e  of most 
p o p u l a t i o n s  c o n t r i b u t i n g  t o  sockeye f i s h e r i e s  from 
t h e  Alaska-Canada borde r  southward (French e t  a l .  
1976) .  However, t h e  d a t a  p o i v t s  a r e  minimal and 
d e t e r m i n i n g  whether  or  not t h e  p r e s e n t  d a t a  s e t  i s  
r e p r e s e n t a t i v e  of t h e  t o t a l  p o p u l a t i o n s  of t h i s  
r e g i o n  must awa i t  t h e  sampling from a d d i t i o n a l  
p o p u l a t i o n s  of s o u t h e a s t e r n  A l a s k a ,  Canada, and 
t h e  P a c i f i c  Northwest .  

P o s s i b l e  v a r i a t i o n s  of g e n o t y p i c  and a l l e l i c  f r e -  
q u e n c i e s  between y e a r - c l a s s e s  and g e n e r a t i o n s  must 
a l s o  be cons ide red  under c o n d i t i o n  ( 2 ) .  S t a b l e  
f roque ,nc ies  such as  those  observed i n  some popula-  
t i o n s  of s t e e l h e a d  t r o u t  ( u t t e r  e t  a l .  1980)  and 
socksye  salmon (Gran t  e t  a l .  1980) would min imize  
t h e  need f o r  r e sampl ing  p o p u l a t i o n s  once an ade- 
q u a t e  daLa base  liad been e s t a b l i s h e d .  However, 
some i n s t a b i l i t y  among y e a r - c l a s s e s  (amid c o n s i d -  
e r a b l e  s t a b i l i t y )  has  been observed i n  ch inook  
salmon p o p u l a t i o n s  of t h e  Columbia R ive r  ( N i l n e r  
e t  a l .  1980) ,  and a ~ t r i b u t e d  p r i m a r i l y  t o  e x t e n -  
s i v e  t r a n s p l a n t a t i o n s  and r e s u l t a n t  s t r a y i n g s .  
Regard less  of c a u s e ,  i t  i s  impor tan t  t~ measure  
s t a b i l i t y  over  y e a r - c l a s s e s  and g e n e r a t i o n s .  

C o n d i t i o n  ( 3 )  has  been f u l f i l l e d .  The d a t a  i n d i -  
c a t e  s u f f i c i e n t  s t r u c t u r i n g  of p o p u l a t i o n s  t o  
e f f e c t i v e l y  e s t i m a t e  p r o p o r t i o n s  of c o n t r i b u t i n g  
s t o c k s  i n  mixed p o p u l a t i o n s  given an adequa te  d a t a  
base .  R e a l i s t i c  e s t i m a t e s  of s t o c k  compos i t ion  
were o b t a i n e d  i n  a  more g e o g r a p h i c a l l y  r e s t r i c t e d  
s t u d y  of sockeye salmon i n  Cook I n l e t ,  Alaska 
(Grant  e t  a l .  1980) where d e t e c t e d  l e v e l s  of 
s t r u c t u r i n g  were on ly  h a l f  of t h o s e  i d e n t i f i e d  i n  
t h i s  i n v e s t i g a t i o n  (Ryman 1983) .  G e n e t i c  e s t i -  
mates of s t o c k  compos i t ion  t h a t  were c o n s i s t e n t  
wi th  independent  s e t s  of d a t a  have a l s o  been made 
i n  mixed s t o c k s  of chum salmon (Wishard 1981; 
Beacham e t  a l .  1982 ,  Seeb e t  a l .  i n  p r e s s )  where 
s t r u c t u r i n g  i s  much reduced from t h a t  a f  sockeye  
salmon (Okazaki 1982) .  

The most d e f i n i t i v e  comparison a t  t h i s  t ime  
r e g a r d i n g  t h e  p o t e n t i a l  use of a l l e l i c  d a t a  f o r  
mixed s t o c k  a n a l y s e s  of sockeye salmon p o p u l a t i o n s  
i n  t h i s  s t u d y  i s  wi th  chinook salmon d a t a  c o l l e c t -  
ed over  a  s i m i l a r  geograph ic  r ange .  Al l  t h r e e  of  
t h e  above c o n d i t i o n s  a r e  met wi th  t h e  chinook 
salmon d a t a  (Milner  e t  a l .  1980,  1981) ,  and t h e  
most e f f e c t i v e  use of d a t a  of the  g e n e t i c  method 
has  been an a n a l y s i s  of chinook salmon f i s h e r i e s  
o f f  t h e  c o a s t  of Washington i n  May 1982 ( M i l l e r  
e t  a l .  1 9 8 3 ) .  Th i s  s t u d y  e s t i m a t e d  t h e  s t o c k  com- 
p o s i t i o n  of t h i s  f i s h e r y  us ing  g e n e t i c  d a t a  from 
14 polymorphic l o c i  from approx imate ly  2 , 0 0 0  f i s h ,  
and a  d a t a  base  f o r  t h e s e  l o c i  from 28 s t o c k s  of 
t h e  Columbia River  and 5 2  s tock;  beyond t h e  
Columbia R ive r  from C a l i f o r n i a  through B r i t i s h  
Columbia. An e s t i m a t e d  77% of t h e  t o t a l  c a t c h  was 
from f a l l  chinook salmon p o p u l a t i o n s  of t h e  lower 
Columbia R ive r  and B o n n e v i l l e  Pool a r e a s  wi th  a  
s t a n d a r d  d e v i a t i o n  on t h i s  e s t i m a t e  of l e s s  t h a n  
1%. Analyses  by n o r t h e r n  and s o u t h e r n  c a t c h  a r e a s  
i n d i c a t e d  a  10-fold i n c r e a s e  i n  e s t i m a t e d  h a r v e s t  
of B r i t i s h  Columbia and Puget Sound s t o c k s  i n  t h e  
n o r t h e r n  a r e a .  The amount of s t r u c t u r i n g  of 
chinook salmon p o p u l a t i o n s  from B r i t i s h  Columbia 
through C a l i f o r n i a  is  s i m i l a r  t o  t h a t  i d e n t i f i e d  
i n  t h i s  s t u d y  ( M i l n e r ,  unpub l i shed  d a t a ) .  

Thus t h e  g e n e t i c  method f o r  s t o c k  i d e n t i f i c a t i o n  
i s  on t h e  t h r e s h o l d  of a p p l i c a t i o n  f o r  sockeye 
salmon p o p u l a t i o n s  w i t h i n  t h e  geograph ic  r e g i o n  of 
t h i s  s t u d y .  The e x i s t i n g  d a t a  base  cou ld  be 
ex tended  by i n c l u d i n g  a l l e l i c  f r e q u e n c i e s  b e i n g  
c o l l e c t e d  c o n c u r r e n t l y  by Canadian worker s  (R. 
W i t h l e r ,  Canadian Department of F i s h e r i e s  and 
Oceans, Nanaimo, B.C., p e r s .  cornmun.) from a d d i -  
t i o n a l  s i t e s  w i t h i n  B r i t i s h  Columbia. Such 
i n c l u s i o n ,  coupled wi th  a n o t h e r  s e a s o n ' s  c o l l e c -  
t i o n  of d u p l i c a t e d  and new s i t e s  w i l l  p rov ide  a  
u s a b l e  d a t a  base  f o r  mixed f i s h e r y  a n a l y s e s  i n  
t h i s  r e g i o n .  Subsequent  a t t e n t i o n  could then be 
focused on a c t u a l  e s t i m a t i o n s  of s t o c k  composi- 
t i o n s  of mixed s t o c k  f i s h e r i e s ,  a l though  t h e  d a t a  
base  would c o n t i n u a l l y  be updated as  new v a r i a n t s  
were d e t e c t e d ,  a d d i t i o n a l  p o p u l a t i o n s  sampled, and 
o t h e r  y e a r - c l a s s e s  and g e n e r a t i o n s  examined.  
These e s t i m a t e s  could be implemented i n  a  t i m e l y  
manner ( e . g . ,  w i t h i n  24 h o u r s  of l a b o r a t o r y  
r e c e i p t  o f  f i s h e r y  samples ;  Mi lne r  e t  a l .  1981)  
and thus  p r o v i d e  a  powerful  and unique b a s i s  f o r  
in - season  management. I n  a d d i t i o n ,  t h e  c u m u l a t i v e  
d a t a  over  a  p e r i o d  o f  y e a r s  would y i e l d  a  new and 
d e t a i l e d  u n d e r s t a n d i n g  o f  t h e  temporal  and s p a t i a l  
d i s t r i b u t i o n  i n  t h e  North  P a c i f i c  Ocean of  sockeye 
salmon p o p u l a t i o n s  from t h i s  a r e a .  
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