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-.. 7 ;i;e y of :-ost rc?.ogrlized s p e c i e s  of s a l i r ; = n l d s  lrnder t h e  

~ - ~ . 3 ~ i : ~ ~ ~ ~ ~  5 ::PC? ,> - s  c s : > c - ; ~ t  ;s .%L:;-,?crtE.6 by 2-uidence  fro:^ , < < v e r s e  s z u r c e s .  

? -  : 5~~ : , -~~ ; : e r ,  t!?e sp,?ci:>-c . - .  s t s t i ; ~  35 a r-;,::-':sr o f  - . = - - > ? t i y  ,-'--- 
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rs:-.:.ins ? z n c e r t 2 f r ~ .  In tYnt-;ed ':_*-q, > ; - 2  i.L- i t  IS ~ z - t S ; . r - ~ - - - ?  r , . 2 ~  L - - L  : L C ~ L ~  lY.p~trc.?3t * 410 

. . - .-, .- ,- - . . - :>n , t of  :,:rsco:;::i-ed r.r->r.;?;;c-<.,;ely i so ' e~c :d  

~ , 2 - i l l a t i o n s  . Y f o r  p r o t e c t i o n  ui-~der  ;he U . S .  En?angered  S p e c i e s  Act  of 1 9 7 3  

(ES.?t). 

I n n a t e  l i f e  h l s t o r y  d i f f e r e ~ z e s  among s p e c i e s  a s  :;ell  a s  numerous 

c z c e r t a i n t i e s  w i t h i n  s ? ? c i e s  p r e c l u d e  t h e  u se  of a  g e n e r a l i z e d  n o d e l  based  

on h o m i ~ g  as tI!e s o l e  o r  p r i 3 a r y  rnsans of  d e f i ~ i n g  d i s c r e t e  ? o p : l l a t i o n  

seg ixents  of  a n a d r o a o u s  sa l inonid  s i j e c i e s .  A p r o c e s s  i i ~ \ : o l v i n g  s u c c e s s i . v e  

s z z p l i ~ g s ,  a n a l y s e s ,  2nd s y n t h e s e s  of  d a t a  f r o n  populations s f  a F a r t i c u l a r  

a r 2 a  i s  s u g g s s t e d .  A m a j o r  r e q u i r e z e n t  of t h i s  p r o c e s s  i s  r e l i a b l e  g e n e t i c  

d ~ t a .  The c a p a b i l i t y  f o r  r he  d s t e c t i a n  o f  a l l e l i c  p r o r e i n s  by 

e l e c t r o p h o r e t i c  n e t h n d s  h a s  p r o v i d e d  a  g a j o r  t o o l  f o r  i 2 e n t i f y i n g  arid 

-3  J s P s u r i n g  g e n e t i c  d i f f e r e n c e s  a n o ~ g  p o p u l a t i o n s  and s p e c i e s .  l n e s e  d a t a  

2 r e  n e c e s s a r y ,  b u t  o f t s n  i ; . s u f f i c i . z n t  f o r  i d e a t i f y i n g  : s o s t  p ~ ~ , t i l a t i o n  

s e s a s n t s  and ;nus t  be  co;?i.pienei;tc?d by o t h e r  b i o l o g i c a l  a n d  l i f e  h i s t o r y  4 a t a  

a s  s e l l  a s  by h i s t o r i c a l  a::d g s o l o g i c a l  i;;.foi-i.iia:?'or,. ? r o v i s i o n a l  

c l z s s i f i c z t i c n s  of t h r e a t e n s - d  o r  erdangc:-?ci ~o;~vl;j . t :  ions  TI t i ;?  5 a s i s  o f  

i i i c n z p l e t e  d a t a  n a y  be  nc . ce s sa ry  Frl  2any i i ~ s t z n c r s ,  b u t  f i n a l  

c l a s s i f i c a t i o n s  s h o u l d  depend on  c c a p l e t e  s e t s  sf l a t z .  

- .  T r a n s p l z n t e d  and i ~ a t s l ? e r y  p , ~ ~ t ~ l a t r i o n s  0 . 1 .  the  i d e n t i f i c ; 2 i : i o n  

z;ld xansgexe r l t  o f  zna ; i roa?ous  sa l ; ?a? id  pcp:!l-. t ions i.iadr-r Eke ESA. S,:b:-~e 

evi;',.-;.?ce i s  ci:ed t h a t  i n d i c a t e s  a p o t p n p i a l  o r  ~c t - , : : .> l  . : : - ; F . I s ~  : .->I?:' , . c 



cfZ?rt_ of ':atch+ry or [;-n;?scl>y:ted f i s h  on sox? n a t i v e  ;.,opu?a t i o ~ s ,  a-nd 

c: : rrcnt  s t u d i e s  desi,g,ccJ t o  :-,-.$ . . - .z~:-. .L - - I - - +  silch e f f e c t s  a r e  n s ~ t i c n s d .  Th 2 

;sci . .nical  agd e c o n r ~ n i c a l  f e e s i b i l - i t y  f o r  ;-.--.zs:lri;lg t h e s e  e f f e c t s  s u g g o s t  

t : ia t  s ~ c h  n e a s g r s : i ; e j t s  ~ ? ~ o u l d  L e  a -,- . < ~ n , ~ : i s t t e  ? o r  ~;i?id o r  i X t 2 : - ~ d ? d  

L Y L l i l i ~ p l s n t 3 t i ~ n  - ~ -  2nd h a t c h e r y  a > ~ - r a t  i ~ n s .  

P ~ r t h 2 r  d a t a  a r e  needed  t o  d e t e r z L n e  wT-iet;;er .sr r . 0 ~  t? ; r23:~322 o r  

en?~;:g?i-ed s p z c i s s  z3d p p u l a t l o i i s  c a n  he a r t i f i c i a l l y  ? s r ? e t u a t ? d  and 

s t i l l  r e t a i n  t h e  c a p a b i l i t y  t o  a d a p t  t o  w i l d  e n v i r o n a e n t s  upon 

r e i n t r o d u c t i o n  t o  r,a t i v e  5 a h i  t a t s .  n.is capability a p p a r e n t l y  exl  s t s  i n  

s o a e  d o m e s t i c a t e d  s t r a i n s  o f  r a i n b o w  t r o u t .  Eowever, l a r g e  d i f f e r e n c e s  

e x i s t  i n  t h e  I n t r  Tnsic l e v e l s  of  g e n e t i c  v a r i a t i o n  be tween  most  

d o s ? s t i c a t e d  p o p u l a t i o n s  o f  r a i n b s w  t r o u t  aad  32ny t h r e a t e n e d  o r  endange red  

n a t u r a l  p o p u l a t i o n s  o f  s a l m a n i d s  . 
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T?;e ra"i ionale f o r  :_he U.S. Enc'iaiigered S ;>cc$es  Act o f  1973 (ZSA) a s  

azended  i n  1 9 7 8  c a n  be p a r ~ p 5 r a s r - d  2s f o l l o ; . : ~  : E v e r y  z;lit;al s ; e c i e s  of  che  

51.1ited S i a t e s  - 2s well a s  i s o l a t e d  s L - l t h f n  some s p e c i e s  - 

r z ? r e s ? ; 7 t  unique and ir;e?laceaS.Ls gro12;s of o rzaz i s ; - ; s  c o n t a i n i - l g  actl:;cll o r  

pot"" t i a l  e c o l o g i c a l ,  s c l e n t l f  i c ,  h i s t o r i c a l  , r e c r e a i i o z a l  , 2 s  t h z t i c  , a r ~ d  

ed ; . ica t io i>a l  v z l u e ;  a l l  s r ~ c h  g r o u p s  r s a r r z n t  res;, ,>n,-ible s a n . . r g f n ~ n t  az,<-r;:;e:re 

r ; 2 ~ 2 s s a r y - - p r o t 2 c t i o n .  The a s s e s s r a e n t  of  t h e  c u r r e n t  s t a t u s  of s u c h  g r o u p s ,  

l e a d i n g  t o  p o s s i b l e  p r o t e c t i v e  o r  r e c ~ e d i a l  a c t $ o r , s ,  r e q u i r e s  a  souad  

5 i o l . o g i c a l  S a s i s  f o r  t h e  i d e n t i f i c a t i o n  of  b o t h  s p t t c i e s  and  p o p u l a t i o n s .  

T h i s  p p e r  i s  a  r e s p o n s e  t o  t h i s  r e q u i r e m e n t  i n  c o n j u n c t i o a  w i t h  a  

m a n d a t e  of t h e  X 2 t l o n a l  Y a r i n e  F i s h e r i e s  S e r v l c e ,  NCA.4, t o  a s s e s s  t h e  

s t a t u s  of c e r t a i n  U.S.  s t o c k s  of anadromous s a l m o n i d s  r e l a t l v e  t o  t h e  ESA. 

I t s  o b j e c t i v e s  a r e  (1) t o  s t a t e  r e l i a b l e  c r i t e r i a  t h a t  c a n  5 e  a p p l i e d  t o  

d e f i n i n g  b o t h  s ~ e c i e s  of  a n a d r m - o u s  s a l m o n i d s  a s  w e l l  2s d i s c r e t e  

p o p u l a t i o n s  w i t h i n  s p e c i e s ,  and  ( 2 )  t o  c o x s i b e r  some o f  t h e  c o n f o u n l i r l g  

a s p e c t s  of  t r a n s p l a n t a t i o n s  and h a c c h e r y  a a n a g e z 2 n t  on p o s s i b l e  ZSA 

a c t l o n s .  The c o - a p l e x i t i e s  and u n c e r t a i n t i e s  of  d e f i n i n g  arid i d s n t i f j 7 i n g  

s p e c i e s  and p o p u l a t i o n s  a r e  erreained p r i ~ a r i l y  i n  t h e  c o n t e x t  a f  salmo-iid 

l i t e r a t i l r e .  S y n t h e s e s  are rr.ade from t h e s e  dais t o  o u t l i n e  t h e  g e n . ? r a l  

r z q u i r e a n r i E s  f o r  d e f i n i a g  s p e c i e s  2nd d i s t i n c t  p o p ~ ~ l a t i o r ,  s = g ~ e n t s  f o r  t h e  

F m ~ ! ? : ~ e n t a t i o n  of s u c h  c j e f i n i t i o : ~ s  i n  z sco rd&i l ce  r;ith t h e  ESA. 

3 < f ~ > ; 1 ~ ~ ~ 3  ?Z;D ( - : ~ A F - I , C T E ~ T . ~ ~ T ~ ; ! ~  OF SFECIES 

-" l h e  r e a l i t y  c>f t h s  ta:.:onq.jic 12x.rel r z l l e d  "s2pi- ics"  i s  a c c e p t s d  aqsng  

-. .:?;st 5 i*~!og is : : s  ~ i .  1 f r : ~ : ; ~ : . , - ~  c k  ~f t::? i l l i t i o n :  "Spe-' L ~ e s  .?re 

groi:ps of i n : : ~ r S r p ~ d i . n g  ~ ; s t i i r a l  p j ~ u l a t < o l ? s  t h a t  a r e  r e ; r o d u c t L v e l y  

0 . 3  'rc;? rjti.er i l s h  g r o : l p s "  (:. lay= 1970). T V . ~  r ~ c ~ ~ ~ i z ~ d  s p e c i ~ s s  of 



s.~~.:~orlr;i!s g i . nc ra l l y  ~ : : c s i s t s i - ~ t  w i  t h  t l 1 i ~  d e f  i n l t i o l ~ .  Each of  the f i v e  

.- s , i t . tc ies  -, - of  T n c i i i c  s a l n o n  ( C i l c o r h j ~ ~ ~ c h ~ s )  t h a t  a r e  i i i d igenous  t o  :;ort.h 

A 3 e r i c a  fr eqcei: t l y  e x i s t  s j m p s t r i c a l l y  i.6 'ih one  o r  more c o n g e n e r i c  s p e c i e s  

(X ro  2nd S h e ? a r d ,  1967 ;  i i ~ k i i l s o n  e t  a l .  1 9 6 7 ) .  Yet t h e s e  s p e z i z s  r e w i n  

- , ~ d i l y  ,. i d e z t l f i a b l e  t5ro:;ghout t h e i r  r a n g e s .  The c o a s t a l  ' o m s  cjf 

s ~ e z l h e a d  (Sa l  no g a i r d n e r i )  ezd c u ~ : ~ r c a  t (5. c l a r k i )  t r o t ~ t  L i k e w l  s e  o c c u r  -- L -- 

c -%r- 7 - , i A , a t r i c a l l y ;  a l t h o u g h  t h e y  a re  f e r t i l e  I n  l a S o r a t o r y  c r a s s z s  ( J .  >!.i.o?12!1, O - -  

XXFS, p e r s .  connun .), t h e y  do n o t  s i g n i f i c a n t l y  i n t e r 5 r e e d  i n  c a t u r e .  

The f i v e  s p e c i e s  of P a c i f i c  s z l ~ o r ~  and t h e  two t r o u t  s p r c i e s  n c n t i o c s d  

above  have  e a c h  e v o l v e d  and d i v e r g e d  f r o a  common a n c e s t o r s  f o r  p e r i o d s  

p r o S a 5 l y  e x c e e d i n g  l o 5  y e a r s  ( e v e  1956) .  One nay  s a f e l y  a s s m e  t h a t  

t h e i r  . ? n c e s t r a l  f o n s  v e r y  l i k e l y  r e s e a b l e d  one  a n o t h e r  much more t h a n  d o  

t h e  f o r x ~ s  e x i s t i n g  t o d a y .  

Sqmpa t r i c  Fopula  t i o n s  

Assuming t h a t  t h e  p r o c e s s e s  l e a d i n g  t o  s p e c i a t i o n  ( e . g . ,  s s e  S ~ e h S i n s  

1971)  a r e  more o r  l e s s  c o n r i r i u a l ,  i t  i s  r e a s o n a b l e  t o  s u g g e s t  t h a t  

p o p u l a t i o n s  i n  t h e  p r o c e s s  of  i n c i p i  e n t  s p e c i a t i o n  c u r r e n t l y  exi. s t  i n  

sa1r; lonids.  Evi-dence f o r  n o n - l n t e r k t r s e d i s g  of  c o z s p e c i f i c  s ~ l n s n i d  

p a p o l a t i o n s  t h a t  c o e x i s t  i n  t h 2  s z n e  a r e a  would s u p p o r t  t h e  c o n t e n t i o n  c>&at  

-- ~ n e s e  I ~ a i ; l ~ l a t i o x s  a r e  genetically i s o l a t e d  from one  a n o t h e r  a d  a r e  i n  t h e  

e a r l y  s t a g e s  of F r o c e s s e s  l e a d i n g  t o  c a x p l e t e  r e p r o d u c t i v e  i s o l a ' i i o n  ( i  .?., 

s 2 e c i a t i o n ) .  Such e v i d e n c e  e x i s t s  from i n v e s t i g a t i o n s  of  s z l a o n i d  

; ) o p u l a t i c n s  and  scjine o f  i t  w i l l  Se  b r i e f l y  r e v i e w e d  below. 

1n:;ate Lac t i c  r e s p a n s e s  1zadi : lg  newly  e z e r g e d  s a l n o n i d  f r y  s i i k e r  

, , ,sr.-  izc,n o r  dok-ns::reaiz t o  lalczs s e r L ~ i n g  a s  n u r s e r y  a r e a s  have  ':sen 



:e::,~nc:rztzd I n  soc'i,eye salri:on ( 0 .  nc-rka) from d iverse  g e c g r a p h l c  r ~ g i o a s  - -  

( Z a l e i g h  1971;  Br snnon  1972) .  w l n e s e  r e s p o n s e s  u e r e  z l t ~ r e d  t h r o u g h  

. ri j i., J a .  iL.< - ~ i ~ : a l  c r o s s e s  i n v o i v i n g  b o t h  i n l e t  and o u t l e t  p a r e n t s  i n d i c z t i n g  t h e  

i ;-, .,.Yap'ii\;e . 4 - na cure of  za tu : .z l  c r s s s e s  52 tween f n l c t  and o u t l e t  pspula i2or :s  

. . rm of 2 e i v e n  a r a i n z g e .  1 . ~ 2 s  iczda-,cii*e:;ess i n f e r s  the g e n e t i c  i s o l a t i o n  of 

such  p o p u l a t i o z s  s 5 a r i n g  a n  o r h e r w i s e  comann e n v i r o z . ~ e ~ t .  

-L. morp: - :o logica l ly  d i s t i n c t  g-;.c.ups of  i j o a n - , v i l l e  w t ~ i t z f i s h  (E'rosopium 

s p i l o n o t u s )  v e r e  found t o  c o e x i s t  i n  S e a r  Lzke on  t h e  Cta'n-Idaho b o r d e r  --- 

( V ~ i t e  1 9 7 4 ) .  Each f o m  ~, .as d i s t i a c t  w i t h  r e g a r d  t o  g r o w t h ,  znd  ?o a g e  and 

s i z e  a t  E a t u r i t y .  It w a s  reconmended t h a t  e a c h  g r o u p  be  g i v e n  t e n t a t i v e  

r e c o g n i t i o n  a s  d i f f e r e n t  s p e c i e s .  

D i r e c t  g e i i e t i c  e v i d e n c e  f o r  n o n - i n t e r b r e e d i n g  o f  two brown t r o u t  

( S ~ ? l a o  -- t r u t t a )  p o p u l a t $ ~ o n s  c o e x i s t i n g  i n  a m a l l  Swed i sh  l a k e  h a s  been  

r e p o r t e d  ( A l l e n d o r f  e t  a l .  1 9 7 6 ;  R p a n  e t  a l .  1979) .  These  g r o u p s  

( i d z n t i f l e d  on t h e  b a s i s  of d i s t i n c t  b i o c h e m i c a l  g e n z t i c  p r o f i l e s - s e e  Table  

1) :??:I d i f f e r e a t  g rowth  r a t e s  and spawning a r e a s .  It was p o s t u l a t e d  t h a t  

one  group was a  r e l i c t  p o p u l a t i o n  t h a t  had been  i s o l a t e d  v i t b i n  a  g l a c i a l  

r e f u g e  a b o u t  1 2 5 , 0 0 0  y e a r s  ago  % h e r e a s  t h e  second r e p r e s e n t e d  a  more 

w i d e s p r e a d  g roup  of b r c v n  t r o u t  t h a t  r z c e n t l y  r e i n v a d e d  t h e  a r e a .  Al though 

i t  s a y  be a r g u e d  w h e t h e r  o r  .not t h e s e  two g r o u p s  a r e  s u f f i c l e n t l y  

r e p r o S ; i l c t i v e l y  i s o l a t e d  t o  w a r r a n t  t h e i r  c l a s s i f i c a t i o n  a s  d i s t i n c t  

s p t c i e s ,  :r!:ey ; i re  c l e a r l y  d i v e r g i n g  toTGards s u c h  a  d i s c i n c t j o n .  T i n i l a r  

s~. ; ; ! :>atr ic  - I 7 0 2 u l a t i o n s  of  S;.;jriish cl:ar (Sal irel i :?us a l p i n n s )  h i v e  a l s o  Seen  

reported (:::m.an 1 9 7 2 ) .  

7 : , t i r cc t  e v i d e n c e  f o r  s;?i;;;.patric popu la t io i z s  of  sockeye  salmon has l>..ezn 

foan-l  i n  so ;Le j '~  s a l x o n  p . ~ p : ~ l a t i o n s  o f  t h e  Lake 7 ( l r s h i n g t ~ n  d i - ra i i lge  sear 



T e b l e  l . - - L V l e l i c  f r e q - l e n c i e s  o f  s>:i~?ztric dexes of 3 r o m  t r o u t  ia Lake 
3 x n n e r s  j o a r n a ,  Sweden. .%I l o c a t i o n  t o  deijle i s  based on phenotype of t h e  IJ3!l-1 
l o c u s  ( F r o m  R > ~ ; a n  e t  a l . ,  1979).  

- Dene I 11erne I1 
Locus ( a l l e l e )  LDH-1 ( i Q G j l o 0 )  SDH-1 (2&3/240) X -- 2 -- 

CPR-.I (160) 

EST-2 (100)  

LDH-5 (100) 

MDE-4 (100) 

SDX-1 (100) 

SOD (100)  

X' = chi-sq~srz v a l u e s  for d i f f e r e n c e s  bstw2en demes ( 2  x 2 con t lngehcy  t e s t s ) .  

S i g n i f i c a n c e :  *, P - < 6 - 0 5 ;  **, P - < 0.01;  ***, P < 0.001. - 



S e a t t l e ,  'n 'ashington.  G e a e t i c  d i f f e r e n c e s  of p r o t e i n s  have i d e n t i f i e d  a 

popu la t i .on  of non-anadronous sockeye salmon i n  Issaquzih Creek of t h e  Lake 

T T -  ibe5hing t o n  d r a i ~ a g e  t h a t  i s  i i s t i n c t l y  d i f f e r e n t  no t  o n l y  f r o a  o t h e r  

nor;-anadroaous and a n a d r o ~ o u s  sockeye salmon p o p : ~ l a t i o n s  of t h i s  d r a i n a g e  

b u t  a l s o  from a i l  sockeye s a l n o n  ? o l u l a t i o n s  o z t s i d e  of t h i s  dr2i; lage t h a t  

h a r e  Seen s t u d i e d  ( U t t e r  e t  a l .  1380). 

rF ~ n e  above e x a ~ p l e s  d e s c r i b e  d i v e r g e d  aad sjmpa t r i c  c o a s p e c i f i c  

p o p u l a t i o n s  of sa lmonids  t h a t  a r e  i n  presumably e a r l y  o r  i n t e m e d i a t e  

p h e s e s  of s p e c i a t i o n .  It i s  v e r y  l i k e l y  t h a t  o t h e r  - p o s s i b l y  numerous - 

s i i r i i l a r  i n s t a n c e s  e x i s t  anong such s p e c i e s  of s a l n o n i d s  i n  view of t h e  

r e c e n t  and i s o l a t e d  e f f o r t s  t h a t  have been made towards  t h e i r  d e t e c t i o n .  

A l l o p a t r i c  P o p u l a t i o n s  

h o t h e r  segment of  t h e  s p e c i e s  q u e s t i o n  c o n c e r c s  noie inal ly  c o n s p e c i f i c  

p o p u l a t i o n s  t h a t  a r e  t e m p o r a l l y  o r  g e o g r a p h i c a l l y  i s o l a t e d  from o t h e r  

p o p u l a t i o n s .  n e s e  p o p u l a t i o n s  may be i n  v a r i o u s  s t a g e s  of i n c i p i e n t  

s p e c i a t i o n ,  b u t  t h e i r  c a p e b i l i t i e s  f o r  z a i n t a i n i n g  g e n e t i c  i s o l a t i o n  under  

s p p a t r i c  c o n d i t i o n s  canno t  be a s s e s s e d .  The i n l a n d  c u t t h r o a t  t r o u t  

coz:,lex r e p r e s e n t s  a  s e r i e s  o f  g e o g r a p h i c a l l y  i s o l a t e d  g roups  o f  

p o p u l a t i o n s  ( F i g u r e  1 )  where  r e c e n t  e s  t i s a  t e s  of  g e n e t i c  distances 

d e n o n s t r a t e  s u b s t a n t i a l  g e n e t i c  d i v e r g e n c e  anong s o a e  of t h e  g roups  

s u g g e s t i n g  i n c i p i e n t  s p e c i a t i o n  (1,oudenslager and G a l l  1980) .  A 2 e t a i l e d  

examina t ion  of t h e  p o p u l a t i o n  s t r u c t u r e  of  t h e  c o a s t a l  g roup  ( S .  c l a r k i  - -- 

c l a r k i )  o v e r  a l i m i t e d  g e o g r a p h i c  range  (Campton 1981) i n d i c a t e d  a  s t r o n g  

tendency t o  m a i n t a i n  t h e  i n t e g r i t y  of l o c a l  p o p u l a t i o n s ,  f u r t h e r  suggesting 

t h e  p o s s i b i l i t y  of  i s o l a t e s  ~ j i t h i n  t h i s  g roup  t h a t  nay be d i v e r g i n g  to1,:ards 

s p e c i a t i o n .  



F i g u r e  1 . - -Approxina te  d i s t r i b u t i o n  of i n l a n d  s u b s p e c i e s  of c u t  rrllroa t 
(Sa lmo  c l a r k i ) .  Adapted  f r o a  L o u d e n s l a g e r  and  G a l l  1980. --- -- 
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-7 2 r ~ n k  sa lmon (2. - ?o rh? l scha )  i s  t h e  b e s t  knovn example of  t e n ~ o r a l  

isolation i n  s a l ~ n o n i d s .  T h e i r  r i g i d  2-year  l i f e  c y c l e  h a s  l e d  t o  two 

d i s t i n c t  g e n e  p o o l s  t h r o u g h o u t  t h e i r  s p 2 c j e s  r a n g e  ( F i g u r e  2 ) .  E x t e n s i v e  

g e o g r a p h i c  s u r v e y s  o f  g e a e t i c  v a r i a t i o n  have  i d e n t i f i e d  a  g r e a t e r  

s i n i l a r i t y  w i t h i n  a  y s a r  c l a s s  - r e g a r d l e s s  o f  g e o g r a p h i c  o r i g i n  - t h a n  

hotween y e a r  c l a s s e s  - e v e n  i n  t h e  s a n e  s t r e a n s  ( A s p i n v a l l  1974 ;  Johi lson 

1979;  D o n n e l l y  e t  a l .  1 9 7 9 ) .  Even  and  odd y e a r  p i z k  s a l n o n  h a v e  a l s o  

e v o l v e d  d i f f e r e n t  i n t r i n s i c  g r o w t h  r a t e s  ( R i c k e r  e t  a l .  1 9 7 8 ) ,  d i s t i n c t  

g e o g r a p h i c  d i s t r i b u t i o n s  ( h r o  and S h e p a r d  1967:  A t k i n s o n  e t  a l .  1 9 6 7 ) ,  and  

d i f f e r e n t i a l  t e m p o r a l  a n d  d i s t r i b u t i o n a l  spawning  p a t t e r n s  h a v i n g  a 

h e r i t a b l e  b a s i s  w i t h i n  i n d i v i d u a l  d r a i n a g e s  used  a 1  t e r n a t e l y  b y  b o t h  y e a r  

c l a s s e s  ( H e l l e  1970 ;  T a y l o r  1 9 8 0 ) .  It i s  e v i d e n t  t h a t  t h e  two y e a r  c l a s s e s  

a r e  d i v e r g i n g  t o w a r d s  u l t  ima t e  s p e c i a t i o n  i f  t h e i r  g e n e t i c  i s o l a t i o n  

p e r s i s t s .  

N o n i n a l  S p e c i e s  

The p h e n o t y p i c  p l a s t i c i t y  and  d i v e r s e  l i f e  h i s t o r y  c a p a b i l i t i e s  o f  

many s a l m o n i d s  h a v e  h i s t o r i c a l l y  c o n f u s e d  t h e  s p e c i e s  p i c t u r e  i n  some 

i n s t a n c e s .  Thus ,  two p h e n o t y p i c a l l y  d i f f e r e n t  g r o u p s  h a v i n g  non- 

o v e r l a p p i n g  g e o g r a p h i c  d i s t r i b u t i o n s  and  d i s t i n c t  l i f e  h i s t o r y  p a t t e r n s  may 

b e  c a t e g o r i z e d  a s  s e p a r a t e  s p e c i e s  and  y e t  b e  s u f f i c i e n t l y  c l o s e l y  r e l a t e d  

t o  n o t  Ida r r an t  s u c h  a  d i s t i n c t i o n .  

The c u r r e n t  t axonomic  s t a t u s  of r a i n b o w  t r o u t  (Salmo g a i r d n e r i )  and  
-- 

r e l a t e d  p o p u l a t i o n  g r o u p s  i s  a  p o s s i b l e  example  o f  t h i s  s i t u a t i o n .  l l i s  

g r o u p  of p o p u l a t i o n s  c o m p r i s e s  two r e c o g n i z e d  s p e c i e s  ( S .  g a i r d n e r i  and  S .  - --- - 

a q u a b o n i t a )  p l u s  a  t h i r d  p o p u l a t i o n  c o n p l e x  - t h e  r edband  t r o u t  - t h a t  h a s  -- 

'.?en n o m i n a l l y  e l e v a c e d  t o  s p e c i e s  r a n k  i n  much of  t h e  c u r r e n t  l i t e r a t i i r e  



( s e e  Gold 1 9 7 7 ) .  The t a x o n m i c  s t a t u s  o f  redband t r o u t  h a s  >!?en 

c o m p l i c a t e d  by d i f f e r i n g  c o n c e p t s  o f  i t s  s c o p e  (Eakke 1977; Behnke, i n  

p r e s s )  and by g e n e t i c  e v i d e n c e  i n d i c a t i n g  t h a t  d i f f e r e n t  p p u l a t i o n s  h a v i n g  

sixFlar p h y s i o l o g i c a l  a d a p t a t i o n s  h a v e  a r i s e n  f rom d i s t i n c t  l i n e a g e s  

( \ : ishard e t  a l .  1 9 8 0 ) .  

Al though i t  i s  beyond t h e  s c o p e  o f  t h i s  r e p o r t  t o  make a  d e t a i l e d  

r e v i e w  of t h e s e  g r o u p s  of  rai i lbow t r o u t  - l i k e  p p u l a t i o n s  ( s e e  Sehnke 

1965;  G a l l  e t  a l .  1976;  Gold 1977 ;  Wilmot 1974 ;  Wishard e t  a l .  1 9 8 0 ) ,  i t  i s  

p e r t i n e n t  t o  examine t h e  g e n e t i c  s i m i l a r i t y  [ i - e . ,  v a l u e s  be tween 0  and 1 

a v e r a g i n g  t h e  l e v e l  o f  d e t e c t a b l e  g e n e t i c  s i m i l a r i t y  be tween two 

p o p u l a t i o n s  o v e r  a l l  l o c i  examined - u s u a l l y  g r e a t e r  t h a n  20 ,  ( s e e  Roger s  

1972;  Kei 1 9 7 2 ) l  among t h e s e  g e n e r a l l y  r e c o g n i z e d  s p e c i e s  g r o u p s  i n  

c o n t r a s t  w i t h  t h o s e  among t h e  s u b s p e c i e s  o f  c u t t h r o a t  t r o u t .  L o u d e n s l a g e r  

and G a l l  (1980)  h a v e  r e p o r t e d  a n  a v e r a g e  g e n e t i c  s i m i l a r i t y  ( b a s e d  o n  

e l e c t r o p h o r e t i c  d a t a  from a p p r o x i m a t e l y  4 0  l o c i )  o f  a b o u t  0.85 among t h r e e  

iza jor  i n t e r i o r  s u b s p e c i e s  o f  c u t t h r o a t ;  Campton (1980)  h a s  i d e n t i f i e d  a  

s i m i l a r  d i v e r g e n c e  o f  t h e  c o a s t a l  s u b s p e c i e s  from o t h e r  c u t t h r o a t  g r o u p s .  

Hcveve r ,  t h e  g e n e t i c  s i m i l a r i t y  among t h e  s p e c i e s  complex  o f  

ra inbow-golden-redband t r o u t  ( b a s e d  on  d a t a  a n a l o g o u s  t o  t h e  c u t t h r o a t  

t r o u t  c o x p a r i s o n s )  i s  above  0 .925  i n  a l l  c o n p a r i s o n s  be tween p o p u l a t i o n s  

( A l l e n d o r f  and U t t e r  1974 ;  R. Smi th ,  p e r s o n a l  c m o u n i c a t i o n  - d a t a  f o r  ?h D 

t ? ? e s i s ,  Univ.  of  C a l . ,  D a v i s ;  !$ishard e t  a l .  1980) .  The Furpose  o f  ~ a k i n g  

t h i s  c o n t r a s t  i s  n o t  t o  d e b a t e  t h e  v a l i d i t y  o f  t h e  s p e c i e s  r a n k  i n  o n e  

g r o u p  o r  t h e  s u b s p e c i e s  r a n k  i n  t h e  o t h e r  ( a l t h o u g h  s u c h  a  d e b a t e  on a  

Z e t a i l e d  p r e s e n t a t i o n  and s y n t h e s i s  o f  t h e  known f a c t s  o f  t h e  n a t t e r  i s  

c l e a r l y  i n  o r d e r ) ,  b u t  t o  p o i n t  o u t  t h e  ? i t f a l l s  i n h e r e n t  i n  t h e  



n e c e s s a r i l y  a r b i t r a r y  n a t u r e  of spec i . e s  c l a s s i f i c a t i o n  based p r i m a r i l y  on 

morpho log ica l  c r i t e r i a ,  p a r t i c u l a r l y  a t  t h e  e a r l y  s t a g e s  of  d i v e r g e n c e .  

i t  i s  e v i d e n t ,  t h e n ,  t h a t  u n c e r t a i n t i e s  do e x i s t  c o n c e r n i n g  s p e c i e s  

c l a s s i f i c a t i o n  and i d e n t i f i c a t i o n  among s a l n o n i d s .  Sone of t h e s e  

u n c e r t a i n t i e s  a r e  i m p o r t a n t  t o  c o n s i d e r  w i t h  r e g a r d  t o  t h e  i r p l e m e n t a t i o n  

of t h e  ESA b e c a u s e  of t h e  c o n v e r s e  p o s s i b i l i t i e s  of e i t h e r  c o n s i d e r i n g  two 

o r  more n o n i n t e r b r e e d i n g  g roups  t o  be a  s i n g l e  p a m i c t i c  u n i t  o r  g r a n t i n g  

unwar ran ted  s e p a r a t i o n  t o  min imal ly  d i v e r g e d  p o p u l a t i o n s .  These problems 

w i l l  nex t  be c o n s i d e r e d  a t  t h e  w i t h i n - s p e c i e s  l e v e l .  

DEFINITION AND IDENTIFICATION OF DISTINCT POPULATION SEGFENTS 

The p r o c e s s e s  r e s u l t i n g  i n  t h e  f o r m a t i o n  of d i s t i n c t  i n t r a s p e c i e s  

p o p u l a t i o n s  a r e  t h e  e a r l y  p h a s e s  of t h o s e  u l t i m a t e l y  l e a d i n g  t o  s p e c i a t i o n ,  

w i t h  t h e  p r imary  d i s t i n c t i o n  be ing  (by  d e f i n i t i o n )  t h e  absence  of 

r e p r o d u c t i v e  i s o l a t i o n .  The s t r o n g  homing t e n d e n c i e s  of  anadronous  

sa lmonids  make t h i s  g roup  p a r t i c u l a r l y  s u s c e p t i b l e  t o  t h e  f o r m a t i o n  of such 

p o p u l a t i o n s .  Given t h i s  common c h a r a c t e r i s t i c ,  i t  i s  t empt ing  t o  f o r m u l a t e  

a  g e n e r a l i z e d  model f o r  m i g r a t o r y  s a l n c n i d s  i n  vFtich a h i e r a r c h y  of a r e a s ,  

major  s t r e a m s ,  and t r i b u t a r i e s  i s  used t o  d e f i n e  t h e  b a s i c  p o p u l a t i o n  u n i t .  

The model does  p r o v i d e  a u s e f u l  f i r s t  a p p r o x i m a t i o n  of  r e a l i t y .  The 

r e g u l a r i t y  of t h e  r e t u r n  of v a r i o u s  s p e c i e s  w i t h  r e g a r d  t o  l o c a t i o n  and 

t i n e  h a s  been w e l l  documented i n  t h e  sa lmonid l i t e r a t u r e  ( rev iewed  i n  

Kicker  1972) .  Examina t ions  of CGnpara t ive  g e n e t i c  a t t r i b u t e s  of t h e s e  r u n s  

i n  d i f f e r e n t  s p e c i e s  ( a s  methods have become a v a i l a b l e )  have  demons t ra ted  

t h a t  g e n e t i c  s i m i l a r i t y  t e n d s  t o  i n c r e a s e  d i r e c t l y  w i t h  g e o g r a p h i c  

p r o x i n i t y  ( U t t e r  e t  a l .  1974;  U i s t i a n s s o n  and McIn ty re  1976, Yay 1975;  

Gran t  1977; Thorgaard  1977a;  and A l l e n d o r f  and U t t e r  1979) .  



The model h a s  s i g n i f i c a n t  d e f i c i e n c i e s ,  however, t h a t  precl i lde  I t s  use  

a s  t h e  s o l e  c r i t e r i o n  f o r  d e f i n i n g  d i s t i n c t  popu la t?on  segments of  

a n a d r m o u s  sa lmonid s p e c i e s .  It a s s u m e s  a  s i n g l e  c o n t i n u a l  r a d i a t i o n  of 

p o p u l a t i o n  segments  from an i n i t i a l  s t a r t i n g  p o i n t  and f a i l s  t o  c o n s i d e r  

g e o l o g i c a l  o r  biological e v e n t s  t h a t  may r e s u l t  i n  d i s c o n t i n u i t i e s  of such 

a p r e d f c t e d  radiation. Tnus, t h e  model vou ld  p r e d i c t  t h a t  t h e  g r e a t e s t  

s i m i l a r i t y  would be w i t h i n  major  d r a i n a g e s  when c o n s i d e r i n g  proximal 

p o p u l a t i o n s  of t h e  Columbia and F r a s e r  R i v e r s  j u s t  ups t ream and downstream 

from t h e  Cascade C r e s t .  However, m o r p h o l o g i c a l  and b iochemica l  ev idence  

have i n d e p e n d e n t l y  shown j u s t  t h e  o p p o s i t e  t o  be  t r u e  (Behnke - i n  p r e s s ;  

A l l e n d o r f  1975; and  U t t e r  e t  a l .  1980) .  The c o n c l u s i o n  t h a t  t h e  

p o p u l a t i o n s  e i t h e r  e a s t  o r  west  of t h e  Cascade C r e s t  have r e s p e c t i v e l y  t h e  

g r e a t e s t  s i m i l a r i t y  r e g a r d l e s s  of d r a i n a g e  i s  suppor ted  by knowledge of 

r e c e n t  g e o l o g i c a l  e v e n t s  t h a t  e x p l a i n s  t h e  a d j a c e n t  l o c a t i o n  of d i v e r g e d  

p o p u l a t i o n s  ( F i g u r e  3 ) .  Geographic d i s c o n t i n u i t i e s  of p o p u l a t i o n  u n i t s  of 

coho and ch inook  salmon t h a t  d e v i a t e  from t h e  model have a l s o  been r e p o r t e d  

( A l l e n d o r f  and U t  t e r  1 9 7 9 ) .  

A second d e f i c i e n c y  of t h e  n o d e l  i s  t h e  t a c i t  a s sumpt ion  of a  

r e l a t i v e l y  un i fo rm c a p a b i l i t y  f o r  r a d i a t i o n  axong t h e  d i f f e r e n t  anadromous 

s p e c i e s .  Much e v i d e n c e  h a s  accuiriulated t o  i n d i c a t e  t h a t  c a p a b i l i t i e s  f o r  

r a d i a t i o n  d i f f e r  s i g n i f i c a n t l y  among anadromous sa lmonids  a s  a  r e f l e c t i o n  

of t h e  e v o l u t i o n  of d i s t i n c t  l i f e  h i s t o r y  p a t t e r n s  ( reviewed i n  U t t e r  e t  

a l . ,  1980. I n  a d d i t i o n ,  t r a i l s p l a n t a t i o n s l /  i n t e r f e r e  w i t h  h c r i  t a b l e  

L1 I n t e n t i o n a l  t r a n s p l a n t a t i o n s  and i n t r o d u c t i o n s  of s t o c k s  by man 
s i g n i f i c a n t l y  conpound t h e  problem of p o p u l a t i o n  i d e n t i f i c a t i o n  and 
d i s c o n t i n u i t y ;  t h e  p o p u l a t i o n  u n i t s  d e s c r i b e d  h e r e  - u n l e s s  s p e c i f i c a l l y  
d e s i g n a t e d  o t h e r w i s e  - a r e  p r e s m e d  t o  be a  r e f l e c t L o n  of n a t u r a l  
d i s t r i b u t i o n s ,  and t h e  t o p i c  of i n t r o d u c e d  p o p u l a t i o n s  w i l l  be c o n s i d e r e d  
i n  a  l a t e r  s e c t i o n .  



F i g u r e  3 . - -Represen ta t ive  f r e q u e n c i e s  of t h e  LDH-4 (100)  a l l e l e  ( shaded  
p o r t i o n  of c i r c l e s )  a v e r a g e d  from p o p u l a t i o n s  of rainbow t r o u t - l i k e  f i s h e s  
of t h e  P a c i f i c  Northwest .  F r e q u e n c i e s  t y p i f y  t h r e e  p o p u l a t i o n  g roups  ( a )  
w e s t  of t h e  Cascade C r e s t ,  ( b )  e a s t  of t h e  Cascade C r e s t  i n  t h e  F r a s e r  and 
Columbia R i v e r  d r a i n a g e s ,  and ( c )  i n  d e s s i c a t e d  i n l a n d  b a s i n s  of s o u t h e r n  
Oregon. Data o b t a i n e d  from A l l e n d o r f  1975; U t t e r  and A l l e n d o r f  1977; 
? l i lne r ,  Tee1 and U t t e r  1980: Idishard e t  a l .  1980.  



p a t  t e r n s  of honing p r e c i s i o n  ( R i c k e r  1 9 7 2 )  and f u r t h e r  cm.pl ica  t e  i n n a t e  

d i f f e r e n c e s  among s p e c i e s  i n  t h e  f o m a t  i o n  of d i s c r e t e  p o p u l a t i o n  

g r o u p i n g s .  

The above d i s c u s s i o n  does  n o t  n e g a t e  t h e  a p p l i c a t i o n  of  a  s t r e a m  

d i s t a n c e  model, b u t  p l a c e s  s t r i c t  l i m i t s  on  i t s  u s e .  G e n e r a l i z a t i o n s  

c a n n o t  b e  made between s p e c i e s  because  of d i f f e r i n g  geograph ic  r a n g e s  o f  

i n ~ e r b r e e d i n g  p o p u l a t i o n s .  G e n e r a l i z a t i o n s  w i t h i n  s p e c i e s  must c o n s i d e r  

t h e  p o s s i b i l i t y  of n a t u r a l  o r  man-made d i s c o n t i n u i t i e s .  

Da ta  Required f o r  I d e n t i f y i n g  P o p u l a t i o n  Segments 

It i s  p e r t i n e n t  a t  t h i s  p o i n t  t o  a s k  about  t h e  k i n d s  of  d a t a  t h a t  a r e  

r e q u i r e d  t o  b e s t  i d e n t i f y  a  d i s t i n c t  p o p u l a t i o n  segment s i n c e  t h e  model 

based  on homing r e q u i r e s  s u p p l e m e n t a l  d a t a  t o  p r o v i d e  g e n e r a l l y  r e l i a b l e  

i n f o r m a t i o n .  An i d e a l  s e t  of d a t a  s h o u l d  have a  p u r e l y  g e n e t i c  b a s i s  

b e c a u s e  d a t a  r e f l e c t i n g  e n v i r o n m e n t a l  v a r i a b l e s  c o u l d  i n d i c a t e  honogene i ty  

among g e n e t i c a l l y  d i s c r e t e  p o p u l a t i o n s  occupying s i m i l a r  h a b i t a t s  and t h u s  

g i v e  m i s l e a d i n g  i n f o r m a t  i o n .  These i d e a l  d a t a  should  r e f l e c t  t h e  

p a r t i c u l a t e  n a t u r e  of  g e n e t i c  v a r i a t i o n  a t  i n d i v i d u a l  l o c i  ( i . e . ,  Mendelian 

v a r i a t i o n )  t o  q u a n t i f y  g e n e t i c  d i f f e r e n c e s .  The magni tude of  measurab le  

d i f f e r e n c e s  between any  two p o p u l a t i o n s  s h o u l d  be a  d i r e c t  r e f l e c t i o n  of 

t h e  t o t a l  g e n e t i c  v a r i a t i o n  t h a t  s e p a r a t e s  t h e s e  g roups .  A s u f f i c i e n t  

s a ~ p l i n g  of v a r i a n t  l o c i  would be needed t o  i n c r e a s e  b o t h  t h e  p r o b a b i l i t y  

of  f i n d i n g  g e n e t i c  d i f f e r e n c e s  between p o p u l a t i o n s  and t h e  a c c u r a c y  of  

measurements  e s t i m a t i n g  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 .  F i n a l l y ,  t h e s e  

d a t a  shou ld  be a t t a i n a b l e  w i t h  r e a s o n a b l e  e f f o r t s  s o  t h a t  s t a t i s t i c a l l y  

n e a n i n g f u l  sample  s i z e s  c a n  be o b t a i n e d .  



The a b i l i t y  t o  d e f i n e  d i s t i n c t  p p u l a t i o n  segmen t s  i n  s a l n o n i d  s p e c i e s  

h a s  been  l i m i t e d  i n  t h e  p a s t  t h r o u g h  t h e  a b s e n c e  of d a t a  f u l f i l l i n g  t h e  

a b o v e  c r i t e r i a .  A r e v i e w  of n o r p h o l o g i c a l ,  ~ h y s i o l o g i c a l ,  and b e h a v i o r a l  

a p p r o a c h e s  used  t o  examine t h e  d i s t r i b u t i o n  o f  g e n e t i c  v a r i a t i o n  w i t h i n  

s p e c i e s  o f  P a c i f i c  salmon ( R i c k e r  1972)  i n d i c a t e d :  (1) much g e n e t i c  

v a r i a t i o n  e x i s t e d  among p o p u l a t i o n s  o f  P a c i f i c  salmon and ( 2 )  homing had a 

s t r o n g  g e n e t i c  b a s i s  and was t h e  most  d e f i n i t i v e  i n d i c a t o r  of p o p u l a t i o n  

s t r u c t u r e .  N e v e r t h e l e s s ,  t h e  d i s c r e t e n e s s  of  t h e  u n d e r l y i n g  g e n e t i c  

v a r i a t i o n  r e n a i n e d  unknown and t h i s  p r e c l u d e d  any q u a n t i f i c a t i o n  of p u r e l y  

g e n e t i c  d i f f e r e n c e s  among p o p u l a t i o n s .  Homing h a s  a l s o  been  e x c l u d e d  as  a  

p r i m a r y  c r i t e r i o n  f o r  p o p u l a t i o n  d e f i n i t i o n  b e c a u s e  of  t h e  l i m i t a t i o n s  

o u t l i n e d  above .  The i n a b i l i t y  o f  t h e s e  methods t o  g e n e r a l l y  p r o v i d e  

r e l i a b l e  g e n e t i c  d e f i n i t i o n s  o f  p o p u l a t i o n  s t r u c t u r e s  d o e s  n o t  n e g a t e  t h e  

o v e r a l l  v a l u e  of  t h e s e  d a t a  wh ich  c u m u l a t i v e l y  add g r e a t  w e a l t h  t o  

u n d e r s t a n d i n g  t h e  b i o l o g y  o f  P a c i f i c  sa lmon and which o c c a s i o n a l l y  ( u s u a l l y  

t h r o u g h  a  c o a b i n a t i o n  of  d i s t i n c t  homing and t i m i n g )  a c t u a l l y  i d e n t i f y  

d i s c r e t e  p o p u l a t i o n  segmen t s .  

S t u d i e s  of  a l l e l i c  v a r i a t i o n s  of  p r o t e i n s  ( i  . e . ,  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  b i o c h e m i c a l  g e n e t i c  d a t a )  have  r e c e n t l y  r e c e i v e d  i n c r e a s i n g  

a t t e n t i o n  a s  a  t o o l  i n  f i s h e r i e s  r e s e a r c h  and management ( r e v i e w e d  i n  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  1979)  and f u l f i l l  more of t h e  i d e a l i z e d  

c r i t e r i a  o u t l i n e d  above f o r  d a t a  r e q u i r e d  t o  i d e n t i f y  d i s c r e t e  p o p u l a t i o n  

s e g m e n t s  t h a n  any o t h e r  known method.  The u s e  of  p r o t e i n  d a t a  h a s  added a  

new d imens ion  t o  t h e  s t u d y  and u n d e r s t a n d i n g  o f  i n t e r s p e c i f i c  and 

i n t r a s p e c i f i c  r e l a t i o n s h i p s  o f  s a l rnon ids .  Tndeed,  most  o f  t h e  r e c e n t  

a d v a n c e s  i n  t h e  u n d e r s t a n d i n g  o f  s u c h  r e l a t i o n s h i p s  a r e  t h e  d i r e c t  r e s u l t  

o f  i n t e r p r e t a t i o n s  of  p r o t e i n  d a t a .  



-4lthough p r o t e i n  d a t a  a r e  a  v a l u a b l e  a d d i t i o n  t o  t h e  t o o l s  used t o  

s t u d y  t h e  g e n e t i c  s t r u c t u r e  of p o p u l a t i o n s ,  t h e y  shou ld  n o t  be regarded  a s  

a  panacea .  For  i n s t a n c e ,  i t  may be p r o p e r l y  concluded from c o n s i s t e n t l y  

d i f f e r e n t  f r e q u e n c i e s  of a l l e l i c  v a r i a n t s  i n  c o l l e c t i o n s  of f i s h  from two 

d i f f e r e n t  a r e a s  t h a t  a  r e a l  g e n e t i c  d i f f e r e n c e  e x i s t s  beti ieen t h e  

p o p u l a t i o n s  of t h e s e  a r e a s .  However, t h e  absence  of v a r i a t i o n  among 

d i f f e r e n t  c o l l e c t i o n s  t a k e n  w i t h i n  each a r e a  dbes  n o t  - i n  i t s e l f  - j u s t i f y  

c o n c l u d i n g  t h a t  t h e  c o l l e c t i o n s  of  t h a t  a r e a  were drawn from a  s i n g l e  

g e n e t i c a l l y  homogenious p o p u l a t i o n .  

The v a l i d i t y  of t h i s  p r i n c i p l e  can  be i l l u s t r a t e d  i n  two examples.  

A l l e n d o r f  (1975)  i n i t i a l l y  i d e n t i f i e d  two major  p o p u l a t i o n  groups  of 

s t e e l h e a d  i n  t h e  Columbia River  where t h e  ups t ream p o p u l a t i o n s  were n o t  

s t r o n g l y  s e p a r a t e d  w i t h i n  t h e  upper  Columbia R i v e r  o r  Snake R i v e r  b ranches .  

Subsequent  d a t a  based on a d d i t i o n a l  p r o t e i n  sys tems  (Mi lne r  1977) s t r o n g l y  

s e p a r a t e d  s t e e l h e a d  of t h e  Dworshak H a t c h e r y  (Snake R i v e r )  from p o p u l a t i o n s  

of t h e  upper  Columbia R i v e r  ( F i g u r e  4 ) .  The second example c o n c e r n s  t h e  

Yellows t o n e  c u t  t h r o a t  t r o u t  (2. c l a r k i  b o u v i e r i )  f o r  which b iochemica l  

g e n e t i c  d a t a  from g e o g r a p h i c a l l y  d i s t i n c t  p o p u l a t i o n s  have r e v e a l e d  minimal 

a l l e l i c  f r e q u e n c y  d i f f e r e n c e s  (Loudens lager  and K i t c h i n  1979).  

IL 'ever theless ,  p o p u l a t i o n s  w i t h i n  t h e  s u b s p e c i e s  have d e m o ~ s t r a t e d  a  l a r g e  

d i v e r s i t y  of p h y s i o l o g i c a l  a d a p t a t i o n s  t o  w i d e l y  d i f f e r e n t  env i ronments  

( V a r l e y  1979) and i n n a t e  d i f f e r e n c e s  of t a c t i c  r e s p o n s e s  have been obse rved  

i n  e x e r g e n t  f r y  from i n l e t  and o u t l e t  s t r e a m s  i n  Ye l lows tone  Lake ( R a l e i g h  

and Chapman 1971) .  Thus, t h e  a b s e n c e  of p r o t e i n  v a r i a t i o n  anong 

p o p u l a t i o n s  d i d  no t  p r e c l u d e  t h e  e x i s t e n c e  of c o n s i d e r a b l e  g e n e t i c  

d i v e r s i t y .  



Figu re  4 .--Frequencies of t h e  Pept idase-1(  100)  a l l e l e  (shaded p o r t  i o n  of 
c i r c l e s )  from t h r e e  p o p u l a t i o n s  of t h e  Columbia River  d r a inage  (from U t t e r  
and Allendorf  1977).  Subsequent sampling h a s  v e r i f i e d  t he  high f requency  
of a l t e r n a t e  a l l e l i c  forms a t  t h e  Dworshak Hatchery and t h e  p redoa inance  of 
t h e  (100)  a l l e l e  from a l l  o t h e r  c o l l e c t i o n s  of both t h e  Snake and Columbia 
R i v e r s  (Milner,  Tee1 and U t t e r  1980) .  



It i s  i m p o r t a n t  t o  c o n s i d e r  whe the r  o r  n o t  t h e  g e o g r a p h i c a l  

d i s t r i b u t i o n  of  p r o t e i n  v a r i a n t s  s t r o n g l y  r e f l e c t  env i ronmenta l  v a r i a t i o n .  

S t r o n g  d i f f e r e n t i a l  r e s p o n s e s  of a l l e l i c  p r o t e i n s  t o  env i ronmenta l  

v a r i a b l e s  cou ld  r e s u l t  i n  a  s i n g l e  i n t e r 5 r e e d i n g  p o p u l a t i o n  h a v i n g  

d i f f e r e n t  f r e q u e n c i e s  of  p r o t e i n  v a r i a n t s  i n  d i f f e r e n t  env i ronmenta l  

s e t t i n g s .  I f  t h i s  were t h e  c a s e ,  o t h e r  v a r i a b l e s  hav ing  a  l e s s  d i s c r e t e  

g e n e t i c  b a s i s  ( e . g . ,  m e r i s t i c  c o u n t s )  nay be more a p p r o p r i a t e  markers  f o r  

t h e  a c t u a l  g e n e t i c  s t r u c t u r e  of t h e  p o p u l a t i o n .  The c o n s i s t e n c y  of  a l l e l i c  

f r e q u e n c i e s  of p r o t e i n  v a r i a n t s  i n  p o p u l a t i o n s  of anadromous sa lmonids  h a s  

been r e c e n t l y  examined t h r o u g h o u t  l i f e  c y c l e s  i n  s i n g l e  g e n e r a t  i o n s ,  

between g e n e r a t i o n s ,  and among o v e r l a p p i n g  y e a r  c l a s s e s .  A l l  compar isons  

demons t ra ted  t h e  t empora l  s t a b i l i t y  of  a l l e l i c  f r e q u e n c i e s  ( F i g u r e  5 )  and 

j u s t i f i e s  t h e i r  u s e  p r i m a r i l y  a s  markers  of  v a r i a t i o n  among p o p u l a t i o n s  

r a t h e r  t h a n  among e n v i r o n m e n t s  ( U t t e r  e t  a l .  1980) .  An ana logous  s i t u a t i o n  

e x i s t s  i n  man - where  r e l a t i o n s h i p s  deduced by t h e  d i s t r i b u t i o n  of p r o t e i n  

v a r i a n t s  approx imates  a n t h r o p o l o g i c a l  e s t i m a t e s  of  t r u e  r e l a t i o n s h i p s  

whereas  a  d i f f e r e n t  s e t  of r e l a t i o n s h i p s  based on e x t e r n a l  m o r p h o l o g i c a l  

f e a t u r e s  i s  more a  r e f l e c t i o n  of a n c e s t r a l  env i ronments  ( C a v a l l i - S f o r z a  

1971 ; P a t t e r s o n  1 9 7 8 ) .  

What, then  a r e  a p p r o p r i a t e  d a t a  r e q u i r e m e n t s  f o r  i d e n t i f y i n g  d i s c r e t e  

p o p u l a t i o n  segments w i t h i n  an  anadromous salmonid s p e c i e s  hav ing  

e s t a b l i s h e d :  ( 1 )  t h a t  a  model based o n l y  on homing i s  i n a d e q u a t e  by i t s e l f  

and ( 2 )  t h a t  s e t s  of p r o t e i n  d a t a  a r e  n e c e s s a r y  b u t  g e n e r a l l y  i n c o m p l e t e  

f o r  a d e q u a t e  i d e n t i f i c a t i o n ?  The c o m p l e x i t i e s  of d i f f e r e n t  s i t u a t i o n s  

p r e c l u d e  a  s i m p l e  g e n e r a l i z e d  s o l u t i o n .  R a t h e r ,  e a c h  s i t u a t i o n  must be 

regarded  a s  unique which,  i n  f a c t ,  i t  i s .  However, a  l o g i c a l  sequence  o f  
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F i g u r e  5 . - -Al le l i c  f r e q u e n c i e s  and 95% c o n f i d e n c e  i n t e r v a l s  a t  f o u r  l o c i  
f o r  j u v e n i l e  and a d u l t  s t e e l h e a d  t r o u t  from t h e  Chambers Creek Ha tche ry  
(Washington S t a t e  Department of Game) o v e r  a 7-year I n t e r v a l .  ( f r o m  U t t e r  
e l  a l .  1980) .  T h e  o u t l y i n g  i n  MDH-B of t h e  95% c o n f i d e n c e  i n t e r v a l  o f  t h e  
1975 j u v e n i l e  c o l l e c t i o n  beyond i n t e r v a l s  o f  some o t h e r  c o l l e c t i o n s  i s  
a t t r i b u t e d  t o  sampl ing  e r r o r  under  t h e  5% e x p e c t a t i o n  f o r  such an o c c u r r e n c e .  



p r o c e s s e s  can  be o u t l i n e d  which s h o u l d  l e a d  t o  s a t i s f a c t o r y  r e s u l t s .  

I. Accumulate background d a t a  on t h e  r e g i o n  i n  q u e s t i o n .  

a )  Examine t h e  h i s t o r y  of t h e  s p e c i e s  i n  t h i s  a r e a  us ing:  

1. T r a n s p l a n t a t i o n  r e c o r d s  o r  r e l i a b l e  a n e c d o t a l  i n f o r m a t i o n .  

2. Records  of p o p u l a t i o n  s i z e s ,  spawning t i m e s ,  and spa-ming 

l o c a t i o n s  p a s t  and p r e s e n t .  

3 .  Documentation of man induced changes  i n  t h e  environment .  

. 4. Compi la t ion  of a l l  a v a i l a b l e  a l l e l i c  f r equency  and 

m e r i s t i c  d a t a  and o t h e r  d a t a  p e r t a i n i n g  t o  g e n e t i c  

s t r u c t u r e  of p o p u l a t i o n s .  

5. Any s t u d i e s  p e r t a i n i n g  t o  t h i s  s p e c i e s  i n  o r  from t h i s  

r e g i o n  t h a t  c o u l d  c o n t a i n  v a l u a b l e  i n f o r m a t i o n .  

b) Look i n t o  t h e  g e o l o g i c a l  r e c o r d  of t h e  r e g i o n  f o r  c l u e s  

s u g g e s t i n g  former i s o l a t i o n  i n  p r e s e n t l y  c o n t i n u o u s  d r a i n a g e s  t h a t  may have 

r e s u l t e d  i n  a m u l t i p l i c i t y  of p o p u l a t i o n s .  

11. C o l l e c t  d a t a  from a  s y s t e m a t i c  sequence of samples from t h i s  a r e a .  

a )  I n i t i a l l y  sample a t  ex t reme  r a n g e s  of t h e  a r e a  u s i n g  d a t a  from 

Phase  I f o r  g u i d e l i n e s .  

1. C o l l e c t  p r o t e i n  d a t a .  

2.  Measure o t h e r  b i o l o g i c a l  v a r i a b l e s  ( e . g . ,  m e r i s t i c ,  t i m i n g ,  

and growth d a t a )  t h a t  may p r o v i d e  c l u e s  s u g g e s t i n g  

r e p r o d u c t i v e  i s o l a t i o n .  

3 .  Measure p h y s i c a l  and b i o l o g i c a l  a s p e c t s  of h a b i t a t  

d i f f e r e n c e s .  

b )  S y n t h e s i z e  d a t a  from i n i t i a l  s m p l i n g  t o  d e t e r n i n e  t h e  n e x t  

a p p r o x i m a t i o n  towards  i d e n t i f i c a t i o n  of p o p u l a t i o n  s t r u c t u r e  o f  

t h e  r e g i o n .  



c )  Repea t  p r o c e s s e s  I I a  and I I b  on a  s u c c e s s i v e l y  f i n e r  s c a l e .  

111. Determine t h e  s t r u c t u r e  and b i o l o g i c a l  s t a t u s  of t h e  p o p u l a t i o n s  

o f  t h e  a r e a .  S u c c e s s i v e  approx imat ions  based on p reced ing  sampl ings ,  d a t a  

c o l l e c t i o n s ,  and s y n t h e s e s  l e a d  u l t i m a t e l y  t o  a n  answer based on a  

t h o u g h t f u l  and thorough a n a l y s i s  of t h e  b e s t  a v a i l a b l e  d a t a .  

The p r o c e s s  i s  n e c e s s a r i l y  vague.  Beyond t h e  e a r l y  s t a g e s  of  Phase  I1 

t h e r e  i s  no way t o  r e a l i s t i c a l l y  e s t i m a t e  t h e  amount of work (and hence t h e  

c o s t )  i n v o l v e d  i n  o b t a i n i n g  t h e  u l t i m a t e  answers  because  of t h e  numerous 

u n c e r t a i n t i e s  t h a t  v a r y  w i t h  e v e r y  s i t u a t i o n ;  s u c h  i s  t h e  n a t u r e  of 

s c i e n t i f i c  i n q u i r y .  Nor i s  t h e r e  any c e r t a i n t y  a s  t o  what methods w i l l  

p r o v i d e  t h e  u l t i m a t e  answers ,  p a r t i c u l a r l y  i n  i n s t a n c e s  where d i f f e r e n c e s  

d e t e c t e d  by p r o t e i n  d a t a  a r e  minimal .  C y t o g e n e t i c  s t u d i e s  have 

complemented p r o t e i n  d a t a  i n  examining t h e  g e n e t i c  s t r u c t u r e  of s t e e l h e a d  

p o p u l a t i o n s  (Thorgaard  1977a,  1977b) a l t h o u g h  t h e  amount of  i n t r a s p e c i f i c  

, 
v a r i a t i o n  i s  n o t  n e a r l y  a s  e x t e n s i v e  a s  p r o t e i n  v a r i a t i o n  and t h e r e f o r e ,  

may n o t  b e  g e n e r a l l y  a p p l i c a b l e .  A  p romis ing  p r o c e s s  which examines 

e n z y m a t i c a l l y  f ragmented m i t o c h o n d r i a 1  DNA ( A v i s e  e t  a l .  1979) may a l s o  be 

a c c e p t a b l e  when t h i s  p r o c e s s  becomes f u r t h e r  deve loped .  Other  p r o c e d u r e s  

t h a t  d e t e c t  some d e g r e e  of  g e n e t i c  v a r i a t i o n  remain u s e f u l  b u t  l a c k  t h e  

c a p a b i l i t y  of p r e c i s e  g e n e t i c  i d e n t i f i c a t i o n  o f  d i s t i n c t  p o p u l a t i o n  u n i t s .  

3n t h e  o t h e r  hand,  t h e  th ree -phased  fo rmat  o u t l i n e d  above i s  f l e x i b l e  

and a p p l i c a b l e  b o t h  t o  i n t e r s p e c i f i c  and i n t r a s p e c i f  i c  problems. P roper  

i m p l e m e n t a t i o n  i n  c o n j u n c t i o n  w i t h  t h e  ESA promises  a  w e a l t h  of  new 

i n s i g h t s  i n t o  t h e  s t r u c t u r e  of s a l n o n i d  p o p u l a t i o n s  and t h e  dynamics of 

s p e c i a t i o n .  



F i n a l l y ,  i t  i s  i m p o r t a n t  t o  r e c o g n i z e  t h a t  many s i t u a t i o n s  may r e q u i r e  

r e m e d i a l  a c t i o n s  p r i o r  t o  a  t i m e  frame t h a t  would pe rmi t  t h e  f u l l  

i m p l e m e n t a t i o n  of t h i s  p r o c e s s  . P r o v i s i o n a l  d e c i s i o n s  based on incomple te  

d a t a  ( i - e . ,  Phase  I) may be  n e c e s s a r y  i n  s u c h  i n s t a n c e s .  F i n a l  d e c i s i o n s  

c o u l d  t h e n  be based on s u b s e q u e n t  r e v i s i o n s  a s  a d d i t i o n a l  d a t a  became 

a v a i l a b l e  t h r o u g h  t h e  f u l f i l l m e n t  o f  P h a s e s  I1 and 111. 

BIOLOGICAL IMPLICATIONS CF TRANSPLANTED AND HATCHERY POPULATIONS 

The management of anadromous sa lmonids  i n  t h e  w e s t e r n  Uni ted  S t a t e s  

d u r i n g  t h e  l a s t  c e n t u r y  h a s  i n v o l v e d  t h e  development of h a t c h e r i e s  and t h e  

mass t r a n s p l a n t a t i o n  of f i s h  s t o c k s .  These developments  c o n s i d e r a b l y  

c o m p l i c a t e  t h e  a p p l i c a t i o n s  of t h e  ESA t o  t h e  management of t h e s e  

p o p u l a t i o n s .  Some of t h e s e  c o m p l e x i t i e s  a r e  p r i n c i p a l l y  n o t  b i o l o g i c a l  and 

w i l l  n o t  be examined h e r e .  For  i n s t a n c e ,  t h e  q u e s t i o n  of whe the r  o r  n o t  an 

a r t i f i c i a l  run  t h a t  i s  s e l f  p e r p e t u a t i n g  ( e - g . ,  t h e  sockeye salmon run  i n  

Cedar R i v e r  n e a r  S e a t t l e )  s h o u l d  be p r o t e c t e d  under  t h e  ESA i s  p e r t i n e n t ,  

b u t  beyond t h e  scope of t h i s  p a p e r .  Q u e s t i o n s  p e r t a i n i n g  t o  some of  t h e  

b i o l o g i c a l  c o m p l e x i t i e s  a r e  examined below. 

What i s  t h e  B i o l o g i c a l  Impact  of T r a n s p l a n t e d  o r  Ha tchery  Adapted 

P o p u l a t i o n s  on I n d i g e n o u s  P o p u l a t i o n s ?  

This  q u e s t i o n  i s  a major  c o n c e r n  i n  c u r r e n t  sa lmonid management and 

i t s  answers  have a  d i r e c t  b e a r i n g  on implementa t ion  of t h e  ESA. There  h a s  

been much c o n j e c t u r e  c o n c e r n i n g  t h e  p o s s i b i l i t y  of  n e g a t i v e  e f f e c t s  on 

n a t i v e  p o p u l a t i o n s  of s u p p l e m e n t a l  p l a n t i n g s  o f  n o n n a t i v e  and h a t c h e r y  

f i s h .  A major  p o t e n t i a l  t h r e a t  - o v e r  and above c o m p e t i t i o n ,  p r e d a t i o n  and 

d i s e a s e  communication - i s  i n t e r b r e e d i n g  of i n t r o d u c e d  f i s h  w i t h  n a t i v e  

p o p u l a t i o n s .  U n t i l  r e c e n t l y ,  i t  h a s  been d i f f i c u l t  t o  d i r e c t l y  measure  



t h e s e  e f f e c t s  a l t h o u g h  Behnke ( i n  p r e s s )  h a s  r e p o r t e d  morpho log ica l  

e v i d e n c e  of  i n t e r b r e e d i n g  of i n t r o d u c e d  sa lmonids  w i t h  n a t i v e  i n t e r i o r  

c u t t h r o a t  t r o u t  p o p u l a t i o n s ,  and t h e  u l t i m a t e  replacement  of  much of t h e  

n a t i v e  i n t e r i o r  c u t t h r o a t  t r o u t  p o p u l a t i o n s  w i t h  i n t r o d u c e d  o r  h y b r i d  

forms.  A  n e g a t i v e  r e s u l t  of t h i s  i n t r o g r e s s i o n  h a s  Seen t h e  a p p a r e n t  l o s s  

of t h e  c a p a b i l i t y  f o r  l a r g e  i n d i v i d u a l  growth t h a t  f o r m e r l y  e x i s t e d  i n  some 

i n t e r i o r  c u t t h r o a t  p o p u l a t i o n s .  Some of t h i s  i n t r o g r e s s i o n  h a s  been 

conf i rmed and q u a n t i f i e d  w i t h  a l l e l i c  f r e q e n c y  d a t a  based o n  d i f f e r i n g  

c h a r a c t e r i s t i c  p r o t e i n  p a t t e r n s  of n a t i v e  and i n t r o d u c e d  s p e c i e s  ( A l l e n d o r f  

and Phe lps  i n  p r e s s  ( b ) .  Converse ly ,  o t h e r  s t u d i e s  of r a inbow t r o u t  

p o p u l a t i o n s  have i n d i c a t e d  no e v i d e n c e  of i n t r o g r e s s i o n  i n t o  n a t i v e  

p o p u l a t i o n s  i n  s p i t e  of e x t e n s i v e  h i s t o r i e s  of h a t c h e r y  p l a n t i n g s  (Wishard 

e t  a l .  1980) .  

Some d a t a  a r e  accumula t ing  on t h e  g e n e t i c  impact  of h a t c h e r y  p l a n t s  o n  

n a t i v e  p o p u l a t i o n s .  A l o n g  term s t u d y  by t h e  Washington S t a t e  Department 

of  Game i s  i n  p r o g r e s s  on t h e  Kalama River  t o  s t u d y  t h e  immediate and l o n g  

term i n t e r a c t i o n s  of h a t c h e r y  p l a n t e d  and i n d i g e n o u s  s t e e l h e a d  t r o u t  

p o p u l a t i o n s .  F i t c h e r y  f i s h  a r e  i d e n t i f i a b l e  by a  s p e c i a l l y  b red  p r o t e i n  

v a r i a n t  ( i  . e . ,  g e n e t i c a l l y  marked) s o  t h a t  t h e  v a r i a n t  w i l l  be passed on t o  

d e s c e n d a n t s  and t h e  a c t u a l  g e n e t i c  impact of t h e s e  p l a n t s  c a n  be measured 

i n d e f i n i t e l y  beyond t h e  f i r s t  g e n e r a t i o n  (Crawford e t  a l .  1978,  1979) .  

R e i s e n b i c h l e r  and McIntyre  (1977)  - a l s o  u s i n g  g e n e t i c a l l y  marked f i s h  - 

i d e n t i f i e d  g e n e t i c  d i f f e r e n c e s  a f f e c t i n g  growth and s u r v i v a l  be tween 

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  of t h e  Deschu tes  R i v e r ,  Oregon, where 

performance of w i l d  f i s h  was b e s t  i n  s t r e a m  env i ronments  and t h a t  of 

h a t c h e r y  f i s h  was b e s t  i n  pond e n v i r o m e n t s .  The Washington S t a t e  



Department of F i s h e r i e s  h a s  been engaged i n  a  long-term commitment t o  s t u d y  

t h e  g e n e t i c  impact  on  n a t u r a l l y  spawning f i s h  of s e l e c t e d  chum salmon 

enhancement p r o j e c t s  s i n c e  1976 and h a s  c u r r e n t l y  extended t h e s e  e f f o r t s  t o  

o t h e r  salmon s p e c i e s  (Seeb and Wishard 1977; Wishard 1980).  A s t u d y  i s  i n  

p r o g r e s s  which w i l l  compare t h e  g e n e t i c  s t r u c t u r e s  of s t e e l h e a d  t r o u t  

p o p u l a t i o n s  of t h e  S k a g i t  R ive r  i n  Washington (Campton 1979) where heavy 

h a t c h e r y  p l a n t i n g s  have been made f o r  many y e a r s ,  w i t h  t h e  g e n e t i c  

s t r u c t u r e s  de te rmined  from r e c e n t l y  completed s t u d i e s  of t r i b u t a r i e s  of t h e  

F r a s e r  R i v e r  of B r i t i s h  Columbia ( P a r k i n s o n  1980) where management i s  based 

on n a t i v e  f i s h :  t h e s e  compar i sons  s h o u l d  p r o v i d e  v a l u a b l e  i n s i g h t s  i n t o  t h e  

e f f e c t s  of h a t c h e r y  management on p o p u l a t i o n  s t r u c t u r e s .  

The above i n v e s t i g a t i o n s  a r e  model s t u d i e s  f o r  measur ing t h e  g e n e t i c  

impact  of h a t c h e r y  f i s h  on n a t i v e  p o p u l a t i o n s .  More s t u d i e s  of t h i s  n a t u r e  

a r e  c l e a r l y  needed ,  p a r t i c u l a r l y  i n  s i t u a t i o n s  where management i n v o l v i n g  

l a r g e  s c a l e  t r a n s p l a n t a t i o n s  and a r t i f i c i a l  p r o p a g a t i o n  i s  j u s t  b e g i n n i n g  

( e . g . ,  ocean r a n c h i n g ) .  It i s  now b o t h  t e c h n i c a l l y  f e a s i b l e  and 

economica l ly  r e a l i s t i c  t o  q u a n t i f y  t h e  g e n e t i c  impact  of  t r a n s p l a n t e d  and 

a r t i f i c i a l l y  p ropaga ted  f i s h  on n a t i v e  f i s h  o v e r  t ime  and s p a c e ;  i t  i s  

i r r e s p o n s i b l e  t o  i g n o r e  t h i s  c a p a b i l i t y .  

Can Endangered P o p u l a t i o n s  b e  P e r p e t u a t e d  by A r t i f i c i a l  P r o p a g a t i o n ?  

Behind t h i s  q u e s t i o n  l i e s  a  more p e n e t r a t i n g  q u e s t i o n  w i t h  r e g a r d  t o  

t h e  ESA: does  a r t i f i c i a l  p r o p a g a t i o n  of endangered p o p u l a t i o n s  i r r e v o c a b l y  

a l t e r  t h o s e  q u a l i t i e s  t h a t  make a  p a r t i c u l a r  p o p u l a t i o n  worthy of 

p r o t e c t i o n  under  t h e  ESA? The e v i d e n c e  i s  c o m p e l l i n g  t h a t  t h e  p r o c e s s  o f  

"dornestica t i o n "  g e n e t i c a l l y  a l t e r s  t h e  a d a p t i v e  q u a l i t i e s  of a  p o p u l a t i o n  

( e - g . ,  s e e  R e i s e n b i c h l e r  and McIn ty re  1977) .  However, a  s y s t e n a t i c  



examinat ion has  not  been made t o  determine whether o r  not  domest icated 

popu la t i ons  r e t a i n  t h e  c a p a b i l i t i e s  t o  r e v e r t  t o  t h e  o r l g l n a l  wild s t a t e .  

I f  g e n e r a l l y  affirmative d a t a  a r e  ob t a ined ,  t h e  primary focus  can be on 

pe rpe tua t ion  of t h e  popu la t i on ,  r e g a r d l e s s  of changes i n  t h e  h a b i t a t .  

There i s  a  g r e a t  dea l  of evidence demonstrat lng t h e  c a p a b i l i t y  of 

domest icated rainbow t r o u t  t o  become e s t a b l i s h e d  i n  d i v e r s e  h a b i t a t s  

(MacCrimmon 1971; Behnke 1965; VanVelson 1978). Th i s  evidence i s  

c o n s i s t e n t  w i t h  t h e  r e c e n t  f i n d i n g  of h igh  average he t e rozygos i ty  w i t h i n  

most domest icated s t r a i n s  of rainbow t r o u t  (Allendorf  and U t t e r  1979; 

Busack e t  a l .  1979) and s u g g e s t s  t h a t  many ha t che ry  s t r a i n s  have r e t a i n e d  a  

s u f f i c i e n t  pool of g e n e t i c  v a r i a t i o n  t o  adapt  t o  a  v a r i e t y  of n a t u r a l  

h a b i t a t s  d e s p i t e  a  c e n t u r y  of domes t ica t ion .  

However, t h i s  p o s s i b i l i t y  has  not  been adequate ly  t e s t e d  by c o n t r o l l e d  

exper imenta t ion  o r  sys t ema t i c  obse rva t ion ,  and even i f  t r u e ,  i t  would be  

dangerous t o  e x t r a p o l a t e  t o  even c l o s e l y  r e l a t e d  s p e c i e s  ( o r  s u b s p e c i f i c  

t a x a )  where a  d a t a  base  i s  minimal o r  nonex i s t en t .  Recent o b s e r v a t i o n s  

have demonstrated t h a t  g e n e t i c  v a r i a t i o n  i s  o f t e n  l o s t  i n  t h e  p roces s  of 

e s t a b l i s h i n g  ha t che ry  s t r a i n s  from wi ld  popu la t i ons  of salmonids (Ryman and 

S t a h l  1980; Allendorf  and Phelps  a  1980); t h u s  a  r e p r e s e n t a t i v e  sampling of 

t h e  gene pool i n  q u e s t i o n  must be  ob ta ined  i n  e s t a b l i s h i n g  a  c u l t u r e d  

popula t ion .  It i s  a l s o  impor tan t  t o  recognize t h a t  s p e c i e s  o r  popu la t i ons  

r e q u i r i n g  p r o t e c t i o n  under t h e  ESA have most l i k e l y  l o s t  much g e n e t i c  

v a r i a t i o n  through seve re  r e d u c t i o n s  i n  popu la t i on  s i z e s  and t h e r e f o r e  

probably have gene pools  with s i g n i f i c a n t l y  reduced l e v e l s  of g e n e t i c  

v a r i a t i o n  r e l a t i v e  t o  t hose  of outbred rainbow t r o u t  popu la t i ons .  Such 

popu la t i ons  may t h e r e f o r e  l a c k  t h e  g e n e t i c  p l a s t i c i t y  t o  adapt  t o  



cond i t i ons  of c u l t u r e  o r  t o  subsequent ly  re-adapt t o  n a t u r a l  environments.  

Conversely,  t h e  f l e x i b i l i t y  of a r t i f i c i a l  c u l t u r e  has  no t  been cons ide red  

t o  t h i s  po in t ,  and i t  i s  f e a s i b l e  t o  s imu la t e  n a t u r a l  cond i t i ons  t o  a  much 

g r e a t e r  ex t en t  t han  i s  commonly done i n  salmonid h a t c h e r i e s .  The 

p o s s i b i l i t y  of pe rpe tua t ing  wi ld  popu la t i ons  of salmonids by a r t i f i c i a l  

propagat ion i n  con junc t ion  wi th  t h e  ESA t h e r e f o r e  cannot  be g e n e r a l l y  

reso lved  a t  t h i s  p o i n t ;  each s i t u a t i o n  w i l l  probably have t o  be s e p a r a t e l y  

cons idered  fol lowing a  thorough examinat ion of i t s  p e r t i n e n t  b i o l o g i c a l  

a t t r i b u t e s .  

CONCLUSIONS 

1. A mu l t i t ude  of b i o l o g i c a l ,  g e o l o g i c a l ,  and h i s t o r i c a l  v a r i a b l e s  i n  

anadromous salmonids prec lude  any a  p r i o r i  c r i t e r i a  f o r  adequate ly  d e f i n i n g  

e i t h e r  spec i e s  o r  d i s c r e t e  popu la t i on  segments w i t h i n  s p e c i e s  i n  a  g iven  

geographica l  a r ea .  The requirement  of g e n e t i c  d a t a  f o r  adequate  d e f i n i t i o n  

i n i t i a l l y  p l aces  s eve re  l i m i t a t i o n s  on most s e t s  of d a t a  from a  p a r t i c u l a r  

a r e a  because of t h e  absence o r  incompleteness  of such d a t a  from most 

s i t u a t i o n s  where a c t i o n  under t h e  ESA may be cons idered .  A g e n e r a l  

sequence of events  l e ad ing  t o  t h e  c o l l e c t i o n  of s u i t a b l e  d a t a  f o r  

de sc r ib ing  the  s t r u c t u r e  of b reeding  u n i t s  of a  s p e c i e s  i n  a  p a r t i c u l a r  

a r e a  i nc ludes  f i r s t  accumulat ing a v a i l a b l e  background d a t a ,  t hen  

determining by succes s ive  approximat ions  what d a t a  a r e  missing and 

ob ta in ing  them, and f i n a l l y ,  s y n t h e s i z i n g  t h e  breeding  s t r u c t u r e  of t h e  

a r e a  from t h e  complete s e t  of d a t a .  Although t h e  u n c e r t a i n t i e s  of t h i s  

p rocess  preclude quick  d e c i s i o n s  i n  most i n s t a n c e s ,  p r o v i s i o n a l  

de t e rmina t ions  on t h e  b a s i s  of l i m i t e d  d a t a  a r e  p o s s i b l e  i n  a r e a s  where 

prompt remedial a c t i o n  i s  warranted fol lowed by f i n a l  d e c i s i o n s  when more 

complete d a t a  become a v a i l a b l e .  



2. The understanding of t h e  n a t u r a l  breeding s t r u c t u r e  of anadromous 

salmonid popula t ions  has  been complicated i n  many a r e a s  by t r a n s p l a n t a t i o n s  

and ha tchery  management over  a  long per iod  of t ime. The impact of t h e s e  

p r a c t i c e s  on n a t u r a l  popu la t i ons  i s  h i g h l y  c o n j e c t u r a l  a t  t h i s  t ime and t h e  

l i m i t e d  a v a i l a b l e  d a t a  va ry  g r e a t l y  from case  t o  case ;  i t  i s  impor tan t  t h a t  

f u t u r e  programs invo lv ing  t r a n s p l a n t a t i o n s  and ha tchery  management be  

designed t o  inc lude  t h e  e v a l u a t i o n  of t h e i r  e f f e c t s  on n a t i v e  popu la t i ons .  

The long . c u l t u r a l  and t r a n s p l a n t a t i o n  h i s t o r y  of rainbow t r o u t  i n d i c a t e s  

t h a t  many s t r a i n s  a r e  capable  of s u c c e s s f u l l y  e s t a b l i s h i n g  

se l f -pe rpe tua t ing  popu la t i ons  i n  d i v e r s e  h a b i t a t s .  This c a p a b i l i t y  should 

no t  be gene ra l i zed  t o  t h r ea t ened  o r  endangered popula t ions  of anadromous 

salmonids which very  l i k e l y  l a c k  t h e  g e n e t i c  p l a s t i c i t y  of most c u l t u r e d  

rainbow t r o u t  popu la t i ons  ; however, s p e c i a l i z e d  c u l t u r a l  p r a c t i c e s  may 

permit r ee s t ab l i shmen t  of some th rea t ened  o r  endangered popu la t i ons  i n  

r e s t o r e d  h a b i t a t s .  
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